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Water Supply Reserve Account – Grant and Loan Program 
Water Activity Summary Sheet 

September 21-22, 2016 
Agenda Item 19(h) 

 
Applicant & Fiscal Agent: Upper Arkansas Water Conservancy District 

Water Activity Name: Groundwater and Surface Water Interactions and Potential 
for Underground Storage 

Water Activity Purpose: Study (Multipurpose Water Balance) 

County: All Counties w/in Arkansas Basin 

Drainage Basin: Arkansas 

Water Source: Arkansas River and all tributaries 

Amount Requested/Source of Funds: $50,000 Arkansas Basin Account 
 $256,618 Statewide Account 
 $306,618 Total Grant Request 
 
Matching Funds: Basin Account Match ($50,000) = 16.3% of total grant 

request; 
Applicant/3rd Party Match ($360,442) = 118% of Total 
Grant Request (meets 5% min); 
Basin & Applicant/3rd Party Match ($101,000) = 134% of 
Total Grant Request (meets 25% min). 

 (refer to Funding Summary/Matching Funds section) 
 
Staff Recommendation: 

Staff recommends approval of up to $50,000 from the Arkansas Basin Account; and $256,618 from 
the Statewide Account to help fund the project titled: Groundwater and Surface Water Interactions 
and Potential for Underground Storage. 
 

Water Activity Summary:  WSRF grant funds, if approved will be expended to assist the Upper 
Arkansas Water Conservancy District in conducting the Groundwater and Surface-Water Interaction 
and Potential for Underground Water Storage study that will address the ‘gap’ through the evaluation 
of the available supply of water and the water balance of the Upper Arkansas Basin. This study will 
provide the tools necessary to manage future water supplies and will offer insight on the potential for 
alluvial aquifer storage, and create a mechanism for evaluating and implementing efficient irrigation 
practices. This study will quantify surface-water and groundwater, including recharge rates, and 
characterize the interactions between them in order to estimate the availability and sustainability of 
water resources and the effects that changes in water use or climate might have on water supplies. 
Agriculture represents the largest user group in the upper basin and agricultural water management 
will be evaluated through field-scale irrigation management data collection to create an agricultural 
water balance. Study results will meet both Basin and State needs for consumptive and non- 
consumptive use. Study results can be used for both water and land use planning and will provide 
important data for future water management and storage options. This study will provide data for 
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multiple purposes through a collaborative approach to meet future water challenges and addresses all 
measurable objectives identified in Colorado’s Water Plan. 
 
Discussion: This project furthers multiple goals and objectives of the Arkansas Basin 
Implementation Plan. With respect to the Colorado Water Plan, this project supports Objective A. 
Supply-Demand Gap: "Meet Colorado's Water Supply Gaps" Objective D. Agriculture: "Support 
Agricultural Conservation and Efficiency," Objective E. Storage: "Assess and promote opportunities 
for multipurpose and multi-partner storage projects that address strategic needs," and Objective F. 
Watershed Health, Environment and Recreation: "Protect healthy environments" (Section 10.3). 
 
Issues/Additional Needs:  No issues or additional needs have been identified. 
 
Threshold and Evaluation Criteria: 
The application meets all four Threshold Criteria. 
 
Tier 1-3 Evaluation Criteria: 
This activity has undergone review and evaluation and staff has determined that it satisfies the 
Evaluation Criteria.  Please refer to WSRA Application for applicant’s detailed response. 
 
Funding Summary/Matching Funds: 
 
Funding Source Cash In-kind Total 
Upper Arkansas Water Conservancy District $43,639 $25,000 $68,639 
Chaffee County & Municipalities $30,000 $0 $30,000 
Fremont Counties & Municipalities $30,000 $0 $30,000 
Custer County & Municipalities $10,000 $0 $10,000 
USGS $192,300 $0 $192,300 
CSU Pueblo $29,503 $0 $29,503 
Subtotal Matching Funds $335,442 $25,000 $360,442 
WSRA Arkansas Basin Account $50,000 n/a $50,000 
WSRA Statewide Account $256,618 n/a $256,618 
Total Project Costs  $642,060 $25,000 $667,056 
 
CWCB Project Manager: Andy Moore 
 
All products, data and information developed as a result of this grant must be provided to the CWCB 
in hard copy and electronic format as part of the project documentation.  This information will in turn 
be made widely available to Basin Roundtables and the general public and will help promote the 
development of a common technical platform.  In accordance with the revised WSRA Criteria and 
Guidelines, staff would like to highlight additional reporting and final deliverable requirements.  The 
specific requirements are provided below. 
 
