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Introduction

A “Platte River Cooperative Agreement” between the Governors of Nebraska, Colorado and Wyoming and the U.S. Department of Interior has established guidelines to reduce shortage to the Fish and Wildlife Services target flows within the Platte River in an effort to enhance the habitat of endangered species such as whooping cranes, piping plovers and least terns.  In response to this agreement, a group of state agencies, local governmental units, and private organizations in Nebraska called the Platte River Cooperative Hydrology Study (COHYST) has been conducting hydrologic studies along the Platte River to develop scientifically supportable hydrologic databases, analyses, and models and to build a Decision Support System (DSS). One of the goals of the COHYST effort is to better understand the ground-water resources and ground-water/surface-water interaction to fulfill a need to quantify river gains and losses from interaction with ground water. 

To quantify this interaction, COHYST constructed ground-water models of an area encompassing the Platte River in Nebraska (figure 1) during the first phase of the study from 1997-2001. During the second phase of the study beginning in 2001, a number of coordinated projects will be conducted to build upon and utilize the COHYST tools and databases.  The projects will collect additional information for the models and fill gaps in hydrologic understanding. The refined and enhanced Groundwater- Surface water interaction Models could be utilized to:

1. Identify or assess the net contribution to the program instream flows from water conservation or supply project with a groundwater component.

2. Identify the location and magnitude of any inter-relationship between GW and SW or target flows in the Platte River.

3. Identify the location and magnitude of any new GW related activities that need to be managed and / or offset.

Study Objectives for Phase II

In order to accomplish the work described above, the water resources Decision Support System (DSS) development and implementation will continue.  Development of the DSS for the Platte River Basin in Nebraska above Columbus will require that the Coordinating Team collect new data, add data to database, further refine models, make model application runs, and make data and model analysis available to any interested user through Web-site access.  


The objectives to be met in developing and implementing the DSS include:

1. Collect new geologic and hydrologic data.

2. Place data into COHYST database.
3. Continue development of three regional models and sub-regional models to cover the Platte basin in Nebraska above Columbus.
4. Establish credibility of the data, database and models.

5. Continue design and develop of a geographical user interface and GIS-based Internet link to the data and models.

6. Make model applications to accomplish purposes described above.

Project Organization

A Cooperative Hydrology Study Coordinating Team (Coordinating Team) formed by the study sponsors and partners to direct the COHYST study will remain the same for this second phase of the study.  The team members are listed in Table 1.  The Coordinating Team reviewed and updated the Inter-local Cooperation Agreement (ICA) for phase II. Don Kraus and Ron Bishop where elected to continue as Chairman and Vice Chairman respectively.

The Technical Coordination Committee (Technical Committee) will continue to develop and review work products for the Coordinating Team. Table 2 shows the updated Technical Committee membership.

A Senior Hydrologist will be retained to participate in selecting technologies and reviewing work and work products throughout the study. 

Table 1.  Coordinating Team

	     Agency
	     Representative

	Sponsors

South Platte NRD

North Platte NRD

Twin Platte NRD

Tri-Basin NRD

Central Platte NRD

Upper Big Blue NRD

Little Blue NRD

Nebraska Department of Natural Resources

Nebraska Game & Parks Commission

CNPPID

NPPD

Partners

Nebraska Audubon Society

Platte River Whooping Crane Trust

Nebraska Farm Bureau

Nebraska Water Users Inc.

