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EXECUTIVE SUMMARY 

INTRODUCTION 

The Green River Decision support System (DSS) Feasibility Study addresses many of the data 
collection, data management, and water use modeling issues discussed in the Statewide 
Framework Water Plan.  It also provides recommendations that shift the planning paradigm from 
prescriptive to proactive - acknowledging that predicting the future is less reliable than building 
a system that can look at many possible futures and easily react to unanticipated realities.  
 
There are base assumptions that drive most traditional water resource plans including that past 
hydrology can be used to represent the range of hydrology likely to be seen in the future; 
economic outlook models and population forecasts can be used to reasonably predict ranges of 
future water demands; and current policies and procedures can be expected to dictate how future 
demands are satisfied. 
 
The planning reports that result from this static methodology address water issues identified at 
the time of the planning study – and may be out of date before the study is completed.  A 
decision support system uses a more proactive method, as it is comprised of a series of data and 
analysis tools, which can be used to dynamically address both anticipated and unanticipated 
water issues. 
  

What is a Decision Support System? 

A decision support system is an information-driven system that manages data and provides 
tools to access and analyze these data to make informed decisions.  Raw data, including 
tabular and GIS-based mapping information, is stored and managed so it can be easily 
updated and extracted. Analysis tools, including water demand and allocation models, are 
used to analyze current and potential water scenarios. The analysis tools change raw data into 
useful information that can be applied by decision makers to address anticipated planning 
issues, and to answer “what if” and “how much” water supply and demand questions that 
arise in the future.   
 
Why a Decision Support System Now? 

The timing is right to move towards the Green River Decision Support System.  Many 
aspects of previous planning efforts undertaken by Wyoming can be used in the Green River 
DSS, specifically: 
 

 Wyoming can take full advantage of previous and current data collection efforts. 
 The WWDC has provided web-based access to GIS layers and planning documents, 

and the SEO has initiated the development of data management systems. 
 Wyoming is a leader in public education and has already garnered public acceptance 

and support for planning efforts.  
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 More stringent federal regulations require project proponents to develop detailed 
models to show purpose and needs and water availability. 

 
Green River Decision Support System Approach 

The following general approach was taken during this Feasibility Study to identify and 
address the needs of the State. 
 

 Needs Assessment – Identify the types of questions the DSS needs to answer 
 Data Assessment – Determine the information required to answer the questions, and 

how to store and manage that information 
 DSS Components – Identify the tools required to answer the questions 
 System Integration – Determine how information is accessed to answer the questions 
 Staffing Requirements – Define the agency and personnel roles to assure long term 

continuity 
 User Involvement – Identify education and training programs to assure continued 

support 
 Cost/Schedule Estimates – Determine the most cost-effective implementation 

schedule 
 
NEED FOR A DECISION SUPPORT SYSTEM 

To determine the need for the Green River DSS, the roles and responsibilities of the two State 
agencies primarily responsible for the protection and development of the State’s water resources, 
the SEO and WWDC, were identified and documented.   Needs of other entities with water 
interests, including water providers, were also considered and were determined to generally fall 
within the larger needs of the SEO and WWDC.  The needs can be generally grouped into four 
categories: 
 

 Data and Information Needs 
This category generally involves the review of existing data and the collection of new 
data including additional streamflow measurements, diversion measurements, reservoir 
measurements, and physical basin information.  Much of this information is needed prior 
to the development of any models and will also impact the enhancement of the data 
management systems. 

 
 Data Management System Needs 

There was no need identified for new database management systems; only the need for 
continued and increased efforts to enhance the existing e-Permit, Aquarius, Web 
Mapping Tool and WYWRAG systems.  

 
 Database Integration Needs 

The need to query, extract, and format information from the e-Permit, Aquarius, and 
WYWRAG databases was identified.  In addition, there is a need to allow relationships to 
be developed between the three databases based on unique structure identifiers.  
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 DSS Modeling Components  

Needs for modeling components were identified for compact reporting requirements and 
for determining project feasibility.  The need for a standard method and tool to determine 
potential and actual consumptive use and the need for a standard surface water allocation 
tool was discussed.  The need for a ground water model as the DSS expands into other 
basins was also discussed.  

 
The development of standard procedures for data collection and modeling, and training on the 
DSS components, rounded out the Green River DSS needs.  
 
RECOMMENDATIONS AND IMPLEMENTATION 

The Green River DSS Feasibility Study provides recommendations on how to implement DSS 
procedures and components to address the needs identified by the WWDC, SEO and other water 
entities.  The recommendations include specific tasks, a recommended implementation schedule, 
and address whether the task will include State staff responsibilities, consultant contract 
responsibilities, or capital purchases.  
 
 Staffing Recommendations 

The Green River DSS Team is recommended to include existing and recommended future 
staff from the SEO, WWDC, and WRDS. Many of the Green River DSS Team members are 
existing positions and their specific expertise will allow them to serve as advisors during 
initial implementation and on-going use of the DSS, without adding significant 
responsibilities to their current workload.  Four new positions are recommended to meet DSS 
needs that cannot be addressed without overloading current staff. The recommended Green 
River DSS Team staff members are as follows: 
  
 DSS Project Manager: A new position within the SEO, this position will be an advocate 

for the Green River DSS and be responsible for managing the SEO DSS Team, 
overseeing data collection and management activities, and maintaining a strong 
relationship with the WWDC team members. 

 
 DSS Field Liaison: A new position within the SEO, this position will initially help 

ground-truth and finalize the irrigated acreage assessment and then continue to assist with 
installing new diversion measurement flumes and temporary stream measurement sites, 
and help with subsequent site visits to record diversions. 

 
 Data Entry Staff: Two new positions within the SEO, these positions will work with 

Division 4 to identify and obtain existing electronic information, digitize historical 
surface and ground water diversions from paper records, and perform quality control of 
water permit data migrated to the e-Permit database from the previous database. 
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Data Collection Recommendations 

Once an assessment of available data and a summary of current on-going data collection 
efforts were performed, additional recommendations are made to either initiate new data 
collection efforts or follow defined procedures to help direct on-going efforts to continue to 
meet the identified Green River DSS needs.  Data collection recommendations involve the 
following data types: 
 
 Irrigated Acreage and Water Rights 
 Streamflow Measurements 
 Diversion Measurements 
 Reservoir Measurements 
 Climate Data 
 Physical Basin Information 
 

 Data Storage and Management Recommendations 

The current SEO database development efforts for the e-Permit, Aquarius, WRDS and 
WYWRAG database systems, as well as their hardcopy data system, were investigated to 
assess how the systems currently meet the needs of the Green River DSS and to identify 
recommended improvements. Many of the Green River DSS recommendations involve 
standardizing data management procedures, providing customized access forms, developing 
relational links between the systems, creating additional tables for historical information, and 
expanding the systems to accommodate new types of data.  

 
 DSS Modeling Recommendations 

The recommended model platform for basin crop consumptive use modeling is StateCU, and 
the recommended platform for surface water allocation modeling is StateMod.  Both 
publically available models are used in Wyoming and Colorado, and meet the needs 
identified for the Green River DSS.  A StateCU model was previously developed for the 
Green River basin that estimates the consumptive use on irrigated acreage identified in the 
initial WYWRAG efforts.  Likewise, a StateMod model was developed as part of the recent 
Green River Basin Plan update that represents a portion of the upper basin tributaries and the 
main stem Green River.  It is recommended that these models be enhanced and extended to 
include additional data collected, digitized, and stored as part of the Green River DSS. It is 
also recommended that specific data to model integration tools be developed to allow data to 
be extracted from the SEO databases, missing data to be filled using identified standard 
procedures, and the data to be formatted for model input files. 
 

 Standard Procedure Recommendations 

Standard procedures will provide guidance to the DSS Team and consultants, assist with 
training, and help meet the Green River DSS goal of developing data and tools that are 
consistent, reproducible, and transparent.  Standard procedures will be developed for 
common recurring tasks associated with sharing data between consultants, WWDC, SEO and 
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WRDS.  Likewise, standard modeling procedures will be developed.  Recommendations also 
discuss the importance of developing initial standard procedures prior to initiating modeling 
efforts and revisiting these procedures as new data becomes available. 
 

 Training Workshops and Outreach Recommendations 

Training is a critical aspect of the Green River DSS.  Training recommendations focus first 
on training the DSS Team; then recommend the DSS Team develop training workshops for 
other State agency personnel, consultants, and the public.  Recommended training workshops 
include: 
 
 A general water resources management training session that introduces Wyoming water 

rights terminology and administration. 
 An overview of the availability, storage, management, and access to water resources data 

that includes a general overview of the e-Permit, Aquarius and WYWRAG database 
systems. 

 An introduction to historical consumptive use analyses and overview of how to create, 
review and use the results from a StateCU consumptive use model. 

 An overview of how to create, review and use the results from the StateMod surface 
water allocation model. 

 A series of public training sessions that provide an overview of the Green River DSS to 
educate the Green River Basin Advisory Group, other state agencies, and consultants on 
the DSS procedures and modeling standards.   

 
SCHEDULE 

The recommended schedule for the Green River DSS spans over a three year time frame.  Year 
one will include the completion of recommended data collection, enhancing the data storage and 
database designs, and developing standard DSS procedures. Year two efforts will continue with 
collection of data, primarily the addition of new diversion measurement devices, and begin the 
development of both the consumptive use and surface water allocation models.  The surface 
water allocation model will be completed in year three. Also in year three, as the data 
management systems have generally been finalized and populated with available historical data, 
the final data access interfaces and the data to model integration will be completed. 
 
COST 

The total estimated cost for the Green River DSS for the three year implementation period is 
$1.93 million. This cost estimate includes salary and benefits for new State staff positions, new 
consultant contracts, and capital costs for data measurement and collection devices. It also 
includes costs for the consultants currently developing the e-Permit and Aquarius databases to 
perform additional tasks and to expedite planned tasks.  
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INTRODUCTION 

The Green River Basin Decision Support System Feasibility Study (Green River DSS) was 
jointly recommended for authorization in 2009 by the Wyoming Water Development 
Commission (WWDC) and the Wyoming State Engineer’s Office (SEO).  These two agencies 
are responsible for the administration, development, and protection of the State’s water 
resources, and will be the primary users of the Green River DSS. Although the Feasibility Study 
focused on the Green River Basin, the project considered the needs of every Wyoming basin to 
assure that the Green River DSS could be seamlessly expanded into a Statewide DSS in the 
future. The natural progression was for the Green River DSS to build on the State Water Plan 
efforts and other efforts underway at the SEO. 
 
The following narrative provides a brief overview of the more recent history of water resource 
planning in the State, and specifically how it has led to the development of the Green River DSS. 
A complete history of water planning in the State and detailed information about the Green River 
Basin are available on the Wyoming State Water Plan website at http://waterplan.state.wy.us/. 
 
OVERVIEW OF STATE WATER PLANNING 

The State has been proactively planning their water development throughout its history.  In 1979, 
the legislature created the Wyoming Water Development Commission (WWDC) with the 
direction and funding to coordinate water and related land resources planning for the State.  
Since that time, the State has completed hundreds of planning studies and development projects 
– most project-driven in response to applications from local sponsors. The planning studies and 
development projects often provided inconsistent levels of effort, and used varying methods to 
analyze project needs and water supplies. Partly in an effort to develop a more consistent 
approach to WWDC studies, there have been a few Statewide and basin-wide planning studies 
performed.  These include the Framework Plans (1973 and 2005) and the State Water Plan 
efforts. 
 
In 1997, the Legislature recognized the need to 
update the 1973 Wyoming Framework Water 
Plan to better understand existing water use in 
each of Wyoming’s river basins, estimate future 
water needs, and quantify water available to meet 
the projected demands.  In 1999, the WWDC 
began the Wyoming State Water Planning 
Process, and by 2006 had completed basin plans 
for each of the seven major basins in Wyoming.  
In 2005, the Legislature authorized funding for an 
updated Statewide Framework Water Plan to 
summarize the seven river basin plans and 
provide recommendations for future updates. 
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The current Basin 
Planning Process has 
an identified Scope and 
Outcome.  Decision 
Support Systems are 
designed to address 
both Anticipated and 
Unanticipated Water 
Issues. 

There are three elements that drive traditional water resource plans, and were the basis for the 
current State Water Plans: 
 

 Past hydrology can be used to represent the range of hydrology likely to be seen in the 
future, 

 Economic outlook models and population forecasts can be used to reasonably predict 
ranges of future water demands, and 

 Current policies and procedures can be expected to dictate how future demands are 
satisfied. 

 
The basin planning process has been recognized as an important success for the WWDC.  In 
preparation for the planning process, and during the development of each basin plan, there has 
been a valuable component of public outreach and involvement. Recent outreach efforts began 
with the “Water Planning Questionnaire” in 1998, and continued with regularly scheduled Basin 
Advisory Group meetings in each basin. This public outreach and education has reduced much of 
the individual water users’ concerns about openly publishing information regarding water use 
and water rights – paving the way for a more open, data-centered decision support system. 
 
Although the Statewide Framework Water Plan suggested 
improvements to the existing water planning process, it stopped 
short of recommending a shift away from traditional planning 
procedures, which can result in planning documents that risk being 
out of date before they reach the bookshelf. The Green River DSS 
Feasibility Study addresses many of the data collection, data 
management, and water use modeling issues discussed in the 
Statewide Framework Water Plan.  It also provides 
recommendations that shift the planning paradigm from 
prescriptive to proactive - acknowledging that predicting the 
future is more risky than building a system that can look at many 
possible futures and easily react to unanticipated realities.  
 
WHAT IS A DECISION SUPPORT SYSTEM? 

A decision support system (DSS) is an information-driven system that manages data and 
provides tools to access and analyze these data to make informed decisions.  The basic 
components are shown in Figure 1.  Raw data, including tabular and GIS-based mapping 
information, is stored and managed so it can be easily updated and extracted. Analysis tools, 
including water demand and allocation models, are used to analyze current and potential water 
scenarios. The analysis tools change raw data into useful information that can be applied by 
decision makers to address anticipated planning issues, and to answer “what if” and “how much” 
water supply and demand questions that arise in the future.   
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Key words that describe a decision support system include the following: 

 Transparent – data filling, analysis methods, and results are well documented. 
 Dynamic – new information is easily incorporated into the central data storage and, 

through the data-centered system, is quickly available for analysis. 
 Reproducible – data filling and the creation of model input files are automated so they 

can be reproduced and checked by others. 
 Data-centered – information flows from central data storage for viewing, analysis, 

graphing, and developing model input files. 
 Standardized – data filling procedures, assumptions, and analysis methods are well 

defined and build expertise for model review. 
 Consistent – defined standard methods allow for consistent approaches to planning. 
 Quality Controlled – data standards are maintained as information is managed and stored.  
 Accessible – raw data, analysis tools, and results are easily available to State agencies 

and the public. 
 Defendable – standardized methods and transparent analyses build expertise and provide 

results that can be defended. 
 Documented – standards methods for data management and analyses are clearly 

documented, further encouraging consistency, transparency, and understanding for future 
review. 

 Training – standardization and well documented methods facilitate the development of a 
formal training program. 

 Efficient– standard methods, access to data, and training allow decision makers to 
quickly and efficiently answer questions as they arise. 

 Supported – State agency oversight of data management and standardization assure the 
system components are updated and maintained over time. 

 
Unlike the current State Water Planning Process, a decision support system does not specifically 
include predictions of future water use, nor does it result in a State-prescribed approach to 
meeting estimated future demands. During the 1980s, water agencies in many western States 
began to shift away from the traditional processes; moving to the use of decision support systems 
to assist them in managing limited water resources in an increasingly competitive water demand 
environment.  The Green River DSS can be used for scenario-based planning.  Existing analysis 
tools and data-centered procedures for easily revising data inputs will allow the State to 
investigate many “what if” scenarios to consider how best to manage their water resources 
without having to predict the future.  Plus, a fully developed Green River DSS will allow the 
State to quickly analyze unanticipated and evolving water supply and distribution realities. The 

Results for 
Decision 
Makers

Analysis
Tools

Central Data 
Storage

Figure 1 - Basic Decision Support System Structure 
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following opportunities afforded by a decision support system highlight some of the differences 
between traditional basin plans and DSS planning: 
 

 Basin demands and water availability can be determined with a DSS based on alternate 
hydrology. For example, climate change projected hydrology, stochastic hydrology based 
on tree ring information, or hydrology representing prolonged droughts not seen in the 
historical record; 

 A DSS can investigate basin demands based on changes in irrigated acreage or crop 
types; 

 A DSS can provide consistent data sources and analysis tools for project-specific studies 
funded by the WWDC; 

 Future water use planning can be quickly updated with DSS tools to reflect local or 
global economic predictions; and 

 Varying interstate river compact delivery obligations, administration procedures, or water 
right uses can be investigated through a DSS to identify their effect on shortages and 
water availability. 

 
A well-designed DSS will provide the foundation for State agencies, water users, and water 
planners to make informed decisions affecting administration and future water policy. 
 
WHY A DECISION SUPPORT SYSTEM NOW? 

The timing is right to move from the Green River Basin Plan towards the Green River Decision 
Support System. Many of the hurdles other States and water management entities faced when 
they began investigating DSS possibilities have been resolved, and many of the upfront costs 
associated with the development of a DSS have already been funded through other Wyoming 
efforts.  In addition, Federal Regulations associated with permitting and reporting have 
increased, requiring more detailed analyses to show purpose and needs and to comply with 
environmental assessments. The following efforts taken by Wyoming, plus advancements in 
technology and increased regulation, highlight why the present time is perfect to develop the 
Green River DSS: 
 

 Wyoming can take full advantage of previous and current data collection efforts. 
 The WWDC has provided web-based access to GIS layers and planning documents, and 

the SEO has initiated the development of data management systems. 
 Wyoming is a leader in public education and has already garnered public acceptance and 

support for planning efforts. 
 Advancements in software technology have increased built-in capabilities, requiring less 

custom programming and support. Software also has decreased in cost.  
 More stringent federal regulations are requiring project proponents to develop detailed 

models to show purpose and needs and water availability. 
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Previous Data Collection Efforts 

The first reason Wyoming’s timing is perfect is that much of the raw data collection and data 
gap analysis required as a starting point for a DSS was completed as part of the Green River 
Basin Plan. Critical data collection includes: 
 

 Digitization of key ditch and canal diversion records 
 Compilation of GIS layers locating physical features including rivers, river 

diversions, ground water well locations, streamflow gages, reservoirs, and climate 
stations 

 Documentation of current basin uses and operations of key projects and irrigation 
companies 

 
In addition, the SEO has greatly improved on the irrigated acreage assessment performed for 
the Green River Basin Plan.  Early in the basin planning process, the decision was made not 
to specifically assign irrigated acreage to water rights, but rather to generally group water 
rights and larger areas of irrigated acreage.  Consultants using the basin plans for water 
supply project development have highlighted the difficulty in using the irrigated acreage 
assessments to more accurately define existing agricultural demands, actual consumptive use, 
and shortages.   
 
To address these concerns, and to facilitate inclusion of the irrigated acreage information in 
compliance with periodic Upper Colorado Compact accounting and reporting requirements, 
the SEO initiated a more detailed irrigated acreage assessment of the Green River Basin.  
The assessment began with determining irrigated lands based on satellite imagery and aerial 
photographs, similar to the Basin Plan acreage assessment.  The SEO then varied from the 
Basin Plan approach by digitizing ditch permit maps and assigned the irrigated acreage to the 
actual water permit and to the river point of diversion. This improvement, allowing crop 
demands to be compared directly to water supply, is critical for the Green River Decision 
Support System, since the vast majority of water use in the basin is for agriculture.  
 
Data collection efforts have been the first step for every water-related DSS developed by 
other States and water organizations. Data collected to support the Green River Basin Plan, 
plus the detailed SEO irrigated acreage assessment, will be invaluable to the implementation 
of the Green River DSS. 

 
Current Data Management Efforts 

During the development of the Basin Plans, there was not a defined state agency or other 
entity charged with management of the raw data collected during the planning process. The 
Water Research Data System (WRDS) was used to store data and provide access to the basin 
plan reports and technical memoranda, along with other WWDC planning documents. 
WRDS also provided access to completed GIS layers.  However, data collected, digitized, 
and filled for use in the basin planning analyses was simply provided to the WWDC on a disc 
included with the project notebook.  Because there was no central database with format and 
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quality requirements, the data were provided in a variety of formats, determined by the 
consultant performing the work. 
 
Any decision support system must begin with the development of a centrally located 
database to store and manage data.  As with data collection, the State has accomplished this 
important step and provided a strong foundation for the DSS that was not available two years 
ago. In 2005, the SEO began Phase II of an IT Initiative that has resulted in the development 
of three spatial and relational databases that can serve as the foundation for storing and 
managing information for the Green River DSS. 
  
Changing Public Opinion 

During the feasibility study to define the basin planning process, the water users in the Green 
River basin, and other basins, were generally supportive of the proposed basin plans, but 
were cautious about data transparency and public access to data.  In addition, there were 
overly pessimistic concerns by some individuals that mapping of irrigated acreage with a 
direct tie to water permits would lead to the SEO initiating abandonment proceedings or 
require water users to change their water use.   
 
In 1998, the State solicited feedback via the Water Planning Questionnaire to coincide with 
the State Water Planning Feasibility Study.  The message to the water community was clear 
– the State values your opinions and input. The State initiated Basin Advisory Groups (BAG) 
to provide a continued forum for user input and increased water education.  With these 
efforts, coupled with the realization that administration of water rights is a primary function 
of the SEO, public opinion has begun to shift.  Other States who have developed decision 
support systems often spent time and effort to provide clear and concise information that led 
to a change in public opinion and acceptance of the decision support system while at the 
same time facing difficulties with data collection, management, and development of DSS 
components. Those States were not fortunate enough to have basin user groups established as 
they began to implement decision support systems.  Support from the BAG members, who 
have specific basin knowledge and understanding of basin needs, is important to the success 
of the Green River DSS. 
 
Concern about data transparency was not limited to basin water users, but included WWDC 
and SEO staff.  The litigation with Nebraska over the North Platte River was yet to be 
settled, and there was concern regarding downstream States having access to Wyoming’s 
information. With increased access to satellite imagery and diversion, streamflow, and 
reservoir storage records available in electronic format, it is recognized that downstream 
States can, and possibly do, quantify Wyoming’s water use. Wyoming State officials 
recognize that access to data is not constrained within a State’s borders, and have generally 
accepted the that downstream States have the ability to estimate Wyoming’s consumptive use 
and other terms relevant to interstate river compacts compliance. These changing opinions 
support the timing of a more transparent, data-accessible Green River DSS. 
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Increased Software Capabilities 

Standard software capability has increased dramatically in the past ten years.  Specifically, 
functions that used to require custom programming are now often “built-in” to the software 
and often customizing a program no longer requires the need to hire computer programmers. 
 In addition, software programs are better able to link together than with previous versions. 
The decision support system concept used to require a single database repository for 
relational data.  Now because of the progress in standardizing software, the SEO e-Permit 
system, which stores water rights information in SQLServer, can be linked directly to the 
Green River Geodatabase, which stores spatial irrigated acreage information. Open source 
software (software that does not required licensing fees) has become much more robust and 
accepted.   
 
Without the requirement for extensive programming skills, the development of data 
management systems, which include data entry forms, data quality control measures, and 
data extraction capabilities, can often be done by in-house staff.  If the Green River DSS had 
been initiated even a few years ago, the State would likely be reliant on outside programmers 
for even minor updates and revisions. Current software capabilities support the timing of the 
Green River DSS in significant monetary terms. 
 
Increased Regulatory Requirements 

An important role of the SEO is involvement, compliance, and administration of Wyoming’s 
interstate river compacts. The Green River basin includes issues such as the protection of 
Wyoming’s allocation under the Colorado River Compact (1922) and Upper Colorado River 
Basin Compact (1948), salinity control, threatened and endangered species recovery 
implementation programs, and requirements for Consumptive Uses and Losses reporting. 
The best available information and modeling tools are required to address these increasingly 
complex issues. 
 
Federal permitting requirements for WWDC projects have become more onerous in recent 
years.  Detailed consumptive use analyses are required to identify shortages and prove 
purpose and needs for projects that required compliance with the National Environmental 
Policy Act (NEPA) and other Congressional Acts and federal regulations relevant to 
environmental protection.  Water allocation models that can show physical and legal water 
availability to meet project needs are becoming the standard for environmental assessments.  
These increased federal requirements require more and better quality data, plus more detailed 
modeling components, than just a few years ago – further emphasizing the need for the 
Green River DSS at this time. 
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GREEN RIVER DSS FEASIBILITY STUDY APPROACH 

The general approach taken during the Feasibility Study is briefly summarized in Figure 2.   
 

Needs 
Assessment

Data 
Assessment

DSS
Components

System 
Integration

Staffing
Requirements

User 
Involvement

Cost/Schedule 
Estimates

Determine How Information is 
Accessed to Answer the Questions

Identify the Types of Questions the
DSS Needs to Answer

Determine the Information Required to Answer 
the Questions, and How to Store and Manage that 
Information

Identify the Tools Required to 
Answer the Questions

Define Agency and Personnel Roles 
to Assure Long-term Continuity

Consider Fast Track and Extended 
Implementation

Identify Education and Training Programs to 
Assure Continued Support. 

 
 

Figure 2 - Feasibility Study General Approach 
 

Needs Assessment 

The beneficiaries of the Green River DSS, and a future Statewide DSS, will include water 
users, water providers, anglers, water-related recreational users, project and reservoir 
operators (including Federal project operators), water administrators, and water planners. As 
noted above, the WWDC and SEO will be the primary users of the Green River DSS, and are 
the State agencies that manage project contracts performed by water resource consultants and 
Wyoming University researchers. Therefore, the first step to determining the needs for these 
agencies is to clearly understand the day-to-day responsibilities of each agency’s divisions. 
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Essentially, this step documented the questions each division are required to answer in the 
course of administering, developing and protecting the State’s water resources and serving 
the needs of the water community.  In addition, each division assisted in anticipating 
additional responsibilities and questions that may need to be addressed with assistance of a 
DSS in the future. 
 
Data and Data Management Assessment 

The second step is to understand the information and data each agency’s division requires to 
perform their designated tasks. Data needs were investigated in terms of quality of current 
information; data gaps in terms of spatial coverage; data gaps where data may exist but is not 
in a useful format (for instance not in electronic format); and future data needs.  No limit was 
placed on data collection recommendations, however, information that could be used directly 
to meet each division’s responsibilities was considered separately. To recognize cost and 
phasing limitations, and understanding the dynamic nature of the Green River DSS, emphasis 
was also placed on defining “procedures” to determine future data collection needs. 
 
Not only is it necessary to understand what the data needs are, it is critical to determine how 
required data should be stored and managed.  For instance, it is appropriate for some 
information to simply be “stored” in written form in a report, whereas other data may be 
more appropriately stored electronically in spreadsheets, relational databases, and/or 
Geodatabases.  The location where water-related data are currently stored, and the software 
requirements, were also identified and documented. Current WWDC and SEO staff 
knowledge and expertise with data management software was identified, to assure the design 
of a DSS best fits Wyoming’s needs. 
 
DSS Components 

Next, it is necessary to identify the existing tools (models, spreadsheets, etc) that each 
division currently uses to perform their defined tasks.  It is also important to identify 
additional tools that are available or can be developed that will allow them to generate more 
accurate results, or perform their responsibilities in a more streamlined fashion. 
Traditionally, water-related decision support systems include models to estimate crop 
demands and actual consumptive use, surface water allocation models that consider water 
rights, and ground water models to understand aquifer reactions to pumping and recharge.  
DSS components were evaluated based on their ability to answer questions related to 
management and planning of water resources. As noted above, although the focus was on the 
Green River DSS, components that may be most useful in other parts of the State, such as 
ground water models, were also investigated.  As with data management software, WWDC 
and SEO staff familiarity and current use of potential DSS components were identified and 
considered.   

 
System Integration 

System integration recommends the methods and tools that can be used to populate the data 
management systems, extract data for viewing and graphing, and extract and format data for 
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use in the DSS components.  System integration provides the method for data to be used with 
consistency, reproducibility, and transparency. In addition, system integration may include 
links between data management systems. System integration component needs may be 
different for each division, even if the same raw data are entered or extracted. As with data 
management and DSS components, current methods for entering and accessing information 
from existing SEO databases were identified.  In addition, existing staff capabilities and 
familiarity with existing software were considered. 
 
Staffing Requirements 

A successful decision support system requires a clear definition of staff hours and 
responsibilities during the initial design and implementation – and to assure the system is 
maintained and updated.  Because the Green River DSS is a multi-agency effort, clear 
agency responsibilities that make sense from technical, policy, and funding perspectives need 
to be considered.  In addition, because different divisions within each agency will benefit 
from the Green River DSS, staff requirements by division need to be addressed.  The initial 
mix of in-house development, plus contractor assistance, must be carefully assessed.  
Staffing requirements need to be carefully considered to assure that additional 
responsibilities are not expected of staff. 

 
User Involvement  

As noted, the WWDC and SEO are the agencies primarily responsible for protecting existing 
and future water uses in the State; therefore these agencies and their consultants will be the 
primary users of the Green River DSS.  Getting “buy-in” from all divisions in these agencies, 
by assuring their needs are met by a decision support system, is critical to the Green River 
DSS success.  It is important to provide information regarding the Green River DSS progress 
to staff during the development and implementation process, and to provide training to staff 
and their consultants to use the system integration and DSS components. An established 
training program generates staff experts who are able to work with other water entities (for 
instance irrigation districts) who may want to use the Green River DSS to address their 
specific needs. 
 
Cost and Schedule Estimates  

The final step is to determine the costs associated with the identified data requirements, 
management system, modeling components, staffing levels, and training programs.  Once the 
costs are well defined, phased scheduling options can be considered to address potential 
funding limitations – with the ultimate goal of receiving legislative approval for long-term 
funding of the Green River DSS.
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In the 1998 Water 
Planning Questionnaire, 
87% of respondents 
agreed that State 
Agencies should lead 
Wyoming’s water 
planning efforts 

 

NEED FOR A DECISION SUPPORT SYSTEM 

To determine the need for a DSS, the roles and responsibilities 
of SEO and WWDC staff were identified and documented.  
These are the two State agencies primarily responsible for the 
protection and development of the State’s water resources.  
Needs of other agencies with water interests, including 
Department of Environmental Quality, Game and Fish, and 
State Parks and Cultural Resources, were also considered and 
determined to fall within the larger needs of SEO and WWDC. 
Likewise, the needs of irrigation districts and other water 
providers were also considered and, because their planning 
efforts are generally funded through WWDC, and in some cases through SEO, their needs were 
also inclusive to the needs of the two primary water agencies. 
 
Information regarding each agency’s needs was solicited using several methods.  Generally, an 
open-ended questionnaire was sent to key staff within each division to help promote 
brainstorming of the possibilities of a DSS.  Written answers and comments were received from 
many WWDC and SEO staff members, and the questionnaires were followed up with at least one 
meeting with each division to broaden the discussion.  Over fifteen meetings were held in 
Cheyenne, Laramie, and Rock Springs to identify the needs the Green River DSS must address.  
The WWDC and SEO needs are similar; ranging from a data focus to a more technical analysis 
focus.  The needs reflect the agencies different administrative, organizational, and management 
responsibilities in the Green River basin. 
 
WYOMING WATER DEVELOPMENT COMMISSION NEEDS 

The WWDC has a directive from the legislature to coordinate water and related land resources 
planning for the State.  In addition to the Director and administrative group, there are four 
primary divisions, as shown in Figure 3.  The Water Resources Data System (WRDS) is 
included in the figure as a separate “division” because it is funded through the WWDC.  Deputy 
Directors and Project Managers were specifically sent questionnaires and participated in 
subsequent discussions regarding division needs. 
 
 

WRDS
Dam/Reservoir 

Planning
Planning

River Basin 
Planning

Construction

Water Development 
Commissioners

Water Development Office
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Figure 3 - Wyoming Water Development Commission Divisions 
The WWDC was established to provide procedures and policies for the planning, financing, and 
construction of water projects. As highlighted on the WWDC website (http://wwdc.state.wy.us/), 
projects can include conservation, storage, and water distribution. The WWDC is funded through 
severance tax distribution. 
 

ConstructionPlanning
River Basin 

Planning
WRDS

Water Development 
Commissioners

Water Development Office
Director – Michael Purcell

Dam/Reservoir 
Planning

Mike Besson – Deputy Director
Jason Mead – Project Manager
Steve Muth – Project Manager
Brian Smith – Dam Technician  

 
Staff members of the Dam and Reservoir Planning Division of the WWDC are responsible for 
activities leading to the construction, enlargement, or rehabilitation of dams and the reservoirs 
they impound.  Staff responsibilities include overseeing Level I reconnaissance studies and 
Level II feasibility studies to accomplish the following: 
 

 Identify and quantify shortages and/or future uses that drive the need for reservoirs, 
 Demonstrate that water is physically and legally available to store,  
 Consider watershed management, that allows for multi-use facilities, more efficient use 

of existing resources, plus provides opportunities to improve water quality and the 
environment, and 

 Identify feasible dam sites that meet geotechnical requirements and minimize disturbance 
to environmentally and culturally sensitive areas. 

 
In addition, the Dams and Reservoir Planning Division is responsible for the administration and 
operation of High Savery Reservoir. Their staff includes an on-site dam technician that works 
with the Little Snake Conservancy District and local water commissioners to use reservoir 
storage to minimize downstream flooding due to peak runoff and to deliver water to downstream 
ditches for irrigation. 
 
Interviews with the Dam and Reservoir Planning Division indicated that lack of available 
streamflow measurements and diversion records is their greatest challenge. Instead of their 
project consultants concentrating on analyzing available data, they estimate that around 50 
percent of efforts are spent on gathering data.  Efforts to gather data include both identifying 
where available data are stored and in many cases digitizing the data.  It can also include 
installing temporary streamflow gaging stations to better understand inflows to potential 
reservoir sites.  Data gathered is often provided to WWDC in a project notebook instead of 
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In the 1998 Water Planning 
Questionnaire, 70% of 
respondents agreed that it 
was important to gather 
information to support 
federal construction permit 
applications. Only 53% 
indicated it was important to 
generate strategies to 
support permit applications. 

managed in a database.  The next consultant may duplicate some of the data collection efforts, 
which is both inefficient and can lead to different level of quality control and interpretation. 
 
In the past 15 years, permitting requirements related to the 
construction of new dams and reservoirs have become even 
more challenging to water developers. Foremost among these 
are the requirements of the Section 404 Permit program of 
the Clean Water Act administered by the U.S. Army Corps of 
Engineers (with consultation with the U.S. Environmental 
Protection Agency). Other laws, such as the federal 
Endangered Species Act, Wilderness Protection Act, Wild 
and Scenic Rivers Act, and National Historic Preservation 
Act also constrain the development of water resources.  
Recent 404 permit reviews in Wyoming, and other western 
States, have resulted in federal agencies scrutinizing the need 
for projects in greater detail.  Even proponents with well documented water use records and 
verifiable growth projections are being forced to spend considerable time and expense defending 
their historic use and projected need. Consumptive use models that look at water demands on at 
least a monthly basis are required to prove purpose and need. 
 
Furthermore, the Corps is requiring more detailed analysis of water supply.  Detailed water 
allocation models that include all basin water uses and water rights are expected to be used to 
show that water is physically and legally available to fill the proposed reservoir and meet the 
projected needs.  To this end, the Dam and Reservoir Planning Division have begun requiring 
detailed modeling for many of their projects. Spreadsheet models developed as part of the basin 
plans, the State of Colorado’s StateMod surface water allocation model, and other allocation 
models have been used to support feasibility studies.  The Dam and Reservoir Planning Division 
has encouraged consultants to develop more detailed StateMod models to quantify water 
availability, however they recognize that much of the data to support this more detailed analysis 
is not available.  As more data are collected and digitized, there continues to be a need to expand 
the limited StateMod modeling expertise in Wyoming. 
 
In summary, the Dam and Reservoir Planning Division needs that can be addressed by the Green 
River DSS are as follows: 

 Increased data collection efforts plus documented standards for streamflow measurement 
 Better methods for storing and managing existing and new data 
 Documented quality control standards for the use of existing data 
 Documented standard methods for interpreting data and filling data gaps  
 Accurate irrigated acreage assessment, tied to water rights and water source, to use in 

developing defensible project purpose and needs 
 Defined DSS modeling components, specifically consumptive use and water allocation 

models 
 Modeling standards to encourage consistency among basin watershed plans 
 Formal model training programs for staff and consultants 
 Direct web-based access to previously collected data 
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Keith Clarey – Project Manager
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Staff members of the Planning Division of the WWDC are responsible for activities leading to 
the construction, enlargement, or rehabilitation of agricultural and municipal water supply 
systems.  Staff responsibilities include overseeing Level I watershed studies and municipal 
master plans; Level II system rehabilitation and water supply plans; and projects receiving 
ground water grant funding.  Projects managed through this division include the following: 
 

 Irrigation system surveys to identify where structure and conveyance enlargement, 
rehabilitation, or system operations could increase the efficiency of water delivery, 

 Watershed studies to investigate and document the combined needs of water users with 
respect to water supply and water quality, and promote solutions that benefit the entire 
watershed, 

 Municipal system studies to investigate the need for increased municipal supplies and 
identify surface and ground water sources available to meet those supplies, 

 Master plan studies to identify existing municipal system enlargement, rehabilitation, and 
replacement requirements, 

 Studies to develop feasibility level designs for new irrigation and municipal systems or 
enlargement and rehabilitation of existing systems, and 

 Instream flow investigations to determine if unappropriated natural flow is available to 
meet the Wyoming Game and Fish Department’s requested flows and, if not, to 
investigate the need for storage to supplement available natural flow. 

 
Interviews with the Planning Division indicated that lack of available information on existing 
infrastructure, including engineering data regarding the as-built construction of municipal and 
rural drinking water systems and existing irrigation system GIS layers, presents a challenge to 
their projects.  This information is often available for the larger municipal providers (Casper, 
Cheyenne, Gillette, etc), and consultants must obtain the information directly from the sponsors. 
Staff members were split on the issue of data accessibility, but most indicated consultants look to 
them to provide data referenced in previous studies and that a better data management system is 
required. 
 
Streamflow measurements are generally lacking to properly analyze instream flow requests, and 
to understand water availability for watershed planning and for increased municipal demands. 
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Various methods are used by consultants to estimate natural flow, often supplemented by field 
measurements.  Analysis standards for development of natural flows and quality control for 
streamflow measurements would be useful.  Transducer and data logger technology has 
enhanced the ability to collect new flow data, however the short-term project consultant contract 
period does not allow for flow representing various regimes.  In addition, the costs associated 
with frequent visits required to develop rating curves for transducer calibration were noted as a 
concern.  A need was identified to work with local sponsors and water administrators to assist 
with these efforts. 
 
Water quality information, specifically sediment loading, is important when investigating 
municipal water supply systems.  Water quality sampling is generally coupled with 
instantaneous flow measurements, which often provides the only streamflow data on some 
tributaries.  
 
In summary, the Planning Division needs that can be addressed by the Green River DSS are as 
follows: 
 

 Increased data collection efforts plus documented standards for streamflow measurement 
 Ability to effectively store and access temporary-site streamflow measurements  
 Program for local assistance in streamflow measurement 
 Better methods for obtaining and storing irrigation and municipal water system as-built 

and GIS data 
 More opportunities to document and access anecdotal information from watershed 

communities 
 Direct web-based access to ground water information, including Statement of 

Completions and pumping data 
 

Construction
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Phil Ogle – Deputy Director
Barry Lawrence–Project Manager
Jodie Pavlica – Project Manager
Chace Tavelli – Project Manager
Vickie Winders – Outreach Coord.

 
 
Staff members of the River Basin Planning Division of the WWDC are primarily responsible for 
the development and updates to the River Basin Plans and for basin-wide planning projects, 
including ground water studies.  In addition, the River Basin Planning Division’s projects 
include town master plans and involvement in research and development projects associated with 
weather modification and glacier studies.  
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Projects managed through this division include the following: 
 

 Development and updates to River Basin Plans in each of Wyoming’s seven primary 
river basins to quantify current basin uses, estimate future demands, and determine water 
available to meet those demands, 

 Basin and aquifer-wide ground water analyses to estimate availability and sustainability 
of ground water to meet current and future demands, 

 City master plans and water management studies that aid in understanding current 
municipal supplies, future demands, and raw water and infrastructure needs, and  

 Non-traditional projects, often with partial funding from other States or Federal entities, 
including understanding changes to glacial mass and developing and monitoring weather 
modification programs to increase snowpack. 

 
Interviews with the River Basin Planning Division indicated that the hydrology data, potential 
crop water use versus actual crop water use, soil and geological information, irrigated acreage, 
and water supply data all present challenges to their projects. In-house analyses for specific 
projects, for example the Bear River Plan update, have provided a renewed appreciation for the 
importance of access to reliable and complete climate and diversions data, and consistency in 
how consultants analyze basin water use and availability.  
 
River Basin Planning was initiated over 10 years ago, and the process is growing and changing 
with experience and additional information. The first eight years of the program were dedicated 
to completing the seven basin plans and the Statewide Framework Water Plan (Wyoming 
Framework Water Plan, WWC 2007). The River Basin Planning Division is now in the second 
phase of river basin plan development, and the recommendations from the Framework Water 
Plan have helped set the course. In this second phase, the Planning process is focusing more on 
hydrology of the basins considering recent droughts; conducting an evaluation of the basin’s 
ground water resources; increasing accuracy of the appropriate modeling programs (spreadsheet, 
StateMod, MODSIM, etc.) and incorporating data from other WWDC-sponsored studies.  
 
Interviews with consultants involved in basin planning indicated that there is often difficulty 
finding digitized data used in previous modeling efforts.  Another challenge the River Basin 
Planning Division has faced as the basin planning process has matured is that consultants 
developing or updating the basin plans inject their varying levels of expertise and comfort with 
analyses tools into the process. Each River Basin Plan document has consistent information and 
format, but the results have been developed with inconsistent levels of technical accuracy.  For 
example, the Snake River Basin Plan utilized average monthly published potential crop 
consumptive estimates and the standard spreadsheet model developed for basin planning.  In 
contrast, the Bear River Basin Plan developed a time-series of potential and actual consumptive 
use estimates using a crop consumptive use modeling tool, then supplemented the standard 
spreadsheet model with a water rights-based surface water allocation model. 
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In summary, the River Basin Planning Division needs that can be addressed by the Green River 
DSS are as follows: 
 

 Increased streamflow measurements to better estimate water availability 
 Increased municipal water supply and storage information, including raw water supplies, 

reservoir and tank capacities, and conveyance capacity information 
 GIS layers showing municipal and agricultural infrastructure locations 
 Accurate water rights information tied directly to river headgates, municipal use, and 

irrigated acreage  
 GIS layers showing accurate irrigated acreage and land-use information 
 Documented standard methods for interpreting data and filling data gaps 
 Standard methods for estimating both potential and actual crop consumptive use 
 Standard modeling tools for estimating crop consumptive use and documentation on how 

to update model data sets  
 Standard water rights allocation model to provide more detail than the basin plan 

spreadsheet models, plus standard methods and documentation for developing input data 
sets 
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Keenan Hendon – Eng. Consultant  

 
Staff members of the Construction Division of the WWDC are responsible for administering 
projects which have advanced through the planning phases, (Level I and II), and are authorized 
for construction. Acting upon the recommendations of the WWDC and the Select Water 
Committee, the Wyoming State Legislature works with the Construction Division to accomplish 
the following: 
 

 Authorize and approve each construction project and the associated appropriations, 
 Authorize and approve restrictions, and  
 Assist and oversee the implementation of the statutory directives for each project. 
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Construction projects include all aspects of raw water development, conservation, and water 
system replacement and rehabilitation, including construction of the following: 
 

 Ground water wells, 
 Raw water pump stations and conveyance pipelines, 
 Storage tanks, 
 Headgate diversions and canals, and 
 Dams and reservoirs. 

