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1.0 EXECUTIVE SUMMARY 
 

The Nowood River Watershed (Watershed) encompasses approximately 2,012 square miles in north central Wyoming 

(Figure ES-1).  The Watershed experiences substantial spring runoff; however, these flows are not captured and water 

shortages occur during low-flow periods common in late summer and fall.  There are more than 27,000 acres of 

irrigated land in the Watershed, and the water shortages observed during the late season irrigation period result in fields 

that cannot be irrigated.    

 

The Nowood River Storage, Level II, Phase I Storage Study (Project) was undertaken by the Wyoming Water 

Development Commission (WWDC) to evaluate opportunities to develop water storage within the Watershed that will 

benefit Wyoming and its residents by addressing the late season water supply shortages evidenced within the 

Watershed.  This Executive Summary presents the Project purpose, findings, cost estimates, and recommendations.  

More detail on the Project is included in the Nowood River Storage, Level II Study Phase I Final Summary Report, 

dated December 6, 2013. 

 

1.1 PROJECT PURPOSE AND SCOPE 
Landowners in the area, concerned with late season water shortages, as well as other issues in the Watershed, formed 

the Proponents of Nowood Drainage Storage (Steering Committee/Project Sponsor) and requested funding from the 

WWDC for a watershed investigation in the fall of 2007.  Their application was successful and the 2008 Wyoming 

Legislature awarded funding for the Nowood River Storage/Watershed Level I Study (Level I Study).  In June 2008, 

the WWDC contracted Anderson Consulting Engineers (ACE) to complete the Level I Study.   

 

The purpose of the Level I Study was to evaluate and describe the Watershed and to develop a Watershed Management 

Plan.  The three primary issues evaluated as part of Level I Study, consistent with other WWDC watershed studies, 

were: 1) opportunities for surface water storage; 2) the state of, and possible improvements to irrigation infrastructure; 

and 3) opportunities to enhance upland water resources.  Through the course of the Level I Study, ACE and the 

WWDC developed recommendations for irrigation system conservation and rehabilitation, livestock and/or wildlife 

upland watering opportunities, grazing management opportunities, other upland management opportunities, and stream 

rehabilitation.  The Level I Study also concluded that, due to the timing of flows in the Watershed, late season water 

shortages exist, but that water is available for storage during high, spring flows.  The Level I Study identified 35 sites 

that potentially could be developed as storage reservoirs to store available water during the spring and release flows 

later in the water year.   
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Based on the findings of the Level I Study and continued interest by the Project Sponsor, the WWDC contracted with 

Trihydro Corporation (Trihydro) in June 2010 to provide professional services for the Nowood River Storage, Level II, 

Phase I Storage Study.  The scope of this Project is focused on estimating potential water shortages, estimating flows 

available for storage, investigating and evaluating potential storage locations, and assessing the capability of the 

highest-ranked storage locations to meet water shortages and provide other Watershed benefits (e.g., reducing flooding 

potential or magnitude, reducing stream erosion, increasing late-season stream flows, enhancing habitat, and providing 

recreational opportunities, among others).   

 

1.2 PROJECT FINDINGS 

1.2.1 HYDROLOGIC ANALYSIS  
A StateMOD watershed hydrologic model was developed to simulate flows in the Watershed.  This model incorporates 

historic records of stream flow, diversions, and storage within the Watershed to simulate flows over a specified period.  

A Baseline Model Scenario was calibrated to simulate natural flow with water rights and demands to quantify available 

flows and shortages during a 36-year study period from 1973 to 2008, which takes in a broad range of hydrologic 

conditions, including drought years and years with abundant water supplies.   

 

Based on the Baseline Model Scenario, the total Watershed demand for water during the irrigation season 

(April-October) in a year with average hydrologic conditions is approximately 146,000 acre-feet (ac-ft).  Of this total 

demand, the average annual shortage is estimated to be approximately 10% (15,150 ac-ft).  In a dry year, the model 

simulates a water shortage of 12% (16,990 ac-ft) of the demand in the Watershed.  Shortages are concentrated in the 

upper portions of the Watershed above Tensleep Creek (an estimated shortage of approximately 6,470 ac-ft or 43% of 

the total shortage) and along Paint Rock Creek (5,650 ac-ft or 37% of the total shortage).   

 

The Baseline Model Scenario also identified available flows (meaning flows that are not currently put to beneficial use 

under existing water rights) for development or storage throughout the Watershed.  The available flows were primarily 

associated with runoff from snow melt during the early part of the irrigation season that are not currently diverted.  This 

surplus water flows out of the Watershed before it can be put to beneficial use.  The StateMOD model simulations 

support the assertions of the local landowners; there does appear to be a shortage in later season water, but there is 

water available for storage during runoff months.   

 

1.2.2 PURPOSE AND NEED 
The purpose of developing storage in the Watershed is to store excess water available during high flows whereby the 

water can be released later in the year or subsequent years to meet irrigation shortages.  The need for storage is 
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supported by the StateMOD model simulations indicating annual water shortages in the Watershed of 15,000 ac-ft for a 

normal year and 17,000 ac-ft for dry years.  Other objectives of developing storage would be reducing flooding and 

stream erosion by capturing a portion of the high, spring flows, creating recreational opportunities, enhancing wildlife 

habitat and fisheries, and improving stream ecosystems by providing additional late season flows.   

 

1.2.3 POTENTIAL STORAGE ALTERNATIVES 
A total of 35 potential storage sites were identified during the Level I Study.  Five additional potential storage sites 

(Cherry Creek, Upper Luman Creek, Lower Luman Creek, Cornell Gulch, and Willow Creek [an alternative to West 

Fork Willow Creek]) were identified during this Project (Figure ES-2).  Preliminary geotechnical investigations were 

conducted at seven of the potential sites during the Project.  The field investigations were similar in scope to the field 

investigations of potential reservoir sites that were conducted during the Level I Study.  Both the Level I and Level II 

investigations were undertaken to confirm the apparent feasibility of constructing a dam and reservoir at a site.  The 

following sites were evaluated: 

Level I Investigations Level II Investigations 

 Nowood-Crawford 

 Cottonwood Creek 

 Taylor Draw 

 Deep Creek 

 Bruner Gulch 

 Upper Nowood  

 Meadowlark Lake 

(enlargement) 

 Big Trails* 

 Lower Luman Creek 

 Upper Luman Creek 

 Paint Rock Creek 

 Alkali Creek 

 Cornell Gulch 

 Lower Brokenback 

 Big Trails* 

 

Note:  *Denotes sites that were investigated during both the Level I and Level II studies. 

 

Fatal flaws were not noted at the sites visited, although questionable foundation conditions warranting detailed 

subsurface investigations were noted during the Level I Study at the Deep Creek, Nowood-Crawford, and Big Trails 

sites.   
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The characteristics of the 40 potential storage sites were compiled and compared in a matrix to evaluate which sites 

might provide the most benefits to the Watershed with the least impact (economic, environmental, or otherwise).  The 

matrix included characteristics such as available flow, dam and reservoir size, landownership, geology, environmental 

or infrastructure concerns, potential benefits, and estimated costs, among others.  The characteristics documented in the 

matrix were then used, in conjunction with discussions with the Wyoming Water Development Office (WWDO) and 

the Steering Committee, to screen the storage alternatives to identify those sites that appear to provide the most overall 

value to the Watershed.   

 

The storage alternatives screening was completed in three steps.  The first screening removed sites based on known 

ownership constraints such as location in wilderness areas or lack of support from affected landowners.  This screening 

removed 11 sites from consideration.  The second screening level evaluated alternatives based upon basic technical 

characteristics (e.g., feasibility of construction and available capacity, site geology, environmental concerns, ability to 

serve shortages, etc.).  This screening removed an additional 17 sites from consideration.  The remaining 12 sites were 

then evaluated in more detail.  Through discussions with affected landowners, further technical evaluation, and input 

from the WWDO and the Steering Committee, seven potential sites were tabled.  Ultimately, five sites were advanced 

for additional evaluation and completion of conceptual designs.   

 

The top five storage alternatives identified through the screening process include: Alkali Creek, Cornell Gulch, Lower 

Luman Creek, an enlargement of Meadowlark Lake, and Taylor Draw.  These alternatives appear capable of providing 

storage supplies to address shortages across the Watershed, with the potential to provide benefits to irrigators located in 

both the upper and lower Watershed.  The top five alternatives were discussed, as appropriate, with the Wyoming 

Game and Fish Department, U.S. Fish and Wildlife Service, Army Corps of Engineers, and the Bureau of Land 

Management.  Conceptual level designs were also developed for the top five sites.  Conceptual embankment alignments 

and cross-sections, spillway alignments and capacities, reservoir footprints, outlet works, and supply mechanisms (for 

off-channel alternatives) were evaluated for these sites.   

 

Conceptual level cost estimates were developed for four of the five top ranked sites (Cornell Gulch was removed 

during the design process due to the logistics of supplying water to the site and the limited water supply at that location 

in the Watershed).  The cost estimates are conceptual, with a confidence level of +/- 30% to 50%, and will be revised 

and further developed during future Project phases for sites that are advanced.  Summaries of the conceptual level cost 

estimates for the four top ranked alternatives are provided in Table ES-1.  The estimated costs range from $2,800,000 

for a 5-foot raise of Meadowlark Lake to $15,750,000 for construction of a new reservoir on Alkali Creek.  The costs 

presented are based on 2013 economics.   
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TABLE ES-1. SUMMARY OF ESTIMATED COSTS FOR TOP RANKED ALTERNATIVES 

Alternative 
Storage 

Capacity 

Capital  

Construction 

Costs Total Cost1 

Cost Per  

Acre-Foot of 

Storage  

(acre-feet) ($) ($) ($) 

Meadowlark Lake  

Expansion 1,360 $1,417,343.40 $2,796,692.31 $2,056.24 

Alkali Creek 7,401 $10,420,866.00 $15,741,568.69 $2,126.95 

Lower Luman 

Creek 2,421 $10,035,044.10 $14,976,690.05 $6,186.16 

Taylor Draw 2,435 $10,922,871.60 $15,605,863.31 $6,408.98 

1 - Costs include additional items such as final design and specifications, mitigation, legal fees, access, and permitting 

 

1.2.4 PREFERRED ALTERNATIVES 
Of the top five alternatives, two alternatives are recommended for further evaluation in future studies: an expansion to 

Meadowlark Lake and construction of a new reservoir on Alkali Creek.  Based on issues discussed during meetings 

with affected or interested agencies, further engineering evaluation, and additional discussions with landowners, Lower 

Luman Creek, Taylor Draw, and Cornell Gulch are not recommended for further evaluation at this time.  Meadowlark 

Lake is located on the Bighorn National Forest near the headwaters of Tensleep Creek.  Alkali Creek is a small 

tributary to Paint Rock Creek, which is a primary tributary to the lower Nowood River.  Unfortunately this places an 

emphasis on storage development in the lower portion of the Watershed, providing limited benefits through exchanges 

to the irrigators in the upper portion of the Watershed.   

 

Other potentially viable sites (i.e., sites where a reservoir could be constructed, flows are available for storage, and the 

stored water could be applied to meet shortages) also exist in the Watershed, but were tabled based on landowner 

concerns.  Alternative sites should continue to be evaluated to establish purpose and need for water storage facilities 

best suited for benefiting residents in the Watershed and the State of Wyoming.   

    

1.2.4.1 MEADOWLARK LAKE ENLARGEMENT 

Meadowlark Lake (permitted as Tensleep Reservoir) is an existing reservoir located on East Tensleep Creek in the 

Bighorn National Forest, above the confluence with Tensleep Creek (Figure ES-3).  One of the permitted uses for this 

site is irrigation.  However, current operating practices at the reservoir do not typically provide for releases to meet 
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irrigation demands.  Changing the operations of the reservoir to incorporate releases for irrigation could satisfy a 

portion of the shortages experienced by downstream irrigators.   

 

Raising the water level in the reservoir was evaluated as a means to provide additional relief of late season irrigation 

shortages.  Raises ranging from 5 to 15 feet were evaluated.  For the purposes of this study, conceptual designs and 

StateMOD model simulations were completed for a 5-foot raise in the operating high-water line.  This raise in water 

level would increase the reservoir storage from approximately 3,316 ac-ft to 4,672 ac-ft, an increase of 1,360 ac-ft.  

Review of the simulation results for this reservoir enlargement suggest that the baseline shortage for the entire 

Watershed could be reduced to 14,103 acre-feet or a 9.7% shortage; a reduction of 1,048 acre-feet or 7% reduction.  

Water stored in this reservoir could benefit irrigators, directly and through exchange, on Tensleep Creek, the Nowood 

River, Paint Rock Creek, Medicine Lodge Creek, and tributaries to the Nowood River. 

 

1.2.4.2 ALKALI CREEK 

The Alkali Creek alternative includes development of a reservoir on Alkali Creek above the confluence with Paint 

Rock Creek (Figure ES-4).  While this alternative would impound Alkali Creek, the site would function as an 

off-channel reservoir filled with available flows diverted from Paint Rock Creek and Medicine Lodge Creek by 

enlargement of the Anita Supplemental Ditch and the Anita Ditch.  Improvements to these existing ditches would likely 

be required to allow for conveyance of reservoir-supply flows and irrigation flows.   

 

Based on an embankment height of 84 feet, the proposed reservoir would provide 7,400 acre-feet of storage.  Review of 

the simulation results suggest that storage in this reservoir could reduce the Baseline shortage for the entire Watershed 

to 12,002 ac-ft or an 8.2% shortage; a reduction of 3,149 ac-ft or 21% reduction.  Water stored in this reservoir could 

benefit irrigators, directly and through exchange, on Paint Rock Creek, downstream of Paint Rock Creek on the 

Nowood River, upstream along the Nowood River to Ten Sleep, and along Tensleep Creek.   

 

1.2.5 ECONOMIC ANALYSIS 
An economic and financing analysis was completed for the top two alternatives in the Watershed; Alkali Creek and 

enlargement of Meadowlark Lake.  The analysis used a farm budget type of analysis to determine benefits.  The farm 

budget analysis takes into consideration the potential increase in farm income due to direct and indirect benefits if 

additional water storage is available.  This type of approach was used to complete a benefit-cost analysis and an 

ability-to-pay analysis for each alternative.   
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1.2.5.1 ALKALI CREEK 

The proposed Alkali Creek reservoir has a storage capacity of approximately 7,400 ac-ft with approximately 5,550 ac-ft 

available for irrigation, assuming 25% of the reservoir capacity is set aside as a conservation pool.  There is 

approximately 4,880 acres of irrigated land located directly downstream of the reservoir consisting of alfalfa and grass 

hay, corn, various grains, and beets.  However, for the cost-benefit analysis benefitting irrigated acreage downstream of 

the storage alternative was assumed to consist of irrigated alfalfa.  The estimated increase in hay production resulting 

from an additional 5,550 ac-ft of water per year, or 1.14 ac-ft /acre, would be approximately 2,700 tons/year.  This 

increase in alfalfa hay production could result in a direct net income increase of approximately $216,300 per year.  The 

estimate of the increase in alfalfa hay production and income is likely at the upper range of what could be realized from 

the reservoir storage.  This increase in production assumes that the entire 4,880 acres of downstream irrigated land will 

use the additional supplemental water, whereas realistically a portion of the irrigated demand may already be satisfied.   

 

To find the lower range of gain, results from the StateMOD model were analyzed.  Model results show that the average 

annual demand downstream of the Alkali Creek storage location is approximately 35,500 ac-ft.  Of this demand, 

approximately 33,000 ac-ft are satisfied under the current water use and adherence to Wyoming Water Law; resulting 

in a shortage of approximately 2,500 ac-ft.  Dividing the shortage by the crop irrigation requirement (CIR) 

(2.08 ac-ft/acre) results in approximately 1,200 acres of irrigated land below the reservoir that could benefit from 

additional water for irrigation.  If the shortage was met, an increase in hay production of 1,220 tons/year could be 

achieved resulting in an annual increase in net income of approximately $97,450/year.                   

 

1.2.5.2 MEADOWLARK LAKE  

An enlargement of Meadowlark Lake would result in a storage capacity increase of approximately 1,360 ac-ft 

(representative of a 5-foot water surface elevation raise) for a total storage capacity of approximately 4,680 ac-ft.  

Assuming 25% of the total storage capacity is reserved as a conservation pool, the storage available for irrigation is 

approximately 3,510 ac-ft.  Approximately 6,870 acres of irrigated land may be served by storage supply in the 

reservoir.  If available storage water is applied (assuming alfalfa crop production) by downstream irrigators, 

approximately 1,710 tons per year of additional alfalfa hay could be produced.  This would result in a net income 

increase of approximately $136,800 per year.  Similar to the cost-benefit analysis for the Alkali Creek alternative, the 

increase in production and income is likely at the upper range of what could be realized from the reservoir storage.    

 

The lower range of gain was estimated based on the same procedure discussed for the Alkali Creek alternative.  The 

StateMOD model simulates the average annual demand downstream of Meadowlark Lake at approximately 

66,400 ac-ft.  Of this demand approximately 63,400 ac-ft is satisfied under the current water use and adherence to 
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Wyoming Water Law; resulting in a shortage of approximately 3,000 ac-ft.  If the shortage was met, an increase in hay 

production of 1,460 tons per year could be achieved resulting in an annual increase in net income of approximately 

$116,950.                   

 

1.2.5.3 INDIRECT IRRIGATION BENEFITS 

Whereas direct benefits generally accrue to the farming community or landholders, indirect benefits accrue to wide 

sectors of the economy.  Indirect benefits are those benefits that accrue from the processing of goods produced by the 

project.  An example would be a farm machinery supplier whose business is stimulated by increased crop yields.  The 

indirect benefit can be measured from the economic multiplier effect due to increases in income in the economy.  The 

Bureau of Economic Analysis of the U.S. Department of Commerce (USDOC) produces periodic estimates of indirect 

income multipliers for the agricultural sector in Wyoming.  The latest published estimate of this multiplier is 

2.63 (USDOC 2007).  Applying this multiplier results in a combined direct and indirect benefit of between $256,250 to 

$568,900 for the Alkali Creek alternative, and $307,500 to $359,800 for the Meadowlark Lake alternative.  Total 

indirect benefits associated with a new irrigation project may be larger than the increases estimated in this analysis.     

     

1.2.5.4 ADDITIONAL BENEFITS 

In addition to direct and indirect benefits, additional storage and reservoir supplies in the Watershed will also provide 

other benefits, including: 

 Enhanced opportunity for recreational water use  

 Improved fisheries 

 Created wetlands  

 Enhanced wildlife habitat 

 Improved water quality 

 Flood management  

 

1.2.5.5 FINANCING UNDER WWDC GUIDELINES 

The typical WWDC project financing standard is 67% grant with the remaining 33% of project costs to be repaid by the 

project sponsor.  The WWDC also has the ability to grant up to 75% with the remaining 25% repaid by the project 

sponsor.  On storage projects such as this, the WWDC and the Wyoming Legislature have the authority to approve 

100% of the project cost based on the relative benefits to the State and the sponsor as estimated by the WWDC.   
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Statutory guidelines establish a minimum interest rate of 4% for financing plans.  This interest rate is subject to change 

by the Wyoming Legislature.  Statutes allow the WWDC to defer payment of interest for up to 5 years after completion 

of a project.  Repayment may be financed over a maximum period of 50 years; however, the sponsor’s method of 

repayment and the longevity of the sponsor’s existence as a legal entity will be taken into consideration by the WWDC.  

The implications of applying these funding criteria to Alkali Creek and Meadowlark Lake are presented in Table ES-2. 

 

TABLE ES-2. FINANCING UNDER WWDC GUIDELINES 

  

Alkali Creek1 Meadowlark Lake 

  

50-Year 

Loan 

30-Year 

Loan 

50-Year 

Loan 

30-Year 

Loan 

Total Project Capital 

Cost 
$15,741,600.00  $2,796,700.00  

Sponsor Cost 

33% Cost Share $5,194,700.00  $922,900.00  

25% Cost Share $3,935,400.00  $699,200.00  

Annualize Debts Share of Project Costs 

33% Cost Share/year $241,800.00  $300,400.00  $43,000.00  $53,400.00  

25% Cost Share/year $183,200.00  $227,600.00  $32,500.00  $40,400.00  

Total Estimated O&M 

Cost 
$23,700.00 $22,900.00  

Annualized Project Cost Plus O&M  

33% Cost Share $265,500.00  $324,100.00  $65,900.00  $76,300.00  

25% Cost Share $206,900.00  $251,300.00  $55,400.00  $63,300.00  

1.  Costs have been rounded to the nearest $100.   

 

Willingness to pay investigations completed previously for the WWDC have found that typically irrigators have been 

willing to pay in the range of $5 to $25 per ac-ft for additional irrigation water.  The higher end of this range is 

associated with irrigators who are able to produce high value row crops, as opposed to hay crops.  Because irrigated 

alfalfa hay is likely to be the primary crop produced in the Watershed, a preliminary willingness-to-pay analysis was 

performed based on the assumption irrigators might be willing to pay $15 per ac-ft released from a reservoir.   

 

The estimated storage available for irrigation at Alkali Creek was assumed to be the full 5,550 ac-ft.  This results in 

annual revenue of approximately $83,300 for water from the Alkali Creek alternative.  The loan for this amount would 
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result in the sponsor paying approximately 11% of the total project capital cost under the 50 year loan (9% for a 30 year 

loan).  The Meadowlark Lake analysis estimated the available storage for irrigation based on the water available from a 

5-foot raise in water surface elevation or approximately 1,360 ac-ft.  Assuming irrigators would only be paying for the 

increased storage amount that would occur from an enlargement and not the full irrigation storage potential of the 

reservoir generates annual revenue of approximately $20,400.  This would result in the sponsor paying approximately 

16% of the total project capital cost under the 50 year loan (13% for a 30 year loan).  This analysis predicts that the 

revenue generated from water sales for storage in the Alkali Creek or Meadowlark Lake alternatives will likely be 

insufficient to offset the sponsor’s annual obligation to repay a loan from the WWDC, unless the grant covers 

approximately 90% of the capital cost of the alternatives.     

 

1.3 RECOMMENDATIONS 
Based on evaluations and modeling performed as part of this Project, late season water shortages do exist in the 

Watershed.  Likewise, simulations and landowner input indicate there is sufficient water available for storage during 

high, spring flows.  Viable alternatives for storing water to address late season water shortages do exist in the 

Watershed.  Accordingly, continued evaluation of storage alternatives in the Watershed is warranted.  A potential new 

reservoir on Alkali Creek and enlargement and/or changes in the operations practices of Meadowlark Lake are 

recommended for more detailed investigations.  Both of these alternatives appear to meet a portion of the needs 

simulated in the Watershed.  Recommended additional investigations and evaluations for these sites include: 

 Subsurface geotechnical investigations to document overburden and foundation conditions as well as potential 

sources of borrow materials 

 Wetland delineations to quantify potential wetland impacts associated with the alternatives 

 Topographic surveying to allow for more detailed designs and to confirm or refine storage estimates 

 Class III archeological investigations over the Alkali Creek project area 

 More detailed evaluation of a 10-foot raise of the water level in Meadowlark Lake 

 Continued temporary stream gaging to provide more data regarding diversions and hydrology throughout the 

Watershed 

 Temporary stream gaging along reaches of East Tensleep Creek and Tensleep Creek to assess conveyance 

losses/gains below Meadowlark lake 

 Continued data collection and refinement of the StateMOD model 

 Refinement of conceptual designs and cost estimates 
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 Further economic analysis, including local stakeholder’s willingness to pay for storage water  

 Continued coordination with interested or affected agencies to assess potential benefits and impacts, as well as to 

better define permitting and NEPA requirements and processes 

 

While Alkali Creek and the Meadowlark Lake enlargement alternatives are recommended for further study, other sites 

considered during this Project should not be completely discounted from consideration in the future.  The two preferred 

alternatives assist in addressing shortages in the lower portion of the Watershed, but do not offset shortages in the upper 

Watershed to the degree that other alternatives may.  Several viable alternatives were withdrawn from further 

evaluation based on the input of landowners or on concerns with available water for storage.  Should ownership change 

or landowner views of storage change, these sites (particularly Deep Creek, Taylor Draw, or Big Trails) may warrant 

additional evaluation.  Likewise, as additional data becomes available and the StateMOD model is refined, sites such as 

Cornell Gulch may become more viable.   
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