Nebraska Water Resources Association

City of Grand Island

City of Scottsbluff

City of North Platte


	Rod Horn

Ron Cacek

Kent Miller

John Thorburn

Ron Bishop

John Turnbull

Mike Onnen

Jim Cook

Frank Albrecht

Don Kraus

Brian Barels

Dave Sands

Bob Henszey

Jay Rempe

Jim Lundgren

DeMaris Johnson

Gary Mader

Tom Harvat




Table 2.  Technical Committee

	       Organization
	          Representative


	CPNRD

CNPPID

Tri- Basin NRD

NDNR

NPPD

NGPC
Platte River Trust

Upper Big Blue NRD

Senior Hydrologist

Parsons Engineering Science 

Hemenway Groundwater Engineers

Modelers

USGS – Senior Modeler

CNPPID

NPPD

NPNRD

CPNRD

Database Manager

NRCS
	Duane Woodward, Chairman

Mike Drain

Rich Holloway

Rich Kern , Jeff Shafer, Ann Bleed

Frank Kwapnioski

Larry Hutchinson

Bob Henszey

Jay Bitner

Gary Lewis

Courtney Hemenway

Dick Luckey

Steve Peterson

Clint Carney

Jim Cannia 

Chris McCormick

Maggie Aldrich


Role of Coordinating Team and Technical Committee

The Coordinating Team will direct and administer the study.  The Technical Committee plus new hires and outsource vendors will conduct the majority of the work described in this work plan.  Other staff within each sponsor and partner agency may work on various tasks by contributing in-kind services to the overall project effort.  Due to the scheduled work and the limited availability of agency staff, portions of the work plan will be accomplished by contracting work from other engineers, geologists, computer scientists, and technicians. 
Role of Senior Hydrologist

The Senior Hydrologist will function as a study advisor and reviewer.  Specifically, the Senior Hydrologist is expected to complete the following tasks:

1. Meet with the Coordinating Team to develop an understanding of the problems we need to address.

2. Working with the Technical Committee, determine what analyses and models would provide the best tools to address the study objectives and develop a scope of work to implement these studies.

3. Help review the sufficiency of available data and design methods to collect the additional needed data.

4. Make recommendations regarding content and format of the database.

5. Meet with those who will carry out the studies to insure that study methods and objectives are clearly understood.

6. Periodically review work products and provide critical reviews and advice on how to proceed.

7. Be available for periodic consultations and problem solving.

8. Prepare a final review of the models and other study products noting their capabilities and limitations.

9. Provide suggestions for potential additional work and analyses

WORK PLAN FOR DEVELOPING PLATTE RIVER DSS

The general outline for development of the DSS in both Phases I and II involves (1) establishment of the study geographical limits and placing other bounds on the size and extent of the database, (2) selection of the tools that will go into the DSS "toolbox," (3) collection of existing models and data, and development of a database that matches and meets the needs of the selected tools, (4) development and calibration of models for all the regions selected, (5) integration of the data, database, and models in a user-friendly medium that allows access and interaction by any interested user, and (6) implementation of the DSS in supporting decisions being made by Nebraska water managers.  These six activities are presented as task series, with subtasks that are described briefly in the following paragraphs.  The task series and subtasks are not necessarily listed in the order in which they are to be performed. It is anticipated that some of these tasks are complex and will need to be accomplished by outside sources. Detailed scopes of work as appropriate will be developed to supplement this overall Work Plan.  The labor requirements, schedule and Gantt chart presented in the Appendix refers to the same task names and numbers.

The following is an outline of the Work Tasks for COHYST Phase I, followed by tasks for Phase II.  All of the Tasks for COHYST Phase II are additions or subtasks to those outlined in Phase I. To distinguish the COHYST II tasks and yet relate them to the COHYST I tasks to the task numbers series for Phase II are given as thousands versus hundreds.  Thus, COHYST I task series 100 is the same as COYHST-II task series 1000.

PHASE I TASKS

Task Series 100-- Establish Study Limits and Parameters




101.
Select Groundwater Flow Model Algorithm to be Used

102.
Define Overall and Regional Model Boundaries

103.
Define Database Boundaries and Content 

104.
Assess and Select Model Resolution that DSS will Support by Regions

105.
Select and Develop Common GIS Coordinate/Projection System for All Models

106.
Establish Streams and Tributaries to be Included

107.
Evaluate and Select Methods of Incorporating 1947-97 Pumping, Well Development, Land Uses

108.
Develop Criteria for Establishing Credibility of Models and Data (Including Meta Data)

Task Series 200-- Evaluate Alternative Tools and Make Selections for DSS






201.
Evaluate Alternative Databases and Make Selection 

202.
Inventory Existing Groundwater Flow Studies 

203.
Contact Other Modelers for Ideas on Tools and Methods

204.
Inventory and Evaluate Alternative Geologic Parameter Estimating and Select Preferred Method

205.
Evaluate Alternative Methods of Estimating Hydrologic Parameters and Select Preferred Parameters

206.
Evaluate Alternate and Existing Methods of Estimating Net-Recharge

207.
Evaluate Alternate Methods and Select Method for Handling Pumping

208.
Evaluate Alternate Platforms/GUI's/GIS's, Make Selections

Task Series 300-- Develop Water Data and Database 





301.
List Data Needed by DSS

302.
Apply Data Quality Check from Task 108 (Ongoing)

303.
Assess Availability of Data and Current/Needed Format

304.
Develop Job Description, Hire Database Manager

305.
Create Database Framework

306.
Research Existing NRD Ground Water Management Plans for Data & Analyses

307.
Collect and Install Existing Model Data in Database

308.
Evaluate Existing Models and Data for Adequacy, Coverage, Precision, Gaps

309.
Describe and Recommend Internal and External Work Scopes to Fill Data Gaps

310.
Compile Historical Streamflow Time Series to be Used for Streams, Tribs, Canals

311.
Develop Other Historical Time Series Info (Well Development, Meteorology, Pumping, Flows, Land Uses, Cropping Patterns, Irrigated & Non, Surf Water Irrigated Areas)

312.
Contract for Collection of Missing or New Data

313.
Incorporate Collected Missing Data in Database

314.
Publicize Completed Database

315.
Write and Publish Database "Guide"

316.
Develop Database Maintenance Plan

Task Series 400-- Develop and Calibrate Tools and Models




401.
Design Layout of All Regional Models

402.
Develop and Calibrate Groundwater Flow Models for Two Areas not Previously Modeled

403.
Develop and Run Land Use Algorithm Throughout Model Nodes (1947-97)

404.
Develop and Run Daily Net Recharge Generator Everywhere Using Selected Method(s)

405.
Develop and Run Selected Pumping and Surface Water Irrigation Algorithm(s) Throughout Model Regions

406.
Develop and Run Stream Package Parameter Generator for all Streams and Canals in Regional Models

407.
Develop and Run all Other Geographic and Temporal Parameter "Generators" for all Regional Models Using ArcGRID or Similar

408.
Develop and Calibrate  Linked Regional Ground Water Flow Models for Areas Previously Modeled

409.
Apply Model Credibility and Acceptability Criteria from Task 108 (Ongoing)

410.
Write and Publish "Guide" to Platte River DSS Groundwater Models


411.
Develop Job Description, Hired Hydrologist 

Task Series 500-- Develop Interfaces for Nebraska Decision Support System (DSS) 

501.
Develop "Paper" Preview of Possible Screens in the DSS (To Aide Final Design)

502.
Technical And Non-Technical Assessment of Adequacy of Three or Four Commercial MODFLOW GUIs

503.
Develop Final GUI/GIS (Assume 80% Commercial, 20% Self Made)

504.
Develop Web-Site (Assume Non-modeling, Informational Only)

505.
Develop "Guides" and Training on Uses of DSS (Ongoing)

506.
Develop Public Information and Support System for DSS Users

507.
Develop Maintenance Plan for Web-site and DSS

Task Series 600-- Implement Cooperative Hydrology Study Products



PHASE II TASKS
Task Series 3000-- Develop Water Data and Database 





Task 3100 Surface Water Records

This task will update the database with compiled streamflow time series to be used for transient modeling of streams, tributaries, and canals.

Task 3110 Other Time Series Data

This task will update the database with other time series information, including well development, meteorology, pumping, flows, land uses, cropping patterns, irrigated and non irrigated areas, surface water irrigated areas.

Task 3120—Contract for Collection of Missing or New Data

Task 3121 – Riparian ET Study

The objectives of this research are to: (1) physically measure Groundwater Evapotranspiration ET in representative riparian vegetation settings using the best available research methods, and (2) to calibrate methods that can be used across the COHYST study area using the measurements. The scope of the study will be to conduct and describe investigations of ET at research sites in two representative riparian settings. The investigations at each site will include using eddy covariance and energy balance techniques to determine total ET, determining vegetation resistance (crop coefficient) factors for the Penman-Monteith equation using the total ET measurements, comparing estimates of ET determined from ground-water hydrographs and soil-water balance to the total ET measurements, and making precipitation throughfall measurements through the canopy to estimate how much of total ET is comprised of evaporation of intercepted precipitation. These investigations will be used to quantify ground-water evapotranspiration losses at the representative riparian sites. 