 
The Construction Division was not specifically interviewed for this project, because they do not 
generally require the types of raw data and analyses tools provided by a decision support system. 
However, a better defined and quicker method for sharing construction documents would be 
beneficial to the division. 
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The Water Resources Data System (WRDS) serves as a clearinghouse of hydrologic and climate 
data for the WWDC and the State of Wyoming. The Wyoming State Climate Office (SCO) is a 
branch of WRDS and together they provide a variety of services, including the Wyoming Water 
and Climate Web Mapping Tool. This GIS web mapping tool allows users to search and view 
maps and underlying attribute data related to wells, streamflow, precipitation, public water 
systems, and irrigated lands. In addition, WRDS has developed numerous streamflow and 
climate data summary products including long-term average precipitation and temperature, 
statewide precipitation departures from normal, and charts showing precipitation and 
temperature trends. Staff members are responsible for the following: 
 

 Online dissemination of water resource publications, 
 Assisting in the development of the Basin Water Plans, 
 Helping coordinate long-term monitoring efforts, and 
 Developing enhanced drought monitoring products. 
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One of WRDS primary functions it to disseminate water resource publications. The WRDS 
Water Library includes a collection of almost 21,000 water-related documents.  Online 
documents include reports completed for the WWDC since 2000.  An effort is underway to 
review and provide digital copies of historical WWDC reports. Currently, over 50 historical 
planning documents are available online.   
 
WRDS also hosts and updates the separate State Climate website with information related to 
climate data and climate change. In addition, WRDS hosts the Wyoming State Water Plan 
website that provides access to the River Basin Plan documents, including the final reports and 
supporting technical appendices.  GIS products developed for each Basin Plan can be 
downloaded, along with each basin hydrologic spreadsheet model. 
 
Although WRDS is not generally a research organization, they sometimes partner on research 
projects with the University of Wyoming, SEO, or other State agencies.  Generally, their role in 
these projects is to identify and collect the necessary data required for the project analysis.  
Because much of the water-related data required for a DSS is collected and stored by federal 
agencies (e.g. U.S. Geological Survey and National Weather Service), WRDS role as a 
clearinghouse that maintains active links to this information is important to the Green River 
DSS. 
 
STATE ENGINEER’S OFFICE NEEDS 

The SEO is responsible for the regulation and administration of the water resources in Wyoming 
and compliance with interstate river compacts and decrees. The SEO issues surface and ground 
water right permits to individuals or entities who can demonstrate the ability to put the water to 
beneficial use.  
 
Wyoming water law operates under the prior appropriation doctrine, or “first in time, first in 
right”. For fully-appropriated streams in which, at times, demands exceed available supplies, 
SEO personnel have the authority and responsibility to curtail uses of junior water rights.  The 
SEO is also responsible for protecting Wyoming’s right to use water allocated to the State 
through interstate river compacts and U.S. Supreme Court and Federal District Court decrees. 
 
The State Engineer and Deputy State Engineer and other members of the Administration 
Division oversee five primary divisions, as shown in Figure 4.  Several meetings were held with 
the State Engineer, Deputy State Engineer, and personnel from each SEO division. The goal of 
these discussions was to understand each division’s responsibilities; including the data they 
collect and manage; the analyses they perform, and additional data or analysis tools that would 
be useful. 
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Figure 4 - State Engineer’s Office Divisions 
 
Three of the State Engineer’s Office divisions are responsible for regulatory functions; Board of 
Control, Surface Water, and Ground Water.  The Interstate Streams Division is responsible for 
issues surrounding interstate river compacts and decrees, endangered species recovery, and other 
issues that transcend State boundaries and have the potential for affecting Wyoming’s ability to 
fully use their water resources.  The Support Services Division assists other SEO divisions with 
data management, data access, and general IT issues. As the agency primarily responsible for 
protecting Wyoming's water resources, SEO divisions frequently assist other State agencies with 
their water needs, including the Department of Agriculture; the Department of Environmental 
Quality, and the Game and Fish Department. 
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Staff members under the Board of Control Division are further grouped into four Water 
Divisions based on the main rivers that have their headwaters in Wyoming.  Each Water 
Division has a Superintendent who directs hydrographers and water commissioners in the 
regulation of water rights. Division 1 includes the North Platte River and its tributaries; the main 
field office is in Torrington.  Division 2, with field headquarters in Sheridan, encompasses the 
north-eastern portion of the State including the Powder, Belle Forche, and the Cheyenne Rivers. 
Division 3, with field headquarters in Riverton, includes the Wind/Big Horn River and its 
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tribuataries.  Division 4, with field headquarters in Cokeville, encompasses the western portion 
of the State including the Green, Bear, and Snake Rivers.  Board of Control Division 
responsibilities include: 
 

 Processing petitions and amending adjudicated water rights, 
 Reviewing water distribution plans and authorizations for detachment of water, 
 Preparing proofs of appropriation for surface and ground water uses for field processing 

and recommendation, 
 Maintaining and updating status of adjudicated water right records, 
 Administering and regulating water rights, 
 Maintenance and monitoring of stream gages and diversions, 
 Preparing annual Hydrographer Reports,  
 Processing voluntary and involuntary abandonment petitions, and 
 Periodically updating the official water rights Tabulation Book. 

 
The Board of Control Division is responsible for the adjudication process for surface water use 
permits and changes to adjudicated rights, including change in point of diversions, change in use, 
change in the area of use, or abandonment of a water right.  The Board of Control Division 
works with the Surface Water and Ground Water Divisions in the adjudication process. The e-
Permit database system, discussed in more detail in the Data and Data Management section, 
allows the application and tracking process to be done online. 
 
Currently, an application to adjudicate or change a water right is entered electronically into the 
new e-Permit system, and updates associated with verification and, ultimately, adjudication are 
also entered electronically. However, for consistency, the information continues to be managed 
through an extremely organized “paper-trail” process. The e-Permit system is discussed in more 
detail in Data and Data Management Section. 
 
Interviews with the Board of Control field superintendents indicated that lack of diversion 
measurement devices and recorded tributary streamflows makes it difficult to regulate diversions 
in times of low water availability.  In areas where there has not been frequent regulation, many 
ditch headgates do not have a measurement meter or flume; therefore even if personnel and time 
allowed, diversion records cannot be obtained.  Recent efforts to add telemetry monitoring 
devices to diversions via the Aquarius system have focused on replacing flumes that require 
frequent site visits for measurement and adding devices on tributaries with frequent regulation. 
The Aquarius system is discussed in more detail in the Data and Data Management Section.  
 
Efforts to increase diversion records have further highlighted the need for standardization and 
consistency of coding diversions with regard to source and use. Field personnel would like to see 
a data quality and assessment protocol to standardize the collection and reporting of diversion 
data. To that end, a need was identified for unique ditch identifiers to assist with diversion 
measurements; possibly a barcode permanently attached to headgates that can be quickly 
scanned using a hand-held device such as a GPS unit. The unit ideally would allow instantaneous 
diversion measurements to be recorded and downloaded directly to the Aquarius database.  Field 
personnel indicated this would both expedite the process and minimize data-entry errors. In lieu 
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of that, standard data-entry forms that include “built-in” quality control measures to allow 
manually-read diversions to be easily entered electronically into the Aquarius database were an 
identified need.  Staff also requested that historical diversion records be entered into Aquarius, 
requiring that the software be able to handle diversion data that reflects different frequencies of 
collection. 
 
Summaries of general water district information, such as stream-based schematics showing 
active water rights by diversion and memorandums documenting locations and frequency of 
regulation, would supplement Hydrographer Reports and Basin Plans and provide a reference for 
both water planners and new field hires.  Field personnel indicated a desire for mapping of return 
flow locations to aid in administration, plus the need for river gain/loss studies to understand 
transit losses associated with deliveries from reservoirs. The ability to extract information stored 
in the Aquarius database into a report format that can be included in Hydrographer Reports was 
noted as a need.   
 
The historical lack of a data management system further complicates real-time administration in 
terms of being able to predict potential regulation based on flows and diversions in past years.  
As more data become available through current efforts and the Green River DSS, it would be 
helpful in water administration and planning to develop a correlation tool that could be updated 
on a one or two week frequency to provide runoff forecasts. An ideal tool would be based upon 
streamflow, snowpack, and soil moisture data, plus incorporate the experience of local water 
administrators.  This tool could provide a record of adjustments that can be reviewed, refined, 
and applied in future water planning and regulation efforts.  
 
Existing cooperative stream gages used for strategic water administration need to be identified 
and noted as such, to assure they will continue to be maintained into the future.  Field personnel 
indicated that funding and equipment to measure reservoir evaporation would advance reservoir 
operations. 
 
In summary, the Board of Control Division needs that can be addressed by the Green River DSS 
are as follows: 
 

 Increased streamflow and diversion measurements, plus documented standards for 
streamflow measuring and for diversion reporting by source and use 

 Funding and equipment to measure reservoir evaporation 
 Assignment of unique identifiers for ditch headgates 
 Field-based devices that allow manually read diversions to be electronically entered 
 Data analysis tools that can look at current data for predictive regulation purposes and to 

forecast flood and peak runoff 
 Enhanced data-entry forms for entering both new and historical data into the Aquarius 

system 
 Documentation, by water district, discussing uses and administration; schematics 

detailing permits by ditch; map showing return flow locations 
 Studies to better understand and quantify river gains and losses 
 Database extraction tools that allow consistent formatting for Hydrographer Reports 
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 Standard method to report, store, and retrieve river regulation and administrative call 
information  

 Increased e-Permit system capability to generate and format the Tabulation Book  
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Staff members under the Surface Water and Engineering Division are responsible for reviewing 
permit applications for any request to put surface waters of the State to a beneficial use, and 
providing a recommendation to the Board of Control. This division also carries out the Safety of 
Dams Program for Wyoming, to ensure the safety and structural integrity of water storage 
facilities in the state. The Surface Water and Engineering Division perform on-site inspections of 
facilities and review and approve new or rehabilitation construction plans. Surface Water and 
Engineering Division responsibilities include: 
 

 Reviewing and processing surface water applications and petitions, 
 Maintaining and updating the status of un-adjudicated water rights records to accurately 

reflect current status of permits, 
 Providing information requested by the public regarding existing surface water rights and 

assisting with applications for permits, petitions and water use agreements and for permit 
status updating, 

 Providing technical assistance to the State Engineer, office staff, and water 
administration field personnel in matters requiring interpretation of surface water rights, 
and 

 Reviewing and permitting weather modification activities. 
 
Interviews with the Surface Water and Engineering Division indicated the need for a well-
documented and accurate Water Rights database.  Identifying actual water uses, especially 
irrigation uses, under existing permits is difficult and as statewide water planning efforts have 
increased, there has been a greater need to understand demand for water and basin 
administration. Changes in water use and water use patterns will continue to result in conflicts. 
Staff shared their belief that mapping water rights to irrigated lands should continue, but 
cautioned that there is not staff availability to “clean up” discrepancies. 
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The effort to scan historical documents and maps associated with permit applications, including 
ditch maps, should continue.  The ability to access these scanned documents through the e-
Permit system will reduce both the internal agency, and external water users requests for this 
information.  
 
In summary, the Surface Water and Engineering Division needs that can be addressed by the 
Green River DSS are as follows: 

 Continued improvements in storing and managing existing and new water rights data 
 Increased efforts to perform quality control on existing information stored in the e-Permit 

database 
 Field review of the WYWRAG irrigated acreage Geodatabase to begin the process of 

identifying and addressing potential water rights issues 
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The staff members in the Ground Water Division maintain a statewide observation well network, 
and conduct ground water interference investigations and water adjudication inspections. Due to 
the large scale development of ground water for irrigation use in some areas of the state, three 
ground water management districts, called Control Areas, have been established. Note that there 
is not a Control Area in the Green River basin. An Advisory Group is elected in each of the 
Control Areas to review new permit applications and requests for water right changes, and to 
make recommendations. Ground Water Division responsibilities include: 
 

 Reviewing and processing ground water permit applications and petitions, including 
reviewing and approving the Statement of Completion,  

 Resolving conflicts between ground water users, 
 Facilitating Control Area Advisory Board meetings, 
 Coordinating ground water studies overseen by the SEO or other agencies, including the 

WWDC, 
 Investigating water well construction and enforcing the “Water Well Minimum 

Construction Standards”, 
 Monitoring ground water levels based on the observation well network, and managing 

the level records, and 
 Reviewing and storing well meter data.  
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The Ground Water Division has been involved in the development of the e-Permit system in 
recognition that most new water right applications are for ground water use.  New permits can be 
applied for using the e-Permit system online, and there is the ability to enter Statement of 
Completion information. There is not a unique identifier for a well; instead a well is defined by 
its water right(s).  Ground Water Division staff indicated that in some cases this has been 
problematic; since a well can have multiple permits or enlargements if a new use is added. 
 
The Ground Water Division noted some issues with entering older Statements of Completions 
into the e-Permit database and identified some querying limitations with extracting permits 
requested by planners from other State agencies.  The Ground Water Division currently stores 
time-series data of well levels from the statewide well observation network in independent 
databases for each observation location.  A separate relational database contains the physical 
information about each site. Staff indicated there is a plan to store and manage these data 
through the Aquarius system.  
 
At this time, well production data is submitted to the SEO annually or semi-annually, either by 
mail or by email. These data have not been entered into a digital storage system; instead paper 
copies are managed through a filing system. The Ground Water Division indicated the need for 
meter data to be stored and accessed through the Aquarius database. 
 
In summary, the Ground Water Division needs that can be addressed by the Green River DSS are 
as follows:  
 

 Unique identifiers for wells to facilitate relationships between well permit information 
and available metered data 

 A method to digitally store and access well meter data  
 Custom queries within the Aquarius system to access and analyze information from the 

statewide well observation network 
 Enhanced e-Permit querying capabilities 
 Additional staff to enter older Statement of Completions and “Currents” (2006-2007) 

Statement of Completions into the e-Permit database 
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In the 1998 Water 
Planning Questionnaire, 
94% of respondents 
believed it was very 
important that information 
be readily available to the 
public. 
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The staff members under the Support Services Division provide hardware, software, and data-
management support for the other SEO divisions. Staff members are responsible for the 
following operations: 
 

 Information technology and telecommunications, including selecting and maintaining 
hardware, software, and the network system that connects SEO staff, 

 Application programming and databases, including taking the lead role in developing and 
maintaining internal databases plus web-based access SEO data, 

 Geographic Information System  development, support, and training, and 
 Imaging of paper-copy maps and documents. 

 
The Support Services Division has taken the lead in the 
development of the e-Permit system allowing SEO and the 
public web-based access to apply for new water rights permits 
online and query and access existing water rights information. 
They are also overseeing the development of the Aquarius 
system, which obtains telemetry and radio-based feeds of 
streamflows, diversions, reservoir gage heights, and climate 
data directly from the field. The underlying database can store 
and manage other historical time-series data, plus provide 
querying capabilities to view and extract information.  
 
Interviews with Support Services Division staff members highlighted the progress they have 
made in developing a system to store and manage data for the SEO.  They highlighted the 
extensive effort remaining to finalize the database design and assure that water rights 
information stored in the e-Permit system is quality controlled and consistent. There is a need for 
dedicated, trained staff to assist with this effort. Staff continues to finalize the design of the 
Aquarius system; therefore at this time no significant progress has been made to review 
historical diversion and pumping record data and begin storing and managing the information. 
 
Support Services Division staff are the primary developer of spatial GIS information other SEO 
divisions require to meet their responsibilities. Creating the spatial links between water rights, 
irrigated lands, and measured field data and automating display of historical data and data trends 
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In the 1998 Water 
Planning Questionnaire, 
91% of respondents 
believed it was very 
important to develop 
strategies to protect water 
originating in Wyoming 
from being claimed by 
downstream States. 

should be considered in the Green River DSS.  The Support Services Division staff members are 
working with the WYWRAG Geodatabase to understand and improve its functionality and to 
allow its use in other river basins.  
 
The Support Services Division clearly recognizes their important role in the Green River DSS.  
The three database systems (e-Permit, Aquarius, and WYWRAG) have been developed based 
primarily on their direction and these systems should serve as the central systems for the Green 
River DSS. 
 
In summary, the Support Services Division needs that can be addressed by the Green River DSS 
are as follows: 
 

 Assignment of unique identifiers to ditch diversions stored in Aquarius that can be linked 
or compared to the water rights served by the ditch and stored in the e-Permit database 

 Additional staff dedicated to the improvement and quality of data stored in the e-Permit 
database 

 Additional staff dedicated to digitizing and entering historical paper-record streamflow 
measurements, diversion records, and pumping data into the Aquarius database 

 Standardization of data and consistent Hydrographer Report formats and diversion 
coding 
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Interstate Streams Division staff provide technical and policy 
support for water allocation and administration issues 
associated with Wyoming’s seven interstate river compacts 
and three multi-state court decrees. These compacts and 
decrees define the portion of headwater rivers that can be used 
within Wyoming, plus dictate certain measurement and 
reporting requirements. A primary objective of the Interstate 
Stream Division is to preserve Wyoming’s ability to use and 
develop new water supplies by monitoring compliance with 
interstate agreements.  
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Interstate Streams Division responsibilities include: 
 

 Participating in Commissions established to administer interstate river compacts, 
 Serving on committees to protect and recover Threatened and Endangered Species issues 

both within Wyoming and in downstream reaches of rivers originating in Wyoming, 
 Monitoring management plans for river reaches with Wild and Scenic status, 
 Assisting with negotiations and, if necessary, litigation with downstream States over 

perceived compact non-compliance, 
 Satisfying interstate agreements or litigation settlement reporting requirements, and 
 Serving on committees addressing water quality issues that span State boundaries. 

 
As noted, the Interstate Streams Division staff members work with the field superintendents to 
fulfill annual and periodic reporting requirements that require significant water use and other 
field data.  For instance, in the Bear River Basin, information regarding diversions and 
streamflow is submitted on a weekly basis.  An annual report for the basin includes flow, 
diversion, and depletion summaries; plus information about new water right permit applications. 
 
The Green River basin includes five-year reporting requirements as mandated by the Colorado 
River Basin Project Act of 1968 (Public Law 90-537). The Consumptive Uses and Losses 
Reports have historically been prepared by the U.S. Bureau of Reclamation, with input and 
review from the SEO.  In 2006, the SEO developed the Colorado River Compact Administration 
Program with the primary purpose of developing and implementing a process to monitor 
consumptive use in the Green River basin. A document was prepared in 2008 by Steve Wolff, 
Colorado River Coordinator in the Interstate Streams Division, titled “Consumptive Use 
Determination Plan”. A goal cited by this plan is to reduce reliance on information developed by 
the USBR and other entities. There were several plan components identified that also are 
necessary for the Green River DSS.  Increased efforts to collect climate data, streamflow 
measurements, and diversion records received initial funding.  The water rights attribution of 
irrigated lands associated with the WYWRAG Geodatabase was another identified component 
that is well underway. In addition, administration and decision support tools were identified as 
future needs.   
 
Five-year reporting of depletions is also required under a Programmatic Biological Opinion 
(PBO) for the Little Snake River. The most recent depletion report was based on information 
from the Green River Basin Plan. The Yellowstone Compact requires reporting of annual 
reservoir carry-over storage.  There are eleven reports required for the North Platte basin, 
requiring seven full-time staff to comply with the requirements of the settlement between 
Wyoming and Nebraska.  Three of the seven staff members are responsible for mapping and 
certifying annual irrigated acreage.  Reporting requirements include diversions, active wells, 
acreage and consumptive use totals, and new water rights. There are also reporting requirements 
under the Platte River Recovery Implementation Program that include industrial reports, new 
surface water and ground water depletion reports, non-Decree irrigation reports, and data new 
population and temporary uses. 
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The Green River DSS, and an expanded Statewide DSS, would assist the Interstate Streams 
Division in both their current reporting requirements, and with easier access to information and 
analysis tools that could help them assure Wyoming’s current compliance status in a timely 
fashion.  In summary, the Interstate Streams Division needs that can be addressed by the Green 
River DSS are as follows: 
 

 Accurate irrigated acreage assessment, tied to water rights and water source 
 Increased number of ditches with consistent diversion records 
 Better methods for storing and managing existing and new data 
 Report-generating capabilities to obtain stored data (diversions, irrigated acreage, 

precipitation, streamflow, etc) in both tabular and spatial format 
 Documented standard methods for interpreting data and filling data gaps  
 Data analysis tools that can quickly extract data and create graphical representations of 

historical data and trends 
 Ability to determine actual consumptive use to compare with the USBR-developed 

Colorado River Consumptive Uses and Losses Report 
 Water rights allocation model to simulate “what if” scenarios to investigate methods for 

assuring compact or decree compliance under varying hydrology and demands 
 Formal consumptive use tool and water rights allocation model training program for staff 

and consultants 
 Direct web-based access to previously collected data 
 Web-based access to real-time flow data 

 

IDENTIFIED NEEDS IN THE GREEN RIVER BASIN 

The Wyoming Framework Water Plan listed planning recommendations for the WWDC as they 
moved into the second phase of updating the basin plans.  These have been echoed by engineers 
who routinely perform studies for the WWDC, both during interviews specific to this project, 
and as recommendations included in Level I and Level II reports.  The Green River DSS could 
facilitate several of the recommendations identified including the following: 
 

 Determine how much water is diverted and depleted (consumed) on a monthly basis over 
a longer study period. The recommendation shows the need for identifying appropriate 
consumptive use methods, and having standard consumptive use tools.   

 More accurately determine water available for future development. The suggestion was 
further highlighted by the recommendation to abandon the spreadsheet models developed 
during the first phase of basin planning in favor of more detailed models that explicitly 
account for water rights. 

 Accurately identify water use under valid permits and adjudicated water rights. The 
recommendation confirms the need to continue with the WYWRAG water rights 
assessment and provide the direct relationship between irrigated acreage and water rights. 

 Limit basin plan updates when conditions have changed little, or changed conditions are 
short-term in nature.  The suggestion highlights the benefits of developing and 
maintaining DSS models that represent hydrology, water rights, and demands in the 



 NEED FOR A DECISION SUPPORT SYSTEM 
 March 22, 2011 
 
 

 
  Page 30 

basin.  The model and underlying data can be used to address changing conditions and 
questions as they arise without the need for a basin plan update. 

 
Many of the needs identified by the WWDC, SEO, and their engineers were overlapping in 
nature. The needs have been generally grouped into four categories discussed further in the 
following Data and Data Management and the Decision Support System Components Sections. 
 

 Data and Information Needs 
 Data Management System Needs 
 Database Integration Needs 
 DSS Modeling Components  

 
Data and Information Needs 

Needs for additional data and other information, including additional field studies and 
documentation of basin operations, were identified by divisions under both the WWDC 
and the SEO.  Data and information needs are grouped into the following categories: 
 
Irrigated Acreage Assessment and Water Rights 
 Continue to finalize and field-verify the WYWRAG irrigated acreage assessment.  
 Use the WYWRAG assessment to begin the process of identifying and addressing 

potential irrigation water rights issues. 
 
Streamflow Measurements 
 Continue to add stream measuring sites on non-measured tributaries.  
 Identify methods to have local water users and SEO field personnel assist with 

installing and maintaining temporary gaging sites for WWDC projects. 
 

Diversion Measurements 
 Increase the number of river diversions consistently measured to assist with defining 

purpose and needs for future projects and to better understand actual basin water use. 
 Provide hand-held devices that facilitate the manual reading of diversions where 

measurement devices exist.   
 Install barcode type placards mounted on headgates that can be automatically read by 

the hand-held devices and tied to the manual recordings.  
 
Reservoir Use 
 Provide funding for staff and equipment to directly measure reservoir evaporation. 
 Add measuring devices so change in storage can be monitored at each reservoir. This 

requires two of three measurements for inflow, outflow, and reservoir elevation. 
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Physical Basin Information 
 Document water uses and administration, by water district, including schematics 

detailing permits by ditch, maps showing return flow locations, and anecdotal 
information from local water users and administrators.   

 Develop and provide access to official GIS layers representing physical locations. 
Duplicate, and likely inconsistent, layers exist for irrigated acreage, locations of river 
diversion headgates, well locations, streamflow stations, and canals. 

 Collect and store physical information, such as municipal water supply and storage, 
reservoir and tank capacities, and conveyance capacities.   

 Investigate and document river gains and losses. 
 Collect and manage aquifer property information. 
 

Data Management System Needs 

The SEO has been actively developing data management systems to store and access 
their water-related data. There was no need identified for new database management 
systems; only the need for continued and increased efforts to enhance the existing 
systems.  Needs associated with the e-Permit, Aquarius, and WYWRAG database design 
efforts are as follows: 

 
e-Permit Database System 
 Dedicate additional staff to review and improve the quality of data currently stored in 

the e-Permit system and to enter additional information including Statement of 
Completions into the database.   

 Address current limitations to querying capabilities with respect to the amount of 
records that can be returned in a single query, limited query options, and the amount 
of time it takes to complete a query.  

 Develop a specific query to output information and format the Tabulation Book.  
 Continue efforts to scan ditch maps and certificates for inclusion in e-Permit queries.  
 Store additional non-time series physical information in the e-Permit database 

including diversion and reservoir capacities. 
 
Aquarius Database System 
 Dedicate additional staff to review and enter additional data into the system including 

historical diversion records from paper copies and other databases; well meter data 
from paper copies; and well observation information data from other databases. 

 Allow storage and retrieval of temporary site streamflow measurements in the 
Aquarius system.  

 Develop custom data-entry forms that control quality through drop-down menus. 
 Develop custom queries allowing time-series data to be extracted in tabular and 

graphical formats. 
 Develop a query to allow diversion records to be formatted for Hydrographer 

Reports. 
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WYWRAG Geodatabase 
 Dedicate additional staff to continue to finalize and field-verify the WYWRAG 

irrigated acreage assessment and associated water rights.  
 Enhance custom queries based on feedback from field personnel and other users. 

 
WRDS hosts and maintains the Wyoming Water and Climate Web Mapping Tool. 
Management of, and access to, GIS information is important for the Green River DSS.  
Each of the SEO data management systems have a GIS interface component, discussed 
further below.  These GIS components rely on some of the same GIS layers that can be 
accessed by the WRDS mapping tool.  In addition, some of these layers are available 
through the Wyoming Geographic Information Science Center (WyGISC) at the 
University of Wyoming. The following needs were identified related to managing and 
accessing GIS mapping: 
 
Wyoming Water and Climate Web Mapping Tool 
 Determine the appropriate entity to host a web-based mapping tool. 
 Develop and maintain a single set of official water-related GIS layers. 
 Provide the ability to download GIS shapefiles for consultant use and inter-agency 

use. 
 Continue to provide the ability to view, query, and print GIS layers through a web-

based mapping system. 
 

Database Integration Needs 

Needs for relationship queries between the three databases were identified for querying 
informational data and developing consumptive use and water allocation model input 
files.  Currently, the WYWRAG Geodatabase contains a snapshot of selected fields from 
the water rights table from the e-Permit database. Identified needs are required to allow 
database integration as follows: 
 
 Assign unique identifiers to structures. Structures represent physical locations, 

including ditch headgates, stream measurement sites, climate stations, wells, 
reservoirs, pipelines, etc.  Both the WYWRAG and e-Permit databases should use 
this unique structure identifier to allow grouping of water right permits by river 
headgate. The same unique identifier should be related to diversions stored in the 
Aquarius database. 

 Complete the assignment of water sources to each ditch diversion (which can then be 
related to water right permits) in the e-Permit, WYWRAG, and Aquarius databases. 

 Develop a method for maintaining consistent GIS layers for use as interfaces to each 
data management system, and for public access. 
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DSS Modeling Components  

Needs for modeling components were identified for compact reporting requirements as 
well as for determining project feasibility.  The need for two components was identified 
for the Green River DSS, plus the need for a ground water model as the DSS expands 
into other basins was discussed.  
 
 Develop a standard method and tool to determine potential consumptive use and 

actual (water supply-limited) consumptive use over a long study period. 
 Identify a method for estimating near real-time consumptive use. 
 Develop a standard method and water rights allocation tool to determine water 

available, on at least a monthly basis, for new storage projects, new direct water 
rights, instream flow requests, and exchanges. 

 Provide formal training for staff and consultants on consumptive use and water rights 
allocation models. 

 Document quality control standards for the use of existing data. 
 Develop standardized methods for extracting data from the e-Permit, WYWRAG, and 

Aquarius databases, interpreting the data, and filling data gaps for use in consumptive 
use and water rights allocation models.
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DATA AND DATA MANAGEMENT 

The Green River DSS is dependent on reliable water-related data and, equally as important, the 
ability to easily access the data to help in the decision making process. Each WWDC and SEO 
division requires data to meet their responsibilities. The needs assessment process clearly 
highlighted both the need for additional data collection efforts, and the need for better systems to 
manage and access data.  Raw data, including GIS-based mapping information, needs to be 
stored and managed so it can be easily updated and extracted.   
 
This section generally describes available data and its importance in the Green River DSS, and 
identifies a process to prioritize future data collection efforts. Water-related data collection and 
management will continue to be a primary function of the SEO, and this section describes 
existing data management systems plus recommends enhancements to facilitate the Green River 
DSS. 
 
New data collection is not specifically considered as part of the Green River DSS. Instead, as the 
Green River DSS is implemented, the DSS should be used to help direct on-going and future 
data collection efforts.  Understanding existing available data is necessary to identify additional 
data management needs and in selecting the DSS components that will be used to address issues 
and answer questions in the Green River basin.  
 
 
AVAILABLE DATA AND IDENTIFIED DATA NEEDS 

The SEO is responsible for most of the water-related data collection in the State. The Division 
Superintendents, under the Board of Control, oversee the measurement of surface water 
diversions and ground water withdrawals.  They are also responsible for streamflow 
measurement, and reporting of reservoir storage. The Surface Water and Ground Water divisions 
work with the Board of Control to adjudicate water rights.  In addition, the Interstate Streams 
Division has developed detailed irrigated acreage, water right service areas, and other GIS layers 
in the Green River basin to aid with water rights permitting, regulation, and interstate reporting 
requirements. 
 
Much of the historical information for water right permits, including ditch maps and permit 
applications, is stored in hardcopy format at the SEO.  As time has allowed, or permits have been 
amended, some of this information has been scanned for electronic storage.  Storing, managing, 
and accessing hardcopy information will be an important component of the Green River DSS as 
the SEO continues to move towards providing electronic access to its historical data. 
 
Figure 5 summarizes the water-related information frequently required by each SEO division. 
The Support Services Division is responsible for the management of data required for other 
divisions to fulfill their responsibilities as discussed below, therefore is not included in this data-
needs chart. 
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Figure 5 - SEO Data Needs 
 
WWDC staff and their consultants are not primarily responsible for raw-data measurements. 
Exceptions include streamflow measurements to support instream flow requests and to assess 
water availability for new development projects; and monitoring High Savery Reservoir inflow, 
outflow, and storage information.  In addition, as part of the basin planning process, WWDC 
staff has overseen the development of water-related GIS layers. Even though the development of 
new data is not a primary function of WWDC, collection of existing measured data is required 
on every WWDC project.  Figure 6 summarizes the water-related information frequently 
required by each WWDC division and the consultants they manage.  These primary data needs 
were identified by staff through interviews and surveys during the feasibility study.  WWDC 
published reports were reviewed to supplement staff input, and water resource consultants who 
frequently assist with WWDC projects were contacted. The Construction Division has minimal 
data needs, therefore is not included in this data-needs chart. In addition, WRDS is primarily 
responsible for managing information as discussed below, therefore is also not included. 
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Figure 6 – WWDC Data Needs 
 
Data needs were investigated in terms of quality of current information; data gaps in terms of 
spatial coverage; data gaps where data may exist but is not in a useful format (for instance not in 
electronic format); and future data needs.  Data needs were identified based on interviews with 
WWDC and SEO staff; recommendations presented in WWDC study reports; review of location 
information; and discussions with water resource consultants.  Based on direction from the SEO 
and WWDC in recognition of potential cost and phasing limitations, and recognizing the 
dynamic nature of the Green River DSS, procedures for determining future data collection needs 
were highlighted. 
 
Data needs specifically addressed below fall under the following categories: 

 Irrigated Acreage and Water Rights 
 Streamflow Measurements 
 Diversion Measurements 
 Reservoir Use 
 Climate Data 
 Physical Basin Information  
 
Irrigated Acreage and Water Rights 

Irrigation accounts for more than 80 percent of the Green River basin water use, and 
irrigators general hold the senior water right permits in the basin. Irrigated crop demands are 
the basis for quantifying the need for new or enlarged agricultural reservoirs. Consumptive 
use reporting requirements under the Upper Colorado River Compact rely on accurate 
irrigated acreage assessments. Both the consumptive use and surface water DSS modeling 
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components require irrigated acreage to represent existing basin water uses prior to 
investigating “what if” scenarios. 
 
As discussed in previous sections, identifying irrigated lands is only the first piece of an 
irrigated acreage assessment. Water administrators and planners need to understand both the 
source of water and the water rights that serve each irrigated parcel. This relationship is at 
the heart of the Green River DSS because the basin is so highly influenced by agricultural 
use.  The link between an irrigated parcel, the headgate or well that provides water to that 
parcel, and the water right under which water is diverted must be clearly established. 
 
In addition, water rights associated with other uses, including municipal; industrial; and 
storage, need to be accurately represented in the Green River DSS. 

 
Irrigated Acreage and Water Rights Assessment 
 
The Water Rights Mapping and Attributing in the Colorado River Basin project, managed 
through the SEO Interstate Stream Division, took the important step to define irrigated 
acreage and link it directly to associated water rights.  The project is nearing completion, and 
is at the critical stage of requiring field work to resolve issues that could not be resolved 
based on information provided during the permitting process.  The WYWRAG Geodatabase 
stores the irrigated acreage, water source, and water rights information.  The water rights 
information is based on a link with a table extracted from the e-Permit database. Green River 
DSS modeling components will require currently irrigated land, their associated water rights, 
and their water source. The following general comments characterize the irrigated acreage 
assessment in the Green River basin: 
 

 Quality of the assessment is considered good, and subsequent field investigations will 
result in quality enhancements. 
 

 There are no known spatial gaps in the coverage.  The assessment was performed 
basin-wide. 

 
 The information collected is available in GIS and relational database format. 
 
 The acreage assessments include both a wet and dry year snapshot. Irrigated acreage 

has been relatively stable in the basin; however areas where acreage has decreased 
due to municipal development or increased due to new storage projects may need 
additional acreage assessments to better characterize these changes. 

 
Prior to any field verification work being conducted, there is substantial work which needs to 
be completed within the Green River WYWRAG geodatabase.  This includes both data 
checking efforts (currently being done by Board of Control as part of their update to the 
Tabulation Book), as well as revisions to the functionality of the WYWRAG system.  
The logical next step after field-verification is to identify irrigated acreage that does not have 
a valid water right and to identify water rights that are no longer active.  These steps would 
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allow a subsequent quality assessment of the e-Permit information and any identified 
discrepancies to be corrected – without having to check information for every water right at 
this time. Note that the hard-copy data that includes permit applications, ditch maps, and 
certificates of appropriation are well managed and believed to be reliable; however this out-
dated system for managing water rights does not allow querying, or easy extraction on a 
basin-wide level for planning purposes. Because the information was entered into the water 
rights database that preceded the e-Permit system by hand from permit applications and 
certificates, it is expected that many discrepancies will be typographical in nature, as 
opposed to compliance issues. 
 
The Water Rights Mapping and Attributing project also inventoried the other use water 
rights, including municipal, industrial, and storage rights, based on queries of the e-Permit 
database.  The accuracy of the information is expected to be field checked based on current 
uses and the information on the permit applications and certificates of appropriation. 
 
DSS Recommendations 
 
The current irrigated acreage assessment efforts in the Green River basin are at an 
appropriate level for the development of both a basin-wide consumptive use analysis and a 
surface water rights allocation model as components of the Green River DSS. Additional 
work still needs to take place to accurately associate water rights to irrigated acreage.  Since 
this association is critical to the success of the Green River DSS, the following specific 
efforts should addressed. 
 

 Complete the assignment of water rights and address water rights discrepancies. 
Once the source of water and permits are linked correctly to the current irrigated 
acreage, future updates only need to investigate changes in actual acres irrigated. In 
other words, current water right permit “service areas” and the defined source of 
water for each permit service areas will not change over time.  The only additions 
will be associated with new or changed permits.   
 

 Review and update actual irrigated acreage. To coincide with compact reporting 
requirements, five-year updates specifically identifying changes in actual acres 
irrigated are recommended. 

 
Streamflow Measurements 

Streamflow data are a fundamental data source required for most WWDC and SEO divisions. 
Real-time streamflow data are used by water commissioners and hydrographers to quantify 
water availability within their water district. Data are used to develop general relationships 
between streamflow and surface water diversions within their water district that help predict 
when regulation might occur and which ditches may need to be curtailed. Real-time 
streamflow data are also an important component of interstate river compact and decree 
administration.  
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Historical streamflow data are used by water right permit applicants to understand water 
available to a new surface water diversion. Historical streamflow is required to predict water 
available for new development projects and to meet estimated future demands.  Specific to 
DSS components, historical streamflow is the basis for estimating natural flow as the key 
input to a surface water right allocation model. 
 
 
Streamflow Data Inventory 
 
The Green River Basin Plan identified the historical and current automated stream gages in 
the basin, their physical location, and their available period of record. Most of the gages are 
USGS gages and, often with funding from the State, are maintained and reported through the 
USGS streamflow network. Both real-time and historical data are available. The USGS has 
installed around 90 gages in the Green River basin over time.  Many of them were only in 
place for a few years; however over 40 gages include at least 25 years of measurements.  
 
Based on recommendations from local water officials and interstate stream personnel, 27 
new stream gage stations were funded and added in the Green River in fiscal year 2009-2010 
and one additional stream gage station was recommended for fiscal year 2010-2011.  

 Fourteen new gages were placed at historical USGS gage locations 
 Five new gages were placed at locations where hydrographers previously recorded 

and reported flows.   
These real-time measurement gages provide continuity, extending the period of historical 
gages, and provide data that is representative of more hydrologic year types.  
  
Figure 7 shows the locations of current and historical stream gages in the basin. 
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Figure 7 – Streamflow Gage Locations 

 
Streamflow Data Assessment 
 
As shown, historical streamflow gages are located on most tributaries in the basin. Active 
gage coverage is predominately on the mainstem Green River and the upper reaches of the 
larger tributaries. In general, tributaries that are frequently regulated have active gages that 
can be used to make administrative predictions and decisions.  Regulated tributaries include 
Cottonwood, North Piney, Middle Piney, and South Piney Creeks in Water District 10 plus 
Ham’s Fork, Black’s Fork, Smith’s Fork, Beaver Creek, and Burnt Fork.  The following 
general comments characterize streamflow measurements in the Green River basin: 
 

 Gage quality is considered good, as most gages are measured based on USGS 
standards. 

 
 There are gaps in spatial coverage, but as noted, regulated tributaries have active 

gages. 
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 Historical USGS streamflow gages are stored and accessible in electronic format. 
New telemetry gages installed under the Aquarius system are also stored and 
available in electronic format.   

 
 Past measurements by hydrographers and water commissioners are available in 

hardcopy Hydrographer Reports, but are generally not available in electronic format. 
 
Process to Prioritize Additional Streamflow Data Collection 
 
As funding becomes available for additional streamflow gages, the following criteria should 
be considered when selecting gage locations: 
 

 Identify tributaries that are currently over-appropriated and regulated or, based on 
discussions with the Division Superintendent, are likely to be regulated in the future.  
This will shore up any measurement gaps for current administration, and proactively 
consider where regulation may occur due to continued development or extended 
drought periods. 
 

 Identify tributaries where WWDC project sponsors have proposed studies to quantify 
shortages and investigate potential storage sites based on discussions with the 
WWDC Dams and Reservoir Planning Division.  Consider locating new gages above 
most tributary diversions, to better represent likely locations for future storage 
projects. Identify the location of existing gages to reduce redundancy and costs; for 
example if a gage exists below the confluence of two tributaries of interest, 
streamflow on only one tributary needs to be measured, and the other tributary inflow 
can be estimated. 

 
 Identify tributaries where WWDC project sponsors have proposed watershed studies 

to investigate combined needs of water users and to maintain the overall “health” of 
the basin based on discussions with the WWDC Planning Division. If gages are 
located specifically in watersheds where water quality issues have been noted, the 
SEO should work with the DEQ to consider water quality monitoring and potential 
cost-sharing opportunities. 

 
 Identify tributaries where instream flows have been requested by the Wyoming Game 

and Fish Department, areas with gold-medal fisheries, and areas with high-levels of 
recreation use opportunities. Discussions with the WWDC Planning and Basin 
Planning Divisions will help with identifying potential sites. 

  
 Review DSS modeling efforts to determine areas where the analysis indicates 

additional streamflow information is important for increasing model accuracy and 
ability to represent basin conditions. Areas were additional streamflow is critical 
should be clearly documented in any model effort documentation, 
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If federal funding for existing gages ceases, those gages should be considered high-priority 
for State funding.  Long-term gages are critical for administration, forecasting, and a 
successful Green River DSS. In addition, as tributaries are identified for additional 
streamflow gages, consideration should be given to locations where previous USGS gages 
existed.  This will extend the period of record and the usefulness of the gage for planning and 
forecasting purposes.  
 
DSS Recommendations 
 
Although an increase in streamflow gaging stations will improve the ability of a DSS surface 
water allocation model to accurately represent current conditions, there are accepted methods 
to estimate streamflow using gaged data from tributaries with similar drainage characteristics 
and to estimate runoff using available climate information.  Therefore, the current level of 
streamflow measurements does not limit the ability to develop a surface water model as a 
component of the Green River DSS. 
 
Diversion Measurements 

Diversion measurement data are a fundamental data source required for most WWDC and 
SEO divisions. Real-time surface water diversion records are used by hydrographers and 
water commissioners to set and verify curtailments in times of regulation. Diversion records 
are used in conjunction with streamflow measurements to forecast and predict when 
regulation might occur and which ditches may need to be curtailed.  Diversion records are 
necessary to clearly identify historical shortages and prove purpose and needs for projects 
requiring federal permitting. Upper Colorado River Compact requirements include 
consumptive uses and losses reporting, and the generally accepted method to quantify 
irrigation consumptive use is to compare crop evapotranspiration demands with actual water 
supplied to the crop from measured diversion records.  
 
Specific to DSS components, surface water diversion records are the basis for estimating 
historical and current water use.  In addition, diversions are used to estimate natural flow as 
the key inflow component to the surface water rights allocation model. Natural flows can be 
estimated from historical measured streamflow by accounting for water diverted and 
consumed. 
 
Although ground water does not currently represent a significant portion of the water used in 
the Green River Basin, consumptive use associated with withdrawals from alluvial aquifers 
is considered under the Upper Colorado River Compact. Ground water use is significant in 
other basins in the State, and well pumping records should be considered under the Green 
River DSS that may be expanded to other basins. In most areas of the State, and specifically 
in the Green River basin, only the larger producing wells are not required to be metered and 
reported to the SEO.  Exceptions include newer municipal wells, temporary wells, and wells 
in areas with heavy agricultural ground water use (termed control areas). 
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Diversion Data Inventory 
 
Based on investigations by Steve Wolff with the SEO Interstate Stream Division, paper 
records show there are nearly 2,100 river headgates in the Green River basin. Efforts as part 
of the Water Rights Mapping and Attributing project indicate it is likely there are less than 
1,500 headgates actively diverting water to meet irrigation, municipal, industrial, and storage 
needs.  Active headgates continue to be positively identified through field investigations. 
 
Although there may be as many as 1,500 active headgates in the basin, less than 200 
diversions are routinely measured by hydrographers and water commissioners. These 
diversions are generally on streams that are often under regulation, or are diversions for 
larger irrigation districts within the basin. Approximately 100 of these diversions are now 
equipped with telemetry and continuously recorded through the Aquarius system.  An 
additional 33 diversion sites are expected to be installed during 2011 and 2012. The data is 
stored and available in electronic format.  In addition, over 330 new diversion measurement 
devices (flumes) have been ordered by the Superintendent for locations around the basin. 
Many have been installed, with the remaining expected to be installed over the next few 
years. 
 