Reporting:  The applicant shall provide the CWCB a progress report every 6 months, beginning 
from the date of the executed contract.  The progress report shall describe the completion or partial 
completion of the tasks identified in the scope of work including a description of any major issues 
that have occurred and any corrective action taken to address these issues. 
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Final Deliverable:  At completion of the project, the applicant shall provide the CWCB a final report 
that summarizes the project and documents how the project was completed.  This report may contain 
photographs, summaries of meetings and engineering reports/designs. 
 
Engineering:  All engineering work (as defined in the Engineers Practice Act (§12-25-102(10) 
C.R.S.)) performed under this grant shall be performed by or under the responsible charge of 
professional engineer licensed by the State of Colorado to practice Engineering. 
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Exhibit A 

Statement of Work 

Date: 7/27/16      

 
WATER ACTIVITY NAME – Groundwater & Surface-Water Interactions and Potential for 

Underground Water Storage: Phase 2  
 

GRANT RECIPIENT – Upper Arkansas Water Conservancy District 
  

FUNDING SOURCE – WSRA- State and Basin Funding 

 

INTRODUCTION AND BACKGROUND  
The Groundwater and Surface-Water Interaction and Potential for Underground Water Storage study will address 

the ‘gap’ through the evaluation of the available supply of water and the water balance of the Upper Arkansas Basin. 

This study will provide the tools necessary to manage future water supplies and will offer insight on the potential for 

alluvial aquifer storage, and create a mechanism for evaluating and implementing efficient irrigation practices. This 

study will quantify surface-water and groundwater, including recharge rates, and characterize the interactions 

between them in order to estimate the availability and sustainability of water resources and the effects that changes in 

water use or climate might have on water supplies. Agriculture represents the largest user group in the upper basin 

and agricultural water management will be evaluated through field-scale irrigation management data collection to 

create an agricultural water balance. Study results will meet both Basin and State needs for consumptive and non-

consumptive use. Study results can be used for both water and land use planning and will provide important data for 

future water management and storage options. This study will provide data for multiple purposes through a 

collaborative approach to meet future water challenges and addresses all measurable objectives identified in 

Colorado’s Water Plan.  

MEETING THE NEEDS OF THE COLORADO WATER PLAN 

 

Critical Action Plan Implementation Goals Met: 

 
1. Supply & Demand (A)- Data generated from the study will help meet the supply & demand gap by 

quantifying the water supply availability in the upper basin. It will also will allow for better management 

practices and an understanding of the groundwater & surface-water interactions. Data can be used to plan for 

increased demands, drought scenarios, and potential for aquifer storage; 

2. Conservation (B) - This project will address conservation through the future development of aquifer storage. 

Storage is essential for the success of conservation and data from this study will provide insight on possible 

underground storage sites. Aquifer storage will promote conservation by placing stored water underground 

and reducing evaporative loss associated with traditional surface storage vessels;  

3. Land Use (C)- The study will promote land use planning in the upper basin. Data from this study will help 

land use planners strategically plan for expected growth. Understanding the availability of water resources 

will be critical in future land use planning and will allow for accurate management of land and water in the 

upper basin.  

4. Agriculture (D)-  – An agricultural water balance will be produced for a number of study sites using 

sprinkler irrigation. Knowledge of the different water balance components will help irrigators reduce costs 

and increase water efficiency through the use of irrigation scheduling. Information from this study will 

include baseline P/ET data, contour maps of groundwater levels and flow directions, and groundwater 
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recharge data that can help manage reservoir operations including flood control and drought storage to help 

meet irrigation needs; 

5. Storage (E)-A main objective of this study is to identify potential areas for alluvial aquifer storage. Phase 1 

of this study helped identify areas in the Buena Vista-Salida region that are expected to provide 

approximately 20,000 acre-feet of underground storage. Areas in the Wet Mountain Valley have been 

previously identified as having high potential for aquifer storage. Aquifer storage reduces the need for 

traditional surface storage and conserves water by reducing evaporative loss;  

6. Watershed Health, Environment, and Recreation (F) – An understanding of groundwater surface-water 

interactions can assist in the future water supply availability and the future management of the flows that 

recreation and the environment depend on. Data generated regarding the level of the water table can be used 

to protect lake and stream levels and help develop management strategies that balance water needs for 

consumptive and non-consumptive uses; 