To achieve these objectives, the study has the following two phases:

1. Feasibility evaluation and site selection.

2. ET measurements. 

The work will proceed according to the February 27, 2001 USGS proposal, “Determination of Ground-Water Evapotranspiration in Riparian Areas, Platte River Basin, Nebraska”  

Task 3122 –Hydrogeology  

The purpose of this task is to collect additional aquifer geology information and aquifer properties data.  Activities will include:  

1. Drill testholes.

2. Collect information from wells drillers.

3. Perform aquifer pump test.

4. Perform geophysical testing.

Task 3123 – Canal and Lake Recharge Study

The purpose of this study is to evaluate and apply alternative methods for estimating seepage losses and groundwater recharge from canals and artificial lakes.  Information will provide ranges of information to improve groundwater models, improve understanding of the relationship between distribution systems and groundwater recharge, and provide a means for system operators to more efficiently manage seepage and recharge.

The study will consist of the following activities:

1. Literature review and assessment of previous studies and methods.

2. Identification of one or more methods for testing.

3. Testing and evaluation of methods for estimating canal/lake seepage and recharge.

4. Selection and implementation of one or more selected methods throughout COHYST area.

Alternative methods that may be considered could include, but are not limited to, the following:

1. Canal flow gauging or “seepage runs”.

2. Controlled seepage tests (i.e. measure flow rate required to maintain level in a canal section).

3. Seepage meters.

4. Canal bed and bank material analyses (i.e. grain analyses).

5. Electrical resistivity measurements.

6. System mass balance computations.

Where possible, testing and evaluation will consider cost-effectiveness, accuracy, time requirements, difficulty, temporal variability, spatial variability, and related issues.

Task 3124 – Runoff Recharge Study

The purpose of this study will be to estimate the disposition of direct surface runoff, particularly to the extent that runoff contributes to groundwater recharge.  Results will provide ranges of runoff recharge to improve groundwater models and improve understanding of the relationship between runoff, surface water collection systems and groundwater recharge.

The study will consist of the following activities:

1. Literature review and assessment of previous methods for estimating recharge from runoff.

2. Identification of the likely significant sources of recharge from runoff in the COHYST area (i.e. road ditches, stock ponds, enclosed basins, etc.).

3. Identification of methods(s) for estimating recharge from runoff.

4. Implementation of method(s) for estimating recharge from runoff throughout COHYST area.

Task 3125 - Tracer Work 

This includes collection and analysis of new data using various tracers, such as isotopes, dyes, trace elements, or temperature. Isotopic and trace element analysis involves the collection of water samples and analysis of their isotopic composition or the presence or absence of trace elements to better understand flow paths and travel times. Temperature work would involve field data collection of groundwater, surface water, and possibly streambed temperatures, either continuously on a small scale (discrete locations) or through periodic spot measurements on a larger scale (basin or sub-basin level). Either approach for temperature work could provide insight about surface-water groundwater interaction. Work done under this item may be completed as a cooperative project with the U.S. Geological Survey, UNL Water Center, or other contractors.

Task 3126a - Canals and Drains Spatial Data Collection.

To improve the spatial and temporal data related to canals, drains, and reservoirs, personnel or entities familiar with these systems will be consulted or asked to provide data. These entities would likely include (but may not be limited to) university staff, consultants, irrigation districts, state agencies, NRD’s, power and irrigation districts, U.S. Bureau of Reclamation, and others, as applicable. Data could include elevation data or collection of elevation data as well as information about temporal changes in management, operation, or physical characteristics of the features. Collected data will be added to the database and possibly be used for updating groundwater model inputs.

Task 3126b - Irrigation and M&I wells

This task will improve the spatial and temporal data related to groundwater wells.  The task will utilize work being done by the NRD’s to GPS the location of wells in the COHYST area.  This new information can be added to or used along with the DNR well registration data to provide a good coverage of the existing wells in the COHYST area.

Task 3126c - Streams and Tributaries Spatial Data Collection.
This includes improving the spatial data related to streams and tributaries within the study area. Improving and updating the data may entail field GPS surveys of elevations, headwaters locations, or cross-sectional information in areas for which such data is currently limited or non-existent. Collected data will be added to the database and possibly be used for updating groundwater model inputs.

Task 3127 - Land Use, Historic and 2001 

The principal objective of this work task is to develop a historic land use coverage and year 2001 land use coverage for the COHYST area of the Platte River Basin in Nebraska upstream of Columbus.  Using satellite imagery similar to that used for the 1997 COHYST land cover map, and methodologies and skills developed in the original COHYST land-cover research, CALMIT proposes to develop historic land cover maps for one study period (e.g., one year) between 1973 and 1996 and year 2001 land cover map.  The specific study period will be determined by data availability and data quality, and by mutual consent of COHYST study leaders and CALMIT staff.  By capitalizing on the seasonal dynamics of the agricultural crops and native plant communities, an historic map and a 2001 map of land use/ land cover can be developed for 24 land classes which include irrigated and dryland crops, grasslands, urban land, open water areas, wetlands,  woodlands, and other land uses ( farmsteads, roads, feedlots, etc).

Draft proposals for the historic and 2001 work were received from CALMIT on April 9th, 2001.  Each project would take about 18 months from signing of contract and cost around $175,000. 

Task 3128 Groundwater Use

Pumping is one of the primary uses of groundwater in the study area, yet little data exists on amounts withdrawn by region and over time.  This study will consist of the following activities:

1. Literature review and assessment of previous studies and methods.

2. Identification of one or more methods for testing.

3. Testing and evaluation of methods for estimating pumpage.

4. Selection and implementation of one or more selected methods throughout COHYST area.

Task 3130 Database Maintenance 

Funding for the Database Manager has been extended for 50% of the manager’s time for July 2001 through 2004.  The manager will continue to update and maintain COHYST database based on data needs of modelers.  The database continues to be composed of GIS ArcInfo/ArcView vector and raster coverages, ascii grid files or Microsoft Access files.  Current data used,  as well as results of models and recommendations will be posted on the COHYST web page at http://cohyst.nrc.state.ne.us .  The database and web page is maintained by the Database Manager on the Department of Natural Resources UNIX server and MS – Windows 2000 PC. 

Task Series 4000-- Develop and Calibrate Tools and Models
Task 4041 and or 4051  Database Model Interaction

The purpose of this task is to review the tools being used and their application to see what improvements or updates can be made with an emphasis on GIS based modeling applications.  For example, it may be beneficial to link the CROPSIM model which produces Net Recharge and Pumpage information, directly to the GIS inputs it uses (crop type, soils, rain-gauge area, irrigated – dryland, etc).  As sub-regional models are developed, more irrigation well logs need to be reviewed and added to the model geology. The process for doing this could be developed into a GIS procedure of highlighting an irrigation well on an interactive map so the log would appear on the screen with depth below LSD and elevations for each depth based on DEM elevations for the well location.  If a well log was good enough to use, the geologist could make layer selections and the program would add layer data to a database developed from irrigation wells. 

Task 4020 Update Groundwater Models with New Data

The groundwater flow models completed in Phase I will be updated with new detailed data as it becomes available, as well as potentially updating the models with land-use data after 1997. Updates could include new geologic layers data obtained through test drilling or geophysical work, new measurements or estimates of recharge from lakes, canals, and runoff from fields, new measurements or estimates of pumpage and net recharge based on land-use data through 2001, and new measurements or estimates of riparian evapotranspiration. 

Task 4120 Groundwater Model Iimprovements: New Software/Hardware

Groundwater modeling software will be updated to the latest versions as the versions are released and prove useful to the problems at hand. This could include updates to GMS and GIS software. Computer hardware used for modeling may also need to be updated. Incorporation of emerging technologies may provide additional capability that is not currently available. 

Task 4130 Training and Education

The purpose of this task is to develop and schedule training and education for professional personnel (Modelers, Database manger, GIS specialist, etc)

Task Series 6000-- Implement Cooperative Hydrology Study Products



Task 6001. – Develop Process for Constructing Sub-Regional Models

Modelers will develop and describe a process for constructing models based on, but at a smaller scale than, the COHYST regional models.  The process will address the following:

1. Selection of model area, boundaries, orientation, grid size, layers, and time steps.

2. Refinement of detail from the COHYST databases which contain greater detail than used in the regional models, including a discussion of the possible and practical levels of detail supported by COHYST database.

3. Similarities, differences, and relationship between COHYST regional model(s) and smaller sub-regional models;

4. Calibration and application of sub-regional models.

Note:  One or more of the sub-regional models to be developed for Task 6002, 6003, or 6005 likely would serve as the “test case” for development  and demonstration of this process.

Task 6002. – Model Operations and Hydrologic Effects of Wildlife Improvement Alternatives

Several water management alternatives for improving Platte River flows for various threatened and endangered species and their habitat are currently being proposed or considered.  Some of these management alternatives would be implemented within Nebraska and are directly or indirectly related to local and regional groundwater supplies and return flows in Nebraska.  Some of these alternatives may need to be modeled and analyzed to determine their operational effectiveness as well as their groundwater and return flow consequences.  The analysis of these wildlife improvement alternatives may require or include the following:

1. Identification of wildlife management alternatives that are most likely to have a relationship to Nebraska groundwater supplies and return flows.

2. Selection of wildlife management alternatives for analysis (selection likely to be based upon perceived likelihood of future implementation or perceived possible detrimental effects on groundwater supplies and return flows).

3. Identify modeling or other process(es) best suited to evaluation of the selected wildlife management alternatives.

4. Perform modeling and/or analyses of selected wildlife management alternatives.

5. Make recommendations that enhance the objectives of the Cooperative Agreement.

In performing the analyses of the selected wildlife management alternatives, the analysis should focus on:

1. Overall effectiveness of the alternatives to meet intended hydrologic objectives.

2. Effects on local and/or regional groundwater levels and supplies.

3. Effects on river and tributary return flows.

4. Other groundwater related effects that may not manifest themselves in changes to groundwater levels or return flows (example: changes in field recharge rates that could effect local water quality).

Examples of wildlife management alternatives that may be considered for evaluation include, but are not limited to, the following:

1. Water leasing.

2. Water management incentives (i.e. conservation cropping, deficit irrigation, fallowing, on-farm irrigation changes).

3. Groundwater management (i.e. active pumping from high groundwater areas, passive lowering of groundwater table, conversion from surface water irrigation to groundwater irrigation, active conjunctive management and use).

4. Intentional canal recharge and managed return flow projects.

Task 6003 – Model Effects of Alternative Riparian Land Uses
There has been much discussion and speculation related to the streamflow effects of various riparian land uses and changes in those uses.  This analysis would require the construction of a sub-regional “strip” model or models in the riparian corridor along the Platte River and its tributaries and using the model(s) to evaluate the effect on stream flows that would result from natural or induced changes in riparian land use.  This analysis would provide for a better understanding of riparian water use and streamflow effects, and may be valuable for making future land use management decisions for lands within the riparian corridor.  Riparian land uses to be considered could include:

1. Riparian woodland.

2. Riparian grassland.

3. Riparian wetlands.

4. Sub-irrigated crop.

5. Irrigated crop.

6. Open water.

7. Open sand.

8. Clearing of woodlands.

9. Other (i.e. urban development).

Task 6004 Understand Residual Effect of Past Development

Prior to defining zones of estimated stream depletion in any given number of years, it is important to use the regional models to predict the pre-1997 development groundwater budget as a baseline.  This task will be accomplished by making projections of continued groundwater use, groundwater recharge, high water table ET, and river flows. By adding those projections to the Models runs will be made to predict a baseline groundwater budget for use in making comparisons.

Task 6005 Understand GW-SW Interaction

This task will use the calibrated regional models to develop estimates of stream depletion, change in groundwater storage and change in sub-irrigated ET use based on assumed future streamflow modifications and groundwater use over time.  This task would be used to develop zones out from the Platte River and place incremental depletion lines on the map to show the effects of any proposed new ground water use. The analysis of future groundwater use will require or include the following;

1. Define the types of groundwater use to determine pumping time period, rate, and volume.

2. Develop process to geo-spatially locate new groundwater use next to and away from the Platte River to determine effects throughout the length of the Platte River in the COYHST area. 

3. Determine what baseline conditions will be used to start the analysis from and what future conditions assumptions will be used in the analysis (net recharge, ET, etc). 

Task 6006 Stream Depletion Modeling Procedure and Testing

For this task the Technical Committee will develop, describe, and illustrate the recommended procedure for using the regional models to define geographic limits of stream flow depletions for any selected percent depletions over any selected number of years. Once the procedure is described, its utility, sensitivity, and robustness will be illustrated by identifying the line delineating 28 percent depletion (by volume) in 40 years. Tests will be run to determine if time steps, pumping schedules, pumping rates, residual depletions, nearby pumping, and nearby recharge have an effect on the location of the line. If any of these items do have a substantial effect on the location of the line, the simulations that have to be made to define the line will be complex. On the other hand, if the location of the line is independent of these things, the simulations can use continuous pumping from a single well at some fixed rate for the entire 40 years. Many such simulations with the pumping well at different locations will have to be made but the process will be straightforward.

This task will also examine how sensitive the location of the 28 percent, 40-year line is to model parameters and model geometry. Special attention will be given to the effects of intersecting drains and tributaries, model layers and anisotropy in hydraulic conductivity. Some previous research has indicated that these are critical parameters in defining the line. If layers and anisotropy are critical parameters, the uncertainly in the location of the line could be large as these are not well-defined parameters.

This task will also examine if the shape of the simulated stream depletion over a 40-year period follows the shape of the theoretical stream depletion in an idealized aquifer. This is important because, if the shape follows the theoretical curve, the depletion curve at every point in the model can be characterized by a single parameter. If, on the other hand, the shape deviates substantially from the theoretical shape, a number of parameters may be needed to define the boundary of any defined stream depletion over time, with the worst case being the need to define the entire curve for a number of sub-regions.

Task 6007 Understand GW-GW Interaction

This task will use the calibrated regional models or local area models to determine effects of new ground water use on existing ground water users.  This task would have similar definition and analysis as discussed in task 6005 above. 

Task 6008 Understand Zone of Influence

This task will use the calibrated regional models to estimate well spacing distance based on the zone-of-influence recharge zone concept. This task would show the size of area needed to recharge the ground water from precipitation while offsetting a new groundwater use in the area. The analysis will require similar steps as listed in task 6005 above.

Task 6009 Model Sensitivities and Limitations

The purpose of this task is to describe general sensitivities and limitations in the database and models.  The task consists of two parts: data accuracy estimates and model sensitivity analyses.

a.  Data Accuracy Estimates.  This task involves evaluating the overall accuracy of the information contained in the database (i.e. net recharge, aquifer conductivity, etc.) to estimate likely ranges of potential error, the reasons for the error, and limitations on use of the data as a result of the potential error.

b.  Model Sensitivity Analyses.  Sensitivity analyses of the calibrated models will be performed by varying model inputs within the likely error ranges identified in Data Accuracy Estimates above.  Model outputs (i.e. return flows, water levels, etc.) from these modifications will be used to check the relative sensitivities of the models to the various data inputs.

A written document will be produced describing the results of the Data Accuracy Estimates and Model Sensitivity Analyses that may be used by modelers and others to evaluate overall database and model accuracies, sensitivities, and limitations.

Task 6010 Review and Consultation

The purpose of this task is set up a process under which formal review and documentation of the study products gets completed.  The review would be both technical and general in nature.  The technical review would focus on databases, model inputs, outputs, and modeling techniques applied.  The general review would look at assumptions made, appropriateness of models used, and documentation. The process will include steps for accomplishing co-worker review and senior hydrologist review.  It will discuss the Quality Assurance and Quality Control (QA/QC) that is being followed in developing databases and checking analyses.  In developing the process peer review of various COHYST products will be addressed and the steps necessary to accomplish this out-side review will be started.

Task Series --7000 Outreach and Education
The purpose of this task series is to develop an outreach program for the COHYST work effort that will educate people about the products COHYST has developed.  Those products should include;

1. The web-site.

2. The models.

3. General understanding of surface and groundwater interaction.

4. Report on findings of modeling applications.

5. Instruction on developing sub-region models.

6. Example output files.
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                                                                            Figure 1. COHYST study area and model units.
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