The remaining approximately 150 reported diversions are read manually by hydrographers 
based on parshall flumes or other water depth-based measurement structures.  Measurements 
are read and reported on an infrequent basis, with more visits during times of regulation. 
Generally, the dates when water was first diverted and last diverted through the headgates are 
recorded each year. These measurements are reported in annual Hydrographer Reports and 
are beginning to be entered into the Aquarius database system.  To date, there has not been a 
concerted effort to digitize and enter historical diversion data into the Aquarius database.  
 
According to the Green River Basin Plan Groundwater Report, there are less than 400 high-
capacity wells permitted for irrigation, municipal, or industrial use in the Green River basin. 
Most large wells are required to be metered and their production reported to the SEO. In 
general, the irrigation wells are not required to be metered unless conditions and limitations 
requiring reporting requirements are included in the permits. 
 
 
Figure 8 shows the locations of currently reported surface water diversions in the basin. 
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Figure 8 – Surface Water Diversion Measurement Locations 

 

 
Diversion Data Assessment 
 
Similar to streamflow gages, surface water diversions are generally recorded on tributaries 
that are frequently regulated. The following general comments characterize streamflow 
measurements in the Green River basin: 
 

 Recorded diversion quality is considered good for the telemetry measured diversions 
in the Aquarius system. Manually recorded diversions are considered fair. Less than 
50 headgates have diversions reported over a longer period of at least 25 years. 

 
 There are significant gaps in spatial coverage, but as noted, regulated tributaries 

generally have some diversion measurements.  
 
 It appears that there is no significant effort in place to meter and collect ground water 

pumping data. 
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 Diversion sites recorded under the Aquarius system are stored and available in 
electronic format.  Past measurements by hydrographers and water commissioners are 
available in hardcopy Hydrographer Reports, but are generally not available in 
electronic format. 

 
Many of the headgate diversions in the Green River Basin do not have manual measurement 
devices, such as flumes. The SEO has the authority to require that measurement devices be 
installed, and have exercised that option in areas where regulation occurs. Increasing the 
number of diversion measurement sites in the basin will require both hardware and 
potentially telemetry equipment installation, and increased site visits on the part of the local 
water administrators. 
 
Process to Prioritize Additional Diversions Data Collection 
 
The lack of recorded diversions will affect the ability for the Green River DSS to represent 
current conditions, and will continue to be an issue for quantifying the need for permitting of 
new projects. Therefore, even though there was a directive that data collection not be 
specifically included as part of this feasibility study, funding has been recommended to 
increase the number of headgates where diversions are recorded.  Although additional 
continuous monitoring sites through the Aquarius system are desirable, manual reporting of 
diversion records on a relatively frequent basis is adequate to meet the identified needs for 
the Green River DSS.  As DSS funding, or funding from other sources, becomes available to 
increase the number of diversions actively measured, the following criteria should be 
considered when selecting sites. 
 

 Identify diversions on tributaries that are currently fully-appropriated during times of 
low flow that are not currently measured. This will shore up any measurement gaps 
for current administration. 

 
 Inventory diversions that have measurement devices, but are not currently visited and 

monitored by water administrators.  Consider visiting these structures and adding the 
measurements to annual reports. Even if these structures are not in areas of 
regulation, the additional diversion records will help characterize irrigation in the 
area for DSS and other planning efforts. 
 

 Identify tributaries where WWDC project sponsors have proposed studies to quantify 
shortages and investigate potential storage sites based on discussions with the 
WWDC Dams and Reservoir Planning Division. Consider increasing the number of 
diversions measured on these tributaries to provide more quantitative information for 
identifying shortages. 
 

 Consider increasing the number of diversions measured on tributaries where WWDC 
project sponsors have proposed watershed studies to investigate combined needs of 
water users and to maintain the overall “health” of the basin based on discussions 
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with the WWDC Planning Division. This will provide more information about 
existing uses and shortages in the watershed. 

 
 Identify the headgate diversions that serve the most irrigated acreage in the basin, 

based on the Water Rights mapping and Attributing efforts.  Consider adding 
diversion measurement devices to the 30 largest diverters, by volume.  It is estimated 
that this would increase the total amount of diversions recorded in the basin to 
approximately 40 percent. 

 
If diversions have been periodically recorded, an effort should be made to continue field 
visits and reporting to extend the period of record and better understand water available to 
diversions during varying hydrologic year types.  
 
Consideration should be given to metering and collecting high capacity well pumping data.  
A phased effort should begin with municipal wells, then as funding allows move to industrial 
and agricultural wells. 
 
DSS Recommendations 
 
It is difficult to estimate historical diversions for use in DSS modeling efforts.  Because each 
ditch delivers water based on different water right priorities, and each irrigator operates 
under unique irrigation practices, correlations between measured diversions are generally 
poor.  Often a full irrigation supply is assumed for consumptive use analyses, which is 
generally a gross over-estimate of actual consumptive use especially on smaller tributaries.  
Another common method is to estimate that ditches without diversion records are shorted 
similarly to ditches with recorded diversions.  This method, although not completely 
accurate, is an accepted method for DSS modeling efforts.  Increased recording of diversions 
will correspondingly increase the accuracy of consumptive use estimates. 
 
The Green River Basin Plan developed estimates of municipal and industrial ground water 
use.  The depletions associated with these uses are generally small, and the previously 
estimated uses are appropriate for use in DSS modeling efforts. 
 

 Visit and record diversions with measuring flumes. Visit and record diversions 
that have measurement devices, but are not currently visited or not frequently visited 
by water administrators. This includes recording diversions for the 330 flumes 
recently or soon to be installed. 

 
 Add diversion measurement devices to the 30 largest diverters, by volume.  It is 

estimated that this would increase the total amount of diversions recorded in the basin 
to approximately 40 percent. 

 
Reservoir Use 

Reservoir use information is generally required for SEO river administration. Reservoir 
releases, as a secondary source, generally occur when a tributary is in regulation. It is 
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necessary for administration to understand the portion of physical streamflow that is natural 
flow compared to the portion from reservoir releases that must be delivered to a downstream 
user.  Existing reservoir use is important especially as environmental permitting has made 
reservoir enlargements more appealing compared to permitting new reservoir sites. Federal 
permitting requires the purpose and needs analysis to clearly show that an existing reservoir 
cannot meet all demands, which necessitates reservoir use information. 
 
Specific to DSS components, reservoir releases directly to irrigation (i.e. releases that do not 
use the river for conveyance) are the basis for estimating historical and current water 
consumptive use on those lands. If reservoir water is released to the river for subsequent 
diversion, the supply should be measured at the river headgate.  In addition, reservoir storage 
and subsequent releases are used to estimate natural flow as the key inflow component to the 
surface water rights allocation.  Natural flows can be estimated from historical measured 
streamflow by accounting for water stored and released. Understanding current reservoir 
uses, including storage and release patterns and end-users for reservoir releases, is critical in 
the development of a surface water allocation model that represents basin operations.  
 
To quantify historical and current reservoir uses, two of the three components that make up 
the reservoir mass balance need be measured.  As with any mass balance, inflow less outflow 
must equal change in storage.  For off-channel reservoirs, reservoir inflow is measured at the 
river headgate if diversion records are maintained.  On-channel reservoir inflow can be 
measured based on an upstream streamflow gage. Reservoir outflows include releases, 
evaporation, and seepage. If these inflow and outflow components are generally known, 
reservoir change in storage can be estimated. If reservoir end-of-month contents are 
measured in conjunction with either inflow or releases, the third component can be 
estimated. 
 
Reservoir Data Inventory 
 
Based on the technical memorandum “Major Reservoir Information” prepared for the Green 
River Basin Plan, plus review of information reported in annual Hydrographer Reports and 
discussions with water administrators, less than half of the approximately 25 reservoirs in the 
Green River basin with capacity greater than 1,000 acre-feet have reported end-of-month 
contents.  Fortunately, they represent the largest reservoirs in the basin, which have the 
greatest impact on estimating natural flows for DSS modeling purposes. Several reservoir 
measurement telemetry sites have been installed as part of the Aquarius system, including 
four gages downstream of reservoirs and two gages measuring reservoir water levels. 
Instrumentation is expected to be installed for additional reservoirs as funds become 
available. 
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Reservoir Data Assessment 
 
Larger reservoirs, in particular reservoirs operated by the U.S Bureau of Reclamation 
(USBR), generally have the most complete reservoir data.  Other reservoirs that are critical to 
regulation and other administration also have available data. The following general 
comments characterize reservoir use information in the Green River basin: 
 

 Recorded content data are considered good for the USBR reservoirs and for telemetry 
measured water levels and reservoir outflows under the Aquarius program.  

 
 There are significant gaps in spatial coverage, but as noted, the larger reservoirs 

generally are measured.  
 
 Measurements recorded under the Aquarius system are stored and available in 

electronic format.  USBR reservoir measurements are also stored electronically and 
available online. Past measurements by hydrographers and water commissioners are 
available in hardcopy Hydrographer Reports, but are generally not available in 
electronic format. 

 
Process to Prioritize Additional Reservoir Use Data Collection 
 
As funding becomes available to either visit more reservoir sites or add additional reservoir 
use measurements, the following criteria should be considered: 
 

 Identify reservoirs that have a staff gage that can be used to estimate reservoir water 
levels, but are not currently monitored.  Hydrographers and water commissioners 
should consider either visiting these sites more or requesting that measurements be 
provided by the reservoir operator. 
 

 Identify reservoirs where one of the mass balance components is currently measured. 
 For example, if water level is measured (corresponding to reservoir content), add 
either inflow or outflow measurement sites. 

 
 Identify reservoirs on tributaries where WWDC project sponsors have proposed 

studies to quantify shortages and investigate potential storage sites or enlargements.  
 
 Consider reservoirs identified in the Green River Basin Plan with greater than 1,000 

acre-feet capacity that are not currently measured. 
 

DSS Recommendations 
 
Although an increase in reservoir use data will improve the ability of a DSS surface water 
allocation model to accurately represent current conditions, the larger reservoirs with the 
most impact on basin-wide uses appear to be adequately measured.  Therefore, the current 
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level of reservoir use data does not limit the ability to develop a surface water model as a 
component of the Green River DSS.   

 
Climate Data 

Climate data are needed by many WWDC and SEO divisions. Climate data are the basis of 
estimating irrigation needs, actual crop consumptive use, and associated shortages to WWDC 
project development and watershed plans. Historical and real-time climate data, specifically 
precipitation and snowpack data, are correlated with physical streamflow and used by 
hydrographers and water commissioners to assess water supplies in the basin, to forecast 
floods and plan for regulation.  Planning for municipal water supplies, both from surface 
water and ground water sources, depends on understanding climate data and trends.  
 
Understanding the amount and types of climate data in the basin is important because 
different types of consumptive use methods and models require different types of climate 
data.  Therefore, identifying available climate data, and its location compared to irrigated 
acreage, is required before selecting a consumptive use component for the Green River DSS.  
 
Climate Data Inventory 
 
Availability of climate information throughout the basin varies based on the types of climatic 
factors recorded and the historical record of information available.  As described by Dr. 
Pochop in “Consumptive Use and Consumptive Irrigation Requirements in Wyoming”, first-
order stations record daily climate data that generally include precipitation, temperature, 
relative humidity, sky/cloud cover, solar radiation, wind speed and direction, and barometric 
pressure readings.  Second-order stations generally record temperature and precipitation, and 
sometimes snowpack.  Due to the instrumentation requirements for measuring the data at 
first-order stations, there are fewer of these stations in the Green River Basin then second-
order stations.  In addition, first-order stations generally have a shorter historical period of 
record compared to second-order stations.   
 
None of the first-order stations used by Dr. Pochop to estimate consumptive use are located 
in the Green River Basin.  The Wyoming Climate Atlas, however, identified several entities 
that are currently managing first-order stations located in or in close proximity to the Green 
River basin as follows: 
 

 National Weather Service (NWS), Federal Aviation Administration (FAA) and the 
Department of Defense manage the Automated Surface Observing Systems and the 
Automated Weather Observing System (ASOS/AWOS) stations. 

 
 The Remote Automated Weather Stations (RAWS) are managed by several Federal 

agencies, including the U.S. Bureau of Land Management and the U.S. Fish and 
Wildlife Service. These stations are located in remote areas to assist in assessing wild 
fire vulnerability. 
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 The Citizens Weather Observer Program (CWOP) is in place to collect weather data 
contributed by citizens and make this data available for weather agencies. 

 
 The Wyoming Department of Transportation (WYDOT) maintains climate stations 

along major roads to report travel climatic conditions. 
 
 The Bridger-Teton National Forest Avalanche Center maintains precipitation and 

wind climate stations in high-mountain areas in western Wyoming to assist in 
monitoring and forecasting avalanches. 

 
 The University of Oregon Solar Radiation Monitoring Laboratory (UO SRML) 

operates monitoring stations throughout the Pacific Northwest to provide high quality 
scientific data for solar energy resource evaluation and long-term climate studies. 

 
 The Wyoming Visibility Monitoring Network (WYVIS) is managed by the Wyoming 

Department of Environmental Quality, Air Quality Division to monitor air quality 
and provide tools to understand air quality and visibility in Wyoming. 

 
 SchoolNet is a program through NOAA that provides access to meterological 

information recorded at local schools for educational purposes. 
 
Several of these entities measure and record climatic information for several purposes, and 
may not have reliable or easily accessible information available.   
 
In addition, the SEO recently installed five first-order climate stations in the Green River 
Basin in close proximity to irrigated acreage. Data from these stations is reviewed and 
managed through the High Plains Regional Climate Center at the University of Nebraska.   
 
There are numerous second-order stations in the Green River basin; stations that record 
temperature, precipitation, and sometimes snowpack information.  A majority of these 
stations are managed by NOAA with information available through the National Climatic 
Data Center and through the Western Regional Climate Center.  Temperature data are also 
currently being recorded at diversion structures in the basin that are equipped with telemetry 
through the Aquarius system. Due to the more recent installation of the telemetry equipment, 
the period of record for these locations is limited. 
 
Precipitation information is also available through the Snotel network of stations managed by 
the NRCS and through the Community Collaborative Rain, Hail and Snow (CoCoRaHS) 
network.  Snotel stations, located at the basin rim, measure snow depth and snow water 
equivalent useful for forecasting water supply, and also record precipitation and temperature. 
CoCoRaHS stations records generally begin in 2005 or later. 
 
First order stations, and second-order stations that are likely to be used in the Green River 
DSS because of a longer period of record and location near irrigated acreage within the 
basin, are shown on Figure 9. 
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Figure 9 – Climate Station Locations 

 
 
Climate Data Assessment 
 
The following general comments characterize climate measurements in the Green River 
basin: 
 

 Generally all of the sources that host data from both first and second order stations 
provide some basic level of quality control or perform a validation process on the 
climate data to account for errant data.  All climate data, both from first and second-
order stations, must undergo quality control measures to assess the completeness of 
the data and to check for errant data points prior to using the data for any technical 
analysis. 

 
 The amount and location of first and second order data, in terms of proximity to 

irrigated lands, appears sufficient to meet the needs of the DSS for use in forecasting, 
planning, water use regulation, and consumptive use modeling.  
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 Climate data from most sources are available in electronic format via the reporting 
agencies website. Some sources require their data be purchased by individuals, but 
provide the data free of charge to State agencies. 

 
Process to Prioritize Additional Climate Data Collection 
 
If additional funding becomes available, the State should consider additional first-order 
climate stations. The following criteria should be considered when selecting locations: 
 

 Identify areas with significant irrigated acreage that are not represented by existing 
first-order climate stations. 
 

 Select sites that are in close proximity to long-term second-order climate stations. 
Placing first-order climate stations in close proximity to a second-order station allows 
correlation between the two stations’ climate data and provides an opportunity to 
potentially calibrate coefficients for consumptive use methods, discussed more in the 
DSS Component Section. 

 
 Consider selecting sites in the Black’s Fork and Henry’s Fork basins. These basins 

appear to have the least number of first-order climate stations in close proximity to 
irrigated land.  

 
In addition, if future funding allows, consideration should also be given to locating additional 
SNOTEL or other snowpack measurement sites to assist with flood and regulation 
forecasting. The Division Superintendent and his staff should be contacted to identify where 
future sites would be the most beneficial to meet their needs. 
 
DSS Recommendations 
 
As components of the DSS depend on climate information, it is important that the existing 
climate stations, both first and second order, remain in operation. If climate stations near 
irrigated lands or those used by water administrators for forecasting are decommissioned by 
their source agencies, the State should consider funding and maintaining that climate station. 
  
The amount and location of first and second order data, in terms of proximity to irrigated 
lands, appears sufficient to meet the needs of the DSS for use in forecasting, planning, water 
use regulation, and consumptive use modeling.  Therefore, the current level of climate data 
does not limit the ability to develop basin-wide potential consumptive use estimates as a 
component of the Green River DSS. 
 
Physical Basin Information 

Physical information about the basin is required for most WWDC and SEO divisions. 
Specific to DSS components, surface water allocation models need to represent physical 
constraints to meeting demands, such as conveyance and reservoir capacities. Water 
administrators need to have detailed schematics showing ditch headgate locations and 
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associated water rights served by the ditch, also important for developing DSS models. 
Information about general project operations and irrigation practices are important for all 
aspects of planning and modeling. Site specific information, including aquifer properties, 
return flow locations, and river gains and losses were also identified as needs that fall into 
the physical basin information category. 
 
Most physical information can be defined as properties that generally do not change over 
time. Much of the physical information is spatial, and best managed through GIS layers or 
Geodatabases.  This includes the physical location of stream gages, river points of diversions, 
wells, climate stations, reservoirs, conveyance facilities (ditches and pipelines), aquifer 
parameters, and water right permit service areas. 
 
Other physical information is a property or attribute that can be assigned to a physical 
location, such as headgate capacity, reservoir total and dead pool capacity, pipeline capacity, 
and diversion return flow locations. These physical properties generally do not change over 
time, and if capacity is increased, for example, a date-stamp of when the enlargement 
occurred can be stored as an additional attribute.  In addition, information about the physical 
condition of a headgate turnout or canal can also be stored as a physical attribute and allowed 
to be updated, as necessary, by including a date-stamp of when conditions were improved. 
 
Another category of physical basin information is documentation regarding basin operations, 
including typical regulation patterns; reservoir operations and reservoir users; irrigation start 
and end dates; and compact reporting requirements. 
 
Physical Information Inventory 
 
Much of the existing physical information for the Green River basin was developed as part of 
the Green River Plan directed by WWDC. GIS layers were developed to show points of 
diversion, well locations, stream gages, and climate stations.  Basin operations were 
documented in a series of comprehensive technical memoranda for major reservoirs, project, 
and diversions. Current basin uses have been identified for agricultural, municipal, industrial, 
recreational, and environmental demands.  Some information regarding return flow locations 
was also documented. Spreadsheet models developed as part of the Green River Basin Plan, 
and preliminary surface water rights allocation models, include much of the physical 
information collected for the project. 
 
The SEO also has developed GIS layers for river headgates, wells, canals and ditches, and 
permitted service areas. Their field-verification efforts include revising layers to represent 
more precise GPS locations. The SEO layers have been developed and enhanced in 
conjunction with the development of their three data management systems:  
e-Permit, Aquarius, and WYWRAG.  Physical information is contained in water right 
applications and certificates of appropriation.  This information has been included in the  
e-Permit database, and the SEO is in the process of scanning both the certificates and 
available ditch maps. 
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Aquifer property information is available for many areas from a variety of sources, including 
the U.S. Geological Survey and the Wyoming Geological Survey.  Generally this information 
is hard-copy map form.  Basin river gain and loss studies were not found for the Green River 
basin, although it is possible that studies have been performed on select tributaries.  

 
Physical Information Assessment 

 
The following general comments characterize the physical information in the Green River 
basin: 
 

 As noted above, there is some duplication of GIS layers developed for the Green 
River Basin Plan and developed and maintained by the SEO.  This duplication has 
resulted in discrepancies between the layers.  In general, the quality of GIS 
information is good; however the SEO continues to update their layers based on field-
verified data and new permits whereas the layers developed under the Green River 
Basin Plan are generally static. Still, even with current field GPS programs, many 
diversion locations are based on the legal description in the original water permit 
applications and often are not located on the river in the GIS layers. 

 
 GIS layers developed for the Green River Basin Plan are available online through the 

Basin Plan website hosted by WRDS.  SEO GIS layers are not currently available for 
public download. 

 
 Physical information regarding capacities are often missing in the e-Permit database, 

or are based on the original permit application which are often incorrect. 
 
 Documented basin operations and uses, plus the spreadsheet models developed for 

the Green River Basin Plan, represent the best available data and are an excellent 
starting point for any Green River DSS modeling efforts. 

 
Process to Prioritize Additional Physical Data Collection 
 
The State should continue efforts to accurately locate river diversion headgates and wells 
using GPS capabilities. This should be performed by hydrographers and water 
commissioners during field visits to measure diversions or to verify regulation.  
 
DSS Recommendations 
 
The SEO should be responsible for official GIS layers associated with diversions locations, 
wells, irrigated lands, canals, and water right attributionsThe following recommendations 
should be considered for implementation in the Green River DSS.   
 

 Update and maintain current GIS layers. GIS layers should continue to be updated 
by the SEO as new permits are issued, and as GPS coordinates are obtained. These 
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In the 1998 Water 
Planning Questionnaire, 
94% of respondents 
indicated that 
information generated 
by the planning process 
should be readily 
available to the public. 

layers should be available to the public to avoid discrepancies with potentially 
outdated basin planning GIS layers. 
 

 Identify areas with limited physical information and initiate data collection 
efforts for those areas.  Physical information regarding basin project operations 
developed for the Green River Plan should be the basis for DSS modeling efforts.  As 
model development and enhancements are implemented, areas requiring more 
detailed physical and operational information will become apparent and additional 
data collection specific to those areas should be initiated.   

 
 Identify structures were capacities should be field-verified and initiate efforts to 

collect capacity information. Capacity information missing in the e-Permit database 
can be estimated based on permitted water rights and storage rights for DSS modeling 
purposes. As surface water allocation model enhancements are implemented, areas 
where capacities limit the ability for the model to meet demands can be highlighted; 
and additional investigation into specific headgates or reservoirs can be initiated. 

 
 

DATABASE AND DATA MANAGEMENT SYSTEMS 

Data is stored and managed at the SEO using four in-house systems; hardcopy, e-Permit, 
Aquarius, and WYWRAG. The needs assessment clearly indicated that the existing SEO 
databases are both appropriate and desirable for managing data required for the Green River 
DSS.   
 
WRDS maintains website links to water-related data gathered and managed by federal agencies, 
such as streamflow data from USGS and climate data from NWS.  WRDS also provides a library 
document management system, allowing online access to 
WWDC reports and surveys; and University of Wyoming 
thesis and research publications.  In addition, they host the 
Wyoming Water and Climate Web Mapping Tool, a system 
providing web-based GIS access to irrigated acreage layers 
primarily developed as part of the basin planning process. The 
needs assessment indicated that the WRDS document 
management system and the “clearinghouse” links to federal 
agency data are appropriate and desirable for managing data 
required for the Green River DSS.   
 
The following sections describe the data management systems and their on-going development 
efforts, plus recommendations for additional enhancements and opportunities to increase access 
based on the identified needs.   
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Hardcopy Data Management 

A considerable volume of historical and current data is maintained at the SEO in hardcopy 
format. Most of this data is part of the Board of Control “vault” documenting the paper-trail 
for all surface and ground water structures in the state.  Only a portion of the data in these 
sources has been input into their electronic database (see e-Permit), so the hardcopy 
resources remain an important part of the overall SEO Data Management system.  Data in the 
hardcopy files include: 
 

 Minutes for all BOC meetings 
 Interlocutory decrees  (Div 3) 
 Construction and Beneficial Use Proofs (GW and SW) 
 Adjudication process documents (notices, communication, etc) 
 Adjudication and Territorial Right Certificates 
 Court Decree Records (by county) 
 Petitions to amend water rights 
 Petition, Application, and Ditch Maps 
 Order Records 
 Statements of Water Rights Claims 
 Index books cross-referenced to all documents listed above 
 Stream cards, township cards, and applicant cards cross-referenced to adjudicated 

water right certificates, proofs, and maps 
 Microfiche copies of permits and ditch maps, plus correspondence 
 Hydrographer Reports 

 
The system is organized and consistent, with the only downfall being that most of the 
hardcopy data is not currently in an electronic format, and therefore cannot be queried based 
on user input criteria or accessed from off-site lcoations. However, the SEO is in the process 
of scanning much of the hardcopy data, with the goal of managing and providing access to 
the images through the Document Management System included with e-Permit. They have 
four staff positions taking primary responsibility for scanning the certificates first, then 
moving towards permits and Board of Control Orders and microfilm data. In addition, ditch 
maps; paper and linen plats; petition maps; and ground water maps will be scanned and 
georeferenced. The order in which the information is being scanned is essentially the order in 
which they are stored; generally by permit application date.  
 
Review and quality assurance is not part of the scanning effort.  Scanned copies are not 
“checked” against information already stored in the e-Permit database. However, having 
ready access to scanned documents will facilitate the checking of water rights information 
discussed below as part of the development of official Water Rights Tabulation books. 
 
Updates to permits based on changes or adjudications are still made by-hand to the paper 
copies. 
 
DSS Recommendations 
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The on-going effort to scan the hardcopy records is expected to take up to five years to 
complete.  These historical records of the water right permitting process are important for 
understanding historical and current water use and demands for a successful Green River 
DSS.  Based on the needs identified, plus needs specific to DSS modeling components, the 
current efforts should continue to be funded, and the following specific enhancements and 
additions to the effort are recommended. Note that some of these recommendations may 
already be part of planned development efforts. 
 

 Hire an additional staff person. Although there are four current staff members 
assisting with this effort, there is a fifth position that has been frozen.  It is 
recommended that this additional position be considered to assist with the Green 
River DSS. Based on the organization required to continue the imaging effort and 
limitations with the existing scanning equipment, it would not be efficient to dedicate 
more than five staff to this effort.  

 
 Develop method for reviewing and incorporating ditch maps georeferenced by 

others. Consultants, often working on SEO or WWDC projects, are requesting that 
specific ditch maps be scanned by SEO personnel.  Consultants are then taking 
responsibility for georeferencing and sometimes digitizing polygons reflecting 
permitted areas for planning projects. When these ditch maps are scanned by SEO 
personnel, they should be incorporated into the Document Management System and 
“flagged” so they are not scanned again in the future.  In addition, there should be an 
official procedure for consultants or the WWDC to provide georeferenced and 
polygon layer layers to the SEO for their quality review and ultimate management.  

 
 Provide access to georeferenced ditch maps. Currently, georeferenced ditch maps 

are not made available to the public for use in GIS projects.  It would be beneficial to 
have a mechanism within the e-Permit Document Management System that allows 
users to request georeferenced ditch maps, either through an automatic download, or 
via email. 

 
 Scan annual Hydrographer Reports. Hydrographer Reports are generated from 

several software programs, including Microsoft Word, Excel, and Access.  There is 
not a complete document that can be printed from a single source. These reports are 
copied and provided, based on requests from Consultants and public entities, in hard-
copy format.  It is recommended that annual Hydrographer Reports be scanned and 
provided to the WRDS water-library system to allow them to be publically accessed. 

 
 Develop a procedure to scan and replace revised permits, certificates, and maps. 

As changes are made to permit rights, including adjudication and abandonment 
proceedings, they are reflected on the original permits or certificates; plat maps, and 
ditch maps. The use of the hardcopy medium to track these changes is expected to be 
phased out slowly. Therefore, it is important to have a clear procedure to re-scan 
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changed documents and maps and replace them in the Document Management 
System.  

 
e-Permit 

The SEO uses an electronic workflow management system called “e-Permit” to host 
electronic water right application submittals and provide user access to the underlying water 
rights database and associated electronic documents.  e-Permit system features provide: 
 

 The ability for water users to electronically fill out and submit applications, 
statements of completion, and proof of appropriation/beneficial use forms. 

 
 SEO personnel access to electronically track and process water right actions. 
 
 An underlying relational water rights database that supports the application process 

and expands the search capabilities for water rights information beyond the previous 
database capabilities. 

 
 A method for new agency documents to be stored in digital form in the associated 

Document Management System (DMS). Although the Filenet based DMS is separate 
from the e-Permit system, it has been developed in conjunction with e-Permit and the 
documents are made available through e-Permit. Digital images existing prior to 
February 5, 2010 are still available online, but must be accessed through the old 
online database system that pre-dates e-Permit. As time and funding allow, existing 
paper maps and microfilm records are being scanned and loaded into the DMS, as 
discussed above.  

 
 A Web-based mapping interface to assist users in locating water rights features. 

e-Permit was designed and built by an outside contractor (Weston Solutions) in coordination 
with SEO staff.  Enhancements can be made by SEO staff; however major updates and 
interface development are expected to be done through an on-going contract with Weston. 
From 2007 through 2010, Weston worked to port the SEO’s existing water rights database to 
a more robust format to support the e-Permit system. The water rights database is intended to 
include information for all current and historical water rights applied for in the State.  

The initial focus for the e-Permit development was creating the electronic process for new 
water rights applications. The previous water rights database was essentially a “flat-file” 
database as compared to a relational database.  Initial efforts ported the flat-file tables into 
the new database structure with minor changes that support a more relational structure. 
Review and quality control was not a focus of this initial conversion. In addition, some 
important relations such as associations between the water rights and the physical river or 
well diverting structure, are not represented rigorously in the database; although the SEO is 
working toward improving this. Not all information about each right has been entered into 
the database, but the database does include cross-references back to the hardcopy data. 
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The data is stored in a SQL Server format, hosted on the SEO’s in-house server, and the front 
end is a web-based interface designed with Microsoft .NET technology.  Public users can 
request an account to access the system.  The system is used by divisions of the SEO for 
tracking and processing water rights related information. In addition, e-Permit has the ability 
to extract water rights, by Division, to support creating the water rights Tabulation Book. 
 
DSS Recommendations 
 
The e-Permit data management system is a key component for a successful Green River 
DSS, serving as the main database for water rights and permit information. Based on the 
needs identified, plus needs specific to DSS modeling components, the following 
enhancements and additions to e-Permit are recommended.  Note that some of these 
recommendations may already be part of planned development efforts.  
 

 Create and populate a Structures table with unique identifiers for all structures. 
Structures represent physical locations associated with water use and management. 
Structures include locations that supply water to meet demands such as river 
headgates, wells, pump stations, pipelines, and reservoir outlets. Structures also 
include other measurement locations, including stream gaging stations, reservoir 
gages, well monitoring sites, climate stations, and repeater towers. They can also 
represent key locations on a river, for instance the beginning and ending of instream 
flow reaches or minimum reservoir bypass locations. Identifiers are needed to allow a 
relational link between the structure and water rights, plus facilitate a link with the 
time-series data stored in the Aquarius system.   
 

 Create and populate a Permitted Water Right to Structures relationship table.  
This table provides the potentially many to many link between permitted water rights 
and their diverting source (river headgate or well).  This relationship can be 
populated based on the information developed through the WYWRAG project. 

 
 Add tables to manage and store actual irrigated acreage associated with 

permitted water rights. As part of the WYWRAG project, actual irrigated acreage 
served by water rights permit is being finalized for two years (1997 and 2002). Once 
the assessment is complete, this information should be stored in a table that allows 
additional year-based acreage to be added over time.   

 
 Add tables to manage and store physical information associated with unique well 

structure identifiers. Physical information for wells should include well name, 
location coordinates, division and district, county, aquifer, top and bottom 
perforation, and measurement device. Note that much of this information is already 
stored in the e-Permit database from required Statements of Completions.  However, 
since wells can have more than one water right, it is recommended that physical data 
be stored by well structure.  Physical attributes currently stored by permit in the water 
rights table should be removed from that location once the information has been 
included in the new physical information tables. 
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 Add tables to manage and store physical information associated with unique 

river headgate structure identifier. Physical information for diversions should 
include ditch names, location coordinates, division and district, county, stream 
source, headgate capacity, and measurement device.  Note that some of this 
information is already stored in the e-Permit database by permit.  However, since 
river diversions can have more than one water right, it is recommended that physical 
data be stored by river diversion structure. Physical attributes currently stored by 
permit in the water rights table should be removed from that location once the 
information has been included in the new physical information tables. 

 
 Enhance the SQL database structure. Consider testing common search parameters 

to identify areas where improvements to the database structure might enhance 
querying speed.  
 

 Hire additional e-Permit staff. Hire staff whose primary responsibility will be to 
work with the Board of Control and Division offices to review and perform quality 
control of data migrated from the previous water rights database. The mechanism for 
checking and correcting water right permit issues in e-Permit is through the 
generation of official Tabulation Books.  Current Tabulation Book updates have been 
generated through e-Permit for each Division. These updates are currently being 
compared to previous, official Tabulation Books and, when discrepancies are 
identified, are being compared to original permits, ditch maps, and certificates. 
Current SEO staff estimate this procedure will take up to two years per Tabulation 
book.  Efforts are envisioned to begin with Division 4; then proceed to Division 1, 2, 
and 3 in that order.  Two additional dedicated staff would allow this effort to happen 
quicker to both meet the needs of the Green River DSS, and to meet the statutory 
requirements for producing regular Tabulation Book updates. 

 
 Enhance custom data-entry forms.  Continue to enhance custom data-entry forms 

to provide quality control through drop-down menus and aid in the quality control of 
existing data.  

 
 Enhance custom query forms. Enhance custom query forms to alert users to the 

limitations on the number of records that can be queried and extracted.  It appears that 
individual queries are limited to 1,500 records, which does not allow for large basin-
wide queries to be performed in a single step.  As part of the Green River DSS, larger 
queries representing water rights throughout the basin will be required. Add more 
robust batch-querying capabilities for SEO internal use, and assure that web-based 
users understand that their queries may not be complete and may need to be 
performed in more than one step. Include instructions for Web users to contact SEO 
staff for larger data requests. 

 
 Digitize and create an electronic data management system to replace SEO 

stream cards. Digitize the SEO stream cards and store the information in e-Permit or 
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another searchable database.  The SEO stream cards include valuable information that 
tie water rights, structures, and streams together.  Because the stream cards represent 
only adjudicated rights, the effort should include digitizing the analogous information 
stored in the BOC records for non-adjudicated rights.   

 
Aquarius 

Aquarius is a data management system used by the SEO to collect and store time series data. 
  
Aquarius was selected primarily for its ability to obtain telemetry and radio-based feeds and, 
using developed rating curves, convert the field measurements to streamflows, diversions and 
reservoir elevations. Its development is an on-going process that continues to evolve.  
 
SEO hydrologists and system administrators can interact with Aquarius through either a 
workstation installed environment or a web-based interface. Users outside the SEO can 
access the system through a web-based interface.  Aquarius is in the process of being 
developed and maintained by an outside vendor (Aquatic Informatics) with guidelines and 
directions from SEO personnel – primarily Division Superintendents and SEO Support 
Services Division staff.  Aquatic Informatics is currently under contract with the SEO to 
finalize the initial work effort, and address additional needs. 
 
The Aquarius Workstation is a Microsoft .NET desktop application built on top of a SQL 
Server database. The SEO hosts the database on their own server and each user needing the 
desktop environment must install the application on their local computer.  The workstation 
application can access the database remotely, and can be installed off-site for instance at the 
Division field offices. The workstation environment includes a number of data management 
and analysis tools, including a rating curve development extension, a variety of import and 
export format options, and robust statistical analysis tools (Mat-lab based statistical tool 
pack) for shifting and analyzing hydrologic time series. The desktop application features 
“drag and drop” object-oriented development capabilities. 
 
The public access environment, called WDPortal, is a Microsoft Silverlight utility that 
connects to the same SQL Server database as the desktop application.  It can be accessed 
over the web at http://seoflow.wyo.gov/WDPortal.  The Map-based interface provides the 
user with read-only access to the time series data stored in the Aquarius database.  The 
stations with available time series data are plotted on the map and selectable, and also 
organized by division and district in a menu.  The user can select a station and view a time 
series chart of the data.  At this time, no export option is available, and tabular data cannot be 
viewed. The current public access environment is primarily designed for viewing real-time 
data. 
 
The bulk of the data currently in Aquarius is automatically collected and stored into the 
database by a network of telemetry stations.  The telemetry data includes stream flows, 
diversions, reservoir elevations, and climate data for hundreds of stations.  Historical data is 
planned to be imported into Aquarius on a schedule defined by each Division 
Superintendant. Station information stored with the data includes division and district, and a 
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consistent site identifier. The web interface also displays measurement parameters, period of 
record, and simple statistics (min, max, mean, and sample count) for each station.  All of the 
data collected and stored can be viewed graphically on the public site. 
 
DSS Recommendations 
 
The Aquarius data management system is a key component for a successful Green River 
DSS, serving as the main database for time-series information.  Based on the general needs 
identified, plus needs specific to DSS modeling components, the following specific 
enhancements and additions to Aquarius are recommended.  It is recommended that the 
Aquarius system store primarily time-series data, and physical information describing the 
location of measurements should be stored in the e-Permit database using the same unique 
structure identifier as discussed above. Note that some of these recommendations may 
already be part of planned development efforts.  
 

 Include the ability to store ground water pumping data.  Identifiers need to be 
assigned to each well to allow a relational link between meter data and well permits 
stored in the e-Permit system. As noted above, physical attributes associated with this 
data are recommended to be stored in the e-Permit system. Storing additional time-
series information related to ground water pumping is not expected to require 
significant changes to the structure of the Aquarius database. 

 
 Include the ability to store temporary site streamflow measurements. Data 

includes temporary site measurements generally collected by WWDC staff and 
consultants for a few seasons in areas without permanent gages. Physical attributes 
associated with these temporary sites, including WWDC project name and GPS 
location information, should be stored in the e-Permit database. An additional 
attribute should be assigned that identifies the data as separate from “official” data 
that has been quality reviewed. Storing additional time-series information related to 
temporary site measurements is not expected to require significant changes to the 
structure of the database. 

 
 Allow annual hydrographer notes to be entered and stored as an annual time-

series for each location. Notes could include information about co-mingled sources 
– for example noting the source of water diverted through a headgate as coming from 
an upstream reservoir. This information is envisioned to be stored in the site-visit 
table recently included in Aquarius, primarily intended to document field 
observations.  

 
 Upload the well observation information. Upload the well monitoring and 

observation information from the series of existing well observation databases, and 
develop a method to upload additional information each year. It is recommended that 
attributes associated with this data be stored in the e-Permit database as discussed 
above.  Attributes could include the physical site information currently stored in a 
database separate from the time-series information. Storing additional time-series 
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information related to the well observation network is included in the current planned 
development efforts.  

 
 Hire an additional Aquarius staff person. This staff member’s primary 

responsibility will be to work with the Division Superintendents and SEO Ground 
Water Division to review and enter historical diversion records from paper copies and 
other databases; well meter data from paper copies; and well observation information 
from existing databases.  Currently this responsibility falls on each division, and 
efforts have not been consistent. This staff person would work with the divisions to 
identify and obtain existing electronic information, and be responsible for digitizing 
historical surface and ground water diversions from paper records – including 
Hydrographer Reports. 

 
 Develop and enhance custom data-entry forms. Develop data-entry forms that 

provide quality control through drop-down menus and aide in the entering of new 
information.  Features should be included for bulk upload of data from existing 
spreadsheets and databases. These data-entry forms should initially be developed 
with input from each Division to generally agree with their current data-entry 
procedures. Even though there is the possibility that this would result in four separate 
forms, it is more important for the field personnel to actually get the data into 
Aquarius each year then to have one standard data-entry form. Over time, standard 
forms may be adopted based on each Division’s experience. 

 
 Create standard desktop forms. In addition to the current “drag and drop” features, 

create standard desktop forms that allow SEO users to easily select, view, and export 
data.  

 
 Develop custom web query forms.  Develop custom web query forms that allow the 

public to view and download real-time, published, and historical time-series data in 
tabular and graphical formats. 

 
 Develop custom reports.  Develop custom reports through the desktop application 

that allow diversion and streamflow records to be extracted and formatted in tables 
required for annual Hydrographers Reports. 

 
WYWRAG 

The Wyoming Water Rights Attribution GeoDatabase (WYWRAG) is an ArcGIS 9.3 
application that relates water rights to their associated irrigated lands and conveyance 
structures.  The system was initially developed for the Green River basin and, to date, has 
been populated for the Green River and the Little Snake basins.  Efforts are underway to use 
WYWRAG in the Bear River Basin and the Shell Valley area of the Big Horn Basin. The 
WYWRAG geodatabase includes a tie to the water rights database behind the e-Permit 
system and a Graphical User Interface for modifying and adding new data.  The system was 
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developed by an outside contractor (Leonard Rice Engineers, Inc.) in 2009 and is currently 
maintained by SEO staff. 
 
The WYWRAG utility currently utilizes an ESRI Personal Geodatabase (.mdb) to store 
spatial information, tabular data, and code. The Personal Geodatabase supports single user 
access on a local computer. ESRI Personal Geodatabases are compatible with Microsoft 
Access, so tabular data can be accessed through ArcGIS or directly through Access tables. 
The Access database includes several non-spatial tables to support the linkages between the 
mapped data and water rights in the e-Permit database.  In particular, tables have been 
created to store: 
 

 A list of diverting structures (river headgates, wells, and reservoir outlets) including 
unique identifiers for each structure developed for WYWRAG. 

 
 A list of water sources within the populated areas (rivers, streams, reservoirs and 

aquifers) including unique identifiers developed for WYWRAG. 
 

 Water right database records extracted from the e-Permit database.  This table 
includes a subset of available fields, including the unique WRID identifier and the 
water right permit identifier.  
 

 Relationships between diverting structures and each water right permit that receives 
water through that structure. 
 

 Relationships between diverting structures and water sources, including river, 
reservoir, spring, and aquifer. 
 

 Relationships between irrigated land polygons and water right permits. 

Spatial data stored in WYWRAG include irrigated land service area polygons, irrigated 
acreage for specific years, irrigation conveyance structure polylines, structure headgate 
points, and water source polylines (based on the National Hydrographers Dataset).  These 
GIS layers were created based on aerial photography, satellite imagery processing, and 
digitized data from ditch permit maps. Irrigated acreage layers include maximum irrigated 
extents and wet (1997) and dry year (2002) extent snapshots. A layer was also developed that 
distinguished irrigated acreage from riparian areas. 
 
The WYWRAG has not been fully incorporated into the SEO’s system.  It is envisioned that 
in its fully implemented state there will either be a live link with the e-Permit database, or the 
WYWRAG water rights table will be regularly (and automatically) refreshed from the  
e-Permit database. It is also anticipated that a comprehensive list of diverting structures and 
water sources, with unique identifiers, will be developed across the state, stored in the  
e-Permit database and linked to WYWRAG.  The SEO is continuing to populate WYWRAG 
for more areas. WYWRAG is not a web-based application, and is not currently accessible to 
the public.    
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DSS Recommendations 
 
WYWRAG is a key component for a successful Green River DSS, serving as the main 
database for irrigated acreage and providing the tool to developed the association between 
acreage, diversions (including for uses other than irrigation), and water rights. Based on the 
needs identified, plus needs specific to DSS modeling components, the following specific 
enhancements and additions to the WYWRAG are recommended.  Note that some of these 
recommendations may already be part of planned development efforts.  
 

 Update WYWRAG to fully function in ArcGIS 10.x.  Several built-in functions 
available in ArcGIS 9.3, and used in the initial WYWRAG development, are no 
longer available in the default installation of ArcGIS 10.0.  Minor coding may be 
required to maintain the same functionality in the new ArcGIS 10.0 release. Note that 
ESRI has indicated that they may no longer support the VisualBasic language used to 
develop some of the WYWRAG functionality. The primary function of WYWRAG is 
to facilitate the creation of GIS layers and develop and field-verify the relationships 
between permitted service area, irrigated acreage, and points of diversion. As 
geodatabases are developed Statewide, these relationships can be stored in the e-
Permit database, and there may be no need to update the code to new supported 
software. Spatial joins of future irrigated acreage polygons and the permitted service 
area layers can be performed without the need for a separate interface once the 
permitted service areas are completed and correctly tied to the points of diversion. 