7. Funding (G) – This project uses a variety of funding mechanisms through multiple partnerships and 

matching funds. The Upper Arkansas Water Conservancy District (UAWCD) will be working in partnership 

with the United States Geological Survey (USGS) and Colorado State University (CSU) to provide matching 

funds. Local City and County officials are being asks to provide support for this study that will benefit the 

entire upper basin; and,   

8. Education, Outreach, and Innovation (H) – The final report and study results will be presented at several 

meetings and conferences throughout the basin. The USGS and CSU, when appropriate, will produce journal 

articles on their findings and provide data and maps on their website for public viewing. Educational 

materials will also be produced and delivered to interested parties throughout the basin.   

 

OBJECTIVES   
1. Design, install (as appropriate), and monitor a surface and groundwater network and soil moisture 

network suitable to create an accurate water budget for the study area.  

2. Determine the hydraulic properties of the alluvial aquifer within the study area. 

3. Estimate stream-accretion response-time factors of the alluvial aquifer to hypothetical recharge scenarios 

for the Arkansas River, Grape and Texas Creeks within the study area. 

 

TASKS  
 

TASK A – Hydraulic Properties of Aquifers     
 

Description of Task 

This task will determine the hydraulic properties of the principal aquifers. Pumped-well aquifer or specific-

capacity tests of large-capacity wells and instantaneous change (slug) tests of small-capacity wells will be done to 

determine hydraulic properties of the alluvial and basin-fill aquifers.   

 

Method/Procedure  

1. Discharge aquifer tests (pumped-well tests)- This testing will be done using available public-supply wells 

or well fields as control wells and available nearby wells as observation wells.  Where depth to water is 

near land-surface, temporary piezometers may be installed for use as water-table observation wells.  If 

observation wells are not available and it is impractical to install temporary piezometers, then specific-

capacity tests will be used to estimate transmissivity. Success of this task assumes cooperation from well 

owners. 

2. Slug tests or specific-capacity tests- These tests will be done in at least 50 small-capacity wells 

(domestic) wells to determine spatial variability of hydraulic properties of the alluvial and basin-fill 

aquifers. 
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3. Results from aquifer, specific-capacity, and slug tests – Test results will be submitted for approval to the 

Regional Groundwater Specialist. 

 

Task B — Stream-Aquifer Interaction 
 

Description of task  

Multiple methods will be used to evaluate stream-aquifer interaction for perennial streams, including the 

Arkansas River, Grape and Texas Creeks.  

 

Method/Procedure  

1. Compile Data- Streamflow and diversion data will be compiled from the Colorado Division of Water 

Resources (CDWR), the Upper Arkansas Water Conservancy District (UAWCD), and the USGS 

National Water Information System (NWIS). [Data compiled for this task will also be used for Task 3—

Water Budget] 

2. Evaluate Data -Streamflow and diversion data will be evaluated to estimate magnitude and seasonality of 

gains or losses and to define stream reaches in which stream-aquifer interaction is substantial (greater 

than 5-10 percent of seasonal flow). 

3. Gain-loss investigations – Conduct seepage runs or tracer-injection tests will be done on selected stream 

reaches which are suspected of having substantial gains or losses.  

4. Monitor- Continuously monitor stream stage and shallow groundwater levels and surface-water and 

groundwater temperatures will take place at selected sites. 

5. Flux Estimates- Use heat-transport methods as described in Rosenberry and LaBaugh (2008), to estimate 

flux between streams and shallow aquifers.  

 

Task C — Water Budget 
 

Description of Task  

Available climate, geologic, geospatial, hydrologic, well, and water-use data from local, State, and Federal 

agencies, educational institutions, water conservancy districts, and water providers will be reviewed and 

compiled in a relational database.  Data gaps will be documented during the data compilation and review and will 

be considered during selection of data-collection sites (Healy and others, 2007).   

Method/ Procedure 

1. Measurements- Water levels will be measured periodically (four to six times per year for two years) in at 

least 50 selected wells to define regional water-level surfaces and to monitor seasonal fluctuations of 

water levels. Wells included in the monitoring network will be selected to compliment those in an 

existing long-term network, operated by the USGS, and with those that will be installed and measured by 

Colorado State University. Water-level recorders (submersible pressure transducers) will be installed in 

selected wells during the study to evaluate short-term and seasonal changes in water levels.  