 
 Link WYWRAG to e-Permit database. Implement a method for linking 

WYWRAG directly to the e-Permit database, or an automated method to export a 
table with the required information from e-Permit 

 
 Hire an additional field person.  Hire an additional field staff person who would be 

responsible for finalizing and field-verifying the WYWRAG irrigated acreage, ditch 
service areas, and associated water rights. This staff person would work closely with 
hydrographers and water commissioners to gain knowledge about each water districts 
tributaries, diversions, and water users.  It is recommended that this staff person be 
provided a laptop to allow revisions and corrections to be made while in the field or 
shortly after field visits.  

 
 Continue to refine WYWRAG interface. Continue to refine the data entry and 

querying capabilities based on SEO office and field staff user feedback. 
 
 Develop custom schematics. Add the capability to automate the creation of river 

schematics, showing headgate locations with call-outs for each associated water right. 
 
 Allow web-based access. Consider revising the WYWRAG structure to allow web-

based access to the spatial and relational information. 
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Wyoming Water and Climate Web Mapping Tool 

WRDS maintains a web-based mapping tool developed using ESRI ArcIMS that allows GIS 
maps and select attributes to be viewed. This web-based tool provides users in Wyoming 
with limited ArcGIS capabilities; without the need to purchase and learn the ArcGIS 
software. The water-related layers that can be accessed through the Wyoming Water and 
Climate Web Mapping Tool include the following layers developed during the basin 
planning efforts: 
 

 Irrigated lands polygon coverage. The specific year represented by the irrigated 
acreage varies depending on basin. Irrigated acreage of each polygon is not a 
viewable attribute; however water rights with permitted areas that fall within each 
polygon can be viewed.  These water rights were assigned during development of the 
Basin Plans, and do not reflect the more detailed WYWRAG assessment performed 
in the Green River basin. 

 
 Points of Diversion point coverage.  This coverage represents river headgate 

diversions.  The locations are displayed on the map viewer; however ditch names and 
other attributes for this coverage are not viewable. Locations were determined during 
development of the Basin Plans and do not reflect the more detailed WYWRAG 
assessment performed in the Green River basin. 

 
 Irrigation District polygon coverage.  This coverage represents irrigation district 

boundaries.  Irrigation district names can be displayed on the map; however other 
attributes such as acreage cannot be viewed.   

 
 Well point coverage.  This coverage represents well locations.  The locations are 

displayed on the map viewer, plus the additional attributes of depth and actual yield 
can be displayed.  This coverage was developed as part of the Basin Plans and is not 
actively updated by the SEO to reflect new well permits. 

 
In addition to data developed for the basin plans, the mapping tool has locations of active 
USGS stream gages plus provides a direct link to the USGS website and the underlying 
streamflow data.  Likewise, the mapping tool includes National Weather Service climate 
stations and Natural Resources Conservation Service SNOTEL stations with a direct link to 
data summaries maintained by WRDS.  Other layers include physical geographic features, 
such as roads and cities. 
 
GIS layers developed as part of the basin plan process, including those that can be viewed 
through the map viewer, can also be downloaded through the Wyoming State Water Plan 
website maintained by WRDS for the WWDC. 
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DSS Recommendations 
 
A web-based mapping tool is important for allowing other agencies and consultants access to 
available water-related spatial data. The existing WRDS tool was developed in-house, as 
time allowed, by WRDS staff.  Many of the layers provided through the existing tool were 
developed as part of the basin planning effort and are not as up-to-date as the layers used and 
maintained at the SEO.  Based on the needs identified, plus needs specific to the DSS 
philosophy of allowing public access to water-related information, the following specific 
enhancements and additions to a web-based mapping tool are recommended.  
 

 Determine the appropriate entity to host a web-based mapping tool. As a 
clearinghouse of water-related information, WRDS has both the mechanism and the 
staff desire to maintain the existing tool.  However, most of the GIS layers are 
maintained and updated by SEO.  The two entities should work together to determine 
who should host a web-based mapping tool both in the short-term and into the future. 

 
 Enhance the capabilities of the current mapping tool. WRDS staff designed the 

existing tool without a specific funding source, as time and staff availability allowed. 
The tool will provide greater value to the State if funding were available to complete 
enhancements.  ESRI has indicated they will no longer support ArcIMS; therefore the 
application will also need to be adapted to either take advantage of ESRI’s ArcServer, 
or be designed using other software options. 

 
 Develop procedure to continuously update “official” SEO GIS layers. GIS layers 

available through the web-based mapping tool need to be developed and sanctioned 
by the SEO. The SEO is responsible for updating existing GIS layers including points 
of diversions, wells, and water rights.  The SEO needs to coordinate with WRDS to 
assure the most recent layers are in use. In conjunction with the web-based mapping 
tool enhancements, WRDS needs to provide a download option so GIS users can 
have access to current GIS layers.  Currently WRDS provides the ability to download 
GIS layers that were developed during the basin planning process through the Basin 
Plan website.  However, these layers are static in nature and generally outdated 
compared to the same layers maintained by the SEO.  Note that WYGIS should also 
be considered as a potential entity for allowing download access to current GIS 
layers.  

 
WRDS Website Links 

DSS and planning programs developed by other State and water-related entities were 
investigated during the Green River DSS feasibility study.  In some cases, these DSS and 
planning programs included the development of a single database to store and manage data.  
They often downloaded information from federal agencies and stored and managed the data 
in their single database structure. Five to ten years ago, this may have been necessary due to 
internet access and software limitations.  However, the technology now exists that allows 
easier integration of relational databases, as discussed in the next section.  Currently, WRDS 
maintains website links to water-related data gathered and managed by federal agencies; 
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including streamflow data from the USGS and climate data from the NWS. WRDS also 
provides a library document management system that allows online access to relevant water-
related reports and surveys. 
 
WRDS is responsible for conducting and managing results of water system surveys that 
request information from municipal and irrigation suppliers. The information collected is 
useful to the Green River DSS, and includes physical information about the diversions and 
conveyance systems, irrigated acreage and municipal use information, and operation 
information. Surveys are performed on an annual basis, and the associated report and 
statistics can be downloaded in .pdf format. The annual results are collected and stored in 
annual databases, but the raw data is not currently accessible to the public.  In addition, the 
results for different years are not combined; therefore it is difficult to use the information to 
look at trends or for predictive purposes. 
 
DSS Recommendations 
 
Streamflow data and climate data are identified as specific data needs for the Green River 
DSS, and are key inputs to DSS modeling components. Although streamflow data is now 
being collected and managed through the Aquarius system, maintaining access to these data 
sources is critical. Based on the general needs identified, plus needs specific to DSS 
modeling components, the following specific enhancements and additions to the WRDS 
website links are recommended. Note that some of these recommendations may already be 
part of WRDS operating procedures.  
 

 Continue to provide links to external data. Continue to provide links to the USGS, 
NWS, and other websites that store, manage, and allow downloading of water-related 
data. Often, as websites are updated and enhanced, links to data change. WRDS 
should continue to work with these entities to maintain updated links.   

 
 Coordinate with federal entities to allow continued data access. WRDS should 

work with these federal entities to assure that historical data continues to be available. 
If WRDS identifies that historical time-series data may no longer be assessable via a 
federal website, they should coordinate with the SEO to have the historical data 
loaded into the Aquarius database; thereby allowing continued access for DSS and 
other planning purposes. 

 
 Continue to scan and provide web-based access to planning documents and 

surveys.  Planning documents, especially reports that document specific project and 
basin uses and operations, are critical to DSS efforts. 

 
 Provide online access to SEO reports. Add scanned copies of annual Hydrographer 

Reports and other SEO project-related documents to available documents accessible 
through the WRDS website. 
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 Create single searchable survey database.  Consider combining annual public 
water system survey data and irrigation systems survey data into a database that 
includes data for every survey year.  Allow data querying options, so the data can be 
used to investigate trends and for predicting future uses. 

 
 Create WRDS-SEO website link. Provide a link on the SEO website to WRDS.  

Currently there are links to the Wyoming State Water Plan website and the Wyoming 
Water Bibliography website, both maintained by WRDS.  However, there is not a 
link to the main home page for WRDS; therefore not a link to the map server. 

 
DATABASE SYSTEM INTEGRATION 

The data stored in e-Permit, Aquarius, and WYWRAG represent different information about the 
same physical features. These different data sources cannot effectively be combined because 
there is not a set of unique identifiers.  Specifically, structures (stream gages, ditches, wells, 
reservoir outlets, etc.) and water sources (rivers, reservoirs, springs, etc.) are physical features 
which knit the data together in “real life”, but are stored, named, and/or referenced differently in 
all three databases. In some cases, they are referenced differently within a single database.   
 

Structure Unique Identifiers 

In the e-Permit database, water rights have a unique identifier, and river headgate structures 
are associated with water rights using a text field (“Facility Name”) assigned to each water 
right record. The structure names are not always consistent in the water right records.  For 
instance, a ditch that has two water rights may be named “East Piney River Ditch” in the 
original water right record and “E Piney Ditch” on the enlargement water right record.  In 
addition, the “Facility Name” is not always entered into the database. 
 
An effective Green River DSS requires the development of a comprehensive list of 
structures, with unique identifiers. Structures would not be limited to those associated with 
water right permits. Instead, structure identifiers would represent any physical location 
associated with water use and management.  It is recommended that this list be developed 
statewide for water-supply structures, surface water diversions (ditches); pump stations; 
pipelines; reservoirs; and wells.  Unique identifiers also need to include other water-related 
measurement locations including stream gages, monitoring wells, climate stations, and 
repeater towers. These unique identifiers could then be “related” to existing identifiers, if 
any, historically used within each database.  For instance, structure identifiers representing 
diversion headgates would be associated with Facility Names.  Defining unique identifiers 
within e-Permit will allow grouping, filtering, and sorting – for example water rights could 
be queried by structure. This list and relationships would be most appropriately stored in the 
Structure table in e-Permit, and then pushed as necessary to and from WYWRAG and 
Aquarius with SQL Server stored procedures. 
 
A list of structures with unique ditch identifiers was created in WYWRAG for the Green 
River basin. As the WYWRAG database continues to be reviewed and quality controlled, 
this list of ditches, reservoirs, and wells is expected to be complete.  This information is 
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fundamental to allow WYWRAG to relate irrigated lands back to water rights and headgates. 
The addition of identifiers for other water-measurement and management features in the 
Green River basin should be developed as part of the Green River DSS. Completing this list 
statewide would support WYWRAG development in other basins and also complete the link 
between e-Permit, Aquarius, and WYWRAG. 
 
Water Source Unique Identifiers 

In the e-Permit database, water rights are associated with a stream in a similar fashion as they 
are currently associated with a facility.  A water source name text field is included in each 
water rights record.  As with the structure names, the source name may not always be 
consistent in the water right records.   
 
An effective Green River DSS requires that surface water structures be specifically identified 
by water source, requiring a unique identifier for each tributary. It is recommended that this 
list be developed statewide. These unique stream names could then be “related” to the 
various names historically used within each database.  Defining unique stream names within 
e-Permit will allow grouping, filtering, and sorting of both structures and water rights source.  
 
The SEO continues to work with USGS quad sheets to incorporate official water source 
names, and create official names for smaller tributaries not specifically identified. These 
“blueline quads” are then used to create unique water source names for use in the e-Permit 
system.  
 
WYWRAG associates each diverting structure with a water source in the Green River basin. 
Completing the water source list statewide would support WYWRAG development in other 
basins.  Again, this list and associated relationships would be most appropriately stored e-
Permit, and then pushed as necessary to and from WYWRAG and Aquarius with SQL Server 
stored procedures. 
 
Data Integration Example: Structure Summary 

Unique identifiers allow for information to be extracted and combined from the three SEO 
databases based on a single defining query.  The following “structure summary” shown in 
Figure 10 based on Colorado’s DSS, is used to illustrate the usefulness of combining 
database information.  This example would be based on querying a specific structure 
identifier, in this case a surface water ditch structure.  Similar information could also be 
queried for other structure locations, for instance stream gage locations or climate 
measurement locations. 
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STRUCTURE SUMMARY FOR:  ANY DITCH 

WATER DIVISION AND DISTRICT: DIVISION 4, DISTRICT 10 

STRUCTURE ID NUMBER: 738 

WATER SOURCE: SOUTH FK OF PINEY RIVER AT STREAM MILE: 62.99 

LOCATION: 6N 77W 4 NW NE  IN SUBLETTE COUNTY 

STRUCTURE TYPE: HEADGATE 

CIU (CURRENTLY IN USE): ACTIVE STRUCTURE WITH CONTEMPORARY DIVERSION RECORDS 

DECREED CAPACITY (SUM OF ABSOLUTE NET AMOUNT RIGHTS):    45.0000 C 

MEASURING DEVICE/RECORDER: 5 FT PF METAL 

 

WATER RIGHTS INFORMATION 
 
                                                                         DECREED      DECREED       ADJ                                        
ADJ DATE      APPRO DATE   PERMIT NO   RATE (CFS)   VOL. (AF)       TYPE             USES                  
------------------------------------------------------------------------------------------------------------------------------- 

1902-04-23    1888-09-25          P5019D           35.00                   0.00        Original            IRR 

1934-01-01    1902-97-15          P1048E           10.00                   0.00        Enlargement    IRR 

 

IRRIGATED ACRES SUMMARY  

GIS Total (Acres):                                1239.1  Reported: 2005 

Permitted (Acres):                               3150.0   

 

IRRIGATED ACRES FROM GIS DATA -- BY CROP, YEAR, AND IRRIGATION METHOD 
 

                                                      ACRES           ACRES               ACRES    
YEAR    CROP                              FLOOD           SPRINKLER       TOTAL 
-------------------------------------------------------------------------------------------------   

1987     GRASS_PASTURE         1372.8               0.0                  1372.8 

2001     GRASS_PASTURE         1308.1               0.0                  1308.1 

2005     GRASS_PASTURE         1239.1               0.0                  1239.1 

 

      DIVERSION SUMMARY IN ACRE FEET - TOTAL THROUGH STRUCTURE 

YEAR  FDU  LDU   NOV  DEC  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  TOTAL 
---------------------------------------------------------------------------------------------------------------------------------- 

1980 05/20 10/14      0       0      0      0      0      0     602   2761   2145    590    558    286    6943 

1981 05/01 10/31      0       0      0      0      0      0   1491   2753   1634    288    278    288    6733 

1982 05/15 10/31      0       0      0      0      0      0   1349   2112   2112    853    196    203    6826 

1983 06/08 08/07      0       0      0      0      0      0         0     922   2063    278        0        0    3263 
-------------------------------------------------------------------------------------------------------------------------------- 
AVE: 05/13 10/01     0       0      0      0      0   22    1035   2229   1579     331    224   150   5571 
16 years with diversion records                                                    Average Flow =  22.86 CFS 

 
 

Figure 10 – Example Summary Combining Data from e-Permit, Aquarius, and WYWRAG 
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Information inside the first red box includes physical information about the example ditch 
structure. Some of this physical information is already stored in the e-Permit database, with 
the additional information recommended for inclusion in the above e-Permit DSS 
recommendations. The water rights information, also highlighted with a red box, is stored in 
the e-Permit database. 
 
Irrigated acreage summaries, highlighted with a green box, include information from the 
WYWRAG database.  The irrigated acreage summary shows both permitted and actual 
irrigated acreage served by all permits receiving water from the specific ditch.  Irrigated 
acreage is also presented based on crop type and irrigation method – both important 
components for determining actual consumptive use and associated shortages. 
 
Headgate diversions for the ditch, stored and extracted from the Aquarius database, are 
shown in the blue box.  Other information that could be extracted from Aquarius could 
include annual hydrographer comments such as “structure unusable” or “diversions include 
water from reservoir release”. 
 
All the information shown in this example structure summary is required to accurately 
represent this structure in a surface water allocation model. Location information, irrigated 
acreage and crop type information, and diversion records are required to accurately represent 
this structure in a consumptive use analysis; both to determine the demand associated with 
this ditch and to determine the shortages that could potentially be supplemented by reservoir 
releases or ground water pumping. 

 
This query extracts data from three SEO databases. The databases can be linked, or the 
information could be extracted from each database individually. Either option requires a 
common identifier to assure the correct association between records viewed or extracted 
from Aquarius, e-Permit, and WYWRAG.   

 
Figure 11 illustrates some of the information either currently stored, or recommended to be 
stored, in each of the database systems.  The structure identifier is the primary link between 
the three databases.  In this example, only a structure identifier for a ditch is shown. The link 
between structure, associated water rights, and water source are defined spatially in 
WYWRAG, and relationally in the e-Permit database.  
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Structure Identifier (Ditch)
Ditch Name
Diversion Records
Site Visit Information

Water Right Permit Identifier
Permitted Acreage
Status (ADJ, TRA, etc)
Supply Type (ORI, SUP)
Adj. Uses (IRR, STO, etc)
Structure Identifier
Adj. Priority
Adj. Amount

Structure Identifier
Structure Name
Stream Source
Structure Capacity
Structure Type
Measurement Device

Structure Identifier
Water Right 1 Permit Area 
Water Right 2 Permit Area
Water Right n Permit Area

Structure Location
Ditch Length
Stream Source

Irrigated Acreage Year x
Crop Type
Irrigation Method

Irrigated Acreage Year n
Crop Type
Irrigation Method

Aquarius
(Time-Series Data)

WYWRAG
(Spatial Data)

e-Permit 
(Water Rights)

 
 

Figure 11 - Simplified Database Components 
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In the 1998 Water 
Planning Questionnaire, 
73% of respondents 
supported the capability 
to quickly analyze a 
variety of alternative 
scenarios of water 
development and use. 

DECISION SUPPORT SYSTEM MODELING COMPONENTS 

Interviews and discussions with WWDC and SEO personnel 
verified the need for DSS modeling components to address 
reporting and planning needs. Two main modeling components 
were identified: a consumptive use model and a surface water 
allocation model.  The selection of standard DSS modeling tools, 
coupled with data input files that represent water uses and water 
rights in the Green River basin, provide planners and 
administrators with access to tools that can be easily adapted to 
investigate any possible future scenarios. 
 
CONSUMPTIVE USE TOOL 

A consumptive use model will provide a standard method and tool to determine potential 
consumptive use and actual (water supply-limited) consumptive use for historical study periods.  
This will allow Wyoming to estimate the agricultural water consumed, which is required to be 
reported under The Upper Colorado River basin compact. A consumptive use model is required 
for many WWDC projects to quantify existing uses and estimate shortages that could be met by 
water development projects.  In addition, a consumptive use model can be used to estimate 
demands associated with changes in crop types and irrigation practices and investigate changes 
in demands based on future climate predictions. 
 

Potential Consumptive Use Methodologies 

Several consumptive use methods have been used in the Green River basin and throughout 
Wyoming to estimate potential crop consumptive use; defined as the amount of water crops 
would consume if they were to receive a full water supply.  Therefore, the first step to 
identifying a standard consumptive use model for the Green River DSS was to determine the 
appropriate consumptive use methods for the basin.  Six consumptive use methods currently 
used in Wyoming or other western states were considered, as follows: 
 

 SCS TR-21 Modified Blaney-Criddle Method 
 FAO 24 Blaney-Criddle Method 
 Hargreaves Method 
 ASCE Standardized Penman Method 
 Energy Balance Method 
 Water Balance Method 

 
Appendix A includes a detailed technical memorandum that describes each method, lists the 
input data requirements, and summarizes the availability of input data.  To assist with 
selecting the appropriate method, strengths and weaknesses were identified for the following 
criteria.   

 



 DECISION SUPPORT SYSTEM MODELING COMPONENTS 
 March 22, 2011 
 
 

 
  Page 75 

Two consumptive use 
methods are recommended 
to address spatial and time-
period limitations: ASCE 
Standardized Penman and 
SCS Modified Blaney-
Criddle.  

Flexibility 

 Is the input data required for the method available (spatially and over time)? 
 How accurate is the method? 
 How complicated is the method to implement? 

Acceptability  

 Does the solution allow for institutional consensus? (e.g. will a publicly stated 
opposition by an entity be an issue?) 

 Is the method the ‘best science’ available? 
 Is the method consistent with on-going projects? 
 Does the solution impact one entity more than another? (e.g., does the solution favor 

in-state consultants versus out-of-state consultants) 

Based on this review, plus discussions with University of Wyoming consumptive use experts 
Dr. Larry Pochop and Dr. Gi-Hyeon Parks, two methods were selected for use in the Green 
River Basin DSS. The first method, the daily ASCE 
Standardized Penman, was chosen as the most accurate and 
accepted method; however the data requirements limit its use 
in some areas of the basin and limit its ability to be used over 
a long historical period.  To address this limitation, the 
monthly SCS Blaney-Criddle method was also selected 
because the data required is available throughout the basin, 
and the data is available to estimate crop demands for a 
longer historical period reflecting greater variation in climate 
conditions.  
 
ASCE Standardized Penman Method 

The ASCE Standardized Penman Method can be used to estimate potential consumptive use 
on a daily basis. This method is the recognized standard equation by the academic and 
engineering community.  The method uses daily measurements of minimum and maximum 
temperature, solar radiation, humidity, and wind speed.  As discussed in the Data and Data 
Management Section and Appendix A, there are over 15 first-order climate stations that 
generally include the daily data required for the ASCE Standardized Penman equation for 
recent periods, some stations having data back to the late 1980s.  These stations are spatially 
located throughout the basin.  Although the raw data was not reviewed for this analysis, the 
entities responsible for collecting and managing the climate data indicate it is generally 
complete and accurate for the available period. 
 
It is recommended that the ASCE Standardized method be used to estimate potential crop 
consumptive use for recent periods in areas where the required climate data is available.  
This method can be used now to estimate crop consumptive use in most areas for 
approximately 10 to 15 years. This study period may be sufficient for many purposes, 
including identifying current uses and reporting consumptive use for compact purposes.  
However, it may not be sufficient to identify shortages and associated purpose and needs 
required for permitting and planning projects. Often permitting and long-range planning 
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requires basin uses to be investigated over a longer period that includes more varied 
hydrology and climate conditions. 
 
The ASCE Standardized method can be applied using a set of short reference crop (grass) or 
tall reference crop (alfalfa) coefficients.  Alfalfa is suggested as the preferable reference crop 
for arid climates in the American Society of Civil Engineers Manuals and Reports on 
Engineering Practice No. 70, Evapotranspiration and Irrigation Water Requirements, Jensen, 
M.E., Burman, R.D., Allen, R.G., 1990 (Manual 70). Standard crop coefficients have been 
developed for the ASCE Standardized Penman method, and are appropriate for use in 
Wyoming.  As discussed in Appendix A, if lysimeters are installed in the Green River basin 
in the future, they can be used to further refine the standard crop coefficients to better 
represent site-specific conditions. 
 
As the first-order station climate data continues to be collected over time, the study period 
can be extended and will eventually be sufficient to fully meet the needs of the Green River 
DSS.   

  
SCS Modified Blaney-Criddle Method 

The SCS Modified Blaney-Criddle Method can be used to estimate potential consumptive 
use on a monthly basis with minimal climate data input. The method only requires monthly 
estimates of mean temperature and daylight hours that can be determined based on latitude of 
the irrigated acreage. This method is less accurate than the ASCE Standardized Penman 
method, and only able to estimate consumptive use on a monthly time-step. However, as 
discussed in the Data and Data Management Section and Appendix A, there are over fifty 
climate stations that include the monthly data required for the SCS Modified Blaney-Criddle 
equation. The period available at each station varies; however there is required data available 
for agricultural areas for at least the past 50 years. 
 
There are several possible approaches to using the SCS Modified Blaney-Criddle Method to 
estimate long-term historical potential consumptive use.  The first approach is to adopt the 
crop coefficients included in the SCS publication Irrigation Water Requirements Technical 
Release No. 21 (TR-21) and apply a recommended elevation adjustment per Manual 70. This 
elevation adjustment reflects the fact that average monthly temperature does not accurately 
reflect the warmer days and cooler nights in Wyoming. 
 
The second approach is to develop “calibrated” crop coefficients that allow the SCS 
Modified Blaney-Criddle results to more closely match potential crop consumptive use 
estimates determined using the ASCE Standardized Penman equation for overlapping 
periods.  The development of calibrated coefficients should be considered only if the results 
from the two methods vary significantly, because within the next ten years, there should be 
enough historical data to use the ASCE Standardized Penman method to estimate potential 
consumptive use that represents long-term variations in climate conditions. 
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Consumptive Use Model Selection 

The needs assessment identified the need for a consumptive use model that can estimate 
potential consumptive use and consider water supply to estimate actual consumptive use.  
The difference between potential and actual consumptive use is crop shortage, important for 
quantifying purpose and needs for new projects with agricultural components.  The process 
of comparing crop demands to water supply is often called a farm water balance.  Figure 12 
shows the general flow to estimate actual crop consumptive use and associated shortages. 
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Figure 12 - Consumptive Use Farm Water Balance 
 
Similar to identifying the appropriate method for estimating crop consumptive use in the 
Green River basin, available consumptive use models where investigated and ranked based 
on a defined set of criteria. Several consumptive use models have been used in the Green 
River basin and throughout Wyoming to estimate potential crop consumptive use; defined as 
the amount of water crops would consume if they were to receive a full water supply.  Other 
methods used in Wyoming estimate actual supply-limited consumptive use.  In addition, 
models and spreadsheets have been used to estimate and compare potential crop consumptive 
use with actual water supply.   
 
Six consumptive use tools and models currently used in Wyoming or other western states 
were considered, as follows: 
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 Average Consumptive Use and Crop Irrigation Requirement Reported Estimates 

(Pochop et.al, 1992, WWRC #92-06) 
 NRCS Spreadsheet Model 
 ArcGIS Calculator Model 
 Ref-ET Model 
 Satellite Imagery Models (METRIC, SEBAL, RESET) 
 Lysimeters 
 StateCU Model 

Appendix A describes each consumptive use tool in detail. To assist with selecting the 
appropriate tool, strengths and weaknesses were identified for the following criteria.  

 

Model Capability  

 Does the model include the consumptive use methodologies selected? 
 Does the model meet identified needs? 
 Is the solution technically implementable? 
 Can the model perform the potential and actual consumptive use calculations? 
 Can the model incorporate new innovative methods? 

Flexibility  

 How easy is it to develop and manipulate necessary input data? 
 Can input data sets easily be modified, including updates to extend study period? 
 Does the model include error-checking abilities? (e.g., file format, range of input 

data) 
 Can features be added for analyses? (e.g., can soil balance be included at a later date) 
 What capabilities exist to review/analyze input data and model results? 
 Are model operations and input file development well documented? 

Acceptability  

 Does the solution allow for institutional consensus? (e.g. will a publicly stated 
opposition by an entity be an issue?) 

 Is the model consistent with on-going projects? 
 Does the solution impact one entity more than another? (e.g. does the solution favor 

in-state consultants versus out-of-state consultants) 
 Does the solution require reliance on another State or institution to maintain the 

model over time? 

Cost  

 Is there an initial cost to purchase the model? 
 What effort is required to develop input files? 
 What are the costs associated with enhancing the tool to meet the project needs? 
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StateCU can use the 
ASCE Standardized 
method and the Blaney-
Criddle method to estimate 
potential CU, plus can 
perform farm water 
balance calculations to 
estimate actual CU and 
shortages

Based on this review, StateCU was chosen as the recommended consumptive use model for 
the Green River DSS. The initial code adopted for this 
publically available model was originally developed by the 
USBR to estimate historical consumptive use in the Upper 
Colorado River basin using the SCS Modified Blaney-
Criddle method.  The code (originally called XCONS) was 
then enhanced by programmers at Colorado State University 
to include the Penman-Monteith method and to consider 
water supply in a farm water balance. The code was later 
adopted by the State of Colorado in support of their DSS.  
Recent enhancements include adding the ASCE 
Standardized Penman methodology.  
 
StateCU was the only model investigated that allows potential consumptive use to be 
estimated using both the ASCE Standardized Penman method and the SCS Modified Blaney-
Criddle methods selected as most appropriate for the Green River basin.  It also performs 
water supply-limited calculations using the farm budget approach; therefore can estimate 
potential consumptive use, actual consumptive use, and shortages.  Other tools investigated 
were able to determine either potential consumptive use or actual consumptive use but, 
without enhancements, were not able to estimate both; therefore were not able to identify 
shortages.  As discussed above, shortages help define purpose and needs for water 
development projects. 
 
As discussed in the Data and Data Management Section, water diverted for irrigation is not 
currently measured for most of the canal and ditch systems in the Green River basin. 
StateCU is the only model reviewed that includes a feature to address this lack of data and 
“automate” a method to estimate actual consumptive use and shortages. StateCU allows 
actual consumptive use to be estimated for ditch systems without diversion records by 
applying the percent shorted at nearby ditches with records for each time-step.  This method 
was used to estimate actual historical crop consumptive use in the Green River basin in 
support of the WYWRAG and basin planning efforts.  StateCU has also been used to 
estimate potential consumptive use, actual consumptive use, and shortages in the Bear River 
basin, the Little Snake River basin, and on tributaries in the Big Horn basin. 
 
Models for On-going Consideration 
 
Two other methods that are in the development stage should be revisited as potential DSS 
components as the Green River DSS is completed and DSS efforts are considered for other 
basins.  These two methods, the ArcGIS Calculator and the METRIC satellite imagery 
model, do not currently meet all the identified needs associated with crop consumptive use 
analyses. 
 
The ArcGIS Calculator model is currently under development by Dr. Gi-Hyeon Park, 
Assistant Professor, and Dr. Mohan Reddy Junna, Professor, at the University of Wyoming 
in response to the Water Research Program 2010 request for proposals on the Consumptive 
Use of Water from Irrigated Lands project.  The project includes the development of a spatial 
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grid-based model that will estimate crop irrigation requirements using several methods, 
including the ASCE Standardized Penman method.  As currently envisioned, the tool does 
not include the ability to consider water sources, therefore cannot estimate actual 
consumptive use and shortages.  Although it does not meet the needs of the Green River DSS 
at this time, progress on the project should be followed during the Green River DSS 
development, and potential enhancements that could allow the model to meet more of the 
DSS needs should be considered. 
 
Research is being conducted on the feasibility of using the METRIC model in the Green 
River basin to estimate actual consumptive use.  The METRIC model uses satellite imagery 
and information from a flux station in the basin to estimate “snapshots” of vegetative 
consumptive use. The process of converting imagery and flux data to actual consumptive use 
is highly technical, and academic experts are taking the lead on the project. This method is in 
the research phase in Wyoming, and its accuracy and applicability are still being assessed.  
As with the ArcGIS Calculator, the METRIC satellite imagery models does not meet all the 
identified needs associated with crop consumptive use analyses.  Specifically, it requires a 
companion model to be developed to identify shortages. Therefore, the METRIC model 
method was not chosen for the Green River DSS. However, it will continue to be an 
important tool for estimating actual consumptive use in areas with sparse diversion records 
and can be used to verify estimates developed using StateCU. 
 
Similar assessments of the feasibility of using satellite imagery models in terms of accuracy, 
cost, and technology, are being performed by the USBR specific to the Upper Colorado 
River basin, including the Green River basin.  As the USBR assessment is completed, and 
research results for Wyoming are finalized, the use of the METRIC model should be 
revisited for application in Wyoming. 
 

SURFACE WATER ALLOCATION MODEL 

A surface water allocation model will provide a standard method and tool to analyze water 
availability based on current uses, changes in uses and operations, and to support development of 
new projects. The following specific identified needs could be investigated with a basin-wide 
water rights allocation model under both historical hydrologic conditions and predicted 
hydrologic conditions; including extreme droughts, wet periods, or conditions associated with 
projected climate change. 
 

 Determine water available for new storage projects  

 Size reservoirs to meet identified average and firm-yield demands 

 Determine yield of new junior direct water rights, including instream flow requests 

 Assess risk of existing water rights under varying hydrologic conditions 

 Consider the impact of various project operations and administration on meeting 
demands 

 Predict the need for additional regulation 

 Investigate river reach gains and losses 
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 Assist with determining irrigation return flow locations and timing 

 Determine whether demand shortages occur due to physical supply limitations, legal 
supply limitations, or operational practices 

The major input components of a surface water allocation model include the basin’s unique 
hydrology, physical systems, water demands, and legal and administrative conditions affecting 
project operations.   
 

 
 
Surface water allocation models are driven by inflow “natural” hydrology, representing either 
historical or predicted hydrology absent the effect of man. The physical systems are represented 
by stream order and diversion locations, plus ditch capacities, reservoir sizes, and location of 
return flows.  Water demands are represented at diversion headgates, by instream flow reach, and 
at reservoirs.  Finally, water rights; compact requirements; and project operational priorities are 
superimposed. 
 
The data required to develop a surface water allocation model representing the Green River basin 
uses, operations, and administration are the same regardless of the model platform selected.  
Historical streamflow data is required to estimate the inflow hydrology.  As discussed in the 
Data and Data Management section, streamflow data is available on the larger tributaries and 
Green River main stem.  Ideally, diversion records are used with streamflow data to estimate 
natural hydrology, or other methods of estimating runoff can be employed.  Where diversion 
records are not available or cannot be estimated, rainfall/runoff or other regression calculations 
can be used to estimate natural hydrology.  When these other methods are employed, it is 
important to compare the results to measured streamflow to assess their accuracy. 
 
As with a consumptive use model, acreage information is critical to defining demands in the 
Green River basin, and irrigated lands need to be specifically linked to their irrigation source – 
river headgate, well, and/or reservoir. A surface water allocation model also requires that water 
rights be specifically tied to irrigation and other use demands.   
 
An understanding of the basin project operations and administration is the final component that 
allows a surface water allocation model to represent current conditions in the basin, and to be 
used to look at future planning scenarios.  A model that represents current conditions can provide 
information to guide future development, for instance it can identify where water is both 
physically available and legally available.  Legal availability indicates if water is required to be 
bypassed for a downstream senior use.  In addition, proposed physical structures and revised 
operations can be superimposed on the current system to determine the basin-wide impacts. 
 



 DECISION SUPPORT SYSTEM MODELING COMPONENTS 
 March 22, 2011 
 
 

 
  Page 82 

The following briefly summarizes the information required for a surface water allocation model, 
and the current or proposed location for accessing the information.  Each data type is discussed 
in more detail in the Data and Data Management section. 
 

Historical and Current Streamflow Data – Stored in the USGS database and linked 
through WRDS and SEO recorded streamflow stored in the Aquarius database. 
 
Diversion Records – Stored in the Aquarius database. 
 
Irrigated Acreage – Identified as part of the WYWRAG process and stored in the 
WYWRAG geodatabase.  The information is recommended to be stored in the e-Permit 
database, allowing the relationship to water rights and water source. 
 
Water Rights – Stored in the e-Permit database. 
 
Basin Operations and Compact Requirements – Documented in the Basin Plans. 

 
Surface Water Allocation Model Selection 

Five surface water allocation models and/or reservoir operation models that are currently 
used in water resources planning in western States were selected for further investigation.  
Each of these models can meet many of the needs identified.  Models selected for additional 
investigation include: 
 

 StateMod - developed and maintained by the State of Colorado. 

 MODSIM - developed and maintained by Colorado State University. 

 RiverWare - developed and maintained by the Center for Advanced Decision 
Support for Water Environmental Systems (CASWES) at the University of Colorado. 

 STELLA - developed and maintained by ISEE Systems. 

 Basin Plan Spreadsheet Models - developed and updated in support of the WWDC 
Basin Water Plans. 

The State of Wyoming developed a surface water allocation model in the 1980s. During the 
1990s, WIRSOS (Wyoming Integrated Resource Operations System) was maintained by the 
University of Wyoming and graduate students took the lead in developing WIRSOS input 
files to represent the Green River basin. In 1997, the WWDC compared WIRSOS to several 
other available models and concluded that WIRSOS would require significant code updates 
to meet Wyoming’s modeling needs.  Another review in 2005 specifically compared 
WIRSOS to StateMod, again concluding that updating and enhancing WIRSOS was not cost-
effective and that StateMod was able to meet Wyoming’s needs.  Partially based on these 
two studies, the WIRSOS model is no longer supported by the State, therefore was not 
selected for further investigation as part of the Green River DSS. 
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Appendix B describes each surface water allocation model in detail.  To assist with selecting 
the appropriate tool, strengths and weaknesses were identified based on the following 
criteria. 
 

Model Capability 

 Does the model meet identified needs? 

 Can the model be technically implemented? 

 Does the model accurately represent the Prior Appropriation Doctrine? 

 Does the model inherently include the ability to represent Wyoming basin 
operations? (e.g., do standard model operating rules exist so “hard wiring” of 
operations in the code can be avoided) 

Flexibility and Transparency 

 How easy is it to develop and manipulate necessary input data? 

 Can input data sets easily be modified, including updates to extend the study period? 

 Are there self-documenting input file capabilities? 

 Does the model include data-checking abilities? (e.g., does demand exceed headgate 
capacity, is the file format correct) 

 Can features be easily added for analyses? (e.g., include new water rights, add 
reservoirs) 

 Can operational alternatives be added and model simulation results reviewed quickly? 

 What capabilities exist to review/analyze input data and model results? 

 Are model operations and input file development well documented? 

Acceptability 

 Is the model consistent with on-going projects? 

 Does the solution impact one entity more than another? (e.g., does the solution favor 
in-state consultants versus out-of-state consultants) 

Cost 

 Is there an initial cost to purchase the model?  Are there on-going costs for model 
updates?  

 What effort is required to develop a model to represent the Green River basin? 

 What are the costs associated with custom programming to allow the model to 
represent Wyoming’s systems? 

 What are the costs associated with training State agency staff to develop or oversee 
the development of the model input files? 

 
Based on this review, StateMod was chosen as the recommended surface water allocation 
model for the Green River DSS.  The original code adopted for this publically available 
model was taken from several operational models developed by the USBR in the 1980s. The 
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University of Wyoming also adopted the same USBR code to develop their water allocation 
model, WIRSOS (Wyoming Integrated Resource Operations System) because of its ability to 
represent Wyoming’s water rights. WIRSOS was not considered a viable option for the 
Green River DSS, as the University of Wyoming has not updated or maintained the model in 
over a decade.  However, the fact that StateMod and WIRSOS contain the same base water 
allocation algorithm further emphasizes the applicability of StateMod to represent 
Wyoming’s water rights administration. 

As discussed in Appendix B, there were several criteria that resulted in a StateMod 
selection, including the ability for Wyoming to obtain the source code if desired.  One 
important consideration is the existence of a StateMod model that represents a large portion 
of the Green River basin. This StateMod model was developed in phases, initially to 
investigate water available for new storage facilities in the upper Green River tributaries; 
then expanded during the recent Green River Plan update.  The existing StateMod 
representation is an appropriate starting point for a full Green River basin model and would 
provide a clear cost-savings compared to other model platforms.  In addition, the use of 
StateMod in other basins in Wyoming has provided the opportunity for local consultants and 
WWDC staff to become familiar with the model; therefore training will be more efficient 
than for other models.   
 
The current basin planning Spreadsheet models developed for basin planning did not meet 
the needs of the Green River DSS. This conclusion was confirmed by the statement included 
in the Wyoming Framework planning recommendations as follows: 
 

“The State should consider abandoning simple water supply models as they were 
prepared in the last round of basin plans in favor of other models (WIRSOS or StateMod) 
that explicitly account for water rights.” 

Due to the licensing costs associated with RiverWare and STELLA, as well as the 
uncertainty in their ability to simulate according to Wyoming water law, these models are not 
recommended for implementation in the Green River DSS.   
 
StateMod and MODSIM, however, can be simulated according to the Prior Appropriation 
Doctrine, and were the two highest ranked models.  In addition, these two models are 
currently being used in Wyoming river basins, highlighting their acceptability within the 
State and their capability to adapt to Wyoming water law.  Both models are well supported 
with data management interfaces, GUI’s, extensive documentation and consultants in the 
industry familiar with the modeling platforms.  Both models can be implemented in any 
basin, small or large, and can account for river operations, including reservoir operations, 
consumptive use demands, diversions, return flows, instream flow demands, and compact 
considerations.  Again, the existence of a StateMod model representing the Green River 
basin, plus the use of StateMod in other Wyoming basins, was an important consideration in 
the selection.   
 
The availability of required input data and, in many cases, the lack of available input data, is 
discussed in the Data and Data Management section.  Information required for a surface 
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water allocation model is extensive, and much of the required data is missing both spatially 
and temporally in the Green River basin.  The development of model input files with 
estimated data as opposed to actual measured data can result in an appropriate tool for 
comparing “what if” scenarios to estimated current conditions.  In addition, the development 
of a surface water allocation model will highlight areas where increased data and information 
is most important to understand basin demands and water availability.  In this way, the model 
can help guide the use of resources for data collection. 

 
GROUND WATER MODEL 

The need for ground water models to assist with water rights planning and administration was 
identified by WWDC and SEO staff to meet DSS needs in other areas of the State, although not 
specifically identified as a need for the Green River DSS.  Regional ground water models 
representing alluvial and/or confined aquifers are desired in areas of high ground water use, such 
as the lower North Platte basin.  Although not investigated in detail for the Green River DSS, 
MODFLOW is recommended as the appropriate platform for future DSS ground water modeling 
efforts.  MODFLOW is used elsewhere in the State and is the standard for ground water 
modeling throughout the United States. The data management systems and data collection efforts 
recommended for the Green River DSS will allow development of ground water models in other 
basins. 
 
DATA TO MODEL INTEGRATION 

Information required for consumptive use and surface water allocation models is stored in both 
internal SEO database systems and external database systems generally managed by federal 
entities.  This information will need to be extracted and formatted as input files for the 
consumptive use and surface water allocation models.  Some of the input data is missing and will 
require the use of “filling” algorithms.  Because much of the required data is stored in database 
platforms, code can be written to extract the information and format it as necessary for the 
models.  Figure 13 shows the recommended Green River DSS flow of data. 
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Figure 13 - Green River DSS Flow of Data 

 
As with any DSS, it is important that model input file development be transparent and 
reproducible.  Once basin-wide models are developed, they will be available to the WWDC and 
SEO to answer questions related to water management and development.  A clear process for the 
development and revision of State basin model scenarios is critical to assure that modeling 
assumptions, data-filling, and data sources are transparent to future model users. 
 
When the existing Green River basin consumptive use analysis was created, the development of 
the Aquarius database was still in the scoping process. Therefore, the StateCU input files were 
developed using the State of Colorado’s data management interfaces, TSTool and StateDMI.  
Climate data was queried from the NWS database using the link provided by WRDS.  The data 
was saved in a comma-separated file format then read and formatted by TSTool for use in the 
model.  Irrigated acreage data stored in the WYWRAG database was likewise saved in a comma-
separated format, read by StateDMI, and formatted for use in the model.  Records that were 
available in digital format from basin planning efforts were again saved to comma-separated files 
and read and formatted by TSTool for direct use in the model.   
 
Required data-filling was done using filling algorithms available in TSTool. This resulted in 
data-centered modeling files with the reading, setting, and filling process “saved” as headers in 
the input file.  The self-documenting input files can be duplicated, updated, and revised through 
the same process.   
 
Similarly, the input files for the existing StateMod representation of the Green River DSS were 
also developed using Colorado’s data management interfaces that read comma-separated value 
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files generated from a variety of water sources and missing data were filled using appropriate 
TSTool algorithms. This approach was appropriate at the time, since much of the required data is 
yet to be stored in the SEO database systems.  It satisfied the important criteria of transparency 
and reproducibility that model development, specifically as part of a decision support system, 
requires.   
 
Ultimately, specific data to model integration code should be developed to extract data directly 
from the e-Permit and Aquarius databases, fill missing information, and format the data for 
model use. Through discussions with other State and federal agencies who have taken on the 
difficult task of developing data storage and management systems, a few key realities were 
realized. First, the development of a data management system evolves significantly in the first 
few years. The initial design often requires changes when the data begins to be stored, based on 
the reality of data format, data consistency, and relative importance of each data type. In 
addition, as the end users begin to have access to the data, the original direction and guidance 
they provided to the project also evolves. They may see possibilities and potential uses that were 
not initially apparent, and it is important to continue to solicit and consider their input during the 
first few years of development.   
 
An initial important component of the Green River DSS development is to perform quality 
control on data that is currently stored in the e-Permit database and add additional information 
that will be important for DSS modeling components; such as irrigated acreage, the association 
between water rights and diverting structures, and structure physical data.  Similarly, efforts will 
be made to gather, digitize as necessary, and store historical diversion records in the Aquarius 
database.  
 
It is recommended that the Green River DSS allow the e-Permit and Aquarius database systems 
to mature and evolve over the next few years before spending significant time and budget on 
addressing public data access and, specifically, data to model integration design.  The 
recommendation to postpone the data access design until the third year of the Green River DSS 
development also allows data to be quality controlled and stored in both the e-Permit and 
Aquarius databases prior to designing public interfaces.  
 
Another potential benefit to taking this approach is that Colorado is investigating the feasibility 
of allowing both their DSS models and data management interfaces to be managed through a 
public open-source forum. As this proposal is realized, there may be the option for Wyoming to 
adopt the functionalities already available through TSTool and StateDMI plus add the ability to 
link directly with the e-Permit and Aquarius databases. Postponing the final design of the data to 
model integration will provide an opportunity for Wyoming to follow and potentially participate 
in the open-source forum.
 

RECOMMENDATION AND IMPLEMENTATION  

Specific needs were identified for the Green River DSS, as outlined in the Needs section. The 
range of potential recommendations was discussed in the Data and Data Management section 
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and the Decision Support System Modeling Components section.  This section provides the 
proposed recommendations and implementation schedule for the Green River DSS.   
 
Implementation of the Green River DSS, by necessity, will be phased over a period that 
recognizes the time constraints associated with data collection, on-going development of 
databases, and model dependency on data availability.  Some of the time constraints are not 
specific to Green River DSS efforts, instead are because a successful DSS requires the maturity 
of on-going efforts at the SEO to finalize development of the e-Permit and Aquarius data 
management systems. The three-year recommended implementation phasing is based on these 
inherent time constraints.   
 
The following recommendations include specific tasks that are generally listed in order based on 
dependencies.  As indicated by the implementation schedule, there can be some preliminary 
efforts on dependent tasks without incurring significant additional costs.  Each task may include 
State staff responsibilities, consultant contract responsibilities, and capital purchases. The 
schedule for implementation of each task is also discussed. Recommendations are grouped into 
the following six categories, as shown in Figure 14. 

Staffing

Data 
Collection

Data Storage 
and 

Management

DSS Modeling

Standard 
Procedure 

Development

Training

 
Figure 14 - Recommendation Categories 

 
Each task is briefly described in this section, and focuses on how the individual tasks are 
implemented together in the development of the Green River DSS.  More detail for each task and 
the basis for its recommendation are provided in the previous Data and Data Management and 
Decision Support System Modeling Components sections.  
 
STAFFING RECOMMENDATIONS 

The recommended Green River DSS Team includes leadership from the SEO and WWDC, 
supplemented with staff from these two agencies and also from WRDS. Each agency has specific 
expertise they bring to the project and are recommended to have specific DSS responsibilities. 
Many of the Green River DSS Team members are not new positions; rather their specific 
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State Engineer’s Office

- DSS Project Manager 
- Division 4 Superintendent 
- DSS Field Liaison
- Colorado River Coordinator
- Support Services Database Experts
- Data-Entry Staff (2 Positions)

Water Resources Data System

DSS TEAM

Water Development Commission

- DSS Project Manager
- DSS Modeling Expert

State Engineer’s Office

- DSS Project Manager 
- Division 4 Superintendent 
- DSS Field Liaison
- Colorado River Coordinator
- Support Services Database Experts
- Data-Entry Staff (2 Positions)

expertise will allow them to serve as advisors during initial implementation and on-going use of 
the DSS without adding significant responsibilities to their current workload. It is recommended 
that a Memorandum of Understanding (MOU) be executed between the SEO and WWDC to 
clearly define the roles and responsibilities of each agency as the Green River DSS is developed 
and used to benefit Wyoming. An example MOU is included in Appendix C. 
 
Four new positions are recommended, as shown in red in the Figure 15 Team diagram. Each of 
these positions should be filled or identified from existing staff before beginning the Green River 
DSS implementation. 
 
 
 
 
 
 
 

 

 

 

 

Figure 15 - Proposed Team Diagram 
 

State Engineer’s Office Staff  

Although each SEO Division is not listed as 
specific participants on the DSS Team, the 
knowledge of each division will be important 
during the Green River DSS implementation, as 
outlined in the data collection and data 
management implementation sections below.  
 
SEO DSS Project Manager 
Project management responsibilities are recommended to be shared between the SEO and the 
WWDC.  As discussed in detail below, initial efforts will concentrate on data collection and 
storage by SEO staff. The SEO DSS Project Manager is recommended to be a new and 
dedicated position at the SEO.  This staff person will oversee DSS-specific data collection 
and management efforts performed by several SEO Divisions, including Field Division 4, the 
Support Services Division, and the Interstate Stream Division. In addition, the SEO DSS 
Project Manager will work closely with the WWDC Project Manager to support model 
development. Because much of the SEO efforts surround data management, it is 
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recommended that the SEO DSS Project Manager position be included in the Support 
Services division.   
 
The SEO DSS Project Manager should have a strong water resources background and 
understanding of Wyoming water rights and administration. The qualifications for this 
position include traditional project management skills required to manage staff efforts; plus 
strong team management skills. The success of the Green River DSS, both during initial 
implementation and as the DSS continues to be used to meet basin planning needs into the 
future, is dependent on continued interaction with other DSS Team members.  Therefore, the 
SEO DSS Project Manager must be able to build and maintain strong team relationships with 
WWDC and SEO staff members who are critical to the project success.   
 
As the Green River DSS project begins the modeling component development stage, 
responsibilities in the Green River basin will shift to include increasing participation from 
the WWDC DSS Project Manager.  At that time, it is anticipated that the SEO Project 
Manager will continue to oversee data collection and management as the DSS expands into 
other Wyoming basins.  
 
Division Superintendent 
The success of the Green River DSS depends on the knowledge and assistance from Division 
4 field personnel.  It is critical that the Division Superintendent supports the Green River 
DSS implementation and is an active DSS Team member.  The Division Superintendent will 
participate in DSS Team meetings to stay current on project progress, and to make the DSS 
Team aware of the status of data collection and field efforts.  It is not expected that the 
implementation of the Green River DSS will require a significant amount of either his time 
or his existing staff member’s time. In fact, it is expected that some of the DSS efforts, 
including the recommendation for an additional Division 4 staff member, will help with 
some of the Division’s current overload. 
 
DSS Field Liaison 
The DSS Field Liaison will have initial responsibility to help ground-truth and finalize the 
irrigated acreage assessment initiated through the WYWRAG project. They will assist with 
current efforts of the SEO office through the Colorado River Coordinator and the Support 
Services Division GIS experts. As the irrigated acreage and associated water rights near 
finalization, the DSS Field Liaison will be available to investigate irrigation permits and 
water rights that were not assigned to irrigated acreage. It is anticipated that this position will 
also be involved in annual determinations of irrigated acreage as it varies with the 
availability of water. This permanent position should be filled before the Green River DSS 
year one implementation efforts begin.  
 
One of the data recommendations discussed below is to install measurement devices on ten 
additional diversion structures each year during the Green River DSS implementation.  This 
position will also assist with the installation of new diversions measurement flumes, and help 
with subsequent site visits to record diversions. The DSS Field Liaison is recommended to be 
a permanent position to the Division 4 office to help with these on-going data collection 
efforts and to be a field resource as the Green River DSS models are used to assist with 
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planning projects into the future.  Job description and requirements should match an entry 
level hydrographer position.  

 
Colorado River Coordinator 
The Colorado River Coordinator has responsibility for interstate compact and other federal 
issues in the Green River basin and will be a key member of the DSS Team.  It is important 
that the needs of the SEO Interstate Streams Division are considered in the development of 
the Green River DSS.  In addition, their understanding of the approach, procedures, benefits, 
and limitations associated with the DSS models is crucial, as the planning models will likely 
be used to investigate interstate issues. 
 
As with the Division 4 Superintendent, it is not expected that being a DSS team member will 
impact the Colorado River Coordinator’s ability to meet their current responsibilities. The 
Colorado River Coordinator will continue to guide the completion of the irrigated acreage 
and water rights assessment through his role as the WYWRAG project manager.  It is 
expected that the Colorado River Coordinator will be actively involved with identifying 
irrigation water permits and rights that were not assigned to irrigated lands, working closely 
with the DSS Field Liaison. He will be involved in the DSS Team meetings and work with 
the DSS Project Manager to assure that the specific needs of the Interstate Streams Division 
are met by the Green River DSS. 
 
Support Services Database Experts 
Each of the SEO divisions has been involved in the development process for the e-Permit and 
Aquarius data management systems.  The Support Services Division has taken the lead in 
directing the on-going development, working closely with other SEO divisions and with the 
contract database developers. Both systems are still in the development phase, and there is 
opportunity to suggest direction that will facilitate their benefit to the Green River DSS.  
 
The Support Services Division database and GIS experts have been involved in the planning 
of the Green River DSS, and will continue to be advisors on the DSS Team. They will play 
an important role in determining how new and historical information is stored and managed, 
and will help the DSS Team determine options for making the data available to the public 
and extracting the data for direct use in the DSS models. 
 
Data Entry Staff – 2 Positions 
Each Field Division is taking the lead in reviewing historical diversion, pumping, and 
streamflow data; digitizing the data if necessary; and loading into the Aquarius database.  
The efforts between Field Divisions have not been consistent.  One data entry staff person 
will work with Division 4 initially to identify and obtain existing electronic information, and 
be responsible for digitizing historical surface and ground water diversions from paper 
records.  This position should be an entry-level position.  Specific qualifications should 
include strong organizational skills and the ability and desire to learn basic relational 
database skills. This position would be under the Support Services Division. 
 
The other data entry staff position will primarily be responsible for working with the Board 
of Control and Division 4 office to review and perform quality control of water permit data 
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Water Development Commission

- DSS Project Manager
- DSS Modeling Expert

migrated to the e-Permit database from the previous database. In addition, this person could 
assist with scanning and organizing permit applications and ditch maps to link with the water 
rights information in the e-Permit database. This position should also be an entry-level 
position under the Support Services Division, with strong organizational skills and the ability 
to learn basic relational database skills. 
 
These full-time staff positions will focus on the Green River data initially, and should be 
filled prior to beginning the Green River DSS implementation.  After the Green River data 
efforts are completed, the position’s responsibilities will shift towards other basins.  
 
Water Development Commission Staff 

WWDC project managers with on-going or 
planned projects in the Green River basin will 
benefit from the development of the Green River 
DSS.  Although they are not specifically listed as 
part of the DSS Team, they will play an important 
role by learning about the DSS efforts and 
modeling tools, and requiring their use when appropriate on projects. 
 
WWDC DSS Project Manager 
The WWDC DSS Project Manager for the implementation of the Green River DSS is 
recommended to be an existing position that is re-dedicated within the River Basin Planning 
Division. The WWDC DSS Project Manager should have a strong water resources 
background that includes basin planning and, ideally, modeling experience. The 
qualifications for this position need to include the traditional project management skills 
required to manage budgets, schedules, and work products of outside consultants; plus 
require strong team management skills. The success of the Green River DSS, both during 
initial implementation and as the DSS continues to be used to meet basin planning needs into 
the future, is dependent on continued data gathering and data storage and management by 
SEO staff.  Therefore, the DSS Project Manager must be able to build and maintain a strong 
team relationship with the SEO DSS Project manager and SEO staff members who are 
critical to the project success.   
 
In addition, it will be the responsibility of the Project Manager to help other WWDC project 
managers realize how the Green River DSS, and potentially DSS development in other 
basins, can be used to benefit other WWDC projects.  In essence, the DSS Project Manager 
must be an advocate for the use of the DSS and be able to educate others for the DSS to 
reach its full potential. 
 
Finally, the DSS Project Manager must have, or be willing to gain, an understanding of 
databases and general data management.  As the co-leader of the DSS project, they will be 
required to have at least a general understanding of the SEO e-Permit, WYWRAG, and 
Aquarius databases so they can assure that decisions made as the database systems continue 
to be developed lend themselves to efficient storage and access of data for DSS modeling 
efforts. 
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Water Resources Data System

 
The DSS development in the Green River basin, and eventually other Wyoming basins, will 
provide additional tools and revise current methods for updating the Basin Plans. This will 
allow one of the current positions within the River Basin Planning Division to shift focus and 
become the WWDC DSS Project Manager. This full-time staff position will focus on the 
Green River DSS for the three years during implementation.  After that time, the position 
responsibilities will shift towards maintaining and updating the Green River data collection 
and modeling efforts; developing DSS tools in other basins; and assisting with and 
promoting the use of DSS products for other State planning efforts.  
 
DSS Modeling Expert 
The DSS Modeling Expert must be someone who has some experience in consumptive use 
and surface water allocation modeling, or has the background that will facilitate their gaining 
expertise. Training is required for this position to reach full potential.  Although the initial 
training may take time away from other responsibilities, this position is not expected to be 
full-time during the entire three-year implementation period. Ideally, an existing WWDC 
staff member will have both the desire and background to take on this challenge, while also 
fulfilling their current responsibilities.  However, it is likely that as the DSS moves to other 
basins, this position will move to full-time.  
 
The DSS Modeling Expert will help guide the consultants during the development of the 
consumptive use and surface water models and will assist the DSS Project Manager in the 
development of standard modeling procedures. This staff member will lend their modeling 
expertise to the DSS Project Manager on an as-need basis. As there are significant data gaps 
for the required modeling data, they will also help develop standard data-filling techniques 
and other methods for addressing data issues. 
 

Water Resources Data System Staff 

WRDS has an important role in the on-going 
WWDC Basin Planning process as the “keeper” 
and distributor of basin planning products, 
including GIS data and hard-copy reports.  This role should continue and WRDS staff 
members need to be involved as part of the DDS Team. One issue identified for the Green 
River DSS was that State GIS layers available online through the WRDS mapping tool or for 
download from the Basin Plan server are not kept up to date with official changes made at 
the SEO.  WRDS participation on the DSS Team will help resolve these issues and keep the 
lines of communication open with the SEO Support Services Division experts. It is not 
expected that participating as a DSS team member will impact WRDS staff ability to meet 
their current responsibilities.  

 
ALTERNATE STAFFING RECOMMENDATIONS 

Discussions and interviews with existing SEO staff indicate that recommended positions to assist 
with collection and management of the historical water-related data necessary are critical to the 
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success of the Green River DSS.  Therefore, the alternative staffing recommendation includes 
three new SEO staff positions; the DSS Field Liaison, and the two Data Entry Staff.  Under this 
alternative staffing recommendation, the SEO DSS Project Manager responsibilities could be 
shared between the Colorado River Coordinator and existing Support Services Database Experts. 
Although this would clearly increase the current responsibilities of these existing positions, it 
would allow them to have more control over the data collection and management that directly 
affects their responsibilities. 
 
DATA COLLECTION RECOMMENDATIONS 

The Data and Data Management section provides an inventory and assessment of available data 
that will be used by the Green River DSS; a summary of current on-going data collection efforts 
that will benefit the Green River DSS; and recommendations for additional data collection.  For 
many of the data types, on-going data collection efforts through the SEO are believed to be 
adequate for the project needs. For these data types, a process was recommended to help direct 
on-going efforts to continue to meet identified DSS needs.  Those processes are not reiterated in 
this section; instead there is a subsection included that serves to reinforce the importance of the 
on-going efforts for general water planning and administration, as well as for the Green River 
DSS. 
 
This section summarizes additional data collection efforts that are recommended to be funded as 
part of the Green River DSS, and describes where the effort fits into the recommended three-year 
implementation schedule.  Generally, new data collection subtasks are recommended to occur in 
year one.  Most data collection efforts will be on-going past the time frame for the Green River 
DSS implementation. 
 

Irrigated Acreage and Water Rights  

Accurate irrigated acreage with a direct tie to associated water rights is a critical component 
for the Green River DSS.  Irrigated acreage is the basis for understanding current 
consumptive use, and water rights are essential to the development of a water allocation 
model that can be used to investigate future projects and uses.   
 
Efforts are currently underway to complete the assessment of irrigated acreage, assign 
acreage to the water right permitted to serve that acreage, and to assign water rights to the 
location where water is withdrawn (river headgate, reservoir outlet, or well).  SEO staff 
members are finalizing the assessment using the WYWRAG geodatabase tool as time allows, 
and are nearing the point where field verification is required to address outstanding issues.  
Based on discussions with SEO field staff, adding this responsibility to their workload is not 
feasible; therefore as discussed above, a DSS Field Liaison position is recommended.  
 
The Green River DSS should include or continue the following subtasks associated with 
irrigated acreage and water rights.  Developing DSS modeling components is dependent on 
these subtasks; therefore they are recommended to be completed in year one of 
implementation. These subtasks are generally shown in recommended order of completion.   
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Recommended Irrigated Acreage and Water Rights Subtasks 
 Complete the review and refinement of the irrigated acreage assessment and specific 

assignment to water sources and water rights that began with the WYWRAG project.  
 Work with the water users to begin the application process for lands that appear to be 

irrigated without a valid permit.  
 Query the e-Permit database for irrigation rights not assigned in the completed 

WYWRAG assessment and determine the status of these water rights. “Flag” rights 
not currently being exercised so they can appropriately be represented in the DSS 
model development. There is no recommendation to begin abandonment proceedings 
as part of the Green River DSS. 

 Query the e-Permit database for water rights with permitted uses other than irrigation 
for review by SEO field staff. “Flag” their current status, and correctly identify the 
location of diversion and use.  

 Incorporate WYWRAG procedures into WWDC planning projects in other basins 
requiring an inventory of irrigated acreage to facilitate future DSS efforts. 
Recommend or require consultants working on WWDC projects to follow the 
WYWRAG procedure that includes digitizing ditch maps to determine water permit 
service areas; querying the e-Permit database and identifying potential issues; and 
mapping permits to the diverting ditch. 

 
State Staff Responsibilities 

 Field verification of irrigated lands, water rights, and assignment to ditch source will 
be a primary duty of the new DSS Field Liaison position.  

 New SEO data entry staff employees will assist with record investigation to associate 
irrigated lands to water rights. 

 Management and update of the WYWRAG geodatabase will be continued by existing 
staff in the Interstate Stream and Support Services divisions of the SEO.   

 Existing staff in the Surface Water and Board of Control divisions will assist with 
reviewing water rights; assist with potential new applications, and assist with the 
effort to “flag” permits that are not currently being exercised. 

 DSS Project Manager will work with other WWDC project managers to incorporate 
WYWRAG procedures into applicable projects. 
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Consultant Contracts 
 None under recommendation.  If additional field state staff cannot be hired, an 

alternative is to hire a consultant to perform the field investigation required to finalize 
the irrigated acreage and water rights assessment.  

 
Capital Purchases 

 None. The SEO has computers and required site licenses for ArcGIS. 
 
Streamflow Measurements 

Although an increase in streamflow gaging stations will improve the ability of a DSS surface 
water allocation model to accurately represent current conditions, there are accepted methods 
to estimate streamflow using gaged data from tributaries with similar drainage characteristics 
and to estimate runoff using available climate information.  Therefore, the current level of 
streamflow measurements is adequate to meet the needs of the Green River DSS. The Green 
River DSS should include or continue the following subtasks associated with streamflow 
measurements.   
 
On-going Efforts that Support DSS Implementation 

 Continue with the Aquarius program of installing new streamflow measurement 
devices, as funding allows, following the recommended DSS process to prioritize 
additional streamflow collection as outlined in the Data and Data Management 
section.  

 
Recommended Streamflow Measurement Subtasks 

 Develop procedure for SEO field personnel to assist the WWDC with determining 
appropriate sites, and installing, maintaining, and collecting recorded data from 
temporary gaging stations.  This subtask should be implemented in year one to 
facilitate on-going transducer studies not only in the Green River basin, but statewide. 

 Gather temporary streamflow measurements from previous WWDC projects and 
format them for inclusion in the Aquarius database. 

 
State Staff Responsibilities 

 DSS Project Manager will take the lead in developing procedures that allow Division 
field personnel to help with temporary gaging sites, with assistance from the new 
SEO DSS Field Liaison. 

 The DSS Project Manager will work with other WWDC project managers to gather 
previous temporary streamflow records.  

 
Consultant Contracts 

 None. Temporary gaging stations are generally installed by consultants under 
WWDC project contracts. 
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Capital Purchases 
 None. The cost of temporary gaging stations is generally included in other WWDC 

project contracts. 
 

Diversion Measurements  

Specific to DSS components, surface water diversion records are the basis for estimating 
historical and current water use.  In addition, diversions are used to estimate natural flow as 
the key inflow component to the surface water rights allocation model.  Unlike streamflow 
estimates, there are no standard methods for estimating historical diversions. The recognized 
dependencies on physically available flow, water right priorities, local precipitation, crop 
needs, and irrigation practices, restrict the development of accurate estimating techniques.  
Therefore, the lack of diversion records is an impediment to accurately estimating existing 
uses, shortages, and potential needs. 
 
As discussed above, the SEO has initiated a program to install measurement devices 
equipped with telemetry to continuously record diversions through the Aquarius data 
management system.  As funding allows, the SEO plans to add more measurement sites in 
the Green River Basin. The Data and Data Management section includes a process to 
prioritize additional diversion recording devices that considers the long-term needs of the 
Green River DSS.   
 
Currently, most manual flume measurement devices and continuous measurement 
installations record ditch diversions on water-short tributaries.  Division 4 personnel visit and 
record the ditches that are most often regulated.  In general, ditches on tributaries that are not 
regulated do not have measurement devices. Therefore, a more accurate assessment of water 
diverted in the basin will require both the installation of measurement devices and additional 
field personnel site visits.  

 
The Green River DSS should include or continue the following subtasks associated with 
measuring and collecting diversion records.  These subtasks are generally shown in 
recommended order of completion. 
 
On-going Efforts that Support DSS Implementation 

 Continue with the Aquarius program of installing new measurement devices, as 
funding allows, following the recommended DSS process to prioritize additional 
diversion data collection as outlined in the Data and Data Management section.  

 
Recommended Diversion Measurement Subtasks 

 Collect historical diversion records for Division 4, digitize if in paper format only, 
and load into the Aquarius database.  This subtask should be implemented in year one 
to allow the data to be used in year two modeling efforts. This effort will incorporate 
current SEO procedures for diversion measurement recording, including identifying 
irrigation season beginning and ending dates. 
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 Add measurement flumes to the largest thirty (30) diverters that are not currently 
measured – 10 each year over the three year implementation period. Have Division 4 
field personnel routinely visit and record the diversions.  

 Identify ditches with measurement devices and assess the device condition for each 
active ditch headgates.  This subtask should occur in year one in conjunction with the 
irrigated acreage assessment field efforts, and should be added as a flag in the  
e-Permit structures table, discussed in more detail below. 

 Begin sending field personnel to measure diversions on ditches that have a flume-
type measurement device but are not currently routinely visited. Work with the SEO 
to assure that these additional measurements are stored and managed in the Aquarius 
database.  This subtask should begin in year one and continue past the 
implementation of the Green River DSS until telemetry is installed on each diversion. 

 Develop standard procedures for recording field-gathered diversions and providing 
them for inclusion in the Aquarius database.  This subtask should be completed in 
year one of the Green River DSS implementation. 

 Provide field personnel with barcode-type scanners that allow diversion data and 
other information about field visits to be collected and managed in the field, plus 
uploaded to office computers and ultimately to the Aquarius database. Barcodes 
should be installed on flumes or other measurement devices to allow quick 
correlation between measurements and location. This subtask should begin in year 
one and continue as new measurement devices are installed in years two and three. 

 
State Staff Responsibilities 

 Populating Aquarius with historical records is a primary responsibility of one of the 
new SEO data entry staff member.   

 Management and update of the Aquarius database system by existing staff in the 
Support Services Division of the SEO will continue.  

 The new recommended DSS Field Liaison staff member will assist with collection of 
new diversion records, oversee installation of new devices, and develop standard 
procedures for providing field-collected diversion measurement for Aquarius storage. 

 
Consultant Contracts 

 Contractor is required to install ten new flume-type measurement devices per year 
over a three year period. Division 4 staff will direct and oversee contractor efforts. 

 
Capital Purchases 

 Thirty flume-type measurement devices. 
 16 barcode scanners for Division 4 hydrographers and water commissioners. 
 200 metal barcodes to install on currently measured diversion devices and 

recommended new diversion devices.  
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Reservoir Measurements 

The current level of reservoir measurements is adequate to meet the needs of the Green River 
DSS. The Green River DSS should continue with the following subtask associated with 
reservoir measurements.   
 
On-going Efforts that Support DSS Implementation 

 Continue with the Aquarius program of installing new measurement devices as 
funding allows, following the recommended process to prioritize additional reservoir 
measurement data collection as outlined in the Data and Data Management section.  

 
Recommended Reservoir Measurement Subtasks 

 None. 
 
State Staff Responsibilities 

 None. 
 
Consultant Contracts 

 None. 
 
Capital Purchases 

 None. 
 
Climate Data  

The current climate stations are adequate to meet the needs of the Green River DSS. As 
components of the DSS depend on climate information, it is important that the existing 
climate stations, both first and second order, remain in operation. The following on-going 
effort will help assure the long-term success of the Green River DSS. 
 
On-going Efforts that Support DSS Implementation 

 Consider funding and maintaining key climate stations if decommissioned by source 
agencies, following the recommended DSS process to prioritize additional climate 
data collection as outlined in the Data and Data Management section. 

 
Recommended Climate Data Subtasks 

 None. 
 

State Staff Responsibilities 
 None. 

 
Consultant Contracts 

 None. 
 
Capital Purchases 

 None. 
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Physical Basin Information  

Physical basin information is critical to the development of DSS models that represent 
existing demands, water rights, and operations in the Green River basin. Most physical 
information can be defined as properties that generally do not change over time. Much of the 
physical information is spatial, and best managed through GIS layers or Geodatabases.  
Other physical information is a property or attribute that can be assigned to a physical 
location. The last category of physical basin information is documentation regarding basin 
operations. The Green River DSS should include or continue the following subtasks 
associated with physical information collection.  These subtasks are generally shown in 
recommended order of completion. 
 
On-going Efforts that Support DSS Implementation 

 Continue to update official GIS layers associated with diversion locations, wells, 
irrigated lands, canals, and water right attributions. These layers should continue to 
be updated by the SEO as new permits are issued and as GPS coordinates are 
obtained, and be made available to the public. 

 
Recommended Physical Basin Information Subtasks 

 Develop schematics detailing permits by ditch for each Green River basin tributary to 
facilitate the development of DSS models and help with Division 4 field personnel 
transitions.  These schematics should be developed directly from the WYWRAG 
geodatabase, and can be used by the DSS Field Liaison and other field personnel to 
assist with review and finalization of the WYWRAG efforts.  Schematics should be 
created in year one to assist with finalizing the irrigated acreage assessment, then 
updated in year two after the assessment is completed. 

 Continue the effort to obtain accurate GPS locations of ditch headgates.  The barcode 
scanners recommended for field staff will facilitate this task.  This subtask should 
occur during year one field investigations to complete the irrigated acreage 
assessment.  

 Collect and store physical information in the e-Permit database, such as municipal 
water supply and storage, reservoir and tank capacities, and conveyance and pumping 
capacities. This effort should begin in year one, and continue in year two as 
additional information is collected to support DSS modeling efforts. 

 Continue efforts initiated during the Basin Planning process to document existing 
water uses and basin operations to facilitate the development of DSS models. Meet 
with water commissioners and reservoir operators to better understand and document 
water uses and operations in preparation for modeling efforts.  This subtask should 
occur during year two as the DSS modeling components are developed. 

 Investigate and document river gains and losses. This task is not part of the initial 
Green River DSS implementation recommendation, however, it is listed here as a 
reminder that as more diversions are consistently recorded and a surface water model 
is completed, there will be areas where inflows and outflows within a river reach are 
well understood, and river gains and losses can be more accurately estimated. 
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State Staff Responsibilities 
 Existing staff in the Support Services Division of the SEO will continue to manage 

and update GIS layers.  
 Division 4 field personnel will continue to obtain accurate GPS locations for ditch 

headgates. 
 WRDS will continue to allow public access to GIS layers and reports and memoranda 

documenting basin water demands, use, and operations. 
 
Consultant Contracts 

 Surface Water Allocation Model Consultant will continue physical data collection to 
support DSS modeling efforts. 

 
Capital Purchases 

 None. 
 

DATA STORAGE AND MANAGEMENT RECOMMENDATIONS 

The Data and Data Management section provides detail regarding current SEO database 
development efforts for the e-Permit, Aquarius, and WYWRAG database systems.  The 
hardcopy data system is also summarized. Through discussions with the Cheyenne SEO and 
Division office personnel, many recommendations were made for the SEO Support Services 
Division to consider as they continue development. These recommendations are documented in 
the Data and Data Management section, and include recommendations that may not provide 
immediate value to the Green River DSS but will provide continued value to the State.   
 
This section summarizes data storage and management efforts that are recommended to be 
funded as part of the Green River DSS, and describes where the effort fits into the recommended 
three-year implementation schedule.  Generally, new data storage and management efforts are 
recommended to begin in year one, since the consultant developers of both e-Permit and 
Aquarius are currently under contract. 
 

Hardcopy Data Management 

The current SEO efforts to digitize and manage hardcopy data are generally adequate to meet 
the needs of the Green River DSS. The following implementation recommendations are to 
allow the information to be available in digital format and more assessable for use during the 
Green River DSS implementation. The Green River DSS should include, or continue, the 
following subtasks associated with physical hardcopy data management. 
 
On-going Efforts that Support DSS Implementation 

 Continue to scan existing hard-copy data including permit applications, water right 
certificates, and ditch maps, and store them in the Document Management System 
associated with e-Permit. 
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 Develop a standard procedure to scan and replace revised permits, certificates, and 
maps in the Document Management System associated with e-Permit. This subtask is 
specified as a reminder of the importance of consistency between current hard-copies 
and e-Permit information. It is possible that standard procedures have been 
developed, however they were not formalized when this report was written. 

 
Recommended Hardcopy Data Management Subtasks 

 Store ditch maps that have been scanned and georeferenced in GIS, both during 
WYWRAG efforts and by consultants during WWDC projects, in the Document 
Management System associated with e-Permit.  Georeferenced maps for the Green 
River basin are currently available through WYWRAG; this subtask is recommended 
to assure that ditch maps scanned and georeferenced for other WWDC projects can be 
managed to avoid duplication of efforts in future DSS basins.  This subtask can occur 
as time allows during the three year implementation period. 

 
State Staff Responsibilities 

 Support Services Division and the DSS Project Manager will work together to allow 
public access to georeferenced GIS ditch maps. 

 
Consultant Contracts 

 None. 
 
Capital Purchases 

 None.  Equipment required for scanning documents has already been purchased for 
SEO use. 

 
e-Permit 

The on-going development of the e-Permit data management system is appropriate for the 
needs of the Green River DSS. Increased quality control, review, and potential correction of 
data associated with the e-Permit system were discussed above; this section concentrates 
mainly on recommendations for software enhancements. Because the e-Permit database has 
uses well beyond the Green River DSS, the following recommendations have broader value 
to the State than just for the Green River DSS implementation.  
 
On-going Efforts that Support DSS Implementation 

 Continue the effort to assign consistent and “official” water source names (rivers, 
streams, etc) to permits and structures. 

 Continue the development and enhancement of custom data entry forms. Include 
quality control through drop-down menus.  

 Continue the development and enhancement of custom data query forms. Alert users 
to query record number limitations.  Allow queried information to be saved in 
standard comma-separated value format. 
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Recommended e-Permit Subtasks 
 Create and populate a Structures table with unique identifiers developed for all 

structures statewide.  Structures represent physical locations, including ditch 
headgates, stream measurement sites, climate stations, wells, reservoirs, pipelines, 
etc. This assignment is critical to DSS modeling efforts and to allow the Aquarius and  
e-Permit databases to have common relationships. This effort should be completed in 
year one of the Green River DSS implementation. 

 Create and populate a Permitted Water Right to Structures relationship table that 
provides the link between water rights and their diverting source (river headgate or 
well). This assignment is critical to DSS modeling efforts and can generally be 
populated based on information from the WYWRAG irrigated acreage assessment. 
This effort should be completed in year one of the Green River DSS implementation. 

 Add database tables that allow storage of physical information for structures, 
including GPS locations; diversion, storage or pumping capacities; structure name; 
measurement device type, etc. This effort should begin in year one and continue 
through year two as the required field data is collected. 

 Add tables to manage and store actual irrigated acreage associated with permitted 
water rights by year.  This information can be populated based on WYWRAG efforts, 
and should begin in year two as the WYWRAG irrigated acreage and water rights 
field assessment is completed. 

 
State Staff Responsibilities 

 Existing staff with the Support Services Division will continue to manage, develop, 
and update the e-Permit database system. Coordination and review should continue 
with other SEO divisions who use e-Permit, including the Board of Control, Surface 
Water, and Ground Water divisions. Support Services Division staff will continue to 
direct e-Permit contractor to include recommended features and enhancements. 

 The DSS Team will help develop the process for assigning unique identifiers to 
structures to help assure that identifiers can help with modeling and water district 
reporting. 

 
Consultant Contracts 

 No new contracts. These tasks may increase the scope of services or affect the current 
schedule for the e-Permit design contractor. 

 
Capital Purchases 

 None.  The SEO has computers and software licenses required for use of the e-Permit 
database system. 
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Aquarius 

The on-going development of the current Aquarius data management system is appropriate 
for the needs of the Green River DSS. Increased data collection and digitizing needs 
associated with the Aquarius system were discussed above; this section concentrates mainly 
on recommendations for software enhancements.  Because the Aquarius database has uses 
well beyond the Green River DSS, the following recommendations have broader value to the 
State than just for the Green River DSS implementation. 
 
On-going Efforts that Support DSS Implementation 

 Continue the development and enhancement of custom data-entry forms. Include 
quality control through drop-down menus. 

 Provide the ability to upload bulk data from other databases or spreadsheets provided 
by the field Division offices. 

 Add standard desktop forms to the current “drag and drop” features to allow SEO 
users and Green River DSS developers to easily select, view, and export data.  

 Develop custom web query forms to allow the public to view and download data in 
tabular and graphical formats.  Allow queried information to be saved in standard 
comma-separated value format. 

 Include the ability to store ground water pumping data in the design of the Aquarius 
database structure.  

 
Recommended Aquarius Subtasks 

 Include the ability to store temporary site streamflow measurements in the design of 
the Aquarius database structure.  This effort should be completed in year one of the 
Green River DSS implementation while other significant enhancements are being 
made to the database. 

 
State Staff Responsibilities 

 Existing staff in the Support Services Division will continue the management, 
development, and update of the Aquarius database system. Coordination will 
continue between SEO field division offices and the Support Services Division. 
Support Services Division staff should direct Aquarius contractor to include 
recommended features and enhancements. 

 
Consultant Contracts 

 No new contracts. These tasks may increase the scope of services or affect the current 
schedule for the Aquarius design contractor. 

 
Capital Purchases 

 None. The SEO has computers and software licenses required for use of the Aquarius 
database system. 
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WYWRAG 

The Wyoming Water Rights Attribution GeoDatabase (WYWRAG) is generally appropriate 
for the needs of the Green River DSS. Increased efforts to review and finalize the Green 
River irrigated acreage assessment and water rights attribution were discussed above; this 
section concentrates mainly on recommendations for software enhancements. Because 
WYWRAG is expected to be used in other basins, the following recommendations have 
broader value to the State than just for the Green River DSS implementation. 

 
Recommended WYWRAG Subtasks 

 Update WYWRAG to fully function in ArcGIS version 10 releases.  This subtask 
should be completed in year one of the Green River DSS implementation.  

 Develop a stored procedure in e-Permit that automatically creates the table structure 
required for WYWRAG and exports that table to an ACCESS database based on 
WYWRAG required format.  This allows a procedure to keep WYWRAG 
information current when changes are made to the e-Permit database, without the 
need to develop a true link between the two databases. This subtask should be 
completed in year one of the Green River DSS implementation to assist with 
finalizing the irrigated acreage assessment and to be available as assessments begin in 
other basins. 

 Continue to refine the WYWRAG interface to incorporate comments and requests by 
SEO GIS personnel currently using the software.  This subtask should continue 
through years one and two as the Green River irrigated acreage assessment is 
finalized and WYWRAG efforts begin in other basins. 

 Develop the ability to create custom river schematics directly from the WYWRAG 
geodatabase information; labeling stream name, ditch structure identifier and name, 
and water rights associated with each ditch. This subtask should be completed early 
in year one of implementation so river schematics are available for the field efforts. 

 
State Staff Responsibilities 

 The GIS staff in the Support Services Division of the SEO will continue the 
management of the WYWRAG software and direct the consultant on proposed 
revisions. 

 
Consultant Contracts 

 Hire consultant to update WYWRAG to work with ArcGIS 10 releases; refine 
WYWRAG interface, link to ACCESS database created by e-Permit, and develop 
capability to create river schematics. 

 Support Services Division staff should direct the e-Permit contractor to develop 
stored procedure and ACCESS output for WYWRAG. 

 
Capital Purchases 

 None. The SEO has computers, ArcGIS software licenses, and ACCESS software 
licenses required for use of the WYWRAG database system. 
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Wyoming Water and Climate Web Mapping Tool 

WRDS has developed a web-based mapping tool that allows agencies and consultants access 
to available water-related spatial data. The existing WRDS tool was developed in-house as 
time allowed by WRDS staff, and there are specific enhancements and additions to the 
mapping tool that are desired. The recommendation for the Green River DSS is that WRDS 
continue to provide access to water-related GIS layers. Note, however, that during 
investigations for this project, a consensus was not reached between the SEO and WRDS on 
the appropriate location for web access to GIS layers. Therefore, finalizing this discussion 
between these two entities is included as the first subtask. 

 
Recommended Web Mapping Tool Subtasks 

 Work with WRDS, the SEO, and the WyGISC research institute at the University of 
Wyoming to determine the appropriate entity to host a web-based mapping tool.  This 
subtask should be completed early in the first year of the Green River DSS 
implementation. 

 Enhance the capabilities of the current mapping tool. Based on WRDS staff current 
responsibilities, it is expected that WRDS will direct an outside consultant on this 
effort. WRDS staff should develop a Scope of Work, have a consultant begin efforts 
in year one, and complete efforts in year two. 

 Develop procedure to continuously update the web-based tool with official SEO GIS 
layers. This subtask should be completed early in the first year of the Green River 
DSS implementation. 

 
State Staff Responsibilities 

 WRDS staff will develop a detailed Scope of Work and select a consultant to assist 
with the re-development or enhancement of the web based mapping tool.  

 WRDS will continue to manage the web-based mapping tool. 
 Support Services GIS staff and WRDS will coordinate to assure official layers are 

updated. 
 
Consultant Contracts 

 Hire consultant to work with WRDS to update the web-based mapping tool based on 
new software requirements and new technology options. 

  
Capital Purchases 

 None.  It is anticipated that WRDS will have the software license required for the 
update of the web-based mapping tool. 
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WRDS Website Links 

WRDS maintains links to Wyoming streamflow and climate data collected and managed by 
other entities, generally federal agencies. Access to this data is critical to the success of the 
Green River DSS. The Green River DSS should include or continue the following subtasks 
associated with the WRDS website links. Because the WRDS website links are widely used 
in planning projects, the following recommendations have broader value to the State than just 
for the Green River DSS implementation. 
 
On-going Efforts that Support DSS Implementation 

 Continue to provide links to external water-related and climate data. 
 Continue to scan and provide web-based access to planning documents and surveys. 

 
Recommended WRDS Website Links Subtasks 

 Coordinate with federal entities to allow continued data access.  If data access is no 
longer available, coordinate to store the historical data in the Aquarius database.  This 
subtask is on-going throughout the Green River DSS implementation and should 
continue as long as WRDS provides data access links. 

 Provide online access to SEO reports, including scanned Hydrographer Reports.  This 
subtask should be completed in year one of the Green River DSS implementation. 

 Combine annual survey databases into a single database that allow queries to assess 
annual trends. This subtask should be completed in year two of the Green River DSS 
implementation. 

 Create links between the WRDS and SEO websites. This subtask should be 
completed in year one of the Green River DSS implementation. 

 
State Staff Responsibilities 

 WRDS will continue to manage website links to external water-related data. 
 WRDS will coordinate with federal entities to assure continued access to data. 
 WRDS will develop a database system to store survey data, by year, with features to 

query and compare annual results. 
 WRDS and SEO will coordinate to scan Hydrographer Reports and to create website 

link between the two agencies. 
 
Consultant Contracts 

 None. 
  
Capital Purchases 

 None. 
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DSS MODELING RECOMMENDATIONS 

The Decision Support System Modeling Components section recommended StateCU as the 
model platform for basin crop consumptive use modeling and StateMod as the model platform 
for surface water allocation modeling. As discussed, a StateCU model was developed for the 
Green River basin that estimates the consumptive use on irrigated acreage identified in the initial 
WYWRAG efforts.  Likewise, a StateMod model was developed as part of the recent Green 
River Basin Plan update that represents a portion of the upper basin tributaries and the main stem 
Green River.  It is recommended that these models be enhanced and extended to include 
additional data collected and managed as part of the Green River DSS. Both the consumptive use 
and surface water allocation models should be completed using modeling standards developed 
for the DSS, as discussed below. 
 

Consumptive Use Modeling 

The existing StateCU model was developed as part of the initial WYWRAG efforts and 
represents the basin irrigated acreage defined for a wet year (1997) and a dry year (2002). 
The irrigated acreage is assigned to water right permits and tied to the river headgate points 
of diversion.  However, there are limited diversion records available in digital form. The 
model currently represents ditch structures with available digital diversion records 
“explicitly”.  Irrigated acreage between defined year assessments, estimates of conveyance 
and application efficiency, and historical water supply diversions were defined for each 
explicit structure.  The remaining structures were grouped together based on location, and 
their acreage is combined.  The option in StateCU to estimate actual historical crop 
consumptive use and associated shortages for grouped structures based on monthly shortages 
calculated for explicit structures was adopted. 
 
The enhancements to the existing StateCU model required to meet the Green River DSS 
needs are dependent on the field verification and finalization of the WYWRAG efforts, plus 
completion of the tasks to collect, digitize, and store historical diversion records. The 
following subtasks are recommended to enhance the existing model for the Green River 
DSS.  
 
Recommended Consumptive Use Modeling Subtasks 

 Develop a Scope of Work and select a consultant to finalize the consumptive use 
modeling efforts. The Scope of Work will be developed at the end of year one of 
implementation to include information based on the finalized irrigated acreage 
assessment and the compilation of diversion records. The consumptive use analysis 
Scope of Work should build on the current StateCU analysis by including the 
following general tasks: 
 Research and identify the appropriate analysis period, based on available 

diversion records, available climate data, and representative hydrologic year 
types. 

 Determine whether to represent each diversion structure explicitly or to group 
some structures.  Note that this task should also consider water rights assigned to 
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each structure for subsequent water resources allocation modeling.  It is important 
to have a one-to-one correspondence between the two models. 

 Collect and fill, as necessary, climate station records. 
 Assign climate stations to diversion structures based on location of irrigated land. 
 Run potential CU analysis using Blaney-Criddle and ASCE Penman to assess the 

need to develop calibrated crop coefficients.  
 Develop estimates for individual ditch conveyance efficiencies. 
 Determine ditch soil moisture characteristics. 
 Determine method for estimating irrigated acreage between assessment snapshots, 

and irrigated acreage input file based on finalized WYWRAG results. 
 Determine method for filling missing diversions, and develop diversion record 

input file based data collection efforts. 
 Execute StateCU and review/analyze results. 
 Document consumptive use analysis development and results. 
The Scope of Work should include a schedule that allows the consumptive use model 
to be completed by the end of year two of the Green River DSS implementation.  As 
discussed below, required information stored in Aquarius and e-Permit should be 
saved to comma-separated files and Colorado’s Data Management Interfaces (DMIs) 
should be used to create the input files.  This assures that they will be created using a 
data-centered, transparent, and reproducible methodology.   
 
As the end of year three approaches, the decision will be made to either revise 
Colorado’s DMIs to extract data directly from the Aquarius and e-Permit databases, 
or create new DMIs with similar functionalities.  As discussed previously, the 
decision will, in part, be based on the progress of moving the DMIs to an open-source 
forum and the structure stability of the Aquarius and e-Permit database. 

  Complete the Scope of Work tasks to develop a final consumptive use analysis. 
 
State Staff Responsibilities 

 The DSS Project Manager will work with the DSS Modeling Expert to develop a 
Scope of Work and Schedule for consultant proposals. 

 The DSS Project Manager and the DSS Modeling Expert will manage the consultant 
efforts and review the results.  The DSS Team will need to conduct training to assure 
that the consultant understands the DSS standards and the StateCU model.  

 
Consultant Contracts 

 Hire consultant to perform the consumptive use analysis. 
  
Capital Purchases 

 None. 
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Surface Water Allocation Modeling 

The existing StateMod model representing the Green River basin was developed in several 
phases.  First, tributaries in the upper basin were modeled to support WWDC reservoir 
storage investigations. Later, the model was expanded spatially to include the main stem 
Green River during the recent Green River Basin Plan update.  The existing StateMod model 
was not able to incorporate the WYWRAG irrigated acreage and water rights assessment.  
Instead it relied on the much less detailed water rights analysis performed during the original 
Green River Basin Plan. 
 
The StateMod model is dependent on the completion of the StateCU model, and it will 
benefit both directly and indirectly from the field verification and finalization of the 
WYWRAG efforts. The WYWRAG efforts will result in more accurate irrigation demands; 
more accurate assignment of water rights to diversion structure; and river schematics to 
define the model network.   
 
The StateMod model will also benefit from the completion of a number of the recommended 
efforts discussed above, including:  

 Develop unique structure identifiers.  This is critical for modeling efforts and will 
streamline the development of model input data from information in the Aquarius, e-
Permit and WYWRAG systems. 

 Collect, digitize, and store historical diversion records, reservoir data and streamflow 
measurement data.  Assessing the availability of historical records will lead to a better 
understanding of tributaries and irrigated areas where information is available and 
where modeling decisions and estimation of data will need to take place.   

 Coordination between SEO and WRDS to provide online access to the most recent 
GIS information. GIS information is required to define basin characteristics and 
return flow locations. 

 Scan and provide online access to Hydrographer’s Reports and SEO project-related 
information. 

 
The completion of these tasks will provide access to a support system of required 
information, which will improve the overall accuracy of the StateMod model. The following 
subtasks are recommended to enhance the existing model for the Green River DSS.  
 
Recommended Surface Water Allocation Modeling Subtasks 

 Develop a Scope of Work and select a consultant to finalize the surface water 
allocation modeling efforts.  The Scope of Work will be developed at the end of year 
one of implementation to include information based on the finalized irrigated acreage 
assessment, compilation of diversion records and streamflow measurement data, and 
electronic access to basin information. The surface water allocation analysis Scope of 
Work should incorporate the results of the StateCU analysis and build on the current 
StateMod analysis by including the following general tasks: 
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 Research and identify the appropriate analysis period, based on available 
diversion records, available streamflow data, and representative hydrologic year 
types. 

 Review information from the existing StateMod and Basin Plan spreadsheet 
models, and information documented during the basin planning process to refine 
understanding of basin irrigation and reservoir operations. 

 Develop the network diagram. 
 Evaluate basin characteristics and determine gaged and ungaged tributaries to 

include in the model. 
 Collect and fill, as necessary, streamflow measurement information. 
 Using information from the StateCU analysis, incorporate the historical diversion 

records to estimate natural flows and to compare in calibration efforts. 
 Define the physical parameters for each diversion structure, including capacity. 
 Compile the water rights for the diversion structures. 
 Develop general return flow locations and patterns for irrigation and other uses. 
 Define the physical parameters for each modeled reservoir, including storage 

capacity, area-capacity relationships, and administrative parameters. 
 Compile the water rights for each modeled reservoir, collect historical reservoir 

end-of-month contents, define storage targets, and develop monthly evaporation 
rates. 

 Define start and end points of instream flow reaches, compile water rights, and 
define monthly instream flow demands. 

 Define required administrative and operational rules. 
 Determine methods for estimating natural flows on ungaged tributaries.  
 Simulate and calibrate the historical model by modifying estimate parameters to 

improve the agreement between simulated and historical streamflows, diversions, 
and reservoir content measurements. 

 Develop a baseline model scenario, which will serve as the generic representation 
of current conditions and can be compared to future “what if” scenarios. 

 Develop multiple “what if” scenarios to potentially assess reservoir feasibility, 
identify the impact of full permitted irrigated acreage use, understand the impact 
due to changes in efficiencies, or investigate future interstate administration 
options. 

 Document surface water allocation model development and results 
 

The Scope of Work should include a schedule that allows the surface water allocation 
model to be completed in years two and three of the Green River DSS 
implementation.  A portion of the work can be performed concurrently with the 
consumptive use analysis, however the StateMod model relies on the consumptive 
use analysis results and this dependency should be considered during scheduling. 
 
As discussed previously, required information stored in Aquarius and e-Permit should 
be saved to comma-separated files and Colorado’s Data Management Interfaces 
(DMIs) should be used to create the input files.  This assures that input files will be 
created using a data-centered, transparent, and reproducible methodology.  As the end 
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of year three approaches, the decision will be made to either adapt Colorado’s DMIs 
to extract data directly from the Aquarius and e-Permit databases, or create new 
DMIs with similar functionalities.  The decision will be, in part, based on the 
progress of moving Colorado’s DMIs to an open-source forum and the structure 
stability of the Aquarius and e-Permit database.  

 Complete the Scope of Work tasks to develop a final water resources allocation 
model. 

 
State Staff Responsibilities 

 The DSS Project Manager will work with the DSS Modeling Expert to develop a 
Scope of Work and Schedule for consultant proposals. 

 The DSS Project Manager and the DSS Modeling Expert will manage the consultant 
efforts and review the results.  The DSS Team will conduct training to assure that the 
consultant understands the DSS standards and the StateMod model.  

 
Consultant Contracts 

 Hire consultant to perform the surface water allocation analysis. 
  
Capital Purchases 

 None. 
 

Data to Model Integration 

Specific data to model integration code should be developed to extract data directly from the 
e-Permit and Aquarius databases, fill missing information, and format the data for model use. 
An important component of the first phase of the Green River DSS development is to quality 
control data that is currently stored in the e-Permit database and add additional information 
that will be important for DSS modeling components such as irrigated acreage and the 
association between water rights and diverting structures. Similarly, efforts will be made to 
gather, digitize as necessary, and store historical diversion records in the Aquarius database.  
 
It is recommended that the Green River DSS allow the e-Permit and Aquarius database 
systems to mature and evolve over the next few years before spending significant time and 
budget on addressing public data access and, specifically, data to model integration design.  
The State should monitor Colorado’s movement towards the management of their DSS 
models and data to model integration tools (TSTool and StateDMI) in a public open-source 
forum.  During year three of the Green River DSS implementation, the DSS Team should 
develop a plan for data to model integration. 
 
Recommended Data to Model Integration Subtasks 

 Develop a Scope of Work to develop tools to extract data from e-Permit and Aquarius 
databases and format the data for use in StateCU and StateMod. The DMI 
development Scope of Work should consider the following: 
 Current State staff programming capabilities. 
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 Continued use of e-Permit and Aquarius consultant developers or other outside 
consultant expertise. 

 Colorado’s progress on the proposed open-source forum. 
 Data-filling and quality control standard procedures described below. 
 External data used from federal and other sources. 
 Documentation and procedure training.  

 
State Staff Responsibilities 

 The DSS Project Manager will work with the Support Services Database experts to 
develop a Scope of Work and Schedule for in-house efforts or consultant proposals. 

 The DSS Project Manager and the Support Services Database experts will manage the 
consultant efforts.  

 
Consultant Contracts 

 Hire consultant to develop data to model capabilities. 
  
Capital Purchases 

 None. 
 

STANDARD PROCEDURE DEVELOPMENT RECOMMENDATIONS 

The success of the Green River DSS requires that set standard and procedures are developed for 
common recurring tasks. Standard procedures will provide guidance to the DSS Team and 
consultants, assist with training, and can be applied to other planning projects allowing those 
efforts to be incorporated into a future Statewide DSS.  Standard procedures help meet the Green 
River DSS goal of developing data and tools that are consistent, reproducible, and transparent. 
 
The specific need to develop standardized procedures to guide the DSS implementation is 
discussed in each section of this feasibility study report. The recommendations provide 
additional detail on the implementation and associated schedule for developing standards. The 
procedures discussed in this section range in topic, but all serve to standardize DSS processes 
and recommend personnel who should be involved in the development.  
 
This section does not define the standard procedures, rather provides guidance on recommended 
items to consider or include when developing DSS standards.  Some standard procedures are 
recommended to be developed prior to year one activities; however, the development of many 
standards discussed below should occur as more information is available from year one efforts. 
Existing SEO data collection and data-entry efforts that will benefit the Green River DSS are 
performed based on previously defined procedures, and therefore are not included here. 
Similarly, recommended DSS processes for selecting new data collection sites, outlined in the 
Data and Data Management section, are not reiterated here. 
 

Recommended Development of Standard Procedure for Data Sharing Subtasks 
Each of the following subtasks recommending development of standard procedures for data 
sharing will be completed early in year one of the Green River DSS implementation. 



 RECOMMENDATION AND IMPLEMENTATION 
 March 22, 2011 
 
 

 
  Page 114 

 Develop standards for site selection, installation, maintenance, and recording of 
temporary stream gages. The DSS Team should consider developing an “inter-
departmental agreement” that describes how the DSS Field Liaison and other SEO 
field personnel can assist WWDC consultants with field efforts.  

 Develop standard procedure that outlines the process of re-scanning changed 
documents and replacing them in the Document Management System. This procedure 
should identify the personnel responsible for these efforts and provide a mechanism 
to track the replacement process. 

 Develop standard procedure to facilitate the inclusion of geo-referenced ditch maps. 
During WWDC planning projects, ditch maps are often scanned and geo-referenced 
to assign irrigated acreage to appropriate water rights. Standard procedures should 
include protocols for consultants to perform the geo-referencing, including spatial 
projection standards and standard metadata language. The standard procedure should 
include the methodology for the SEO to track and store this information in the 
Document Management System. 

 Develop a standard procedure that outlines how WRDS and the SEO will coordinate 
to assure that current GIS information from the SEO replaces outdated layers 
available through the WRDS website. This procedure should identify the responsible 
personnel for these efforts and provide a mechanism to track the update process. 

 
Recommended Development of Standard Modeling Procedures Subtasks 
There are several decisions that must be made when developing a model, and prescribed 
standardized procedures serve as a guide to assure consistency, reproducibility, and 
transparency.  It is important to develop standard procedures prior to initiating modeling 
efforts. As new data becomes available, the effectiveness of the procedures can be assessed 
and potentially revised. 

 Develop a standard directory structure for organizing Green River DSS modeling 
input and output files.  A standard directory structure promotes a data-centered 
approach, assists with reviewing and collaboration between modelers, and provides a 
consistent platform for future DSS efforts.  The standard directory should address file 
naming conventions, include spatial and tabular data files needed for both the 
consumptive use and surface water models, and promote the use of relative file path 
names to ease the transition between different users’ computers. 

 Develop a standard procedure for performing quality control on the most common 
types of data used in the consumptive use and surface water models, utilizing industry 
accepted procedures and tailoring these for application in the Green River DSS. The 
accuracy of model results depends heavily on the accuracy of input data; bad data in, 
bad data out.  It is ultimately the responsibility of each model developer to quality 
control the input data for their model; and a standardized procedure outlining quality 
control methods for different types of data will help assure consistency.  Documented 
best practices for performing quality control on different data types should be 
considered. 

 Develop standard procedures to define modeling parameters and provide a method for 
data interpretation and filling. The following summarizes input parameters that will 
need to be considered when developing modeling standard procedures.   
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Consumptive Use Model 
 Climate station assignments to irrigation structures 
 Determination of explicit and grouped surface water structures 
 Determination of  acceptable crop growth characteristics and coefficients, 

including any adjustments or calibrated crop coefficients 
 Assignment of conveyance and application efficiencies 
 Development of soil moisture capacity estimates 
 Determination of climate data filling techniques 
 Development of diversion data filling techniques 
Surface Water Allocation Model 
 Development of streamflow data filling techniques 
 Recommended methods to develop streamflow on ungaged rivers and tributaries 
 Determination of irrigation return flow timing and location estimates 
 Development of reservoir evaporation rate estimates 
 Recommendation of scenario development, specifically monthly or daily time 

step, natural flow, calibration, and baseline scenarios 
 Development of standard calibration procedures 

 Develop a standard documentation format for both the consumptive use and surface 
water models.  Developing an outline of required information provides consistency 
for model reviewers and users.  Develop standards for format and content provided in 
DSS supporting technical memoranda.  This assures the DSS technical memoranda 
are consistent whether completed by State staff or consultants. 

 
State Staff Responsibilities 

 The DSS Project Manager will work with DSS Field Liaison to develop standards 
and an inter-departmental agreement to assist with temporary streamflow measuring. 

 The SEO Support Services Division database experts will develop procedures to 
assure that changes made to hard-copy documents are updated in the Document 
Management System.  They will also develop a standard procedure for consultants to 
geo-reference ditch maps, and determine the method for storing the GIS layers. 

 The SEO Support Services Division GIS experts will work with WRDS to develop 
procedures to assure continued updates of official SEO GIS layers. 

 The DSS Project Manager will work with the DSS Modeling Expert to develop 
standard directory structures, data quality control procedures, data interpreting and 
filling standards, and standard document formats. 

 
Consultant Contracts 

 Consultants hired to develop the consumptive use analysis and surface water 
allocation model will take a role in recommending standard data quality control, 
assessment and filling techniques, plus will help with developing model standards. 

  
Capital Purchases 

 None. 
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TRAINING WORKSHOP RECOMMENDATIONS 

Personnel at the WWDC and SEO that are part of the DSS Team will be responsible for the 
implementation and management of the Green River DSS. The DSS Team may not be familiar 
with the DSS recommended procedures and model components; therefore it is important to 
provide training opportunities. The DSS Team should become “DSS Experts” to ensure that the 
Green River DSS is effectively implemented and continued to be used to its fullest potential to 
address water resources planning and administration issues. As the DSS Team becomes 
knowledgeable on the Green River DSS, it is recommended that they train other WWDC and 
SEO personnel, as necessary, on the DSS procedures and components. A training manual should 
be developed for each training session, updated based on session comments and feedback, and 
kept up to date if topics change or evolve. The following subtasks, in order, are recommended to 
train the DSS Team and other personnel at the WWDC and SEO. 
 

Recommended DSS Training Subtasks 
 Develop a training session that introduces general water resources management and 

Wyoming water rights terminology and administration. This workshop should be 
developed in conjunction with SEO experts and attended by DSS Team members and 
other WWDC staff.  This training should occur early in year one of the DSS 
implementation. 

 Develop a training session that provides an overview of the availability, storage and 
management, and access to water resources data.  This workshop should include a 
general overview of the e-Permit, Aquarius and WYWRAG database systems. This 
training session should be developed in conjunction with the Support Services 
Division at the SEO and provided to the DSS Team members and the WWDC. This 
training should occur early in year one of the DSS implementation, and may need to 
be revised as the data management systems evolve. 

 Develop a training session that provides an overview of how to create, review and 
interpret the results from a StateCU consumptive use model.  This workshop may be 
developed by the DSS Modeling Expert depending on their familiarity with StateCU, 
or a consultant may be selected to provide this training.  This session should include 
an introduction to historical consumptive use analyses and provide an understanding 
of how analyses are performed. This training should occur in year one to coincide 
with recommended StateCU scoping efforts. 

 Develop a training session that provides an overview of how to create, review and 
interpret the results from a StateMod surface water allocation model. This workshop 
should be developed by a consultant familiar with the StateMod and provided to the 
DSS Team and, as necessary, other personnel at the WWDC and SEO.  This training 
should occur in year one to coincide with recommended StateMod scoping efforts. 

 Develop a series of public training sessions that provide an overview of the Green 
River DSS. These workshops should be developed by the DSS Project Manager and 
should strive to educate the Green River Basin Advisory Group, other state agencies, 
and consultants on the DSS procedures and modeling standards.  These training 
sessions should occur as necessary during the Green River DSS implementation. 
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State Staff Responsibilities 
 The SEO will take the lead in developing the water rights training session. 
 The Support Services Division will take the lead in developing the database overview 

and data management training session. 
 The DSS Project Manager will develop the public DSS training sessions. 

 
Consultant Contracts 

 Hire consumptive use and surface water modeling experts to develop and lead 
StateCU and StateMod training workshops. 
  

Capital Purchases 
 None. 

 
IMPLEMENTATION SCHEDULE 

Table 1 reiterates the recommended subtasks and provides a visual overview showing how each 
subtask fits into the recommended three year Green River DSS implementation schedule.  The 
implementation schedule represents the need to substantially complete the data collection, 
storage, and management of data prior to beginning any model development. Both the 
consumptive use and surface water allocation models are dependent on access to reliable data in 
order to provide meaningful results for decision makers. 
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Table 1 - Green River DSS Subtask Implementation Schedule 
 

Year 1 Year 2 Year 3

Irrigated Acreage and Water Rights

Streamflow Measurements

Diversion Measurements

Reservoir Measurements

Climate Data

Physical Basin Information

Information available after implementation

Data Collection Subtasks

DSS Project Manager

DSS Liaison

SEO Data Entry Staff 1

SEO Data Entry Staff 2

Additional Staffing Requirements

Add new flumes and record diversions of largest 30 diverters

Obtain GPS locations for each ditch headgate

Provide field personnel with scanners and 

      install barcodes on measurement devices

Complete irrigated acreage assessment

Work with users on application process 

      for lands irrigated without permit

Identify irrigation water rights not currently in use

Identify status and location of use of non‐irrigation water rights

Identify ditches with measurement devices and assess conditions

Incorporate WYWRAG Procedures into other WWDC Projects

Develop procedure for SEO Field Personnel 

      to Assist with WWDC Temporary Gaging

Collect, digitize, and load historical diversion records into Aquarius

Gather temporary streamflow measurements 

      from previous WWDC projects and load into Aquarius

Develop standard procedures for recording 

      field‐gathered records and loading into Aquarius

Send field personnel to measure ditches with measurement devices

Investigate and document river gains and losses

Collect and store physical information (capacities, etc)

Develop river schematics

Continue to document basin operations
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Table 1 (Continued) – Green River DSS Subtask Implementation Schedule  
 

Year 1 Year 2 Year 3

Hardcopy Data

e‐Permit

Aquarius

WYWRAG

Wyoming Water and Climate Web Mapping Tool

WRDS Website Links

Consumptive Use Model

Surface Water Allocation Model

Data to Model Integration

Create link between water rights and source and

      populate permitted water right to structures table

Add tables to store actual irrigated acreage associated

      with permitted water rights by year

Create single searchable survey database

Develop consumptive use analysis Scope of Work

Complete consumptive use analysis

Develop surface water allocation model Scope of Work

Complete the surface water allocation model

DSS Modeling Subtasks

Develop data to model integration tool Scope of Work

Complete required DMI development

Develop ability to create river schematics directly from WYWRAG

Continue to refine WYWRAG interface for ease of use

Automate e‐Permit/WYWRAG data sharing

Update WYWRAG to Arc 10.x

Include ability to store temporary site streamflow measurements

Create WRDS‐SEO website link

Enhance capabilities of current mapping tool

Determine appropriate entity to host a web‐based mapping tool

Coordinate with federal entities to allow data access

Provide on‐line access to SEO reports

Develop procedures to continuously update official SEO GIS layers

Data Storage and Management Subtasks

Create unique idenfiers and populate structures table

Add tables to store physical information

Store georeferenced ditch maps
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Table 1 (Continued) – Green River DSS Subtask Implementation Schedule  
 

Year 1 Year 2 Year 3

Develop standard procedure to assure that 

      changes made to hard‐copy documents are updated 

Develop standard procedure for collection temporary streamflow 

Develop standard DSS directory structure

Develop standard procedure to geo‐reference and store ditch maps 

Develop standard data quality contol procedures

Develop StateMod training session

Develop public training sessions

Develop general water resources/water rights training session

Develop StateCU training session

Develop database training session

Standard Procedure Development Subtasks

DSS Training Workshop Recommendations Subtasks

Develop standards for interpreting and filling modeling parameters

Develop standard documentation formats

Develop standard procedure to 

      continually update official GIS layers at WRDS
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COSTS 

The total estimated cost for the Green River DSS for the three year implementation period is 
$1.925 million. This cost estimate includes salary and benefits for new State staff positions, new 
consultant contracts, and capital costs for data measurement and collection devices. It also 
includes costs for the consultants currently developing the e-Permit and Aquarius databases to 
perform additional tasks and to expedite planned tasks.  The cost estimate can be summarized as 
follows: 
 

New Staff Costs (salary and benefits for the 3-years)  =   $     777,000  
Costs for Existing Contractor Additional Efforts (e-Permit and Aquarius)  =   $       45,000 
Costs for New Consultant Efforts (Modeling-specific)  =   $  1,103,000 
Total =   $  1,925,000 

 
Based on the recommendations for the Green River DSS, a three-year schedule is the most cost 
effective schedule, and will result in cost savings compared to a five-year or longer 
implementation period. A three-year implementation schedule is cost effective for several 
reasons, including the following: 
 

 The design phases for both the e-Permit and Aquarius database are planned for 
finalization in the next few years. The consultant designers are currently under 
contract; therefore additional enhancements and revisions recommended based on the 
initial data collection phase can be performed for less cost than if changes were 
requested after their initial contracts were completed.  

 
 Modeling efforts are more cost effective if they can be started and completed in a 

continuous time frame, compared to phasing the efforts.  A one-year period to 
complete the consumptive use analysis and a two-year period to develop the surface 
water model are recommended as the most cost-effective schedule. 

 
 The Green River Basin Plan has recently been updated.  This update included recent 

investigations into current uses and basin operations and the development of 
StateMod model for a portion of the basin. This information is “fresh” for WWDC 
staff involved with this project, and this recent knowledge will benefit the modeling 
efforts. 

 
Table 2 shows the costs by subtask and by implementation year. Each of the subtasks is shown 
in the cost table, even if they are included in current staff responsibilities. Cost columns that 
indicate “Existing Staff Task” highlight tasks that are already, or are recommended, to be 
performed by existing State staff positions.  Tasks that will be the responsibility of new DSS 
Team members are likewise highlighted. The costs for those tasks are included in the staff 
salaries at the beginning of the table. Although not recommended, some of the State staff 
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responsibilities could be performed through consultant contracts.  Those possible contracts are 
noted in the “Comments” column of Table 2.   
 
If the DSS Field Liaison position and the two SEO data entry positions were replaced by 
consultant contracts, the overall cost would be $1.66 million over the three year implementation 
period, as indicated in the “Comments” column of Table 2.  This alternative, although more cost 
effective, is not recommended because the responsibilities assigned to the new staff positions 
provide an overall benefit to the State beyond the Green River DSS, and the specific 
responsibilities are best suited to SEO field and office personnel – not consultants.   
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Table 2 - Green River DSS Subtask Costs 
 

Year 1 Year 2  Year 3 

104,000$  104,000$  104,000$  $80,000 salary plus 30% for benefits

65,000$     65,000$     65,000$     $50,000 salary plus 30% for benefits 

45,000$     45,000$     45,000$     $34,000 salary plus 30% for benefits 

45,000$     45,000$     45,000$     $34,000 salary plus 30% for benefits 

Irrigated Acreage and Water Rights

$125,000 if contracted

$5,000 if contracted

$15,000 if contracted

Streamflow Measurements

Diversion Measurements

$50,000 if contracted

104,000$  104,000$  104,000$  $10,400 each including flume, installation, engineer siting

Costs included with acreage assessment if contracted

Task only occurs if DSS Liason position filled 

$5,000 if contracted

40,000$    
$2,000 per scanner x 18 field staff plus 200 bar codes

Reservoir Measurements

Climate Data

Physical Basin Information

Costs included with acreage assessment if contracted

Costs included with acreage assessment if contracted

Costs included with acreage assessment if contracted

Consultant  costs included in modeling efforts

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

Costs included with SW Model

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐SEO Data Entry Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐   

‐‐‐‐‐‐‐‐‐‐Existing Staff Task‐‐‐‐‐‐‐‐‐‐‐‐‐‐

Provide field personnel with scanners and 

      install barcodes on measurement devices

Develop river schematics

Obtain GPS locations for each ditch headgate

Collect physical information (capacities, measurement device, etc)

Continue to document basin operations

Develop procedure for SEO Field Personnel 

      to Assist with WWDC Temporary Gaging

Collect, digitize, and load historical diversion records into Aquarius

Add new flumes and record diversions of largest 30 diverters

Identify ditches with measurement devices and assess conditions

Send field personnel to measure ditches with measurement devices

Develop standard procedures for recording 

      field‐gathered records and loading into Aquarius

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

Cost not included, post DSSInvestigate and document river gains and losses

Comments

Complete irrigated acreage assessment

Work with users on application process 

      for lands irrigated without permit

Identify irrigation water rights not currently in use

Identify status and location of use of non‐irrigation water rights

Incorporate WYWRAG Procedures into other WWDC Projects

Gather temporary streamflow measurements 

      from previous WWDC projects and load into Aquarius

Additional Staffing Requirements

DSS Project Manager

DSS Field Liaison

SEO Data Entry Staff 1

SEO Data Entry Staff 2

Data Collection Subtasks

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐DSS Field Liaison Task ‐‐‐‐‐‐‐‐‐‐
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Table 2 (Continued) – Green River DSS Subtask Costs  
 

Year 1 Year 2 Year 3

Hardcopy Data

e‐Permit

15,000$     Costs for additional e‐Permit contractor efforts

Table exists, data‐entry staff would populate

20,000$     Costs for additional e‐Permit contractor efforts

5,000$      
Costs for additional e‐Permit contractor efforts

Aquarius

5,000$       Costs for additional Aquarius ontractor efforts

WYWRAG

6,000$      

3,000$      

6,000$       6,000$      

15,000$    

Wyoming Water and Climate Web Mapping Tool

100,000$ 

WRDS Website Links

Consumptive Use Model

150,000$ 

Surface Water Allocation Model

200,000$  100,000$ 

Data to Model Integration

150,000$ 

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

Complete the surface water allocation model

Develop data to model integration tool Scope of Work

DSS Modeling Subtasks

Develop consumptive use analysis Scope of Work

Complete consumptive use analysis

Develop surface water allocation model Scope of Work

Complete required DMI development

Enhance capabilities of current mapping tool

Develop procedures to continuously update official SEO GIS layers

Coordinate with federal entities to allow data access

Provide on‐line access to SEO reports

‐‐‐‐‐‐SEO Data Entry Staff Task ‐‐‐‐‐‐‐‐‐‐

Create single searchable survey database

Create WRDS‐SEO website link

Include ability to store temporary site streamflow measurements

Update WYWRAG to Arc 10.x

Automate e‐Permit/WYWRAG data sharing

‐‐‐‐‐‐SEO Data Entry Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐

Continue to refine WYWRAG interface for ease of use

Develop ability to create river schematics directly from WYWRAG

Determine appropriate entity to host a web‐based mapping tool

Data Storage and Management Subtasks

Store georeferenced ditch maps

Create unique idenfiers and populate structures table

Create link between water rights and source and

      populate permitted water right to structures table

Add tables to store physical information

Add tables to store actual irrigated acreage associated

      with permitted water rights by year

Comments
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Table 2 (Continued) – Green River DSS Subtask Costs  
 

Year 1 Year 2 Year 3

Consultant assistance costs included in modeling efforts

Consultant assistance costs included in modeling efforts

Consultant assistance costs included in modeling efforts

7,500$      

7,500$      

593,000$  719,000$  613,000$ 

Total Costs

‐‐‐‐‐‐‐Existing Staff Task‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐Existing Staff Task‐‐‐‐‐‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

Develop database training session

Develop StateCU training session

Develop StateMod training session

Develop public training sessions

Develop standard documentation formats

DSS Training Workshop Recommendations Subtasks

Develop general water resources/water rights training session

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

Develop standard DSS directory structure

Develop standard data quality contol procedures

Develop standards for interpreting and filling modeling parameters

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

‐‐‐‐DSS Project Manager Task‐‐‐‐‐

Standard Procedure Development Subtasks

Develop standard procedure for collecting temporary streamflow 

Develop standard procedure to assure that 

      changes made to hard‐copy documents are updated 

Develop standard procedure to geo‐reference and store ditch maps 

Develop standard procedure to 

      continually update official GIS layers at WRDS

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

‐‐‐‐‐‐‐‐Existing Staff Task ‐‐‐‐‐‐‐‐‐‐

Comments

Total for three year implementation (includes new State Staff Costs) $1,925,000

Total Costs by year (includes new State Staff Costs)
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APPENDIX A 
GREEN RIVER DECISION SUPPORT SYSTEM FEASIBILITY STUDY 

CROP CONSUMPTIVE USE METHOD AND MODEL 
RECOMMENDATION 

 
 
 
Introduction 
 
This technical memorandum documents the review and comparison of available methods used to 
estimate crop consumptive use and models to determine their feasibility as potential components 
for a Green River Decision Support System (Green River DSS).  Each method and model was 
reviewed based on defined criteria and its ability to meet the needs defined in the Green River 
DSS Feasibility Report.  As several consumptive use methods are available, it is important to 
understand the feasibility of the method first, and then select consumptive use models that take 
advantage of the desired consumptive use method.   
 
Based on the review and comparison, two crop consumptive use methods were selected.  The 
first method, ASCE Standardized Penman, was chosen as the most accurate and accepted 
method; however the climate data requirements limit its use in some areas of the basin and limit 
its ability to be used over a long historical period.  To address this limitation, the SCS Blaney-
Criddle method was also selected because the climate data required is available throughout the 
basin, and it can be used to estimate crop demands for a longer historical period.  
 
StateCU is recommended as the consumptive use model component of the Green River DSS. It is 
the only model investigated that has the capability to estimate potential crop consumptive use 
with both the ASCE Standardized Penman and the Blaney-Criddle methods, plus includes on-
farm water balance capabilities to estimate actual water supply-limited consumptive use and 
resulting shortages.  StateCU is also the recommended model because it has already been used in 
the Green River basin, and other Wyoming basins, to determine crop demands and quantify 
shortages for planning and storage projects.  A Green River basin-wide crop consumptive use 
analysis was developed using StateCU as part of the WYRAG efforts and includes 100 percent 
of the estimated basin irrigated acreage. 
 
Definitions 
 
Several terms used in this document have been broadly used in other studies. The following 
definitions are consistent with the American Society of Civil Engineers Manuals and Reports on 
Engineering Practice No. 70 – Evapotranspiration and Irrigation Water Requirements. 
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Potential Consumptive Use (PCU). The total amount of water that would be used for 
crop growth if provided with an ample water supply, also called potential 
evapotranspiration (PET). 
 
Effective Precipitation.  The portion of precipitation falling during the crop growing 
season that is available to meet the potential consumptive use requirements of the crop. 
 
Crop Irrigation Water Requirement (CIR). The amount of water required from 
surface or ground water diversions to meet crop consumptive needs. Calculated as 
potential consumptive use less effective precipitation, also called consumptive 
irrigation requirement. 
 
Water Supply-Limited Consumptive Use (WSL).  The amount of water actually used 
by the crop, limited by water availability, also called actual consumptive use or actual 
evapotranspiration. 
 
Crop Shortage. Irrigation water requirement less actual consumptive use. Shortage is the 
amount of water the crops could use from additional supplies (e.g. reservoirs, wells, new 
water rights). 

 
Need for a Consumptive Use Method and Model 
 
The Green River Decision Support System Feasibility Report (Report) identifies the needs of 
Wyoming’s State agencies responsible for the majority of water planning and water 
administration.  Both the State Engineer’s Office (SEO) and the Wyoming Water Development 
Commission (WWDC) have direct responsibilities or manage water planning projects with needs 
that can be met by a consumptive use model.    
 
The primary input data to a crop consumptive use method includes climate data, crop 
coefficients, and irrigated acreage information.  Crop consumptive use methods solve for 
potential crop consumptive use (PCU), defined as the amount of water crops can use from any 
water source.  Crop consumptive use models incorporate methods to estimate PCU, and also 
solve for effective precipitation (Re) and resulting crop irrigation water requirement (CIR). 
Effective precipitation is the amount of precipitation that is effective at meeting crops water 
needs.  The difference between PCU and Re is CIR, or the amount of water needed by the crop 
from irrigation sources.   
 
If irrigation diversion information is available or can be estimated, the crop consumptive use 
model may also solve for actual water supply-limited consumptive use (WSL).  Water supply-
limited consumptive use is the minimum between CIR and the amount of diversions applied to 
the crops after accounting for delivery and application losses.  The difference between CIR and 
WSL is the crop shortage.   
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The following specific identified needs could be addressed with a basin-wide consumptive use 
model: 
 

 Develop a standard method and model to determine potential consumptive use and actual 
(water supply-limited) consumptive use over a long study period 

 Determine basin-wide and tributary irrigation demands and shortages 
 Identify a method for estimating near real-time consumptive use 
 Develop a standard consumptive use method to use in conjunction with a water rights 

allocation model to determine water available, on at least a monthly basis, for new 
storage projects, new direct water rights, instream flow requests, and exchanges 

 
Methods and Models Reviewed 
 
Five consumptive use methods were reviewed.  These methods, chosen because they are 
currently being used in Wyoming or in other western states, include the following: 
 

 SCS TR-21 Modified Blaney-Criddle Method 
 FAO-24 Blaney-Criddle Method 
 Hargreaves Method 
 Penman Methods, including the ASCE Standardized Method 
 Energy Balance Method 
 Water Balance Method 
 

Consumptive use tools and models that only estimate potential consumptive use and that solve 
for actual water supply-limited consumptive use were considered.  Again, these tools were 
chosen because they are used in Wyoming or other western states.  Consumptive use tools 
selected for additional investigation include:  
 

 Average Consumptive Use and Crop Irrigation Requirement Reported Estimates (Pochop 
et.al, 1992, WWRC #92-06) 

 NRCS Spreadsheet Model 
 ArcGIS Calculator Model 
 Ref-ET Model 
 Satellite Imagery Models 
 Lysimeters 
 StateCU Model 

 
Review Criteria 
 
Accurate estimates of potential and actual agricultural consumptive use in the Green River Basin 
are vital to managing the water resources and planning for future needs in the basin.  In order to 
compare and contrast different methods and the models used to execute the consumptive use 
calculations, criteria were established upon which the various methods and models could be 
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ranked. The consumptive use methods and the models for calculating potential consumptive use 
and water supply-limited consumptive use will be ranked separately.   
 
Two main sets of ranking criteria are presented below with specific sub-criteria used in ranking 
potential consumptive use methods: 
 

Flexibility 

Each of the method alternatives were reviewed with respect to the availability of input data 
currently and back in time, the ease with which the method can be calculated, and the 
applicability of the method to the Green River basin and Statewide.  This review identified 
strengths and weaknesses in the following sub-criteria:   
 
 Is the input data required for the method available (spatially and over time)? 
 How accurate is the method? 
 How complicated is the method to implement? 
 
Acceptability  

Each of the method alternatives were reviewed based on how the method might be viewed by 
State agencies, federal entities, alliances, and water resource consultants. The acceptance 
level for how each sub-criteria will be viewed amongst peers are found below: 
 
 Does the solution allow for institutional consensus? (e.g. will a publicly stated opposition 

by an entity be an issue?) 
 Is the method the ‘best science’ available? 
 Is the method consistent with on-going projects? 
 Does the solution impact one entity more than another? (e.g., does the solution favor in-

state consultants versus out of state consultants) 
 

Four main sets of ranking criteria are presented below with specific sub-criteria used in ranking 
the potential and actual (water supply-limited) consumptive use models alternatives: 
 

Model Capability  

Each potential consumptive use model alternative was reviewed with respect to the method 
or methods it includes to estimate potential consumptive use, effective precipitation, and crop 
irrigation requirement.  Each model that includes the ability to estimate actual supply-limited 
consumptive use was reviewed with respect to how consistently and accurately it represents 
water supply from surface and ground water sources, the soil moisture balance, actual 
consumptive use, and shortages.  This review identified strengths and weaknesses in the 
following sub-criteria: 
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 Does the model meet identified needs? 
 Is the solution technically implementable? 
 Can the model perform the potential and actual consumptive use calculations? 
 Can the model incorporate new innovative methods? 
 
Flexibility  

Each of the model alternatives was reviewed with respect to how easily input data can be 
developed, manipulated, error checked, summarized and presented.  The ease with which 
input data can be modified and the model’s ability to present and analyze model execution 
results were also evaluated.  This review identified strengths and weaknesses in the following 
sub-criteria: 
 
 How easy is it to develop and manipulate necessary input data? 
 Can input data sets easily be modified, including updates to extend study period? 
 Does the model include error-checking abilities? (e.g., file format, range of input data) 
 Can features be added for analyses? (e.g., can soil balance be included at a later date) 
 What capabilities exist to review/analyze input data and model results? 
 Are model operations and input file development well documented? 
 

Acceptability  

Each of the model alternatives was reviewed with respect to how the model appears in the 
eye of State agencies, federal entities, and water resource consultants. The acceptance level 
for how each sub-criteria will be viewed include: 
 
 Does the solution allow for institutional consensus? (e.g. will a publicly stated opposition 

by an entity be an issue?) 
 Is the model consistent with on-going projects? 
 Does the solution impact one entity more than another? (e.g. does the solution favor in-

state consultants versus out of state consultants) 
 Does the solution require reliance on another State or institution to maintain the model 

over time? 
 

Cost  

Each of the model alternatives were reviewed with respect to the effort needed to develop a 
fully functional potential or actual consumptive use model. To the extent necessary, these 
efforts would include bringing the model architecture up to a level sufficient to meet the 
project needs and to address shortcomings in flexibility. If required, the initial cost to 
purchase the model and additional costs of ongoing maintenance or upgrades that may be 
associated with the model were considered. Costs of developing input files and staff training 
towards model development were considered based on flexibility and model capabilities. 
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As climate data is the primary input required for the consumptive use methods investigated, 
availability of climate information in the Green River basin, both spatially and over time, is 
summarized to support the review of the methods and models. 
 
Climate Data 
 
Availability of climatic information is a primary factor in selecting a consumptive use method, as 
the more precise methods are more data intensive.  Availability of climate information at climate 
stations throughout the basin varies with regard to the different types of climatic factors available 
at each station and the historical record of information available.  As described by Dr. Pochop in 
WWRC Publication #92-06, Consumptive Use and Consumptive Irrigation Requirements in 
Wyoming, first-order stations record data on climatic factors that may include precipitation, 
temperature, relative humidity, snowpack, sky/cloud cover, solar radiation, wind speed and 
direction, and barometric pressure readings.  Second-order stations generally record only 
temperature and precipitation.  Due to the instrumentation requirements for measuring the data at 
first-order stations, these stations are generally not as widespread in the basin as second-order 
stations.  In addition, first-order stations generally do not have a long historical period of record 
compared to second-order stations.  
  
A complete discussion of climate station and data availability in the Green River basin is 
provided in the Data and Data Management section of the Report.  In summary, climate stations 
are operated and maintained by several different entities including the SEO, National Weather 
Service (NWS), U.S. Bureau of Land Management (BLM), Wyoming Department of 
Environmental Quality (WYDEQ), U.S. Geological Survey (USGS), the Natural Resources 
Conservation Service (NRCS), and the National Oceanic and Atmospheric Administration 
(NOAA).  There are 17 first-order stations in the Green River basin with data generally available 
from the late 1980s.  There are four additional first-order stations in the Green River basin that 
were recently installed by the SEO in close proximity to irrigated lands, with the primary 
purpose of these stations to provide climate data for use in consumptive use modeling. An 
additional 37 second-order stations are located in, or in close proximity to, the Green River 
basin, with data generally available for over 50 years.       
 
In addition to tabular climate data, the available format for the climate stations discussed above, 
climate information can also be processed and distributed in a grid format.  An example of this 
grid-based climate data is the information available from the PRISM Climate Group.  PRISM 
uses point measurements of temperature and precipitation from climate stations and digital 
elevation models to create a nation-wide grid of historical climate information.  This grid-based 
information is currently only available for second-order stations, however does provide a basis 
for estimating climate information at non-station locations. 
 
As discussed in the Report, the spatial distribution of the first and second-order stations provides 
good coverage of the basin, with increased density of stations near irrigated lands.  In general the 
amount of historical first-order data appears to be sufficient to determine recent representative 
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PCU using the more data-intensive daily consumptive use methods and the amount of historical 
second-order data appears to be sufficient to determine long-term climate trends and long-term 
consumptive use estimates using less data-intensive monthly methods.   
 
Consumptive Use Methods 
 
The consumptive use methods herein are reflective of the methods used historically throughout 
the State as well as more data intensive and newer methods used throughout the Western U.S.  
The following methods were summarized and evaluated based on the criteria listed above: 
 
SCS TR-21 Modified Blaney-Criddle Method 
 

The SCS TR-21 modified Blaney-Criddle method can be used to estimate monthly potential 
evapotranspiration (ET). The empirical equation relates ET with mean air temperature and 
mean percentage daylight hours. The SCS TR-21 method was modified from the Original 
Blaney-Criddle method to reasonably estimate short-period consumptive use. The 
modifications include the use of (1) climatic coefficients that are directly related to the mean 
air temperature for each of the consecutive short periods which constitutes the growing 
season and (2) coefficients which reflect the influence of the crop growth rates on 
consumptive use rates (SCS TR-21).  The modified Blaney-Criddle crop coefficients are 
available from graphs in the SCS TR-21 publication for 25 crops, which were developed 
based on general climatic conditions representative of the Western U.S.   
 
The SCS Blaney-Criddle method can be used with locally calibrated coefficients to represent 
local climatic conditions.  Locally calibrated coefficients can be determined based on several 
methods, including lysimeter studies and more data intensive consumptive use methods.  
Note that SCS Blaney-Criddle locally calibrated coefficients have not been developed in the 
Green River basin. 
 
The ASCE Manual No. 70 recommends an elevation adjustment of 10 percent adjustment 
upward for each 1,000 meters increase in elevation above sea level for the SCS Blaney-
Criddle method. The adjustment corrects for lower mean temperatures that occur at higher 
elevations at a given level of solar radiation (i.e. mean temperatures do not reflect crops’ 
reactions to warm daytime temperatures and cool nights). The adjustment is applied to the 
potential consumptive use estimate and can be applied to any crop type. Note, however, that 
if locally calibrated crop coefficients are used in lieu of standard TR-21 crop coefficients, an 
additional elevation adjustment should not be applied. 
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Flexibility 

Input data required by the SCS Blaney-Criddle method is generally available over a long 
period and the methodology uses a fairly simplified calculation to estimate potential 
consumptive use.  The SCS Blaney-Criddle method relies on monthly climate data that is 
generally available both spatially and back in time in the Green River basin, as well as 
statewide.  Estimates of mean percentage daytime hours based on the latitude of the 
analysis location are available from the ASCE Manual 70 and crop curves for the SCS 
Blaney-Criddle are available in the TR-21 publication. 
 
As there are other climatic factors that impact consumptive use, this primarily 
temperature based method has been cited as less accurate than other methods.  Wind, as a 
climatic factor, is very important in Wyoming; however it is not considered in the SCS 
Blaney-Criddle method. The use of locally calibrated crop coefficients increases the 
accuracy of the calculation.  Calibrated crop coefficients represent localized climatic 
factors, including larger temperature differentials between the warm days and cool nights 
in Wyoming.   
 
Acceptability 

Because the input data is readily available over long periods and the methodology uses a 
simplified calculation, the SCS methodology is widely used and accepted by several 
States and federal entities in the Western U.S.  The United States Bureau of Reclamation 
uses the SCS Blaney-Criddle method for their Consumptive Use and Losses Reporting in 
the Upper Colorado River Basin, including the Green River Basin. The SCS Blaney-
Criddle method has also been used in basin planning efforts and to identify shortages and 
water availability for new storage projects throughout Wyoming.    
 
The same characteristics that make the SCS Blaney-Criddle method widely used are the 
same characteristics that limit its accuracy, and therefore its future acceptability.  With 
daily data more prevalent and available, daily consumptive use methods are gaining 
support and recommendations among experts.   
 

FAO-24 Blaney-Criddle Method 
 
The FAO-24 Blaney-Criddle method can be used to estimate monthly ET, and utilizes mean 
air temperature, mean percentage daylight hours, and estimates of minimum relative 
humidity, sunshine hours and daytime wind.  The FAO-24 Blaney-Criddle method was 
modified from the Original Blaney-Criddle method to better account for the effect of 
humidity, sunshine and wind on crop ET while still using the temperature and daylight 
parameters from the original method.  The modifications include: 
 

 An adjustment factor, or ‘c’ factor, which is applied to the Original Blaney-Criddle 
equation, based on general estimates of minimum humidity, the ratio of actual to 
maximum possible sunshine hours and daytime wind conditions.   
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 Revised FAO-24 Blaney-Criddle crop coefficients provided in the FAO-24 
publication. 

As the ‘c’ factor parameters can vary greatly day to day and the FAO-24 method is 
recommended for use on a monthly time-step, general ranges of these parameters, as opposed 
to actual measurements, are used to develop the ‘c’ factor.  The FAO-24 publication provides 
a series of graphs that take into account the ‘c’ factor to estimate reference ET, and notes that 
extrapolation of the ‘c’ factor parameters can be made from nearby areas with known 
information. 
 
The FAO-24 Blaney-Criddle method can be used with locally calibrated coefficients to 
further represent local climatic conditions.  Locally calibrated coefficients can be determined 
based on several methods, including lysimeter studies and more data intensive consumptive 
use methods.  Dr. Larry Pochop developed crop coefficients for use with the FAO-24 
Blaney-Criddle method, as documented in the Consumptive Use and Consumptive Irrigation 
Requirements in Wyoming (Pochop et.al, 1992, WWRC #92-06), at second-order climate 
stations throughout the State.  Pochop coefficients were calibrated based on the Penman-
Monteith method at three first-order stations in Wyoming, and three first-order stations 
located in nearby states.  Limitations to these coefficients are discussed during the review of 
the Pochop report below.   
 

Flexibility 

Monthly temperature information required by the FAO-24 Blaney-Criddle method is 
generally available both spatially and back in time in the Green River basin, as well as 
statewide.  Estimates of mean percentage daytime hours based on the latitude of the 
analysis location are available from the ASCE Manual 70.  Although only a range of 
information is required for the method, accurate estimates of the ‘c’ factor parameters are 
not available historically or spatially throughout the basin.   
 
The range of ‘c’ factor information provides flexibility as daily measurements are not 
needed, however this lends to a less accurate result compared to other methods.  The 
FAO-24 equation is fairly simplified; however determining the ‘c’ factor on a monthly 
basis, based on the graphs or regression equations that dictate the relationships between 
the ‘c’ factor parameters, can be onerous.   

 
Acceptability 

The use of this method by Pochop in the WWRC #92-06 publication lends to its 
acceptance in Wyoming; the method is not generally used elsewhere in the Western U.S. 
The method does take into account additional climatic factors that other temperature 
based methods do not, but that information is still limited in the basin and back in time.  
Also, other methods that require this climatic information are much more accurate (see 
ASCE Standardized Penman).  The limited acceptability of this method can also be noted 
by the lack of models that implement the equation.  
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Hargreaves Method 
 
The original Hargreaves method (1975) is a daily grass-reference radiation method that uses 
mean air temperature, the differential between daily maximum and minimum air 
temperatures, and solar radiation to estimate ET.  As solar radiation is a data input in this 
method and is generally not available for many areas or for long historical periods, 
modifications were made to the original method whereby additional equations and/or tables 
could be used to estimate radiation; therefore creating a temperature-based modified 
Hargreaves (or Hargreaves-Semani) method.  
 

Flexibility 

The modified Hargreaves method uses daily temperature data that is spatially available 
over a long time period in the Green River Basin at both first and second order climate 
stations.  The modified Hargreaves method is a reference ET method and standard grass 
reference ET coefficients, available in ASCE Manual 70, or calibrated crop coefficients 
are required. Note that Pochop’s calibrated crop coefficients, discussed above, cannot be 
used directly with the Hargreaves method.   
 

The use of daily temperature information increases the accuracy of the method compared to 
other temperature-based methods, as it captures the temperature differential between warm days 
and cool nights in Wyoming.  ASCE Manual 70 indicates that the Hargreaves method tends to 
underestimate ET by 10 percent in arid climates; however was more accurate in humid climates. 
This accuracy is greatly dependent on the use and quality of calibrated coefficients. The 
modified Hargreaves is less data-intensive compared to other daily methods, lending towards it 
ease of use.   

Acceptability 

The Hargreaves method has been accepted by Wyoming and is currently the specified 
method to estimate consumptive use of irrigation water in the North Platte River basin 
upstream of Guernsey Reservoir for the North Platte River Decree reporting 
requirements.  Due to lack of calibrated crop coefficients for this method however, it has 
not been widely used by consultants for projects in Wyoming or neighboring states.  
 
Exhibit 6 of the North Platte River decree indicates that consideration will be given to 
alternative consumptive use methods, namely the ASCE Standardized method, once data 
becomes available from automated weather stations in the basin.   
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Penman Methods 
 
The Penman-Monteith method is a more data-intensive calculation. The primary required 
inputs to the original 1965 implementation of the Penman-Monteith combination method 
include temperatures (maximum and minimum air, and dewpoint), solar radiation, vapor 
pressure and wind speed.  Additional secondary equations, including air density, latent heat 
of vaporization and canopy resistance are used in the Penman-Monteith calculation.  

In 1999, a technical committee of the American Society of Civil Engineers (ASCE) proposed 
one standardized equation and set of procedures for calculating ET. The goal was a 
consistent model that would have nation-wide acceptance. The result, the ASCE 
Standardized Method is a slight simplification of the Penman-Monteith equation, consisting 
of two reference ET equations, one for a short crop and one for a taller crop.  The 
coefficients for both short and taller crops are provided in ASCE Manual 70. Coefficients 
can also be calibrated using lysimeters for use with this method. Note that Pochop’s crop 
coefficients discussed above cannot be used directly with either Penman method. 
 

Flexibility 

These methods are both technically complex and data-intensive, which leads to increased 
accuracy of the methods as well as increased difficulty in generating long term input 
data.  Data from first-order stations, required as an input to both the Penman-Monteith 
and ASCE Standardized methods, are available in the basin extending back to the late 
1980’s.  This provides for a consumptive use analysis over an approximate 20-year 
period at a few key locations in close proximity to irrigated acreage, with a shorter time 
period analysis possible for more recent first-order climate stations.   

The accuracy of the methods garnered the support of most technical experts in the 
Western U.S. and it was ranked the number one (most accurate) method for potential 
consumptive use determinations by ASCE Manual 70.  The installation of several first-
order climate stations in the basin and throughout Wyoming supports the use of these 
data intensive methods. 

Acceptability 

The Penman-Monteith method was selected for use by Pochop et.al in the Consumptive 
Use and Consumptive Irrigation Requirements in Wyoming (1992) for the development 
of state-wide consumptive use estimates for locales with all the required data.  Pochop 
recognized the accuracy limitations of temperature based methods and, despite the 
limited data, was able to use the Penman-Monteith to increase the accuracy of the FAO-
24  Blaney-Criddle method through calibrated coefficients. The Penman-Monteith 
consumptive use estimates, developed at first-order climate station locations, were used 
to calibrate the FAO-24 Blaney-Criddle method for use in other areas where only second-
order climate information was available. PCU estimates developed by Pochop are widely 
used and accepted throughout Wyoming. 



Appendix A 
 March 22, 2011 

 
 

 
  Page A-12 
 

ASCE Manual 70, generally regarded as the leading authority on potential crop 
consumptive use, has recommended the ASCE Standardized method for use by the water 
and agricultural community.  The standardization of equations, use of input data, and 
crop coefficients all improve the acceptability of the model. 

Due to the data intensive requirements of both the Penman-Monteith and ASCE 
Standardized methods, these methods can only be applied in limited areas and for a 
limited period of time.  Over time, with the continuation of existing first-order stations 
and potential installation of new ones, the Penman-Monteith and ASCE Standardized 
methods can be used to develop long term PCU estimates.  The benefit of these methods 
in the short term is through their ability to be used to calibrate coefficients for other 
temperature based consumptive use methods, as was done by Pochop.   
 
ASCE Manual 70 noted, however, that data-intensive methods are more affected by poor 
quality of data and that temperature data is generally of higher quality than other 
measured climate parameters.  As data requirements increase, the need for quality control 
and statistic algorithms to fill missing data also increases.   
 

Energy Balance Method 
 
Net radiation is the driving source of energy for ET and can be estimated by performing an 
energy balance calculation.  Climatic factors required for this method include net radiation 
and heat flux conducted into the ground and air.  The energy balance estimates ET as net 
radiation less the heat flux factors.  The most common method for estimating ET using the 
energy balance approach is to use a satellite image-processing tool.   

 
Flexibility 

The climatic factors required for this method can be difficult to directly measure; 
instrumentation requirements and the technical procedures involved generally limit the 
use of this method.  Stations equipped to measure the required climate information are 
referred to as flux stations.  There are two eddy covariance stations (flux towers) that 
have been operational in the Green River basin since July 2008.  Flux station information 
is generally used to assist with the calibration of spatial analysis models, whereby 
satellite imagery is spatially analyzed to determine the energy balance factors associated 
with vegetative areas. 
   
This method solves for actual consumptive use of the crops only and cannot estimate 
PCU.  ASCE Manual 70 recommends energy balance methods be used over a very short 
period of time (i.e. hourly or daily) and indicates the methods are more accurate in humid 
climates.  Long term estimates of actual consumptive use are more difficult to develop 
using the energy balance method. 
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Acceptability   

This method, in conjunction with spatial analysis models, is widely accepted for its 
ability to measure actual consumptive use on a relative real-time basis.  The method can 
solve for actual consumptive use without the need for irrigation supply input data, which 
is generally not available throughout the Green River basin, or the need to know specific 
crop types.   
 
This method is currently being implemented in Wyoming, with the Green River basin as 
a test area.  Satellite imagery and information from the two flux stations in the Green 
River basin, near Pinedale and Cora, are used to determine ‘snapshots’ of actual 
consumptive use.  The process of converting imagery and flux data to actual consumptive 
use is highly technical and outside consultants or academic experts are generally required 
to perform the analysis. 
 

Water Balance Method 
 
Water balance methods can be used on a small or large scale to estimate the consumptive use 
of a particular field or basin-wide.  The method uses measurements or estimates of inflow 
components to the system (e.g. river inflow, precipitation, river inflow, imports) and outflow 
components (e.g. river outflow, recharge, native vegetation consumptive use) and solves for 
crop consumptive use as the residual.  Large scale water balance methods are generally 
performed on an area between stream gages or basin-wide.  Small scale water balances are 
often developed to represent a specific farm or a controlled lysimeter. 
 

Flexibility 

The calculation of the water balance method is very basic and the method can be applied 
to small or large scales. Confining the area of analysis to limit the inflow and outflow 
components to known and/or measureable data is the key to this method. The accuracy of 
this method is highly dependent upon the quality control of the input data. This method 
solves for actual consumptive use of the crops only and cannot estimate PCU.   
 
On a small scale, lysimeters are generally used to accurately measure the inflow and 
outflow components of a single area of land growing crops that may be representative of 
a larger area.  There are currently no lysimeters operating in the Green River basin, 
although historically there were several installed in the Horse Creek basin.  The lack of 
lysimeters and resulting input data in the basin leads to the limited use of this method. 
Due to the data-intensive nature of small scale water balance calculations, this method is 
generally not used over a long period of time. 
 
On a large scale, the inflow and outflow components are more numerous and are harder 
to accurately measure.  Large scale water balance methods are generally used for 
feasibility purposes and as a beginning point for more detailed analysis.  
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Acceptability 

When used on a small scale, the water balance method can provide very accurate results 
and lysimeters with inflows representing ditch diversions are widely accepted as 
indicators of actual consumptive use. When lysimeters are supplied with water, as 
needed, they can accurately measure PCU.  Pochop used the water balance method and 
data from full water-supplied lysimeters throughout the state to calibrate other 
consumptive use methods.   
 
The implementation of the water balance method in the Green River Basin on a large 
scale would be difficult due to the amount of required information for the method. 
Measurements of diversions and estimates of recharge, as required by the method, are not 
generally available throughout the Green River basin.  Likewise, it is difficult to estimate 
native vegetation consumptive use, and differentiate between native vegetation and crop 
consumptive use.  The numerous non-measured components in the basin make the water 
balance method less acceptable, even as a starting point for further analysis. 
 

Potential Consumptive Use Models 
 
There are several models that utilize consumptive use methods and equations to estimate PCU 
and CIR.  Some models take the calculations one step further and can be used to perform an on-
farm water balance comparing CIR to water supply, resulting in water supply-limited, or actual, 
consumptive use.  This is important on many tributaries in the Green River basin where physical 
or legal water limitations mean that water is not available to meet CIR during every month of 
every year. Models that perform water supply-limited consumptive use analyses define 
depletions and shortages that can be used to define purpose and needs for permitting of new 
water supplies. Other methods measure actual consumptive use only and are appropriate for 
defining basin uses but, because PCU cannot be estimated, cannot quantify shortages or actual 
basin demands. 
 
Models that are currently used in Wyoming or nearby States were summarized and evaluated 
based on the criteria listed above and their ability to meet the following defined needs: 
 

 Determine potential consumptive use and actual (water supply-limited) consumptive use 
over a long study period 

 Determine basin-wide and tributary irrigation demands and shortages 
 Estimate near real-time consumptive use 

 
If the model is able to calculate PCU and CIR, but cannot quantify actual consumptive use, other 
options for those calculations are discussed in the Model Capability and Cost sections. 
 

Average Consumptive Use and Crop Irrigation Requirement Reported Estimates 
 
This “model” comes in the form of a commonly used report that provides average monthly 
and seasonal estimates of grass-reference ET (ETr), PCU and CIR for crops and turf at over 
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67 climate stations across Wyoming.  The Consumptive Use and Consumptive Irrigation 
Requirements in Wyoming (Pochop et.al, 1992, WWRC #92-06) report provides several 
tables in the appendix that contain the minimum, maximum and average estimates for each 
climate station.  These estimates were developed using the FAO-24 Blaney-Criddle method 
calibrated to Penman-Monteith in a two-step process. 
 
The Penman-Monteith method was used to first determine grass-reference ETr at first-order 
climate stations, or stations where all the required climate factors were measured.  The FAO-
24 Blaney-Criddle method was adjusted, or calibrated, so average monthly reference ETr 
was the same as average monthly ETr calculated using Penman-Monteith, by applying a 
monthly factor.  
 
Next, the monthly crop coefficients were adjusted, or calibrated, so average monthly PCU 
using the FAO-24 Blaney-Criddle equation was the same as average monthly PCU using 
Penman-Monteith, by applying a second monthly factor that varies for each month. 
The calibration terms for specific first-order stations could then be applied regionally at 
second order stations, where long-term temperature data was available. In addition, the “c” 
factors required for FAO-24 Blaney-Criddle determined at first order stations were also used 
for second order stations based on location. 
 
Monthly PCU estimates for each year were not provided in WWRC #92-06; instead tables of 
average monthly PCU estimates and CIR estimates over the analysis period were provided at 
climate stations.  CIR was estimated by subtracting 80 percent of monthly precipitation 
(effective precipitation) from PCU estimates. 
 

Model Capability 

The tables in the WWRC #92-06 provide a single source of PCU and CIR estimates 
commonly used by both State administrators and the public, without the need to directly 
recalculate the consumptive use method equations. It is necessary to determine which 
climate station estimates to use to represent crop use for irrigated lands between multiple 
stations. 
   
The PCU and CIR results at the first and second order stations were averaged generally 
over the 1951 through 1990 time period.  While this time period accounts for some 
hydrologic variability, including above and below average years, more recent droughts in 
the basin may not align with the provided average.   
 
The use of published average monthly values does not meet the defined needs of a Green 
River DSS in terms of model capability.  The published monthly values cannot be used to 
determine PCU over a long period of time; do not estimate actual consumptive use or 
shortages; and do not provide a monthly estimate of PCU that varies due to climate 
conditions for use in a water rights allocation model.   
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Flexibility 

Pochop reported the monthly minimum and maximum reference ET, PCU and CIR 
estimates to provide the user with a range for each crop.  Although having a range of 
values provides some flexibility, these minimum or maximum extremes may or may not 
have occurred during the same season, and the seasonal minimum and maximum values 
do not equal the sum of the monthly minimum or maximum values.   
 
Planners and consultants have used misused these minimum and maximum published 
values to represent crop use for specific hydrologic year types based on streamflow. This 
is not a correct use of minimum and maximum PCU estimates, since the maximum values 
correspond to high growing season temperatures, not years with the highest runoff.  
Minimum values represent cool growing season temperatures, and do not necessarily 
correlate with low runoff.  Interpretation and use of these minimum and maximum values 
should be done with care.   
 
Acceptability 

Reported average monthly values do not meet the minimum requirements of a Green 
River DSS, as they do not reflect varying climate conditions and associated varying crop 
demands.  Consumptive use reporting requires monthly and annual actual consumptive 
use estimates, and basin planning for new projects requires an understanding and 
quantification of how potential consumptive use, actual consumptive use, and associated 
shortages vary from year to year. Actual water supply-limited consumptive use cannot be 
estimated using the published values, since average annual values cannot be compared to 
water supply on a monthly basis. Therefore, the use of this report was not considered an 
option for a Green River DSS. 
 

NRCS ET Calculator Spreadsheet Model (Snyder and Eching, 2003) 
 
This spreadsheet model includes average monthly ET at select Wyoming climate stations 
calculated using Penman-Monteith.  This depletion calculator is used in the North Platte 
basin to determine and report changes in depletions as required by the Platte River Recovery 
Program. It includes average monthly estimates of crop ET, native vegetation ET, and 
surface evaporation depletions for eight regions within the Platte River basin. The model is 
used to quantify changes in depletions due to changes in land use, for example the change in 
consumptive use for a new pond compared to previous native vegetation.  The model is not 
used for other purposes at this time.   
 
The use of published average monthly values does not meet the defined needs of a Green 
River DSS in terms of model capability.  The published monthly values cannot be used to 
determine PCU over a long period of time; do not estimate actual consumptive use or 
shortages; and do not provide a monthly estimate of PCU that varies due to climate 
conditions for use in a water rights allocation model. Therefore, the use of this report was not 
considered an option for a Green River DSS. 
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ArcGIS Calculator Model 

 
The proposed ArcGIS Calculator Model is a GIS-based ET calculation model which is 
expected to use the ASCE Standardized, the FAO-24 Blaney-Criddle, and the Hargreaves-
Samani methods to calculate and spatially distribute ET and CIR.  Five climatic factors, 
common to some or all of the consumptive use methods, are input to determine reference ET 
(ETr); including solar radiation, soil heat flux, temperature, wind speed and vapor pressure.  
Precipitation data is also required as an input to determine CIR.  The climate data is spatially 
distributed across the State with a GIS grid layer. In addition, crop coefficients, either 
Pochop calibrated coefficients or standard grass reference coefficients, are also spatially 
distributed across the State.  Then, depending on the desired consumptive use method, the 
model calculates ETr using the climate data grid resulting in spatial reference ETr.  Using the 
coefficient and ETr grids, crop consumptive use is spatially calculated and can be determined 
for a specified area.  The model can also calculate CIR using spatial precipitation data.   
 
This model is currently under development by Dr. Gi-Hyeon Park, Assistant Professor, and 
Dr. Mohan Reddy Junna, Professor, at the University of Wyoming in response to the Water 
Research Program 2010 request for proposals on the Consumptive Use of Water from 
Irrigated Lands project.  The project calls for a spatial model that incorporates the 
calculations from the NRCS ET Calculator Spreadsheet Model yet uses localized climate and 
crop information and can be applied statewide. 
 

Model Capability 

This envisioned model involves a series of applications used to accomplish the spatial 
distribution and calculations, including applications that distribute historical and real-
time climate data; calculate reference ET; and calculate crop ET and CIR.  The proposal 
includes an intermediary application that interacts with the SEO database and a public 
web-based application that visually displays the results of the application.  These 
applications allow the crop ET and CIR data to be available in whole at the SEO and 
provides for an application to be made available to the public that can be controlled and 
reviewed by the SEO. Recommendation of methods and quality control are expected to 
be performed prior to providing access to the public. 
 
The project was undertaken with the goal of developing a spatial model that can assist 
North Platte Decree reporting of consumptive use.  The model, which incorporates the 
innovative GIS grid-based analysis capabilities, could be expanded to represent climate 
and associated crop ET throughout the State. The model estimates PCU and CIR only, 
and is not capable of developing actual consumptive use or shortage information.  
However, a post-processor could be developed in Excel or another program to spatially 
estimate monthly estimates of CIR by diverting structure (ditch, well, or reservoir outlet), 
then compare estimates to actual monthly supply data.   
 
Flexibility 
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The spatial aspect of the proposed model provides flexibility for its use with small or 
large scale analyses and works well in conjunction with other spatial data, specifically 
irrigated acreage.  The model provides the climate data and ET estimates in a spatial 
format that standardizes the interpolation to areas between climate station locations. The 
model is flexible enough to use near real-time and with historical climate data, and has 
the capability to be used with three consumptive use methods, providing daily, monthly 
or seasonal estimates.  
  
There are no input data requirements once grids have been developed, as the model 
creation includes gridded input data and actual time-series calculations.  It is envisioned 
that the user will simply extract PCU and CIR results for their location of interest.  
However, on-going efforts will be required for grids to represent current year data. 
 
Storing the results in GIS layer grids may be cumbersome, as ideally daily information 
would be generated for a long climate period.  If only ten years of daily grids were 
generated during the irrigation season, this would equate to well over 1,000 GIS layers of 
reference ET and over 1,000 GIS layers for each climate input variable.  The data could 
be stored in a relational database where each parameter (temperature, precipitation, wind, 
solar radiation, humidity, ETr, and CIR) are stored in separate tables related by grid cell.  
This would also allow summary tables of monthly values to be generated.  Methods for 
storing and accessing the large amount of information developed have not been identified 
to date, and could restrict the use of the information for DSS purposes. 
 
Because the grid values are interpolated based on available data, updating the gridded 
data to extend the period as new data becomes available could be automated, but likely 
needs to happen at the University or SEO office.  The process would be more difficult for 
consultants and planners. 
 
Acceptability 

As this is a model under development, review will be critical to the acceptability of the 
model in the basin. The methods it utilizes, specifically the FAO-24 Blaney-Criddle with 
Pochop’s calibrated coefficients and the ASCE Standardized method, are widely accepted 
throughout the State.  The process of spatially distributing climate data may encounter 
more resistance due to the documented difficulties of spatially distributing wind and 
precipitation climate data over large areas.  
  
The model is being developed at the University of Wyoming; therefore there is no 
reliance on another State or institution to maintain the model over time. Extensive data 
management of the gridded data will be necessary to accurately use the model.  This may 
favor consultants more familiar with spatial techniques and experience with databases 
and other data management techniques.   
 
Costs 
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The development of this model is currently ongoing. Because the model is being 
developed through a research grant with the University of Wyoming, it will be publically 
available. The methods for storing and managing daily spatial grids for an extended 
historical period have not yet been defined; however there will likely be extensive costs 
associated with both storing and providing access to the data.  There are methods for 
storing the spatial data in a database environment, in addition to a gridded GIS layer 
format, that may improve accessibility issues. Costs associated with reviewing the final 
product and training both consultants and Wyoming personnel are expected to be 
significant due to the complex spatial techniques used with the model. In addition, there 
are additional costs associated with updating the gridded information on a regular basis to 
reflect current climate conditions.  
 
This model will be able to estimate PCU and CIR. The DSS defined need to estimate 
actual consumptive use and associated shortages requires that the model results be 
exported into another tool that can consider irrigation sources and perform an on-farm 
water balance.  There are significant costs associated with developing a companion 
model to read the results of the ArcGIS Calculator Model; read water supply; and 
perform the on-farm water balance.   
 

REF-ET 
 
Ref-ET was first created in 1990 by Dr. Rick Allen to serve as a companion computer 
program to ASCE Manual 70, with the stated goal to “provide standardized ET calculations 
that can be compared with other ET computer programs” (REF-ET Manual, 2001).  This 
program provides computations of grass and alfalfa reference ET using many methods, 
including the ASCE Standardized, Penman-Monteith, Hargreaves, and FAO-24 Blaney-
Criddle methods.  Reference ET can only be estimated for a single growing season with each 
model run, limiting its ability to quickly analyze a longer climate period.  The DSS define the 
need for long-term estimates of PCU representing varying climate conditions and the need to 
determine actual consumptive use and associated shortages.  Therefore, Ref-ET is not 
considered as the appropriate tool for a Green River DSS. 
 
Satellite Imagery Models 
 
The Surface Energy Balance Algorithm for Land (SEBAL), Mapping Evapotranspiration at 
high Resolution with Internalized Calibration (METRIC), and Report Sensing of ET 
(RESET) are models that utilize satellite imagery and the energy balance method to spatially 
estimate actual evapotranspiration.  LandSat satellite imagery records thermal infrared light 
that is used in the energy balance to determine net radiation and each model utilizes local 
climate data to determine the remaining factors in the energy balance equation and calibrate 
the ET results.  The SEO has sponsored work to evaluate the use of METRIC based 
algorithm in the Green River basin.  The work to date has been conducted by the University 
of Wyoming and New Mexico Tech University. To assist with method calibration, two eddy 
covariance stations have been in operation in the basin since July 2008. 
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The U.S. Bureau of Reclamation is also investigating the use of energy balance methods for 
the Consumptive Uses and Losses reporting requirements associated with the Upper 
Colorado River Compact.  Their investigation, which will consider accuracy; ease of 
analysis; cost and other parameters, is expected to be completed in 2011. 
 

Model Capability 

The input data for these models is provided from two sources, satellite imagery and on-
the-ground climate data.  Equipment for the ground climate data continuously monitors 
the radiation data; whereas the satellite imagery is only available as an instantaneous 
‘picture’ of the ground.  A series of satellite photos over an irrigation season and the 
radiation data for the same period are then used to determine the actual consumptive use 
of the irrigated lands in the basin.  Actual water supply-limited consumptive use between 
each satellite image is estimated or interpreted to provide an estimate of seasonal 
consumptive use.  Using this innovative process, these models are capable of providing a 
near real-time estimate of actual consumptive use.   
 
Irrigated lands in the Green River basin generally experience water short conditions 
during the growing season. These models cannot estimate PCU or CIR; therefore another 
model would be required to determine crop demands and shortages for planning and 
project permitting purposes. 
 
Flexibility 

The benefit of these models is the ability to estimate actual consumptive use without the 
need for irrigated acreage information or irrigation diversion records.  Because diversion 
records are generally not available in the Green River basin at this time, energy balance 
methods provide a relatively accurate assessment of actual consumptive use in the 
interim while data collection efforts continue.   
 
The models do not provide much flexibility on the information available, and the 
limitations of the method are such that water supply-limited consumptive use is the only 
information that can be developed by the models. The dependence on satellite imagery as 
may be problematic, as the State has no control over the frequency or timing of the 
satellite imagery over the basin or State as a whole.  In addition, the method requires the 
satellite photos to be taken on relatively cloud-free days. A long term historical 
consumptive use analysis using this method is not possible as the imagery is not available 
back in time.  In addition, processing and analyzing the imagery takes time, therefore 
updates cannot be made as quickly as other methods. 
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Acceptability 

The METRIC model is currently being evaluated in the Green River basin by the SEO 
and by the USB to determine if it is an appropriate method to assist with Consumptive 
Use and Losses accounting and planning efforts associated with the Colorado River 
Compact.  As the Consumptive Use and Losses accounting only requires information 
over the past five years, satellite imagery is available.  In addition, this method does not 
require diversion records, which are not available for many structures in the basin.  
 
The METRIC model is being use in western States for both research and planning 
projects, and is widely accepted by the agricultural engineering community.  The model 
is developed and maintained by the University of Idaho and the software is proprietary.  
Therefore, the use of this model results in some reliance on that institution. The process 
of estimating WSL from satellite imagery is complex, which limits the opportunity for 
internal expertise, develops a reliance on outside consultants or university personnel, and 
makes it difficult to reproduce.  These models favor consultants that specialize in this 
type of analysis.   
 
Cost 

One initial cost required to use this method includes the identification of irrigated acreage 
versus native vegetation.  This cost is required for each of the models identified, and the 
cost to update acreage is much less for each future update.  There is a significant cost to 
install flux stations and calibrate the results to the field measurements; however these 
efforts are only required for the first analysis year.  Estimating consumptive use for 
subsequent years using this method is more costly than updating estimates using the 
ASCE Penman or SCS Modified Blaney-Criddle methods.  Although the empirical 
methods require revising irrigated acreage estimates, the only other cost is to include new 
climate data and diversion records.  The costs associated with satellite imagery models 
include purchasing and processing of the imagery. SEO and WWDC staff training is not 
practical and outside experts would need to be responsible for each update. 
 
This method provides actual consumptive use only.  Therefore, there is additional cost 
required to use a companion method to estimate potential consumptive use and shortages 
for planning and development projects.  
 

Lysimeters 
 
Lysimetry is the process of “measuring the change in weight of an isolated, preferably 
undisturbed, soil sample with overlying vegetation while measuring precipitate to and 
drainage from the sample” (Shuttleworth, 2008). Lysimeters use the water balance method 
and measure the amount of precipitation and irrigation water as an inflow, and the amount of 
runoff and drainage as an outflow.  The difference, or residual, of the inflow and outflow 
terms is equivalent to the amount of water consumed by the crop, or crop ET.  If water is 
applied to continually meet crop demands, lysimeters can measure PCU and CIR.  If 
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lysimeters are used in conjunction with a ditch system, and water is applied to mimic 
irrigation practices, lysimeters can measure actual consumptive use.  Often, lysimeters are 
installed in pairs so both potential and actual consumptive use can be measured. 
 
Lysimeters results are site-specific and specific to the type of scenario assessed and crop type 
grown.  This site-specific nature limits their ability to be used in basin-wide planning efforts. 
 Lysimeters are not considered a viable option to meet the needs of a Green River DSS.  
However, lysimeters used to measure PCU allow for calibration of crop coefficients for 
analytical methods such as ASCE Standardized and Blaney-Criddle methods. 
 
StateCU 

 
StateCU is a publically available, Fortran-based program with an associated graphical user 
interface (GUI) that estimates PCU and WSL consumptive use using daily or monthly 
methods.  The crop consumptive use methods employed in the program and the interface are 
the SCS Blaney-Criddle method with calculations on a monthly basis and the ASCE 
Standardized method with calculations on a daily basis.  The model also supports several 
methods to determine effective precipitation and allows for standard elevation adjustments, 
as recommended by ASCE Manual 70.  PCU can be estimated for various crops at a location 
based on climate data from one or more climate stations.  WSL consumptive use can be 
estimated based on diversion records, conveyance and application efficiencies, and 
determination of soil moisture water balance.  
 

Model Capability 

To perform a tributary or basin-wide WSL analysis, the model uses monthly or daily 
climate data depending on the method, irrigated acreage information, crop coefficients, 
application and conveyance efficiencies, and diversion and/or pumping records.  The user 
has the ability to use standard TR-21 or calibrated coefficients with the SCS Blaney-
Criddle method and standard ASCE or calibrated crop coefficients with the ASCE 
Standardized method. 
 
The model simulates consumptive use over a user-defined study period based on a series 
of ASCI input files, which can be populated by hand, from database queries, or using 
existing data management interfaces (DMI).  These existing DMIs operate off a series of 
commands which the user selects through a menu-driven graphical user interface.  The 
commands can be saved so they can be re-run at a later date when new information 
becomes available or to extend the study period.  The commands used to create the files 
are also echoed in the header of each input file, allowing the self-documenting input files 
to be easily reproduced.  This also allows anyone using or reviewing the model input files 
to clearly understand how they were developed.  
 
Either the StateCU GUI or DMIs can be used to access, revise, view, and export 
simulation results. As with the StateCU program, the existing DMIs are publically 
available. Whether existing DMIs are adopted under the Green River DSS, or DMIs are 
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developed to extract information from Wyoming’s databases, the approach of developing 
model input files directly from the data source, in lieu of through a GUI, and echoing the 
commands in the header should be considered for transparency and reproducibility.  Note 
that the learning curve for using the DMIs is similar to the learning curve required to fill 
missing data and format input files for any model.  The step-by-step DMI approach is 
well documented. 
Once read into the interface, input data can be edited directly through the GUI.  Error 
checking of the input data is provided through the GUI, and problems with data are 
shown in the log file.  The model can be used at both a basin-wide and farm-level scale, 
and provides standard output reports, binary output and graphing capabilities of user-
selected information.  The irrigation demands are output from StateCU and can be read 
directly into StateMod, the Green River DSS recommended surface water model.  
 
StateCU uses point-source data from individual climate stations to estimate PCU. Code 
changes would be required to allow StateCU to fully take advantage of spatially 
distributed climate data and grid-based GIS capabilities. 
 
Flexibility 

All information is user-supplied providing extensive flexibility to the user; only the 
consumptive use methods are hard-wired in the model code. The input data and model 
parameters can be revised through the StateCU GUI or, if created using the DMI 
approach, can be revised and re-created using the DMIs. Comprehensive documentation 
exists for both StateCU and the existing DMIs.  As with other GUIs, changes made to 
input files through the StateCU GUI are not echoed in the header of input files, therefore 
some of the transparency and documentation is lost with each revision made through the 
GUI.  Therefore, the ability to use self-documenting DMIs to make model revisions is a 
key advantage allowing both flexibility and transparency.  The GUI then becomes a more 
important feature for viewing and understanding input files and simulation results. The 
GUI allows users to view output variables for each location, or for the entire basin, in 
graphical or tabular formats.   
  
Acceptability 

StateCU is an accepted model by the WWDC, and has been used in to estimate crop 
demands, consumptive use, and shortages for several planning and reservoir projects.  
StateCU has been used to estimate PCU, CIR, WSL and shortages in the Upper Green 
River, the Little Snake River basin, the Bear River Basin, and tributaries to the 
Wind/Bighorn River.  StateCU is used in Colorado for basin-wide planning efforts, water 
budget analyses, historical consumptive use estimates for Water Court and Consumptive 
Use and Losses Reporting in the Colorado River basin.  The model was developed and is 
currently maintained by Colorado.  Even though the source code is available to 
Wyoming, the use of the model may result in a reliance on Colorado to maintain the 
model. 
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Because StateCU was developed by the State of Colorado, consultants from Colorado 
have taken the lead role in developing these models. Therefore it is likely that the use of 
StateCU would favor Colorado consultants in any modeling selection process. However, 
general knowledge of StateCU is growing throughout the water community in Wyoming. 
As with any model, StateCU training would be necessary for State agency personnel and 
consultants in Wyoming.    
 
Cost 

This model, existing DMI tools, and documentation are publically available from the 
CDSS website (http://cdss.state.co.us) free of charge.  Colorado will continue to support 
and enhance StateCU, however Wyoming can choose to request the model code and 
make changes to the code if desired.  If future enhancements require a change to the 
StateCU code, it is anticipated that costs would be incurred, most likely by an outside 
consultant, to implement those changes.  Unless new PCU equations are developed by the 
research community, it is unlikely there will be a need for future StateCU revisions.  
 
There are costs inherent to developing individual StateCU models.  The cost of model 
development depends on many factors but primarily on the availability of data including 
irrigated acreage, diversion records and climate data. There are also costs associated with 
training WWDC staff on the model capabilities and eventually to provide review or 
develop a model internally. 
 

There are several other consumptive use models not discussed herein, including CUP+, IDSCU, 
CropSim, and USBR ET Toolbox.  These models were briefly investigated to determine their 
applicability to the Green River DSS.  These models have not been used in Wyoming for 
planning or permitting purposes. They were eliminated from the discussion primarily because of 
their lack of capabilities in meeting the Green River DSS needs.   
 
Consumptive Use Method Recommendation 
 
Five consumptive use methods and seven consumptive use tools were reviewed for their overall 
capability, flexibility, acceptability, and cost in relation to the needs identified for a Green River 
DSS. Documentation and associated technical papers were reviewed for each program, and 
modelers and developers were interviewed to better understand the technical aspects of the 
modeling software.  In order to compare methods in each category, a matrix was developed and a 
numeric evaluation (1 to 5) was given to each method for each category, as shown in Table 1. A 
high numeric ranking (5) indicates a model meets or exceeds the criteria, whereas a low numeric 
ranking (1) indicates a model cannot meet the criteria or would require extensive effort to meet 
specific criteria.   
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Table A1 – Consumptive Use Method Comparison Matrix 
 
 
 
 
 

Method Comparison 

 
SCS TR-21 
Modified 
Blaney-
Criddle 
Method 

 
 

FAO-24 
Blaney-
Criddle 
Method 

 
 
 
 

Hargreaves 
Method 

 
 
 

Penman/ 
ASCE 

Methods 

 
 
 

Enery 
Balance 
Method 

 
 
 

Water 
Balance 
Method 

Flexibility and Transparency       
Availability of input data 
(spatially and over time) 5 4 4 3 2 2 
Accuracy of method 2 3 3 4 5 3 
Ease of implementation 5 3 4 4 2 3 

Acceptability       

Institutional consensus 5 4 4 5 4 4 
Best science available 3 4 4 5 5 3 
Consistent w/ current projects 5 3 3 4 4 3 
Potential impact on entities 4 3 3 4 2 3 

 
 
Two methods were selected for use in a Green River basin DSS. The first method, the daily 
ASCE Standardized Penman, was chosen as the most accurate and accepted method; however 
the data requirements limit its use in some areas of the basin and limit its ability to be used over 
a long historical period.   If the daily climate data is not available or not sufficient for a specific 
area, in the Green River DSS or elsewhere in the State, it is recommended that the SCS Blaney-
Criddle method should be used.  Consideration should be given to developing calibrated crop 
coefficients for the SCS Blaney-Criddle method based on calibration to the ASCE Standardized 
method, thus accounting for local climatic factors in the method results. If the daily climate 
stations in the Green River basin continue to be operated and maintained, it is anticipated that the 
need for using the SCS Blaney-Criddle method will be minimal for the next decade and may fall 
out of use altogether as daily climate data is accumulated in the future. 
 
Energy balance methods are becoming more cost-effective to investigate actual crop 
consumptive use, but due to imagery availability, cannot currently be used over long periods of 
varied climatic conditions.  However, the technology is continuing to improve and research 
through the SEO and federal agencies should be encouraged and followed.  At this time, the 
energy balance methods do not meet all the needs of a Green River DSS. 
 
Consumptive Use Model Recommendation 
 
Consumptive use models that do not currently use or cannot be enhanced to include the 
recommended methods were considered less desirable for recommendation in the Green River 
DSS. Both StateCU and the ArcGIS Calculator can estimate CIR based on the ASCE 
Standardized and the SCS Blaney-Criddle methods. However, StateCU is the only model 
investigated that provides the ability to estimate potential consumptive use, actual consumptive 
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use, and agricultural shortages. Estimation of actual consumptive use and shortages is a Green 
River DSS identified need, and is currently required for water supply and feasibility studies in 
the basin and throughout the State.  
 
In order to compare models in each category, a matrix was developed and a numeric evaluation 
(1 to 5) or a “Yes/No” designation was given to each method for each category, as shown in 
Table 2. A high numeric ranking (5) indicates a model meets or exceeds the criteria, whereas a 
low numeric ranking (1) indicates a model cannot meet the criteria or would require extensive 
effort to meet specific criteria.  Costs were evaluated in relative terms and provided a numeric 
ranking. 
 

Table A2 – Consumptive Use Model Comparison Matrix 
 

Model Comparison 
WWRC 
#90-06 

ArcGIS 
Calculator 

Satellite 
Imagery 

 
StateCU 

Model Capability     

Meets identified needs for demands No Yes No Yes 
Meets identified needs for actual CU No No Yes Yes 
Meets identified needs for shortages No No No Yes 
Technically implementable 5 4 4 5 

Flexibility and Transparency     

Ease developing/manipulating data 5 3 2 4 
Ease of modifying input data sets NA 3 3 5 
Data-checking abilities (or calibration) NA 3 4 5 
Add enhancements over time 1 3 3 3 
Presentation of model inputs/outputs 4 Unknown 2 5 
Well documented 4 Unknown 5 5 

Acceptability     

Institutional consensus 5 3 4 4 
Consistent with current contracts 5 2 4 5 
Potential impact on specific entities 5 2 2 4 

Cost      

Initial capital 5 (None) 3 3 5 (None) 
Add required capabilities NA 2* 3** 5 
Update and maintenance NA 3 3 4 
Staff training NA 3 2 4 

* Requires added capability to consider water supply to estimate actual CU and shortages. 
** Requires combining with another model to estimate potential consumptive use and shortages. 
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StateCU can estimate WSL and shortages based on irrigation diversions, and can estimate WSL 
for ditches without recorded diversions based on shortages seen on the tributary or throughout 
the basin.  This last capability is especially useful in the Green River basin to the current lack of 
recorded diversions.  Average shortages seen on irrigated land with recorded diversions can be 
used to represent shortages on a tributary or throughout the basin as determined by the basin 
hydrology. StateCU can also use the average shortages to estimate diversions for other non-
recorded diversion structures in the analysis without the need for external processors.   
 
StateCU is the recommended consumptive use model for a Green River DSS. Not only does 
StateCU include the recommended PCU methods and the ability to estimate both potential and 
actual supply-limited consumptive use, an existing StateCU dataset has been developed that 
estimates 100 percent of the agricultural consumptive use in the Green River basin using the 
SCS Blaney-Criddle method and the irrigated acreage defined in the WYWRAG project.  This 
existing dataset is appropriate for use in a Green River DSS, and can be readily updated as the 
review of irrigated acreage is completed and additional diversion records are collected.  In 
addition, StateCU irrigation demands can be output and used directly by StateMod, the Green 
River DSS recommended surface water allocation model.   
 
Although the ArcGIS Calculator does not meet all the identified needs associated with crop 
consumptive use analyses as the model is currently envisioned, the SEO should continue to work 
with the University to identify practical methods for storing and using the grid-based results, 
both in the Green River basin and in other areas of the State.   
 
As with the ArcGIS Calculator, the METRIC satellite imagery models does not meet all the 
identified needs associated with crop consumptive use analyses.  Specifically, it requires a 
companion model to be developed to identify shortages. However, it will continue to be an 
important tool for estimating actual consumptive use in areas with sparse diversion records and 
can be used to verify estimates developed using StateCU. 
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APPENDIX B 
GREEN RIVER DECISION SUPPORT SYSTEM FEASIBILITY STUDY 

SURFACE WATER ALLOCATION MODEL RECOMMENDATION 

Introduction 
 
This technical memorandum documents the review and comparison of available surface water 
rights allocation models to determine their feasibility as potential components for the Green 
River Decision Support System.  Each model was reviewed based on defined criteria and the 
model’s ability to meet the needs defined in the Green River Decision Support System 
Feasibility Report. Based on the review and comparison, StateMod is recommended as the 
surface water rights allocation model component of the Green River DSS.  
 
Need for a Water Rights Allocation Model 
 
The Green River Decision Support System Feasibility Report (Report) identifies the needs of 
Wyoming’s State agencies responsible for the majority of water planning and water 
administration.  Both the State Engineer’s Office (SEO) and the Wyoming Water Development 
Commission (WWDC) have direct responsibilities or manage water planning projects with needs 
that can be met by a water rights allocation model. 
  
The major input components of a water rights allocation model include the basin’s unique 
hydrology, physical systems, water demands, and legal and administrative conditions affecting 
project operations.  Each model is driven by inflow “natural” hydrology, representing either 
historical or predicted hydrology absent the effect of man. The physical systems are represented 
by stream order and diversion locations, plus ditch capacities, reservoir sizes, and location of 
return flows.  Water demands are represented at diversion headgates, by instream flow reach, and 
at reservoirs.  Finally, water right and project operational priorities are superimposed. 
 
The following specific identified needs could be investigated with a basin-wide water rights 
allocation model under historical hydrologic conditions or predicted hydrologic conditions, 
including extreme droughts, wet periods, or conditions associated with projected climate change. 
 

 Determine water available for new storage projects  
 Size reservoirs to meet identified average and firm-yield demands 
 Determine yield of new junior direct water rights, including instream flow requests 
 Assess risk of existing water rights under varying hydrologic conditions 
 Consider the impact of various project operations and administration on meeting 

demands 
 Predict the need for additional regulation 
 Investigate river reach gains and losses 
 Assist with determining irrigation return flow locations and timing 
 Determine whether demand shortages occur due to physical supply limitations, legal 

supply limitations, or operational practices 
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Models Reviewed 
 
Five water right allocation models and/or reservoir operation models that are currently used in 
water resources planning in western States were selected for further investigation.  Each of these 
models can meet many of the needs identified.  Models selected for additional investigation 
include: 
 

 StateMod - developed and maintained by the State of Colorado. 
 MODSIM - developed and maintained at Colorado State University. 
 RiverWare - developed and maintained by the Center for Advanced Decision Support 

for Water Environmental Systems (CASWES) at the University of Colorado. 
 STELLA - developed and maintained by ISEE Systems. 
 Basin Plan Spreadsheet Models - developed and updated in support of the WWDC 

Basin Water Plans. 

Wyoming Integrated River System Operation Study (WIRSOS) models were developed in the 
1980s and 1990s to represent river basins in Wyoming. The model code was managed by the 
University of Wyoming and no enhancements have been made since the mid 1990s. A “WIRSOS 
Comparison and Analysis” memorandum developed in 1997 included suggested enhancements 
to WIRSOS to better represent project operations in Wyoming and to keep in step with upgrades 
made to other models, including StateMod and MODSIM. The State is no longer supporting the 
WIRSOS model code; therefore WIRSOS was not investigated as a potential DSS component. 
OPSTUDY models were historically used by the USBR to simulate operating scenarios of 
reservoirs, primarily in the Platte River Basin.  The USBR plans to replace OPSTUDY models 
with RiverWare models as time and budget allow.  As the OPSTUDY model will no longer be 
supported, it was not investigated as a potential DSS component. 
 
Review Criteria 
 
When comparing and contrasting model alternatives, it is necessary to establish criteria upon 
which the various alternatives can be ranked. The ranking criteria addressed the needs and 
interests of the State agencies and consultants that will use the planning model in the future. The 
ranking criteria were established to represent the characteristics of the finished water rights 
system yield model. Therefore, the model alternatives were ranked high if the model already 
does or can satisfy the subject criteria in a straightforward manner. Alternatives were ranked low 
if a large effort is necessary to bring the model to a level sufficient to meet the subject criteria. 
Four main sets of ranking criteria are presented below with specific sub-criteria used in ranking 
the model alternatives: 
 

Model Capability 

Each of the model alternatives was reviewed with respect to how consistently and accurately 
the models can represent hydrology, demands, water rights, and operations in the Green 
River basin. This review identified strengths and weaknesses in the following sub-criteria: 
 Does the model meet identified needs? 
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 Can the model be technically implemented? 
 Does the model accurately represent the Prior Appropriation Doctrine? 
 Does the model inherently include the ability to represent Wyoming basin operations? 

(e.g., do standard model operating rules exist so “hard wiring” of operations in the code 
can be avoided) 

Flexibility and Transparency 

Each of the model alternatives was reviewed with respect to how easily input data sets can be 
developed, manipulated, checked for errors, summarized, and presented. The ease with 
which model input can be modified and the opportunities available to present and analyze 
model simulation results were also evaluated. Flexibility and transparency are critical 
components for a DSS model, as once a “base” model has been developed, it will be used by 
State agencies and consultants to address issues and answer questions into the future. The 
model must be flexible to easily address questions, plus the model needs to be transparent so 
users clearly understand the basin representation. This review identified strengths and 
weaknesses in the following sub-criteria: 
 
 How easy is it to develop and manipulate necessary input data? 
 Can input data sets easily be modified, including updates to extend study period? 
 Are there self-documenting input file capabilities? 
 Does the model include data-checking abilities? (e.g., does demand exceed headgate 

capacity, is the file format correct) 
 Can features be easily added for analyses? (e.g., include new water rights, add reservoirs) 
 Can operational alternatives be added and model simulation results reviewed quickly? 
 What capabilities exist to review/analyze input data and model results? 
 Are model operations and input file development well documented? 

Acceptability 

Each of the model alternatives was reviewed with respect to how the models appear in the 
eye of the public, government, alliances and competitors. Significant resources will be 
required to develop the water rights allocation component for the Green River DSS, and it is 
imperative that the model be considered an appropriate tool by State agencies and other 
entities. The acceptance level for how each sub-criteria will be viewed amongst peers 
include: 
 
 Is the model consistent with on-going projects? 
 Does the solution impact one entity more than another? (e.g., does the solution favor in-

state consultants versus out of state consultants) 



Appendix B 
 March 22, 2011 

 
 

 Page B-4 

Cost 

Each of the model alternatives was reviewed with respect to the effort needed to develop a 
fully functional water rights system yield model representing the Green River basin. To the 
extent necessary, these efforts would include bringing the model architecture up to a level 
sufficient to meet the project needs and to address shortcomings in flexibility. The initial cost 
to purchase the model software has been included. Issues with obtaining model source code 
and/or having model developers add features to better represent Wyoming’s systems are 
discussed. Costs to develop input files and train staff to oversee model development are 
estimated to be similar between models, therefore are not specifically addressed in this 
technical memorandum. 
 

StateMod 
 
The StateMod model is a generic water allocation and accounting model capable of making 
comparative analyses to assess various historic and future water management policies in a river 
basin.  Per the model’s documentation, “StateMod operates like the stream itself; governed by 
hydrology, water rights, and the associated structures and operating rules. It recognizes five 
types of water rights: direct flow rights, instream flow rights, reservoir storage rights, well rights, 
and operational rights. Each of the water rights is given an administration number (rank) and 
location in the stream system. The model then sorts the water rights by rank and simulates their 
operation by priority using the Prior Appropriation Doctrine”. 
 
StateMod is able to simulate stream diversions, instream flow demands, well pumping, reservoir 
operations (e.g., releases to river, municipal, and irrigation demands; paper exchanges between 
accounts in one or more reservoirs), reservoir evaporation, and river flows on a monthly or daily 
basis for any stream system using user-specified data. The StateMod model can be adapted to 
any basin or sub-basin through the development of unique datasets. StateMod is also capable of 
interacting with MODFLOW to facilitate surface water and ground water interactions.   
 
StateMod is the official water rights allocation model for the State of Colorado, and has become 
an integral part of water resources planning in the State.  StateMod is a FORTRAN code based 
program with a graphical user interface (GUI) to allow for easier data access, simulations and 
viewing of results.  Colorado’s Division of Water Resources (CDWR) is responsible for the 
maintenance of the model code, therefore the code is publically available free of charge.  The 
StateMod program executable and GUI are available for download on the State of Colorado’s 
Decision Support System website (www.cdss.state.co.us); the FORTRAN code can be requested 
by contacting CDWR directly. 
 

Model Capability 

Due to StateMod’s multiple generic operating rules and its ability to be used in any user-
defined river basin, it has the capability to be used as the surface water model for the entire 
Green River basin.  StateMod operates based on the Direct Solution Algorithm which 
inherently accounts for river operations according to the Prior Appropriation Doctrine.  
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There is currently a StateMod surface water model in the basin from the headwaters 
downstream to Green River, including hydrology and irrigation demands on numerous 
tributaries and operations for Fontenelle Reservoir.  
 
The Green River StateMod model was developed in phases under WWDC contracts, and the 
level of detail varies spatial, and more detail is required to meet the Green River DSS 
objectives.  The first phase was to support potential storage projects in the upper basin as part 
of the Upper Green River Storage Level II Study.  The model input files were extended under 
the Green River Plan update (2010) to include main stem diversions downstream to 
Fontenelle Reservoir.  Although the upper basin portion of the model includes more detail 
than the extended portion, the specific surface water operations currently found in the Green 
River basin are successfully being simulated through StateMod’s existing operating rules.  
 
Other models investigated required natural flows to be developed outside the modeling 
environment.  StateMod has a “baseflow generator” that can use historical information 
regarding streamflows; diversions; reservoir contents and evaporation; and return flows to 
estimate natural flows.  Natural flows are required to accurately estimate how man’s past and 
future demands can be met based on water rights and operational constraints. 
 
The generic operating rules in StateMod are extensive and can account for current Green 
River Basin water rights and project operations. Although not currently identified as a 
specific need in the Green River basin, StateMod has the ability to represent ground water 
demands and permitted rights, and surface and ground water interactions.  These capabilities 
will be important as the DSS expands into other basins. 
 
Flexibility and Transparency 

The StateMod model is extremely flexible as the user supplies all basin-specific input data, 
sets up the structures (nodes) in the stream system, and controls the order of operations 
within the model.  StateMod can be simulated on a monthly or daily time step and reports the 
stream balance at each node in the model.  Standard reports as well as a binary file contain 
results for each node in the model.  Because StateMod includes generic operating rules that 
can represent Wyoming’s administration and operations, the user is not required to have 
programming skills.  
 
The CDWR has developed a series of Data Management Interfaces (DMI) that directly 
access information from HydroBase, Colorado’s main DSS database, or from other data 
sources.  These DMI’s are used to format the data and create the StateMod input files.  The 
DMIs operate by selecting commands through a graphical menu, which are echoed in the 
header of each input file, allowing the self-documenting input files to be easily reproduced.  
The self-documenting nature of this modeling approach provides for a standard approach 
among modelers and continuity for model updates over time.  
 
StateMod requires complete datasets to operate.  Filling of missing data must be performed 
prior to running the model.  The DMIs include algorithms to fill missing data and extend the 
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study period during the creation of input files.  In addition, StateMod reads output directly 
from Colorado’s consumptive use model, StateCU, to generate irrigation demands. 
 
DMIs can also be used to access, revise, view, and export simulation results. As with the 
StateMod program, the DMIs are publically available from the CDSS website. The DMIs 
have been used to develop the input files for the existing Green River Basin StateMod model. 
As custom DMIs are developed to extract information from Wyoming’s databases, the 
approach of developing model input files directly from the data source, in lieu of through a 
GUI, and echoing the commands in the header should be considered for transparency and 
reproducibility.   
 
StateMod includes a graphical user interface (GUI) that provides a platform for generating 
the model network and spreadsheet-style windows allow for data input and editing so 
changes can be quickly made to input files for “what-if” simulations.  The GUI is menu-
based with forms that allow model input to be edited. As with other GUIs, changes made to 
input files are not echoed in the header of input files, therefore some of the transparency and 
documentation is lost with each revision made through the GUI.  Therefore, the ability to use 
the self-documenting DMIs to make model revisions is a key advantage allowing both 
flexibility and transparency.  The GUI then becomes a more important feature for viewing 
and understanding input files and simulation results. The GUI allows users to view output 
variables for each location, or for the entire basin, in graphical or tabular formats.   
 
The GUI does not include a GIS interface, and the model network, although physically based 
in terms of upstream to downstream connectivity, does not clearly show distances between 
modeled features, and cannot be presented on top of background images.  Essentially, the 
model network is in the form of a river schematic similar to those developed and used by the 
SEO. 
 
StateMod has the ability to check consistency between model input files and to minimize the 
extent of errors in the underlying datasets. StateMod can be run in “data check mode” - this 
option reviews all of the input files, checks that all required data are included, and checks for 
consistency amongst the various input data. In this mode, and when run in simulation mode, 
StateMod has numerous error-checking messages built into the model code to help users 
identify errant data or other information in the input files that is inconsistent.  Extensive 
documentation for the StateMod model and the associated DMIs is available on the CDSS 
website.  
 
Acceptability 

StateMod is an accepted surface water model by the WWDC, and has been used in several 
storage investigations. The StateMod model has been used to represent, among others, the 
Upper Green River basin in Wyoming and tributaries to the Wind/Bighorn River.  Because 
the model was developed by the State of Colorado, consultants from Colorado have taken the 
lead role in developing these models. Therefore it is likely that the use of StateMod would 
favor out of State consultants in any modeling selection process. However, general 
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knowledge of StateMod modeling is growing throughout the water community in Wyoming. 
StateMod training would be necessary for State agency personnel and consultants in 
Wyoming.    
 
Cost 

There is no base cost for the modeling program, DMI tools, or documentation - these are all 
publically available free of charge via the CDSS website.  As discussed above, the generic 
operating rules available with StateMod are expected to be sufficient to represent the 
foreseeable needs for the Green River DSS.   CDWR personnel have indicated willingness to 
include new operating rules to the StateMod code if they are representative of Colorado 
Water Law and if they generally enhance the usefulness of the StateMod model.  The code 
can also be requested, and Wyoming can take on the responsibility of implementing program 
code changes to make the program more specific to Wyoming Water Law.  If future 
scenarios or operations require a change to the StateMod code, it is anticipated that costs 
would be incurred, most likely by an outside consultant, to implement those changes.   
 
There are costs inherent to developing individual StateMod models.  As the WWDC has been 
involved with these modeling projects, they understand that the cost of the model is 
dependent on many things: size of the basin, complexity of operations, availability of data 
within the basin, and the number of scenarios to be simulated and analyzed.  Generally a 
monthly and daily model can be developed, calibrated, and analyzed in the StateMod 
modeling environment within a single year.  There are also costs associated with training 
WWDC staff on the model capabilities and eventually to provide review or develop a model 
internally.  The costs associated with developing a StateMod model for the Green River 
basin would be less than using another model platform because a StateMod model for 
significant portions of the basin has already been developed.  This model was not necessarily 
developed with the level of detail desired, but would provide a starting point that would 
result in overall savings to the Green River DSS implementation. 
 

MODSIM 

MODSIM is a generalized river basin network model that uses optimization algorithms to 
allocate flow throughout the river system while accounting for specified water rights, hydrologic 
variability, reservoir operations, and other institutional priorities, including economic factors.  
The model was developed by Dr. John Labadie at Colorado State University (CSU) in the early 
1970’s, and has undergone continual improvements and enhancements.  The model can be 
adapted to any basin based on unique input data.  The model network represents the river system 
using nodes, both storage (e.g. reservoirs and accounts, groundwater basins) and non-storage 
(e.g. diversions, return flow locations, streamflow gages), and links which represent river 
reaches, canals and water rights.  Inflows, demands, and gains/losses accumulate at each node, 
whereby the model optimizes the flow and water rights priorities for each time step.   

Model Capability 

MODSIM is capable of modeling operations associated with consumptive use demands and 
returns, instream flow demands, diversions, reservoir operations, hydropower, natural gains 
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and losses, and water right administration on a daily, weekly or monthly time step. MODSIM 
operates the Prior Appropriation Doctrine based on optimizing the movement of water 
through the model to maximize its ‘value’ (i.e. minimize the ‘cost’).  MODSIM operates 
using the following assumptions:  
 
 Storage nodes and links are bounded from below and above (i.e., minimum and 

maximum) storage and flows are given, with the latter allowed to vary over time. 
 Each link must be uni-directional with respect to positive flow; flow reversals can be 

modeled by assigning an additional reverse direction link between two nodes. 
 Inflows, demands, system gains and losses must accumulate at nodes; increasing the 

density of nodes in the network increases simulation accuracy, but also increases 
computer time and data requirements. 

 Each reservoir is designated as a spill node for losses from the system. Spills from the 
system are the most expensive type of water transfer, such that the model always seeks to 
minimize unnecessary spills. Spills may be retained in the network by specification of an 
additional release link from a reservoir which can be labeled as a high cost link. 

 Reservoir releases are supplemental only, that is the direct flow or natural flow rights 
must be fully appropriated before storage accounts are used. 

 
MODSIM has the capability to simulate Wyoming’s water rights and project operations in 
the Green River basin.  MODSIM is also capable of interacting with MODFLOW to 
facilitate surface water and ground water interactions.  MODSIM recently added a natural 
flow generator (termed “Calibration Mode” execution) that operates similar to StateMod by 
removing the effects of man from historical measured streamflows. MODSIM has been used 
by consultants to model operations associated with Lake DeSmet on Clear Creek. There was 
some effort to expand the model to investigate water available for other storage sites on 
tributaries to Clear Creek, with limited success.  No other MODSIM uses in Wyoming were 
identified. 
 
An extension to MODSIM has recently been released, called Geo-MODSIM, that integrates 
the modules for river basin modeling, database management, and graphical user interfaces 
into a GIS platform.  This new module has successfully been used in the Arkansas River 
basin in Colorado, and allows more automatic spatial viewing of results than currently exists 
in StateMod.  In addition, the recent enhanced version of MODSIM includes a water quality 
module that can estimate the conservative parameter TDS under various flow conditions 
based on a user-supplied relationship. 
 
MODSIM does not currently have the capability to estimate crop demands based on potential 
consumptive use estimates.  However, Geo-MODSIM allows input data to be loaded into a 
database and includes some statistical filling algorithms similar to those available in the 
DMIs used to create StateMod inputs. 
 
The new version of MODSIM is not backward compatible with datasets developed for 
previous versions.  Based on discussions with the MODSIM developers, they have indicated 
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that backward compatibility is not a priority for model enhancements, and it is likely that 
each new MODSIM version will require revisions to previous model input files. 
 

Flexibility and Transparency 

The user defines the river basin based on the input data, and MODSIM can accommodate 
small or large model networks.  MODSIM relies on user supplied operational priorities to 
simulate operations in the model.  This provides the user with extensive flexibility during 
model development and future scenarios.  The GUI allows for easy model development and 
many options for viewing and exporting results.  Unlike StateMod, input files are not self-
documenting.  However, information from other sources such as databases and spreadsheets 
can be easily incorporated through the GUI. 
 
MODSIM includes very few generic operating rules; instead the users can custom-program 
basin operations.  Whereas this increases the flexibility for the user, it decreases 
transparency, consistency, and the ability for the State to control quality. Model developers 
are required to have some programming skills. 
 
As the premise of MODSIM is associated with the ‘valuation’ of the movement of water, 
some model input terms and the resulting output terms are associated with ‘costs’.  These 
cost estimates are not intuitively related to water resources terminology (e.g. shortages, 
irrigation demand, junior/senior priorities) and may cause difficulty during training or with 
users not familiar with the program. Terminology associated with reservoir capacities and 
accounts are also non-specific to water resources. 
 
The GUI provides a platform for generating the model network and spreadsheet-style 
windows allow for data input and editing.  A Water Rights extension may also be utilized in 
MODSIM which facilitates the assignment of water rights to nodes.  In addition, 
georeferenced network diagrams can also be loaded directly into the Geo-MODSIM module. 
  
Acceptability 

MODSIM is widely accepted throughout the water industry as a useful reservoir and river 
system modeling program.  Beginning in 1992, USBR and Colorado State University worked 
together to revise and improve the MODSIM river simulation model to address various river 
system operation analyses requirements.  The USBR originally used MODSIM to model the 
Colorado-Big Thompson project, and are now in the process of redeveloping the modeled 
system in RiverWare for consistency with other agency efforts. MODSIM models have been 
developed for several basins in Colorado, across the western U.S. and internationally.  As 
noted above, a MODSIM model has been developed representing the Clear Creek basin in 
Wyoming.   
 
MODSIM is currently more widely used in Colorado than Wyoming, therefore it is likely 
that the use of MODSIM would favor out of State consultants in any modeling selection 
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process. MODSIM training would be necessary for State agency personnel and consultants in 
Wyoming.    
 

Cost 

The MODSIM program and associated documentation are publically available from the 
MODSIM website through Colorado State University at no charge.  The source code is not 
currently available; negotiations with CSU would need to be undertaken if the State of 
Wyoming would like to obtain the source code.  Model code enhancements are often 
performed by graduate students, and there may be opportunities for CSU to work with 
Wyoming if model revisions are required. The cost to develop input files will be very similar 
to the cost for other model alternatives. Understanding and developing the appropriate input 
files for a water rights model will take time and training.  As with other alternatives, there 
will be costs associated with training WWDC staff on the model capabilities and to develop a 
model representing the Green River basin.   

 
RiverWare 
 
RiverWare was originally developed for the U.S. Bureau of Reclamation (USBR) and the 
Tennessee Valley Authority (TVA) by the Center for Advanced Decision Support for Water 
Environmental Systems (CADSWES) at the University of Colorado.  The RiverWare model is a 
general reservoir and river basin simulation and optimization model that can be used for 
evaluating operational policies, system optimization, water accounting, water quality analyses, 
water rights administration, and long-term resource planning.   
 

Model Capability 

RiverWare is capable of modeling operations associated with storage in reservoirs, 
hydrologic modeling of routing in river reaches, evaporation, diversions, return flows, 
groundwater interactions, water quality, and electric power economics.  RiverWare’s GUI 
allows the user to create a basin network model using a number of different components and 
then allows the user to select an appropriate method for simulating the physical processes 
associated with each basin component. Operating policies are expressed via rules that are 
interpreted during the simulation process.  
 
RiverWare is capable of executing the model in three ways: pure simulation, rule driven 
simulation, or optimization. This enhances the functionality of the model by allowing the 
user to simulate the model based on different scenarios; rule-driven simulation could be used 
for water rights scenarios and optimization could be used for potential hydropower 
operations.  In general, this model excels at simulating reservoir operations, hence its use by 
the USBR.  RiverWare recently added a water rights solver that can simulate the Prior 
Appropriation Doctrine. A limitation is that the model requires a specific operating rule be 
added for each direct water right.  Efforts are currently underway to test the capability of 
RiverWare to simulate according to the Prior Appropriation Doctrine.  At this time, an 
example model using the new water rights algorithm is not available. 
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RiverWare does not have a module to create natural inflows for model simulation – instead 
natural inflows must be estimated outside the model.  No examples were identified where 
RiverWare was used to represent surface and ground water interactions. 
 
Flexibility and Transparency 

RiverWare’s graphical user interface makes it easy to build a river basin model representing 
any basin and allows for easy modification as features, uses and policies are revised.  Its 
numerous customization options and output results make it flexible for many applications of 
water resources and it is well supported with documentation and training sessions.  As 
revisions are made to represent varying scenarios, input and output files can be preserved for 
later comparison. So, although there is no record of revisions made to the input files, they 
can be manually compared to identify the revisions. 
 
Based on RiverWare media, the following features of RiverWare lend to its usability:  
 
 Data Management Interface: This tool allows users to share data with other applications 

and analysis tools. It allows the user to customize and automate loading and exporting 
data, set up runs for specific applications, and revise or extend the model simulation 
period. The DMI also allows the user to load inputs from external sources including real-
time or relational databases, outputs from other models, and ASCII files. 

 Advanced Diagnostic: Improve analysis of model runs by printing optional informational 
messages on specified objects, slots, timesteps, methods and controllers. These messages 
are integrated with RiverWare's warning and error messages to provide exact problem 
diagnosis. 

 Snapshot Manager: RiverWare's snapshot manager automatically saves input/output 
values of selected slots for each model run. Change the scenario, make another run, and 
retain selected results for comparison. Data are kept on snapshot data objects and are 
created and modified through the snapshot manager interface. 

 Output Options: The plotting manager allows plotting of variables from successive model 
runs - with no limit to the number of plots. View and print the plots or export the data in 
ASCII files or spreadsheet-readable files. 

 Batch Mode: RiverWare's batch mode utility lets you make a run, enter data, and look at 
the results in batch mode through its RiverWare Command Language (RCL). 

RiverWare includes very few generic operating rules; instead the users can custom program 
basin operations.  Whereas this increases the flexibility for the user, it decreases 
transparency, consistency, and the ability for the State to control quality.  General 
programming skills are required for users to add operations. 

Acceptability 

RiverWare is supported, maintained and continually enhanced by CADSWES at the 
University of Colorado. RiverWare is the official river and reservoir operating model of the 
USBR and projects utilizing RiverWare have been implemented in the Tennessee Valley, 



Appendix B 
 March 22, 2011 

 
 

 Page B-12 
 

Colorado River basin, Upper Rio Grande basin, and the San Juan basin. The Colorado River 
basin model encompasses the Colorado River, nine major tributaries and eight major 
reservoirs including Flaming Gorge. Each tributary is modeled in a simplistic fashion, and 
water rights have not been incorporated at this time. Because of the current lack of detail, the 
RiverWare model that includes Green River Basin has not been used for any basin planning 
efforts in Wyoming. A USBR goal is to represent each of their complex reservoir systems, 
including the North Platte reservoir system in Wyoming, using a RiverWare model.  This 
effort has not yet been initiated. 
 
RiverWare is not currently used for modeling efforts in Wyoming, except generally by the 
USBR for Colorado River issues.  The expense associated with purchasing RiverWare has 
resulted in limited expertise outside of firms with specific USBR contracts.  Those firms who 
frequently work on USBR contracts would likely have an advantage over other consultants to 
assist Wyoming in any modeling efforts. RiverWare training would be necessary for State 
agency personnel and consultants in Wyoming.    
 
Cost 

RiverWare is a proprietary software program, and information regarding the costs associated 
with the software, documentation and training are available on the CADSWES website 
(/cadswes.colorado.edu/riverware/). Costs for a government agency to purchase a single 
RiverWare license is $7,500 and includes up to 15 hours of technical support. The first 
additional license can be purchased for $2,400. 
 
As with the model executable, the source code to RiverWare is not publically available. 
RiverWare is currently supported by the University of Colorado, however code modifications 
and updates have been funded primarily by the USBR.  This may impact the possibility of 
requesting changes and/or improvements to the model software.   
 
There are also costs inherent to developing individual RiverWare models.  As the current 
need of the WWDC is to estimate physically and legally available water for storage, the costs 
associated with developing this type of model in RiverWare would be extensive due to the 
number of operating policies required to simulate the Prior Appropriation System. As with 
all new modeling software, there are costs associated with training private and public entities 
within Wyoming on the RiverWare model program. RiverWare provides 3 day training 
sessions, as already laid out by CADSWES.  
 



Appendix B 
 March 22, 2011 

 
 

 Page B-13 
 

STELLA  
 
STELLA is a broad-based modeling software that is used in many different industries to simulate 
a closed system over time.  STELLA can model many time-dependent relationships including 
operating rules or planning policies, hydrology, resource inventories, policy and requirements 
inventories, biological systems, economic systems, and measures of system performance. 
STELLA uses four types of objects during model development: stocks, flows, converters. and 
connectors.  Per the Comparative Evaluation of Generalized River/Reservoir System Models 
(R.A Wurbs, 2005), stocks accumulate flows and are used as state variables to reflect dynamic 
time-varying characteristics of the system. Numerical integration methods are used to solve the 
mass or volume balance at each stock. STELLA flow objects may represent stream inflows, 
water supply diversions, reservoir releases, and evaporation. Converters are used to store 
mathematical expressions and data and connectors provide a link between stocks, flows, and 
converters. These objects can be used to represent a river system, which is then simulated based 
on user-specified operational rules. 

Model Capability 

Due to its very generic object-orientated base, STELLA can be used in numerous 
applications across several industries.  Although STELLA may have the capabilities to 
model a surface water system and simulate it according to the Prior Appropriation Doctrine, 
the number of operating rules required for such simulation at a large scale would be onerous. 
 A case study using STELLA to successfully model a river system according to the Prior 
Appropriation Doctrine has not been published, although efforts are currently underway to 
develop such a model.  Other basin operations, including reservoir storage and release, can 
be included in a STELLA model through custom-programming options. 
 
STELLA does not have a module to create natural inflows for model simulation, due to its 
generic system capabilities. Instead, natural inflows must be estimated outside the model 
then brought in as an input.  No examples were identified where STELLA was used to 
represent surface and ground water interactions. 
 
Flexibility and Transparency 

STELLA’s widely regarded for its relative ease of usability by its supporters. Media 
published by STELLA developers (isee Systems) notes that the icon-based GUI can simplify 
model building; built-in functions facilitate mathematical, statistical, and logical operations; 
and arrays help represent repeated model structure. STELLA has object-oriented tools that 
allow for water resources planning including visualization of the system, interpretation of the 
results, and collaborative planning with all entities. For this and other qualities, STELLA is 
both usable and flexible.  The modeling terms and output are so generic, however, that it is 
difficult to assess the results in terms of water resources.   

STELLA does not include generic operating rules; instead the users can custom program 
basin operations.  Whereas this increases the flexibility for the user, it decreases 
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transparency, consistency, and the ability for the State to control quality.  General 
programming skills are required for users to add operations. 

 
Acceptability 

STELLA is currently being used by the Nebraska Department of Natural Resources for 
surface water and reservoir modeling in the Platte River basin. Preliminary results of the 
modeling efforts are not available as of yet.  STELLA is widely accepted for non-water 
resources modeling, however has not been fully tested for use with the Prior Appropriation 
Doctrine.   
 
STELLA is not currently used for modeling efforts in Wyoming, therefore it is likely that the 
use of STELLA would favor out of State consultants in any modeling selection process. 
STELLA training would be necessary for State agency personnel and consultants in 
Wyoming.    
 

Cost 

STELLA costs $1,899 for a single-use license. There are several online training courses 
available that cost around $149 per class, depending on the course and the user’s ability. 
Additions to the STELLA model can be purchased to aid in the sharing and publishing of 
models on the web. Those enhancements range from $299 to $995. Training courses range in 
cost from $39 to $299, based on the type of training the user would like and how 
knowledgeable the user is on the model. 
As with the model executable, the source code to STELLA is not publically available. This 
may impact the possibility of requesting changes and/or improvements to the model 
software.   
There are also costs inherent to developing individual STELLA models.  As the current need 
of the WWDC is to estimate physically and legally available water for storage, the costs 
associated with developing this type of model in STELLA would be extensive due to the 
testing time required to implement the Prior Appropriation Doctrine. 

 
Basin Plan Spreadsheet Models 
 
Spreadsheet models have been developed in support of the Basin Water Plans for each of the 
major river basins in Wyoming.  Three spreadsheet models were developed for each basin.  Each 
spreadsheet represents a single representative year of monthly data; the specific year selected 
based on wet, average and dry historical streamflow data.  Inputs into the spreadsheet models 
include streamflow, natural tributary inflow, estimated diversions, full irrigation supply 
diversions, reservoir contents/evaporation, and irrigation return flows.  Calculations within the 
spreadsheets then perform a water balance at each node; the model is calibrated to historical 
streamflow.  Model output includes simulated diversions and available streamflow at each node 
in the model.  Including potential water projects and/or changing input data in the model impacts 
the available flow and diversions.  This impact can then be analyzed to assist in determining 
feasibility of the water project. 
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Model Capability 

The spreadsheet models provide an estimate of physically available flow for three 
representative years (wet, average and dry).  The spreadsheet models do not take into account 
water rights, reservoir demands, or compact allocations.  The water balance approach 
provides a gross estimate of available flow under historical conditions, however once the 
river operations are altered due to new water projects, water rights and priorities must be 
accounted for to accurately determine the amount of water legally available to the new water 
project.  The spreadsheet models do not simulate the river in accordance with the Prior 
Appropriation Doctrine; instead it essentially summarizes the river water balance.  In 
addition, the spreadsheet models do not represent surface and ground water interaction. 
 
Flexibility and Transparency 

The spreadsheet model template provides for a relative standard approach to developing a 
basin model and includes the water balance calculations.  Extensive work is required for each 
spreadsheet model to determine the representative years, input the model nodes and 
appropriate input data, and calibration.  As the input data is generally developed through 
processes outside of the model, it is cumbersome to evaluate different scenarios (e.g. changes 
to conveyance or application efficiencies). Reservoir releases are not dynamic based on 
irrigation demand or hydrological conditions; historical releases are input and are not altered 
during the model simulation.  In addition, the models do not provide a long term assessment 
of water availability unless an individual spreadsheet is developed for each year.  The model 
only operates on a monthly time step and is not flexible enough to perform a daily analysis.  
The amount of effort required to create the spreadsheet models greatly outweighs the amount 
and usefulness of the results.   
 

Acceptability 

Spreadsheet models have been accepted for limited use, and continue to be updated during 
basin planning efforts.  The usefulness, limitations, and accuracy of the models have been 
questioned and documented in the Framework Study and the recommendation made to move 
towards a water rights allocation model such as StateMod.  In addition, several WWDC 
studies that used the spreadsheet models to quantify water availability have documented the 
limitations. More dynamic models that simulate according to the Prior Appropriation 
Doctrine are now the more accepted models for determining water availability. 
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Cost 

The previously developed spreadsheet models and associated documentation are publically 
available from the WWDC website. Future modeling efforts using the spreadsheet models is 
not recommended due to the limitations discussed above, therefore costs associated with 
model development and training are not discussed.  

 
Recommendations 
 
Five surface water models were reviewed for their overall capability, flexibility and 
transparency, acceptability, and cost in relation to the needs identified for the Green River DSS.  
Documentation and associated technical papers were reviewed for each program, and modelers 
and developers were interviewed to better understand the technical aspects of the modeling 
software.  In order to compare models in each category, a matrix was developed and a numeric 
evaluation (1 to 5) was given to each model for each category.  A high numeric ranking (5) 
indicates a model meets or exceeds the criteria, whereas a low numeric ranking (1) indicates a 
model cannot meet the criteria or would require extensive effort to meet specific criteria.  Due to 
the identified issues with the Basin Plan Spreadsheet Models, they have not been included in the 
decision matrix, shown in Table B1.  
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Table B1 –  

Model Comparison StateMod MODSIM RiverWare STELLA 

Model Capability     

Meets identified needs 5 5 5 4 

Technically implementable 5 5 5 3 

Compatible with Wyoming operations 5 4 3 1 

Flexibility and Transparency     

Ease developing/manipulating data 4 4 4 4 

Ease of modifying input data sets 4 4 4 3 

Data-checking abilities 5 4 4 4 

Add code enhancements over time 4 4 4 3 

Availability of generic features 5 3 3 5 

Modifications to operations 3 5 5 3 

Presentation of model inputs/outputs 5 5 5 5 

Well documented 5 5 5 2 

Acceptability     

Consistent with current contracts 5 2 1 1 

Potential impact on specific entities 4 3 2 2 

Cost      

Initial capital Free Free $ 7,500 $  1,899 

Upgrade/maintenance Free Free $ 3,000 $299-$995 

Develop input files Standard Standard Standard Standard 

Staff training $5,000* $5,000* $ 3,400** $1,400** 

*  Estimated based on experience with similar training programs, includes general modeling “101” 
    training as well as software-specific training. 
** Standard training included with model purchase, software training only. 
 

The two highest ranked models are StateMod and MODSIM.  Due to the licensing costs 
associated with RiverWare and STELLA, as well as the uncertainty in their ability to simulate 
according to Wyoming water law, these models are not recommended for implementation in the 
Green River DSS.   
 
StateMod and MODSIM, however, can be simulated according to the Prior Appropriation 
Doctrine.  In addition, these two models are currently being used in Wyoming river basins, 
highlighting their acceptability within the State and their capability to adapt to Wyoming water 
law.  Both models are well supported with data management options, GUIs, extensive 
documentation and consultants in the industry familiar with the modeling platforms. Both 
models can be implemented in any basin, small or large, and can account for river operations, 
including reservoir operations, demands, diversions, return flows, instream flow demands, and 
compact considerations.   
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Although there are several similarities between the two models, there are differences that set the 
models apart. As StateMod is a simulation model that operates according to the Prior 
Appropriation Doctrine, time and effort are spent on modeling the specific river operations in the 
basin. MODSIM is an optimization model which seeks to maximize the use of water through the 
system, and numerous operating rules (links/arcs) are required to simulate the model according 
to the Prior Appropriation Doctrine.  Although there may be a place for optimizing certain 
operations or water assets in the basin, such as reservoir water or municipal supplies, for 
planning purposes, compact administration and water availability studies, a surface water model 
must operate according to Wyoming water law.   
 
In line with MODSIM’s optimization approach, the terminology used to discuss water 
availability is not congruous with water resources terminology.  Maximizing the ‘value’ or 
minimizing the ‘cost’ of water is not intuitively related to full-supply diversions or shortages, for 
example.  Regardless of the model selected, internal and external training and public outreach 
will need to take place. StateMod’s terminology, which is directly reflective of water resources 
terminology, will resonate more clearly with individuals in the water community during the 
education process. 
 
Due to the amount of time, effort and funding that will ultimately be spent to implement surface 
water models throughout the Green River DSS and the State, it is prudent for Wyoming to obtain 
and have direct ownership of the model source code for the surface water model selected for the 
DSS. At this time, MODSIM’s source code is not publically available and the WWDC would 
have to enter into negotiations to obtain the code. The WWDC could request and obtain the 
source code for StateMod. As the StateMod source code is FORTRAN based, Wyoming could 
potentially modify the StateMod code for specific operations that may come up in the future.  If 
Wyoming does not require code modifications, the State of Colorado will continue to maintain, 
update and improve the functionality of the modeling software, and it would still be available for 
use by Wyoming.   
 
StateMod also rises to the top as a decision support system model that will be available for use 
by different State agencies and consultants.  DSS models are developed to represent current 
conditions, then used into the future to investigate potential storage projects, answer questions 
related to compact compliance, or determine water availability under varying climate conditions. 
 StateMod, coupled with existing or Wyoming-specific data management interfaces, allows 
model input files to be transparent and reproducible. When model enhancements are made as 
new data becomes available or the study period is extended, any modeler can work on the project 
and clearly understand and duplicate the previous efforts. 
 
StateMod is the recommended water allocation model for the Green River DSS. 
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APPENDIX C 
EXAMPLE MEMORANDUM OF UNDERSTANDING 

BETWEEN THE WYOMING STATE ENGINEER’S OFFICE AND 
THE WYOMING WATER DEVELOPMENT OFFICE 

 
1. Parties.  This Memorandum of Understanding (hereinafter referred to as 

MOU) is made and entered into by and between the Wyoming State 
Engineer’s Office, whose address is, Herschler Building 4th Floor East, 122 
West 25th Street, Cheyenne, WY 82002 and the Wyoming Water 
Development Office, whose address is 6920 Yellowtail Road, Cheyenne, 
WY 82002. 

 
3. Purpose.   The purpose of this MOU is to document roles and 

responsibilities of each agency to develop, operate, maintain and use the 
Green River Decision Support System.  This Decision Support System is 
made up of Data, Data management and storage systems, simulation 
models and modeling tools. 

 
4. Term of MOU.  This MOU shall commence upon the day and date last 

signed and executed by the duly authorized representatives of the parties 
to this MOU and shall remain in full force and effect until terminated.  This 
MOU may be terminated, without cause, by either party upon thirty (30) 
days written notice, which notice shall be delivered by hand or by certified 
mail. 

 
5. Responsibilities of The State Engineer’s Office.  The State Engineer’s 

Office (SEO) will develop a data management and storage system that will 
contain irrigated lands and water rights data; stream flow measurements 
and data; diversion measurements; reservoir inflow, outflow and storage 
data; climate data; and physical basin information.  They will also be 
responsible for collecting and gathering these data sets for entry into the 
storage system.  Standard procedures will be developed and documented 
for updating data, and assuring data quality. 

  
 The SEO will also be responsible for hosting this information in systems 

and formats that are available and usable by the Wyoming Water 
Development Office for research and modeling purposes. 

 
 Additionally, the SEO will be responsible for geo-referencing all forms of 

data to allow development and storage of a geographical information 
system (GIS) interface, which will allow mapping and analysis of all data. A 
standard procedure will be developed to maintain and update GIS data. 

 
 The SEO will coordinate and cooperate with the WWDO on use of all data 

systems and in the evaluation of data. 
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6. Responsibilities of The Wyoming Water Development Office.                

        
The Wyoming Water Development Office (WWDO) will be responsible for 
developing, maintaining, managing and operating predictive simulation 
models, including providing of data and information necessary to develop 
said models (example: crop consumptive use coefficients). The models will 
include a Consumptive Use Model, a Surface Water Allocation Model and 
all needed Data to Model Integration tools. 
 
WWDO will develop and document standards for interpreting and filling 
model parameters and maintaining and using the models and modeling 
tools. 
 
WWDO will provide training for interpreting model results and using the 
models and modeling tools. 
 
The WWDO will coordinate and cooperate with the SEO for use of the 
models and modeling tools and in interpreting simulation model results.       
 

6. General Provisions 
 

A. Amendments.  Either party may request changes in this MOU.  Any 
changes, modifications, revisions, or amendments to this MOU 
which are mutually agreed upon by the parties to this MOU shall be 
incorporated by written instrument, executed and signed by all 
parties to this MOU. 

 
B. Applicable Law.  The construction, interpretation, and enforcement 

of this MOU shall be governed by the laws of the State of Wyoming. 
  

C. Entirety of Agreement.  This MOU, consisting of _____ (___) 
pages, represents the entire and integrated agreement between the 
parties and supersedes all prior negotiations, representations and 
agreements, whether written or oral. 

 
D. Notice.  [This clause may be amended to include other acceptable 

forms of notice.]  All notices arising out of, or from, the provisions of 
this MOU shall be in writing and given to the parties either by regular 
mail or delivery in person. 

 
E. Prior Approval.  This MOU shall not be binding upon either party 

unless this MOU has been reduced to writing before performance 
begins as described under the terms of this MOU, and unless this 
MOU is approved as to form by the Attorney General or his 
representative. 
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F. Sovereign Immunity.  The State of Wyoming, the State Engineer’s 
Office and the Wyoming Water Development Office  do not waive 
their sovereign immunity by entering into this MOU, and each fully 
retains all immunities and defenses provided by law with respect to 
any action based on or occurring as a result of this MOU. 

 
G. Third Party Beneficiary Rights.  The parties do not intend to 

create in any other individual or entity the status of third party 
beneficiary, and this MOU shall not be construed so as to create 
such status.  The rights, duties, and obligations contained in this 
MOU shall operate only between the parties to this MOU and shall 
inure solely to the benefit of the parties to this MOU.  The provisions 
of this MOU are intended only to assist the parties in determining 
and performing their obligations under this MOU. 

 
7. Signatures 
 
The  parties to this MOU through their duly authorized representatives have 
executed this MOU on the dates set out below, and certify that they have read, 
understood, and agreed to the terms and conditions of this MOU as set forth 
herein. 
 
The effective date of this MOU is the date of the signature last affixed to this page. 
 
WYOMING STATE ENGINEER’S OFFICE 
 
                                                                                     ____________                  
[Name and Title]      Date 
 
WYOMING WATER DEVELOPMENT OFFICE 
 
                                                                                    ____________                  
[Name and Title]      Date 
 
ATTORNEY GENERAL'S OFFICE APPROVAL AS TO FORM 
 
                                                                                   ____________                  
[Name and Title]      Date 
 