2. Evapotranspiration (ET)- ET from irrigated land will be estimated continuously at for sites, using the 

radiation energy balance (REB) method. Instantaneous ET rates will be measured monthly at multiple 

sites in four selected irrigated fields during May-September, using a hemispherical chamber (Stannard, 

1988).  Instantaneous ET measurements will be correlated with the estimates from the REB method to 

estimate daily evapotranspiration rates for irrigated pasture and cropland. Precipitation and air 

temperature also will be measured continuously at four sites for use in estimating the local water balance. 

3. Stream-Aquifer Testing- Stream stage and groundwater levels and surface (stream) and subsurface 

temperatures will be measured at two sites each on four perennial mountain-front streams to estimate 

mountain-front seepage losses (groundwater recharge, where streams flow across permeable alluvial and 

basin-fill deposits near the mountain front). If suitable sites are accessible, additional sites will be 

similarly instrumented on selected intermittent mountain-front streams.  
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4. Stream-Aquifer Interchange-  Hydraulic connection between groundwater and surface water (stream-

aquifer interchange) of the Arkansas River and its major tributaries will be determined using aquifer-test 

and/or heat-transport methods (Rosenberry and LaBaugh, 2008). [See Task 2.] 

5. Ditch-Aquifer Testing- Canal (ditch) stage, groundwater levels, and surface (canal) and subsurface 

temperatures will be measured for selected irrigation canals or ditches to estimate conveyance losses.  

Conveyance losses will be determined using mass-balance and heat-transport methods (Rosenberry and 

LaBaugh, 2008). Not all sites in the study area can be instrumented however, no less than five percent of 

all diversion structures will be instrumented and measured periodically to estimate errors in reported 

diversions. 

6. Water Budget- A water budget will be developed using data from existing and planned data-collection 

networks and data collected during this study.  Some components of the water budget may be estimated 

using analytical or numerical models. Major components of the water-budget for the study area that are 

difficult or impossible to measure directly and that may be estimated using analytical or numerical 

models include: 

 Subsurface inflow along the mountain front will be estimated for selected drainage basins 

using available geospatial, meteorological, and streamflow data and a precipitation-runoff-

groundwater-flow model (GSFLOW; Markstrom and others, 2008). 

 Recharge from precipitation on non-irrigated land and from precipitation and applied water 

on irrigated land will be estimated from metrological data and land- and water-use data, 

using the Farm Package of MODFLOW (FMP; Schmid and others, 2006). 

 

Task D — Irrigation Water Management  
 

Description of Task  

Agricultural contributions to a water balance model are critically important for understanding surface and 

groundwater interactions. A network of monitoring sites will be installed along an elevational gradient and will 

include fields in Custer, Fremont, and Chaffee counties. Data collected at the sites will contribute to a surface and 

groundwater balance model and provide data for validating an irrigation scheduling tool. The data will be used to 

validate the Water Irrigation Scheduler for Efficient Application (WISE) which has built-in assumptions for high 

mountain hay crops. Data will also be used to better understand hydrologic fluxes under a variety of irrigation 

conditions. 

 

Method/ Procedure 

1. Data Collection Through Measurement - Soil moisture will be measured continuously at three locations 

and three depths (for a total of nine measurements) at each field site. Irrigation amounts will be measured 

using a tipping bucket rain gauge. Soil hydraulic properties will be measured through field and lab 

procedures.  

2. External Data Compilation- Data collection from existing data sources will be compiled for use in an 

agricultural water balance equation. Evapotranspiration data will be compiled from the Colorado 

Agricultural Meteorological Network (CoAgMet) and previous studies by the USGS. Soil classification 

data will be collected from the NRCS SSURGO dataset and used in the irrigation scheduling tool.  

3. Irrigation Scheduling Tool Validation – Field data will be used to test the assumptions of the model 

including: volumetric water content, soil moisture deficit, rooting depth, field capacity, and permanent 

wilting point. 

 

Task E— Potential for Aquifer Storage and Recovery  

 
Description of Task 

Data collected and analyzed for Tasks A-C will be used to evaluate potential for aquifer storage and recovery in 

the study area.  
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Method/ Procedure 

 Data and Analysis- Data will be compiled and analyzed from all previous tasks to identify potential areas 

for aquifer storage. Hydraulic properties of the aquifers, determined in Tasks A and B, will be used to 

identify these areas.   

 Mapping- Maps (GIS layers) will be prepared showing the altitude and depth of the water table of 

seasonal changes in water levels, potential areas for aquifer storage, and geologic features.  

 Models- Analytical and numerical models may be used to demonstrate methods of estimating the 

residence times for hypothetical aquifer-storage and recovery projects.  

 

Task F - Deliverables for Tasks A- E and Final Reporting  

  

USGS 
Study results and data from all tasks will be published in a comprehensive USGS Scientific Investigations 

Report. As funding permits, the USGS may publish journal articles using study results in order to advance 

scientific knowledge. Results from approved aquifer, specific-capacity, and slug tests in the study area will be 

available for release to the public through various USGS portals. Data, mapping and reporting will also be made 

available to the public through USGS portals. Presentations of Phase 2 results will be conducted throughout the 

Basin and for all participating agencies.   

 

CSU 

CSU will provide an outreach and education campaign, that will be formulated to deliver the results to the public. 

Appropriate formats will include oral presentations, published reports, and field demonstrations. Data will be 

made available through peer reviewed literature and stakeholder publications. The WISE irrigation scheduling 

tool will be refined using the observed data and tested. Presentations of Phase 2 results will be conducted 

throughout the Basin and for all participating agencies.  

 

UAWCD 

UAWCD will provide progress reports and final reporting to the CWCB, Arkansas Basin Roundtable, 

Participating Entities, and the Public.  
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Water Balance Budget and Schedule 

 

 

 

 

 

 

 

 

 

 

Task Description Start Date Finish Date

A Hydrolic Data Collection Upon NTP NTP + 2yrs

B Stream-Aquifer Data Collection Upon NTP NTP + 2yrs

C Water Budget NTP+1yr NTP + 2yrs

D Agricultural Water Budget Upon NTP NTP+3yrs

E Potential for Aquifer Storage NTP+ 2yrs NTP +1 yr

F Reporting NTP+ 2yrs NTP +1yr

Tasks Description USGS CSU 

UAWCD  

Project 

Management Total 

A- Hydraulic 

Properties of 

Aquifers 

Determine hydraulic properties of 

principal aquifers 134,700$         9,429$                    144,129$        

B- Stream 

Aquifer 

Interactions 

Evaluate stream-aquifer 

interactions for perennial streams 141,300$         9,891$                    151,191$        

C- Water Budget 

Available data will be reviewed 

and compiled in a relational 

database 106,700$         7,469$                    114,169$        

D- Irrigation 

Water 

Management 

Network of soil moisture 

monitoring sites and data 74,117$        5,188$                    79,305$          

E- Aquifer 

Storage & 

Reporting 

Analyze and evaluate data for 

potential for aquifer storage and 

reporting 166,600$         11,662$                  178,262$        

549,300$      74,117$      43,639$                667,056$      

Percent Totals 82% 11% 7% 100%

Total Personnel Cost by Task 

Totals 

Water Balance Study- Phase 2 Budget (Over a 3-Year Period)
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*UAWCD =  $25,000 Cash Match  

  $43,639 In-Kind Match (Project Management 7% Project Total)  

 

*Local Match = $30,000 Chaffee County & Municipalities  

  $30,000 Fremont County & Municipalities  

  $10,000 Custer County & Municipalities  

 

 

 

 

 

Tasks 

USGS          

Cost Share  

CSU              

Cost Share  

UAWCD & 

Local Cost 

Share   

WSRA Basin 

Funds 

WSRA State 

Funds Total 

Task A 

47,100$             27,727$                   10,000$                51,324$             136,151$                     

Task B 
49,500$             27,727$                   10,000$                51,324$             138,551$                     

Task C 
37,400$             27,727$                   10,000$                51,324$             126,451$                     

Task D

-$                       29,503$              27,727$                   10,000$                51,324$             118,554$                     

Task E 

58,300$             27,727$                   10,000$                51,324$             147,351$             

Totals 192,300$           29,503$              138,635$                 50,000$                256,618$                  667,056$                     

% 29% 4% 21% 7% 38% 100%

Water Balance Study- Phase 2 Budget (Over a 3-year Period)
Funding Request and Cost Share By Task 

Total Amount % of Total 

 Total Cost Share Match= 410,438$          62%

State Funds Requested= 256,618$          38%



Phase 2 Water Balance Study Map- General Area 

Study Area includes Fremont and Custer Counties. Specifically the Arkansas River from Wellsville to the Fremont/Pueblo Boarder and the Wet 
Mountain Valley drainage ( Grape, Texas, and Haden Creeks). 


	Staff Recommendation:

