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I. INTRODUCTION 

Martin and Wood Water Consultants, Inc. (M&W) prepared this water balance report for the 

Upper Big Sandy Ground Water Management District (District).  Figure 1, the Basin Location 

Map, presents the location of the District in eastern Colorado.  The District was formed on 

October 22, 1976 with the purpose of managing the ground water resources within the Upper Big 

Sandy Ground Water Basin (Basin).  The District makes recommendations to the State 

Engineer’s Office on the approval or denial of new ground water well permits, and the District is 

responsible for planning for the current and future use of the alluvial ground water within the 

boundaries of the Basin. 

1. Project Purpose 

The purpose of this project is to assess the consumptive and non-consumptive water needs within 

the Upper Big Sandy Designated Ground Water Basin and compare those needs against the 

sustainable available alluvial water supply via a water balance assessment approach.  This 

project assists the District by quantifying the use and supply of alluvial ground water within the 

Basin and creating a water balance of the Basin which will assist the District in developing long-

term management policies for the ground water resources within the Basin, especially in regard 

to well pumping and maximum levels of pumping (safe yield) that can reliably be sustained 

within the Basin.  The District has a goal of establishing and maintaining sustainable 

management of the ground water resources of the Basin. 

 

In addition to the water balance, this project seeks to quantify the volume of alluvial ground 

water stored within the aquifer along with an estimate of the economically recoverable quantity 

of this water.  The District may then have to decide how much of this storage volume they are 

willing to utilize in a given year or over a specified period (e.g., a maximum for a three-year 

period).  The water in storage provides a buffer against years of low natural recharge, but the 

volume of water in storage is finite, may take considerable time to recover, and should be used 

cautiously.  
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2. Funding Source 

This project is funded through a Severance Tax Trust Fund grant, administered by the Colorado 

Water Conservation Board (CWCB).  The grant request process was started in October 2006, and 

the grant was submitted in January 2007.  Funding became available in October 2008 after 

CWCB completed the purchase order.  With the District Board’s approval, M&W began work in 

October 2008 under the Severance Tax Trust Fund grant.  The work completed under this grant 

is referred to as “Phase 2” of the water balance and builds on the work carried out for the first 

phase of work as described in the report dated March 2009.   

3. Scope of Work 

The broadly-defined Scope of Work for this project is to obtain and analyze data on the alluvial 

aquifer in the Basin and within the District boundary in order to develop a water balance which 

will assist the Upper Big Sandy Ground Water Management District in their decision-making 

and water management roles.  This project is divided into two major categories: (1) Collection of 

Additional Data and (2) Technical Analysis for the Basin Water Balance.  The work for this 

project will build on several previous studies conducted by the District.  The project includes 

data development and analysis relating to the hydrology of the Basin, the Basin lateral extents, 

the hydrogeological characteristics, the nature and magnitude of the alluvial underflow, the 

volume of water in alluvial storage, the levels of well pumping, and the net water balance.  All of 

the data collection and analysis is aimed at refining the Basin water balance such that the 

approximate sustainable yield of the Basin can be better determined, and so that there can be 

reliable and responsible long-term management of the water resources of the Basin so as to 

provide the maximum benefit to all the users within the Basin.   

 

The below information provides a summary of the tasks in the scope of work associated with the 

grant application. 
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Collection of Additional Data 

 

In order to accurately define the extent of the alluvial ground water aquifer and to develop an 

operational Basin water balance for the District, the following data collection is necessary.   

 

• Conduct drilling and geologic investigations to obtain information on the subsurface.  

The goals include better defining of the alluvium at the downstream end of the Basin 

and to obtain subsurface data at several selected points to develop cross-sectional 

representations of the Basin, to determine saturation levels, and to examine the 

potential for multiple subsurface buried alluvial channels.   

 

• Obtain field data to be utilized to develop defensible data needed for the water balance 

inputs.  Data includes information obtained from pump testing existing wells utilized 

to obtain site-specific and basin wide average hydraulic parameters including the 

transmissivity, hydraulic conductivity, and specific yield of the alluvial aquifer.   

 

Technical Analysis for Water Balance 

 

Technical analyses will be performed to quantify the use and availability of alluvial water 

within the Basin and to create a water balance of the Basin to assist the District in developing 

long-term management policies for the ground water resources in the Basin, especially in 

regard to well pumping and the maximum levels of pumping (safe yield) that can reliably be 

sustained.   

 

The following tasks were included. 

• Analyze the current or recent alluvial water levels  

• Analyze and provide new estimates of hydraulic conductivity, transmissivity, and 

specific yield based on field data and/or on the application of published appropriate 

ranges of values as correlated to the pump testing 

• Develop a refined estimate of the irrigated acreage within the District  

• Research the irrigation pumping records and the associated irrigated acreage  
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• Investigate the inclusion into the water balance of consumptive use associated with 

stock watering  

• Evaluate the additional geologic data to better define the alluvial extent, storage 

volume, and underflow out of the District 

• Quantify the amount of stored water within the alluvial aquifer and develop estimates 

of the volume of potentially recoverable ground water/usable storage  

• Determine wet and dry year water budgets and vary the water balance accordingly 

• Consider various ground water well withdrawals and compare with differing recharge 

estimates 

• If funding allows, analyze the interaction between Denver Basin aquifers and the 

alluvial aquifer  

 

The scope also defines that a draft and final report will be prepared which describes the 

results of the Phase 2 field work and the data, the water balance analysis, and M&W’s 

technical conclusions.  M&W will obtain comments on the draft report though attendance at 

one District Board Meeting where the project and the results will be presented to the Board.  

Additionally, data will be provided to the District and CWCB for their future use of the water 

balance as a management tool. 

4. Past Studies 

The District previously initiated the water balance process in 2001 when they contracted to 

ASCG Incorporated (ASCG) to carry out investigations into the Basin alluvial aquifer 

characteristics and water usage within the Basin.  ASCG completed three phases of work over 

multiple years.  ASCG Phase 1 comprised a geologic study of the alluvial aquifer; ASCG Phase 

2 was a hydrologic study of the alluvial aquifer that resulted in an initial water balance; and the 

primary objective of ASCG Phase 3 was to provide recommendations for the District to manage 

the aquifer and to protect, preserve, and conserve the ground water resource in a sustainable 

manner.  The results of all three phases were presented in the Geo-Water Study for Upper Big 

Sandy Designated Ground Water Basin (ASCG, undated).   
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In 2006, the District contracted M&W to review ASCG’s work and to begin building on the 

Phases 1-3 work already conducted by ASCG.  This led to the completion of M&W’s Upper Big 

Sandy Designated Ground Water Basin Phase 4 Basin Analysis Report (2007).  Phase 4 

comprised a thorough evaluation of the ASCG work and allowed for the development of 

recommendations for further scopes of work while avoiding, to the greatest extent possible, any 

duplication of effort.   

 

In May 2008, M&W began work on a new water balance for the District.  M&W’s water balance 

was divided into two phases since the work was conducted under two different grants.  These 

phases are now referred to as the Phase 1 Water Balance and the Phase 2 Water Balance and are 

named separately from the work that ASCG conducted.   

 

The Phase 1 Water Balance project was funded through a grant from the Arkansas Basin 

Roundtable Group who receives their funding from the Colorado Water Conservation Board.  

Phase 1 involved multiple analyses and quantification of the volumes of water that recharges the 

aquifer and that is removed from the aquifer annual.  This initial water balance also addressed 

the volume of water in storage, the saturated alluvial extent, and the water balance-predicted 

changes to the water table.  The study resulted in recognition of an apparent disconnect between 

the water balance-predicted changes and the observed water table changes based on the Colorado 

Division of Water Resources (DWR) monitoring well water level data.  The difference between 

the predicted changes and the observed changes further indicated the need for the current, or 

Phase 2 Water Balance, study.  While the average annual predicted water table changes based on 

the water balance are not likely to match specific years of observed changes (due to the large 

number of components which actually vary annually in comparison to the water balance data 

which are representative average values applied to any given year), the observed trends and 

predicted trends should agree.  Therefore, this Phase 2 report further refines the work conducted 

in Phase 1 and provides the comprehensive water balance for the Basin.  The final report for 

M&W’s Phase 1 water balance work was completed in March 2009. 
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5. Report Layout 

The water balance project conducted by M&W was funded through two grants received by the 

District, and this report comprises the summary report presenting the work carried out under both 

grants.  This stand-alone comprehensive report provides information regarding all of the work 

that M&W has done toward the Upper Big Sandy water balance.  As such, this report includes 

relevant information presented in the Final Phase 1 Water Balance Report and includes and 

reflects additional new information based on data obtained and analyses conducted for Phase 2.  

This Phase 2 report is meant to supersede the Final Phase 1 Water Balance Report (March 2009).   

 

This report consists of nine sections, including this introduction which comprises Section I. 

Section II is a description of the Upper Big Sandy Designated Ground Water Basin, and Section 

III provides information on the field work conducted for this project.  Section IV discusses the 

member survey conducted in Phase 1.  Section V explains the components of the water balance, 

and Section VI presents a discussion of alluvial storage and water levels within the Basin.  The 

water balance analysis is included in Section VII, and Section VIII includes our conclusions and 

recommendations.  Section IX includes the references cited, and figures, tables and appendices 

follow the report text. 
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II. BASIN DESCRIPTION 

 1. Location and Geography 

The Upper Big Sandy Designated Ground Water Basin comprises a land area of approximately 

282,000 acres in portions of El Paso, Elbert, and Lincoln Counties in eastern Colorado. Figure 1, 

the Basin Location Map, graphically presents the location of the Basin within Colorado.  The 

towns located within the Basin are Calhan, Matheson, Simla, Ramah, and Limon.  The Basin 

begins at the headwaters of the Big Sandy Creek and extends into Lincoln County, just east of 

Limon.  Note that the drainage basin of Big Sandy Creek extends beyond the District boundary; 

for purposes of this report the term “Basin” refers to that portion of the Big Sandy drainage area 

lying within the District boundaries.  The ground surface elevations in the Basin range from 

approximately 7,000 feet above sea level at the western edge to approximately 5,250 feet above 

sea level on the eastern edge.  The flow is generally toward the northeast until the River Bend 

area, where the channel of Big Sandy Creek begins to flow to the southeast.  The Basin, located 

in an area of relatively minimal annual rainfall, generally exhibits sparse vegetation and there is 

rarely any active flow in the channel other than during or immediately after significant 

precipitation events. 

 

It is important to note that, other than in areas immediately downstream of on-stream reservoirs, 

there is generally no continuous live streamflow in the channel of Big Sandy Creek within the 

Basin.  While local intermittent flows are observed following heavier precipitation events, the 

creek bed is typically dry throughout the year.  Thus, essentially the entire hydrologic system 

associated with the Upper Big Sandy Basin relates to subsurface alluvial flow with only 

occasional live flow events of relatively short duration and over relatively short reaches.  

2. Geology 

The geology in the Basin consists of sedimentary bedrock formations of Cretaceous to Tertiary 

age (125 million to 60 million years old), overlain by unconsolidated sedimentary deposits of 

Quaternary age (60 million years old to present).  The District lies within a geologic structural 

basin known as the Denver Basin.  The administrative ground water portion of the Denver Basin, 
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as opposed to the entire structural basin, underlies a 6,700 square mile area extending into Weld 

County on the north; El Paso county on the south; Jefferson County on the west; and the eastern 

portions of Adams, Arapahoe, and Elbert Counties on the east (Ground Water Atlas of Colorado, 

Colorado Geological Survey, 2003).  The administrative Denver Basin pertains to a major 

Colorado aquifer system, and underlies the Upper Big Sandy Basin from the head of the Basin in 

the west to the area near River Bend, near the eastern extent of the Basin (west of Limon).  The 

administrative Denver Basin consists of four major sedimentary bedrock aquifers.  The four 

bedrock aquifers, from oldest to youngest, are the Laramie-Fox Hills, Arapahoe, Denver, and 

Dawson aquifers.  The Denver Basin aquifers are administratively defined and separated, and are 

in places somewhat inconsistent with the stratigraphic Denver Basin formations.  Adding to this 

somewhat confusing mix is the fact that there have over time been multiple stratigraphic 

nomenclatures applied with respect to the structural Denver Basin bedrock formations.  The 

United States Geological Survey (USGS) published the Geologic Map of the Limon 1° X 2° 

Quadrangle, Colorado and Kansas (Sharps, 1980) in 1980.  The Sharps publication refers to the 

Denver Basin formations, from oldest to youngest, as the Pierre, Fox Hills, Laramie, and Denver 

formations; in the Basin area.  The USGS published the Geologic Map of the Denver 1° X 2° 

Quadrangle, North-Central Colorado (Bryant et. al. 1981) in 1981.  The Bryant et.al. publication 

refers to the Denver Basin formations, from oldest to youngest, as the Pierre, Fox Hills, Laramie, 

and Dawson formations, in the Basin area.  Then, with the 1985 implementation of the Senate 

Bill 5 (SB5) legislation, the Dawson Formation was administratively subdivided, from oldest to 

youngest, into the Arapahoe, Denver, and Dawson aquifers.  The Arapahoe and Dawson aquifers 

were in certain locations (northern portions of the overall Basin) further administratively 

subdivided into upper and lower units.  This has resulted in some confusion regarding the 

structural Denver Basin formations and administrative Denver Basin aquifers, with the structural 

formations and administrative aquifers being referred to interchangeably.  Recently, there has 

been a push within the geologic community to revise the structural nomenclature to one strongly 

resembling the pre-SB5 nomenclature.  These nomenclature variations are illustrated below in 

the Denver Basin Nomenclatures table, with the Colorado Geologic Survey nomenclature 

representing the recent shift back to the pre-SB5 nomenclature.  This presents a conundrum 

when considering stratigraphy and hydrogeologic units (aquifers).  The current trend in 

stratigraphic nomenclature is towards the pre-SB5 nomenclature, whereas the Denver Basin 
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bedrock aquifers are administered using the SB5 nomenclature.  As such, this report will apply 

the pre-SB5 nomenclature for stratigraphic purposes while presenting SB5 nomenclature when 

describing hydrogeologic issues.  Figure 2A, the Surficial Geology Map, presents a surface 

geology map for the Basin modified from USGS 1:250,000 Geologic Maps of The Denver and 

Limon 1° X 2° Quadrangle Series.  The geologic map legend associated with the mapping 

presented in Figure 2A is presented in Figure 2B, the Surficial Geology Map Legend. 

 

Denver Basin Nomenclatures 
Administrative Denver 

Basin  
(1985) 

United States Geological 
Survey  

(Sharps, 1980) 

United States Geological 
Survey  

(Bryant, et. al., 1981) 
Colorado Geologic Survey 

(recent) 

Dawson Arkose (Tdw) Not in mapped area Dawson Arkose (Tdb) Dawson Group (TKda1-6) 

    Upper Dawson (Td)   

Denver Formation (TKd) Denver Formation (TKd) Lower Dawson (TKdl)   

Arapahoe Formation (Ka)     Lower Part of Dawson Group (Kda) 

Laramie Formation (Kl) Laramie Formation (Kl) Laramie Formation (Kl) Laramie Formation (Kl) 

Fox Hills Sandstone (Kf) Fox Hills Sandstone (Kf) Fox Hills Sandstone (Kf) Fox Hills Sandstone (Kf) 

Pierre Shale (Kp) Pierre Shale (Kp) Pierre Shale (Kp) Pierre Shale (Kp) 
Notes: Dashed line indicates uncertain transition from one formation to another. 

            The Laramie Formation and Fox Hills Sandstone are administratively considered a single aquifer 

    North of the study area the Administrative Denver Basin nomenclature separates both the Dawson and Arapahoe Formations into upper 

and lower units 

 

The following bedrock and unconsolidated formation descriptions were modified from The 

Geology and Ground-Water Resources of Parts of Lincoln, Elbert, and El Paso Counties, 

Colorado (Thad G. McLaughlin, Colorado Water Conservation Board and the U. S. Geological 

Survey, 1946).  The unconsolidated deposits consist of terrace deposits, alluvium, weathered 

bedrock and loess.  The bedrock formations, from oldest to youngest, include the Pierre, Fox 

Hills, Laramie, Dawson, Castle Rock, and Ogallala formations.  Note that this list reflects the 

pre-SB5 nomenclature. 

 

Alluvial (Unconsolidated) Deposits 

 

The terrace deposits consist of sand and gravel containing thin beds of silt and clay.  The 

terrace deposits were created by deposition of material into valleys that were cut by streams 

during an erosional period.  Like the terrace deposits, the mapped alluvium is composed of 
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sand and gravel containing thin beds of silt and clay, but is confined to the bottoms of the 

alluvial valleys.  Similar to the terrace deposits, the alluvium was deposited into valleys 

created during an erosional period subsequent to the erosional and depositional periods when 

the terrace deposits were formed.  Weathered bedrock overlies, in close proximity, the parent 

bedrock, retains the original rock fabric, but in the case of the sandstones, is friable and 

unconsolidated.  If the bedrock is a shale or claystone, it can weather out to either small 

brecciated fragments or it can disintegrate into clays.  If the bedrock is a sandstone, the 

weathered bedrock at that location can look very similar to alluvial sands and may result in 

confusion when attempting to identify the alluvial–bedrock interface.  Likewise, the bedrock 

sandstone can look very similar to the alluvial deposits, only the individual sand grains are 

consolidated or “cemented” – a term often heard during conversations with residents in the 

Basin.  The loess, consisting of very fine-grained sand and silt, was derived from the terrace 

deposits and alluvium and, in the Basin, has been deposited primarily east of River Bend and 

south of Big Sandy Creek.     

 

Bedrock Formations 

 

The bedrock formations are described from oldest to youngest, with a physical description 

followed by a general description of the location where the formation is exposed within the 

Basin, indicating the transition from the older underlying formation to the younger overlying 

formation.  The Pierre Formation consists of a gray to black shale and is exposed on the 

surface primarily to the east of River Bend and from there to the eastern edge of the Basin.  

The Pierre Formation is overlain by the Fox Hills Formation.  The Fox Hills Formation is a 

massive buff to brown sandy shale in the lower part and poorly-consolidated white sandstone 

in the upper part.  The Fox Hills Formation is exposed on the surface from approximately 

four miles east of Matheson to River Bend.  The Laramie Formation consists of a dark coal-

bearing shale containing beds of fine-grained sandstone.  The Laramie Formation outcrops at 

a location approximately two miles east of Ramah and is present to its contact with the Fox 

Hills outcrop in the area east of Matheson.  The Dawson Formation overlies the Laramie 

Formation and consists of coarse, conglomeratic sandstone in the upper part and an arkosic 

sand and shale containing beds of lignite coal in the middle and lower parts.  The Dawson 
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Formation is present from the Laramie Formation outcrop to the western extent of the Basin.  

The Castle Rock Formation is a coarse-grained conglomerate that exists primarily along the 

higher elevation areas of the Palmer Divide.  The Ogallala Formation is composed of sand, 

gravel, silt, and clay and is present in the higher elevations north of Limon.  The latter two 

formations, the Castle Rock and Ogallala, are part of the structural Denver Basin, but are not 

a part of the administrative Denver Basin aquifers.  The Castle Rock and Ogallala formations 

have no apparent hydrogeologic relationship or hydraulic connection to the alluvial aquifer, 

and are thus not discussed further in this report.  

3. Hydrogeology 

As noted above, this project focuses on the alluvial ground water resources in the Basin.  There 

may be flows from the alluvial aquifer to the bedrock aquifers, and vice versa in certain parts of 

the Basin, although little hard data has yet been developed regarding these connections.  Because 

of the current lack of data and the limited scope of work associated with this study, this report is 

not quantifying these fluxes.  This section provides a general description of the hydrogeologic 

properties of the bedrock formations.     

 

Although the unconsolidated deposits in the Basin reflect different erosional and depositional 

periods of time, the terrace deposits, alluvium, and loess are all unconsolidated hydraulically 

connected deposits and are considered as one with respect to the definition of the alluvial aquifer 

within the Basin.  (Unconsolidated deposits are loose, generally young non-cemented geologic 

materials with greater porosity or void spaces, which may contain water, whereas consolidated 

deposits are generally far older and have been compacted and therefore have reduced porosities 

relative to unconsolidated deposits.  Consolidated deposits are sometimes referred to as 

“cemented” to one degree or another.  This cementing or induration can be caused by various 

phenomena including compaction and hydrochemically-derived mineral deposition.)  Therefore, 

the boundary between alluvium and terrace deposits on the surficial geology map is not 

indicative of the true alluvial aquifer boundary.  The saturated alluvial aquifer boundary, as 

interpreted by M&W, is based on the drilling work carried out for this project in 2008 and 2009, 

review of available literature, and personal communication with residents within the Basin.  The 
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saturated alluvial aquifer boundary is illustrated in Figure 3, the Interpolated Saturated Alluvial 

Extent, Cross Section Locations, and Test Hole Locations.   

 

Alluvial Aquifer Properties 

 

The alluvial aquifer properties are used in the water balance to calculate estimated ground 

water flow velocities and estimated volumes of water in storage.  Ground water flow 

velocities are needed to calculate the annual volume of ground water that leaves the District 

as ground water underflow.  Important aquifer parameters considered for ground water flow 

calculations include hydraulic conductivity, transmissivity, and specific yield.  Hydraulic 

conductivity (K)reflects the ability of a porous medium to transmit water when submitted to a 

hydraulic gradient and is defined as the volume of water flowing through a 1 foot by 1 foot 

area of the aquifer, under a unit horizontal hydraulic gradient (1 foot per foot), in a given 

amount of time (typically a day).  Transmissivity (T) is the volume of flow through a cross-

sectional area of an aquifer that is 1 foot wide and as thick as the saturated aquifer matrix, 

under a unit horizontal hydraulic gradient (1 foot per foot), in a given amount of time 

(typically a day).  Specific yield (Sy) is a measure of the quantity of water which a unit 

volume of aquifer, after being saturated, will yield by gravity drainage and under the negative 

pressure characteristics related to the depth from which pumping or drainage of water may be 

occurring.  

 

Published literature values and data from the Town of Limon water supply wells have been 

evaluated and used in the estimates of underflow and storage presented in this report.  Thad 

McLaughlin’s 1946 Ground Water Resources report (McLaughlin Report) presented an 

average K of the Big Sandy Creek alluvium of 1,800 gallons per day per foot squared 

(gpd/ft2).  The McLaughlin Report alluvial data was based on three pumping tests performed 

in the Basin.  Willard Owens Associates produced a report entitled Ground Water Resources 

of the Big Sandy Creek Drainage Area, Southeastern Colorado (Owens Report) for the 

DWR for the Designated Basin evaluation in 1971.  The Owens Report alluvial data was 

based on nine pumping tests performed in the Big Sandy Creek drainage area, with three of 

the pump tests performed within the Basin.  The Willard Owens report presented alluvial 
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parameters of 20 percent for Sy, 1,600 gpd/ft2 for average K, and 63,000 gallons per day per 

foot (gpd/ft) for average T.  HRS Water Consultants, Inc. performed a study on the Vivian 

Mock property entitled Ground Water Availability Vivian Mock Property Lincoln County, 

Colorado, December 2005 (HRS Report).  Pump testing was performed in the alluvial 

aquifer as part of the HRS study on the Vivian Mock property.  The HRS Report presents 

average K values of between 1,350 gpd/ft2 and 1,500 gpd/ft2.  The HRS Report presents an 

average Sy of 20 percent.  Alluvial Sy values found in hydrogeology textbooks typically 

range from 20 percent to 35 percent, depending on the alluvial matrix.  However, the Rules 

and Regulations for the Management and Control of Designated Ground Water (State of 

Colorado Ground Water Commission, 2008) have mandated a default alluvial Sy value for 

the Upper Big Sandy Designated Basin of 20 percent.   

 

A 24-hour pumping test was performed by the Town of Limon on April 16, 2009 at the well 

designated as Packard 4 or “P4”.  We performed analyses on the Town of Limon data and 

arrived at K values of between 1,017 gpd/ft2 (136 ft/day) and 2,147 gpd/ft2 (287 ft/day), for 

an average of 1,586 gpd/ft2 (212 ft/day).  Calculated transmissivities ranged from 

approximately 62,000 gpd/ft to 104,000 gpd/ft.  The calculated Sy ranged from 19 to 20 

percent.  

 

We performed site specific hydraulic testing throughout the Basin and arrived at an average 

Sy value of 20 to 25 percent for the Big Sandy Creek mainstem area east of Matheson, 30 to 

35 percent for the Big Sandy Creek mainstem area west of Matheson, and 23 percent for the 

Big Sandy Creek tributaries.  These Sy values were estimated to be appropriate for the basin, 

as they are an average of the site specific Sy testing and the pump test performed by the 

Town of Limon as part of this investigation.  These values are also well within the range of 

values reported from pump tests throughout the Basin and in the literature for unconsolidated 

alluvial aquifers similar in nature to the Big Sandy Creek alluvium.   

 

An average K value of 1,586 gpd/ft2 will be incorporated in calculations in this report.  This 

average K value was estimated as appropriate, as it is an average result of the pump test 

performed by the Town of Limon as part of this investigation.  The value of 1,586 gpd/ft2 is 
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also well within the range of values reported from other pump tests throughout the Basin and 

in the literature for unconsolidated alluvial aquifers similar in nature to the Big Sandy Creek 

alluvium.   

 

Transmissivity values are site specific, as they are a function of the aquifer saturated 

thickness at a given site, which varies significantly from location to location throughout the 

Basin.  The average transmissivity values are presented above, for comparison purposes to 

other alluvial systems. 

4. Alluvial Water Table  

The DWR publishes annual reports on the water levels within the Basin.  Data for some wells 

have been collected annually since 1991.  These water level data are used to measure and track 

changes in alluvial water levels across the Basin.  The monitoring well locations are presented on 

Figure 4, the Monitoring Well Location Map, and the alluvial ground water elevations based on 

the most recent data collection in 2008 are presented on Figure 5, the Alluvial Ground Water 

Elevation Map.  Hydrographs (plots of the ground water elevations through time) for the DWR 

monitoring wells are presented in Appendix A.  The hydrographs are arranged by well in order 

from the upstream end of the Basin to the downstream end.  Additional information on the 

changes in water levels over time is presented in Section VI of this report.  

5. Permitted Wells/Administration  

In the Upper Big Sandy Designated Basin, all wells must be permitted through the DWR.  Wells 

within the alluvial aquifer are initially granted a conditional permit (given an “F” suffix).  The 

well owner than has three years to file for a final permit by providing evidence of beneficial use 

and actual pumping rates and volumes (Section 37-90-108, C.R.S.).  Once final, the well receives 

a new permit with an “FP” designation; these are typically assigned to the high capacity 

irrigation wells within the District.  The Denver Basin aquifer wells within the District do not 

have the same permitting requirements and do not need the FP designation. 

 

There are approximately 1,600 permitted wells (including permitted monitoring wells, small 

capacity wells, and large capacity wells) within the Basin, based on the DWR Master Well 
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database (updated through June 2008).  About 45 percent of the wells could be wells producing 

from the alluvial aquifer based on the reported information in the database (aquifer code and the 

depth of the well).  There are 98 wells with an FP designation in the database, and an additional 

24 wells with an F designation.  Approximately 55 percent of all wells in the Basin are permitted 

for household or domestic use. 

 

The well database contains multiple listings for wells and every attempt was made to eliminate 

duplicates from our data set.  It is important to also keep in mind that the source of the data 

contained in the database is reports from drillers and sometimes well owners, and the data can 

contain errors and inaccurate information.  It thus must be utilized with caution and with the 

realization that the data may not truly represent the actual conditions in the field.  Further, there 

is generally no checking by the DWR to follow up on the data submitted except in rare 

circumstances.  
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III. FIELD INVESTIGATIONS 

The field investigations for this project included a drilling program for the collection of site-

specific geologic and hydrogeologic data, slug testing of two piezometers east of Limon, a pump 

test on a Town of Limon municipal well, and visual observations of the general physiography of 

the Basin.  The drilling program included test hole borings and collection of alluvial samples to 

provide data for the interpretation of the saturated alluvial width and alluvial specific yield, 

which were essential in storage volume and underflow calculations.  The slug testing was 

performed in order to obtain site specific hydraulic conductivity values at the downstream 

terminus of the Basin, which are incorporated in the calculations of ground water outflow from 

the Basin.  The Limon pump test was performed with the purpose of obtaining site specific K 

and Sy data relatively near the downstream end of the District.  Selected photographs of field 

activities are included in Appendix B.     

1. Location of Drilling Activities 

The Phase 2 drilling program provided site-specific data for use in delineating the physical and 

hydraulic boundaries of the alluvial aquifer, as well as hydraulic data for the alluvium, from the 

head of the Basin to the River Bend area (west of Limon).  Additionally, alluvial samples were 

collected throughout the Basin and slug testing was performed at the two locations where 

piezometers were installed during the August 2008 Phase 1 drilling program.  Site specific 

information throughout the Basin was considered essential, as the field data provide information 

for use in determination of the alluvial extent, storage volume, and calculation of the volume of 

water leaving the Basin as alluvial underflow.  The alluvial bedrock profile and ground water 

elevations are critical parameters used in the analysis and development of the refined water 

balance for the Basin.   

 

The drilling program was designed to provide data along transects of the Big Sandy Creek 

mainstem and tributaries to the mainstem.  The alluvial valley transects were distributed 

throughout the Basin.  The test hole and cross section locations are presented in Figure 3.  Seven 

cross sections (A-A’ through G-G’) were created from the results of the field investigations 

conducted by M&W in 2008 and 2009, and are presented in Figures 6 through 12, respectively.  
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The second phase of field investigations, performed during February 2009, included the 

collection of soil samples for laboratory analyses of hydraulic parameters.  Additionally, slug 

testing was performed in April 2009 on the two piezometers (installed during the August 2008 

field investigation) to obtain additional site-specific hydraulic parameters.  A review of previous 

technical reports for the general area - including the ASCG Upper Big Sandy Report; the HRS 

Water Consultants, Inc. (HRS) study on the Vivian Mock property entitled Ground Water 

Availability Vivian Mock Property Lincoln County, Colorado, December 2005; and a literature 

search - was carried out to evaluate well and test hole data coverage in the Basin.  A map 

presenting the various investigators’ cross section locations within the Basin is presented on 

Figure 13, Composite Cross Section Locations.  The M&W cross-section locations were selected 

to provide additional detailed geologic and hydrogeologic data in areas not previously assessed 

in this level of detail and to provide data to validate other consultant’s cross sectional 

interpretations.  Cross section C-C’ incorporates data collected by HRS, from their investigation 

of the Vivian Mock property.  The HRS data was included in section C-C’, as results of three test 

holes (GP21, GP23, and GP24) advanced during the Phase 2 investigation were consistent with 

the HRS results. 

 

M&W and members of the Upper Big Sandy District Board contacted land owners within the 

study area to obtain permission for access for the drilling.  Approval was obtained from all land 

owners before accessing their property and before the drilling began.  Utility locates were 

performed for each cross-section location to verify that no utilities or underground hazards were 

present near the drilling locations.  Utility locates were initiated by placing a call to the Utility 

Notification Center of Colorado (UNCC).  UNCC contacted individual providers for clearance, 

and “all clear” notifications were received from Level 3, Colorado Interstate Gas, Qwest, 

Longmont Electric, Broadwing Communication, Colorado Department of Transportation, 

LightCore, Aquila-Dist, Town of Limon, Mountain View Electric, and Underground Locators 

(electric and telephone).  
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2. Description of Drilling Equipment and Methods 

The field work was conducted over three days in August 2008, and five days in February 2009 

by M&W and its contractor Vironex Environment Field Services (Vironex).  The field 

investigations were performed using a direct-push hydraulic probe, commonly referred to by the 

manufacture’s name, Geoprobe®.   

 

Soil samples were collected during the first phase of drilling by hydraulically advancing a 2-inch 

outside diameter (OD) hardened steel cylinder with a removable cutting shoe and drive head.  

Soil samples were collected using 1.75-inch diameter by 4-foot length clear acetate sleeves that 

were advanced within the hardened steel drive tube.   

 

Soil samples were collected during the second phase of drilling by hydraulically advancing a 3-

inch OD hardened steel cylinder with a removable cutting shoe and drive head.  Soil samples 

were collected using 2.75-inch diameter by 4-foot length clear acetate sleeves that were 

advanced within the hardened steel drive tube.   

 

During both field investigation phases, the native materials were geologically logged at initial 

locations in each alluvial valley transect, and the depth to water was determined by evaluating 

the relative wetness of the native materials, followed by direct water level sounding through the 

open borehole with a water level meter.  If the borehole collapsed, preventing direct water level 

measurement through the open hole with the water level meter, a 1-inch OD perforated polyvinyl 

chloride (PVC) well string was advanced into the borehole to allow measurement of the water 

elevation, via water level meter, without matrix interference.  Once the native materials were 

logged in each alluvial valley transect, the remaining test holes in the area were generally drilled 

without collecting soil samples (blind drilling).  In these cases, lithology changes were based on 

changes to the Geoprobe® advancement rate.  The changes in advancement rate were calibrated 

with the geologically logged samples from prior test holes.  If there was uncertainty on the 

identification of material the Geoprobe® was penetrating, a discreet soil sample was collected to 

clarify the identification of the material.  All test holes were advanced through the alluvium until 

the bedrock was encountered.  Sixty-three test holes were advanced during the field 

investigation, twenty during the first phase and forty-three during the second phase, to depths 



Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009 20 Martin and Wood Water Consultants, Inc 

ranging from 17.5 to 85 feet below ground surface.  Geologically logged test hole logs and a 

table presenting the blind drilling results are presented in Appendix C – Test Hole Logs.  

 

Upon completion of the drilling and sampling the test holes were backfilled with native materials 

and sand and/or bentonite as necessary, unless the location was chosen for piezometer 

installation (a piezometer is a monitoring well designed for measurement of water levels).  Two 

of the test hole locations (GP2 and GP3, Figure 3) were so selected for installation of temporary 

piezometers during the Phase 1 field work.  Piezometer installation consisted of setting into the 

borehole 1-inch PVC pipe with factory cut slots to allow water infiltration.  After installation of 

the piezometer, the saturated material (generally sands with trace amounts of silt and clay) filled 

the space outside of the piezometer, and the remainder of the borehole annulus above the water 

table was backfilled with borehole cuttings.  The tops of the piezometers were sealed with a plug, 

and a flush mounted steel protective cap was cemented over the PVC piezometer for protection 

and future access to the piezometers for additional water level data collection.   

 

The piezometers were permitted through the DWR as monitoring wells (approved permits are 

included in Appendix D).   

3.  Aquifer Parameter Testing 

During Phase 2, eight soil samples were collected for laboratory analyses of hydraulic 

parameters.  Soil samples were collected with a Shelby tube, which is a 2-foot long, 3-inch OD 

pipe that is advanced hydraulically into an open hole, which was created by first advancing a 3-

inch push rod with a solid tip.  The Shelby tube was then advanced through the open hole and 

into the saturated alluvial material.  The Shelby tube was then retrieved, with the alluvial 

material inside the tube due to adhesion from suction and friction.  The Shelby tube is designed 

to minimize disturbance and collect an undisturbed sample.  Before the Shelby tube sample was 

collected, soil samples were first collected in the previously described acetate sleeves to 

determine the appropriate sample collection interval from which to collect the alluvial materials.  

At locations where the saturated alluvium was particularly dense or interbedded with thin clay 

stringers above the primary clay that comprises the base of the alluvium, a hydraulic push of 

greater than 2-feet was necessary to reach a depth where clay was present.  The clay would form 
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a seal at the end of the Shelby tube; otherwise, the saturated coarse grained alluvium would 

simply flow back out the bottom of the tube upon retrieval.  The ends of the Shelby tube were 

sealed by first placing foam packing material into any void space, then sealing the tube with 

plastic end caps and taping the caps with duct tape, followed by wrapping the tube in bubble 

wrap to prevent material settling.  Once back at the M&W offices, the Shelby tubes were packed 

into bubble wrap lined plastic containers for shipping to the laboratory. 

 

Shelby tube samples were collected at test hole locations GP2 and GP3 along cross section A-A’, 

GP28 along cross section D-D’, GP38 and GP41 along cross section E-E’, GP49 along cross 

section F-F’, GP52 between cross sections F-F’ and G-G’, and GP61 along cross section G-G’.  

Select Shelby tube samples were analyzed for both saturated hydraulic conductivity (K) and 

specific yield (Sy).  The K values are utilized in the calculation of underflow out of the Basin, 

and Sy is utilized in storage calculations.  The only location where K values are needed for the 

water balance calculations is at the downstream end of the Basin to estimate the volume of water 

leaving the Basin as underflow.  Therefore, only GP2 and GP3 were tested for both K and Sy, 

with the remainder of the test holes being tested only for Sy. 

  

The two piezometers were slug tested on April 15, 2009 to obtain site-specific hydraulic 

conductivity values at the downstream terminus of the Basin.  These site-specific hydraulic 

conductivity values help provide a more accurate estimated calculation of underflow leaving the 

Basin.   

 

Slug testing was performed by first collecting a static water level.  A pressure transducer was 

then lowered to the bottom of the piezometer and the water level was allowed to stabilize.  The 

pressure transducer records water levels on user-defined time intervals for data analyses at a later 

time.  A liquid slug (contained in a 1-gallon plastic water container) was then quickly released 

into the piezometer immediately after starting transducer water level measurement recordings.  

The transducer data was monitored until the water level had recovered to at least 95 percent of 

the initial displacement, when water level recording was stopped.   
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A pump test was performed by Town of Limon personnel on the Town of Limon’s Packard 4 

(P4) municipal alluvial well on April 16, 2009.  Pump tests provide data representative of a much 

larger area than slug tests because pump tests stress a larger area of the aquifer and over a much 

greater period of time.   

 

The pump test data was obtained from dataloggers placed in both well P4 and the Upper Big 

Sandy Management District’s monitoring well Big Sandy 2 (BS2).  The observation well, BS2, 

is located 205.5 feet from P4.  Both dataloggers were programmed to record on a logarithmic 

scale.  A logarithmic scale was used to capture the water level changes that occur quickly at the 

beginning of the test and then increase the recording interval as the test progresses and water 

level changes decrease.  BS2 was monitored so that data could be obtained to calculate Sy (Sy 

cannot be reliably calculated without water level drawdown data obtained from a nearby 

observation well).  The datalogger in well P4 was first started, followed by starting the 

datalogger in well BS2, before returning to well P4 to start the pump.  As a result, the recording 

interval had progressed to a point in well P4, such that a large portion of the early water level 

drawdown curve, when very frequent readings are being obtained, was not recorded.  As noted 

above, observation well BS2 is located 205.5 feet from P4.  Due to this distance, water level 

changes in BS2 occurred much slower, such that the data collection interval provided a detailed 

water level drawdown curve, and the loss of the early drawdown data in P4 was not an issue with 

respect to BS2.  The water level drawdown curves and datalogger results for wells P4 and BS2 

are presented in Appendix E.  The pump test was terminated 24 hours after the start of the test, 

with a pumping rate of approximately 650 gallons per minute maintained throughout the first 2 

hours of test.  The pumping rate gradually increased to 678 gallons per minute over the 

remainder of the test. 

4. Geologic Observations 

Several general observations were noted during the field investigations.  The southern flank of 

the alluvial valley, especially in the upper (western) extent of the Basin, appears to have a greater 

degree of mineralization than the northern flank.  This is evidenced by the presence of iron, 

calcium, and manganese staining in the unsaturated alluvial sediments. 

 



Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009 23 Martin and Wood Water Consultants, Inc 

The observed bedrock composition varies throughout the valley.  In the lower (eastern) end of 

the Basin, the bedrock is a consistent dark grey shale, which is the Pierre Shale.  As one moves 

in an upstream (westerly) direction from the River Bend area, the bedrock can be either a grey 

shale or a yellowish-brown sandstone.  This is characteristic of the Denver Basin aquifers, which 

are interbedded shales and sandstones.  During conversations with residents in the Basin, there 

appeared to be a perception that the grey shale was bedrock and the hard sandstone was 

“cemented” alluvium.  We believe the “cemented” materials are sandstone bedrock, whereas the 

unconsolidated materials truly represent the Upper Big Sandy alluvial deposits.  Soil samples 

near Ramah indicated a transition from hard sandstone to weathered sandstone to alluvium.  The 

transition sequence looked the same both visually and mineralogically, the difference was the 

degree of consolidation. 

5. Wetlands Observations 

During August 2008, M&W conducted a survey of the Basin to observe areas that may be 

considered wetlands.  The survey was conducted by driving on public roads and observing areas 

in the Basin that could potentially be interpreted as wetlands.  Observations were limited by 

access available through public roads and time constraints.  Two general areas where wetlands 

are persistent were identified: the Ramah State Wildlife Area and several small areas along the 

Big Sandy Creek mainstem.  In addition, there were numerous small wetland areas bordering 

small on-stream reservoirs and stock ponds.  These small wetland areas may not be persistent, as 

they have the potential to dry up during drought periods.  The Ramah State Wildlife Area and the 

areas near Limon appeared to be of such magnitude that the wetlands would persist through 

drought periods, but this ability has not been directly confirmed via observations.  There are 

numerous areas within the Big Sandy Creek mainstem and tributaries where grasses, reeds, trees 

and other small brush were present.  These areas are considered to be “phreatophyte areas” and 

not wetlands, as they are likely the result of roots penetrating the saturated alluvium with no 

persistent surface water.  Pictures collected during the wetlands survey are presented in 

Appendix B. 

 

Although the Arkansas darter fish was not viewed during the survey, it is reported that the 

species is found in the Big Sandy Creek drainage and may live within the Basin.  The Arkansas 
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darter prefers shallow, clear, sandy streams. Their distribution has reportedly not changed 

significantly based on comparisons of historic data, particularly since 1979.  Darter populations 

live in large, deep pools during late summer low-water periods when streams can become 

intermittent. The Arkansas darter is listed as threatened in Colorado and is a candidate for 

protection under the federal Endangered Species Act (Colorado Division of Water Resources, 

2008).  In consideration of the wetlands areas, ponding, and reservoirs within the Basin, the 

potential for the existence of the darter appears likely. 

6. Results 

 

M&W used the results of the field investigations and incorporated information derived from 

other publications to interpolate the saturated alluvial extent of the Basin.  The results of the 

M&W field investigations were compared to cross sections produced by HRS and ASCG to 

evaluate the other consultant’s interpretations.  M&W compared the data obtained from the field 

investigations to data presented by the other consultants at nearby locations to verify reported 

depth to bedrock and depth to water measurements.  For the most part, other consultant’s data 

compared favorably to the M&W data.  Therefore, other consultant’s data was considered with 

the M&W field data to produce the interpolated saturated alluvial extent and cross section 

figures.  The locations of M&W test holes and cross sections are presented with the locations of 

the other consultant’s cross sections in Figure 13.  In some locations, M&W collected data on 

one side of a tributary or the mainstem valley, and projected the results to the opposite side of the 

valley to illustrate the structure and water level of the entire cross section through the tributary or 

valley.  An example of this is illustrated in Figure 10 - Cross Section E-E’, where data collected 

from test holes GP41 through GP43 was used to interpolate the structure and water level on the 

opposite side of the tributary.  This report presents cross sections in areas where M&W field 

investigations were conducted.  Other consultants cross sections are not presented, as, in ASCG’s 

case, many of the cross sections were not considered complete or sufficient due to a lack of data 

points.  HRS’s cross sections were based on test hole data (ASCG’s cross sections appear to be 

based on well log data from the DWR master well database), and was therefore considered to be 

more reliable.  M&W advanced three test holes along the eastern extent of HRS’s cross section 
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C-C’ to fill in a data gap and verify the HRS data.  As such, the HRS data is presented with 

M&W data in Figure 8 - Cross Section C-C’. 

 

Geologic Results 

 

The results of the drilling program indicate that saturated unconsolidated materials are 

present in both the Big Sandy Creek alluvial plain and the terrace deposits.  The lateral 

extent of the saturated material appears to be limited by the topography of the bedrock.  

However, the field investigation yielded some inconsistent results.  In one of the tributaries, 

a test hole, GP32, located immediately adjacent to the alluvial channel was dry, whereas a 

test hole located up the flank of the tributary valley from the dry hole had 20 feet of saturated 

alluvial material.  This observation was noted in a tributary on the northern flank of the 

alluvial valley, along cross section D-D’ (Figure 9).  Possible reasons for this observation 

include, but are not limited to, significant lithologic differences between the two locations or 

the presence of a buried ancestral alluvial channel.  The alluvial water table (and thus the 

saturated alluvium) generally extends laterally from the creek channel to where the alluvium 

and/or terrace deposits intersect the bedrock.  The alluvial valley is formed by an inclined 

bedrock surface and, as such, unsaturated alluvium and terrace deposits are typically present 

further from the creek channel than the saturated alluvium and terrace deposits.  Saturated 

weathered sandstone bedrock was found in some of the tributaries during the field 

investigation and is in hydraulic communication with the alluvium and terrace deposits.  The 

saturated weathered sandstone was therefore included in the interpolated saturated alluvial 

extent.  The interpolated saturated alluvial extent is presented in Figure 3. 

 

The subsurface alluvial profile of the mainstem of Big Sandy Creek at the upstream (west) 

end of the Basin appears to be characterized by a single incised channel.  The deepest part of 

the channel does not necessarily underlie the current surficial alluvial channel.  This single 

incised channel is represented in cross section E-E’.  As one moves in the downstream 

direction (east), the channel progressively appears to become braided, meaning there are 

deeper subsurface alluvial channels with subsurface bedrock highs separating the channels.  

This braided channelization is represented in cross sections A-A’, B-B’, and C-C’.  The 
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bedrock high illustrated in Cross Section C-C’ is depicted due to the large difference in water 

levels noted between TH6 and TH7.  This water level difference can be explained by the 

presence of an elongated bedrock ridge and a contributing ground water source from the C-

C’ side of the section.  The presence of the bedrock ridge is also supported by the high 

bedrock elevation of TH6 relative to the bedrock elevations of TH20A and TH7 located on 

either side of TH6.   

 

Springs that are present in the uplands to the south of Big Sandy Creek appear to originate 

from lenses, likely comprised of sand, in the Pierre Shale and do not appear to be part of the 

alluvial aquifer.   

 

Specific Yield 

 

Two sets of laboratory analyses were performed on the Shelby tube samples.  The first was a 

two point analysis that provides maximum Sy values (the maximum value is obtained when 

very high negative pressure is applied to the sample).  The second analysis provided 

intermediate Sy values at values in between the maximum negative pressures and no 

negative pressure.  The two sets of Sy values were then combined to develop soil moisture 

retention curves, from which a Sy value at negative pressures similar to what would be found 

at an alluvial well location in the Big Sandy alluvium were interpolated.  These interpolated 

Sy values are the basis for the values used in our calculations.  The laboratory reports and a 

table summarizing the laboratory results are presented in Appendix F.   

 

The Sy results of the laboratory analyses on the Shelby tubes range from 19.4 percent at GP2 

to 42.9 percent at GP49.  We believe the 42.9 percent value is an outlier and is not 

considered in the analyses.  The laboratory analyses resulted with an average Sy of 

approximately 35 percent for the Big Sandy Creek mainstem and approximately 23 percent 

for the Big Sandy Creek tributaries.  However, all three of the mainstem Sy values are 

located in the upstream end of the Basin, west of Matheson.  The Town of Limon pump test 

results yielded averaged Sy values of approximately 20 percent, suggesting a decrease in Sy 

at the downstream end of the Basin.  This difference in Sy values may be due to lithologic 
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changes throughout the Basin; it is not uncommon for finer grained materials of the type 

more commonly observed at the upstream end of the basin where lower energy flows are 

expected to exhibit higher Sy values than more coarse and washed sediments.  The 

laboratory Sy results (excluding the 42.9 percent outlier) are within the range of literature 

values and values from other studies.  However, it is our professional opinion that that the 

laboratory Sy results are slightly elevated.  Pump testing results for Sy tend to be lower and 

the laboratory analyses were performed on samples of relatively small volume that were 

likely disturbed during sample collection.  As such, we are using average Sy values that 

incorporate the pump testing results and our professional judgment, average values that are 

slightly lower than the laboratory results average. These final values are 20 to 25 percent for 

the Big Sandy Creek mainstem area east of Matheson, 30 to 35 percent for the Big Sandy 

Creek mainstem area west of Matheson, and 23 percent for the Big Sandy Creek tributaries.  

It is these values that will be utilized for the aquifer storage calculations. 

 

Hydraulic Conductivity 

 

The hydraulic conductivity (K) results from the laboratory analyses on the Shelby tubes are 

11.62 feet per day (ft/day) at GP2 and 31.18 ft/day at GP3.  The K results of the slug testing 

range from 0.61 to 0.68 ft/day at GP2 and range from 0.86 to 1.00 ft/day at GP3.  These 

results are well below what would be expected from tributary locations near the Big Sandy 

Creek mainstem.  The Town of Limon pump test provided results that ranged from 136 to 

287 ft/day, which are consistent with literature values and values from other studies.  In our 

professional opinion, a K value range of 136 to 287 ft/day or 1,017 to 2,147 gpd/ft2, is 

appropriate for underflow calculations in the water balance. 

 

Some confusion over the relationship between K and ground water velocity was voiced by 

Board members during the Phase I project.  K is not a velocity, although it appears to have 

the same units as velocity (ft/day; when referring to K this is actually cubic feet per square 

foot per day which reduces to the ft/day that misleadingly appears to be a velocity).  K, when 

multiplied by the local hydraulic gradient (which is unitless) is equal to the flux, or the rate of 

flow across a given area.  So, the only time when K is equal to a velocity is when the 
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hydraulic gradient is equal to one.  The hydraulic gradient east of Limon is estimated at 

0.0035.  The actual ground water velocity is complicated by other factors beyond the need or 

scope of this discussion, but suffice it to say that the average bulk ground water flow velocity 

throughout the basin is likely to be less than one foot per day. 
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IV.  MEMBER SURVEY  

In August 2008, the District mailed out to their members two surveys which were created as a 

part of Phase 1 of this water balance project and are provided in Appendix G.  The surveys 

included a general questionnaire on irrigated areas, crops, stock watering, wells (alluvial and 

other), changes in water levels, past dry holes drilled on property, and a second questionnaire on 

streamflow observations.   

 

Of approximately 50 surveys mailed out, 21 general questionnaires were returned to the District 

along with eight streamflow observation questionnaires.  The data obtained from the 

questionnaires included the following items. 

 

 Quantitative Information 

• Irrigated area and crops irrigated 

• Stock counts and time herd is typically on property 

• Number and size of stock ponds 

• Alluvial wells on property and their use 

• Presence of any Denver Basin aquifer wells 

 

 Qualitative Information 

• Dry holes drilled on property 

• Changes in well production 

• Changes in observed water levels within wells 

• Willingness to allow future measurement of water within wells 

• Willingness to collect rainfall data 

• Changes in plants located along the creek bed or banks 

• Changes in stream channel size or location 

• Times of year when creek typically has live flow 

• Duration of live flow 

• Dates of creek observations 

• Seasonal variations of flow  
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The surveys indicated that there are at least 1,450 acres of irrigated land across the Basin.  The 

two crops most commonly grown are alfalfa (approximately 60 percent) and pasture grass 

(approximately 40 percent).  Some farms also grow sorghum, although only three farms reported 

this crop.  The surveys indicated that most farms have less than 65 acres of irrigated land.  About 

half the farms had stock ponds, and nearly all the farms (17 out of 20 that answered the question) 

had stock for some period during the year.  According to the survey results, about 1,400 head of 

stock are kept on properties within the Basin for an average of 8 to 9 months of the year.   

 

The surveys also indicated that if deep wells were present on the properties, the owners 

considered them to be Laramie-Fox Hills aquifer wells.  Based on the geologic mapping of the 

Basin, this may or may not be the case, depending on the well location.  Most surveys indicated 

either directly or indirectly through the information reported that there has been a decrease in the 

shallow water available. This was indicated through the following. 

 

• Reported drops in ground water levels in wells 

• Reductions in irrigated land due to reduced availability of water 

• Reduced well yields 

• Loss of vegetation along creek  

• Pot holes in stream channel which used to hold water are now dry 

• Observations that the creek dried up in the late 1970s or early 1980s 

• Observations that the creek no longer flows continuously in the winter like it did 

prior to construction of Ramah Dam 

 

Although multiple surveys indicated that plants along the creek were dying, two surveys 

indicated that there had been an increase in plants and weeds growing along the creek.  Both of 

these surveys indicated this has occurred in areas where there used to be longer periods of live 

flow.  This reported local increase in vegetation could be due to reduced scouring of the creek 

bed because of Ramah Dam’s control of the flows and/or less flow in the creek due to a lower 

alluvial water table.  Both processes could allow for greater plant growth along the creek bed and 

associated margins 
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Information obtained from the surveys was used in the water balance to support the calculated 

irrigated area, verify the well database records, evaluate precipitation data, and indicate changes 

over time to the creek and surrounding area. 
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V.  COMPONENTS OF WATER BALANCE  

The goal in creating the water balance for the Basin is to quantify the inflow (recharge) and 

outflow (discharge) components impacting the alluvial aquifer.  This information can then be 

utilized by the District in managing the alluvial water resource and in making informed decisions 

on further well permitting, well pumping curtailments, and the use of defined amounts of 

available storage.  The balance must incorporate all of the significant inflows and outflows to the 

alluvial aquifer system.  Therefore, the following water balance components should be 

considered in the Basin water balance. 

 

Inflow Outflow 

Precipitation/Natural Recharge Municipal Pumping 
Municipal Wastewater Return Flows Residential Pumping 
Irrigation Return Flows Irrigation Pumping 
Municipal/Residential Return Flows (not 

generated by a wastewater treatment 
plant) 

Phreatophyte Consumptive Use 
Alluvial Underflow leaving the Basin 
Stock Watering  

Seepage from Water Stored in Ponds Evaporation from Water Stored in Ponds 
Surficial Flows into the Basin  Runoff leaving the Basin as Live Streamflow 
Discharge from Denver Basin Aquifers to 

the Alluvial Aquifer 
Discharge from  the Alluvial Aquifer to the 

Denver Basin aquifers 
 

1. Inflows 

Some inflows to the Basin recharge the alluvial aquifer and can at times create live flows in Big 

Sandy Creek.  The water balance inflows include all the sources of water that add water to the 

alluvial aquifer system and which represent a positive accounting in the water balance.  

 

Precipitation/Natural Recharge 

 

The alluvial aquifer is primarily recharged through rainfall and snowmelt water within the 

Basin.  Therefore, estimating precipitation and the associated natural recharge is essential to 

the water balance.  A portion of the rainfall and snowmelt can, during heavier precipitation 

events and under certain favorable ground conditions, flow over the ground surface as runoff 
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and can add directly to or induce the live flow of water in Big Sandy Creek and its 

tributaries.  Another portion of the precipitation infiltrates into the ground and, assuming it is 

not captured by plant roots and evapotranspired or simply lost to the atmosphere via direct 

evaporation out of the shallow soil profile, it can become a part of the alluvial ground water.   

 

Precipitation. Precipitation data is available for gages within and near the Basin, and annual 

precipitation estimates are available for the entire area of the Basin.  Therefore, multiple data 

sources were used to determine average annual precipitation within the Basin.   

 

Precipitation maps for the Basin were obtained from the Parameter-elevation Regressions on 

Independent Slopes Model (PRISM) dataset through the Geospatial Data Gateway.  PRISM 

is the U.S. Department of Agriculture’s official climatological dataset and is generated using 

a geostatistical relationship between point precipitation data (measured data) and elevation 

data.  The PRISM contours shown on Figure 14, the Basin Precipitation Map, represent the 

annual average precipitation for a 30-year period from 1971 through 2000.      

 

The PRISM dataset was checked against the average measured precipitation in the Basin at 

the following gage stations: Ayer Ranch (period of record 1944-1970), Matheson (period of 

record 1996-2008), Limon 10SSW (period of record 1907-1971), Limon-Station 55018 

(period of record 1971-1995), Limon-Station 55017 (period of record 1948-1971).  For each 

of these stations the reported average annual precipitation was within the contour interval 

reported on the 1971-2000 PRISM map (14). 

 

District Board members expressed concerns over using precipitation data from the 1971 

through 2000 period as this period may overestimate the future amount of precipitation.  

Thirty-year time periods are commonly used in water resources to determine average 

precipitation values and specifically are used by the National Climatic Data Center (a part of 

National Oceanic and Atmospheric Association) in calculations of normal precipitation. As 

such, we are comfortable with the use of the PRISM precipitation data from the 1971 through 

2000 period, but due to the Board’s concerns, we reviewed additional precipitation data.  

These additional data included: annual PRISM precipitation data from 2001 through 2007, 
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annual precipitation data from 1998 through 2008 received from Mr. Larry Mott (February 1, 

2009) - a current District Board member, and the Community Collaborative Rain, Hail & 

Snow Network (CoCoRaHS) precipitation data.  We also checked the CoAgMet database, 

but there were no data collection points within or bordering the Basin. 

 

Annual PRISM precipitation data for the Basin was obtained from 2001 through 2007 and is 

presented in Table 1, Precipitation Data.  These recent data indicate lower average annual 

precipitation than the 1971 through 2000 dataset.  For this reason, the datasets were 

combined using a time-weighted average.  This results in 16.37 inches per year as the 

weighted annual average precipitation over the 1971 to 2007 period. 

 

The CoCoRaHS data for Limon 6.3 WNW (EL-12), Ramah 4.2 WNW (EL-49), and Calhan 

3.1 N (EP-7) matched well with the recent (2001-2007) PRISM data.  CoCoRaHS data were 

available from 2004 through 2008 at the Limon and Calhan sites and from 2007 to 2008 at 

the Ramah site (only data that contained a full year of record was used, as determined by the 

number of reports).  A comparison of the Limon and Calhan CoCoRaHS data against the 

2004 through 2007 PRISM data indicated the CoCoRaHS data were only 3.9 and 1.0 percent 

higher, respectively, than the PRISM data.   

 

The Ramah CoCoRaHS data indicated more than 20 inches of precipitation in 2007 and less 

than 14 inches of precipitation in 2008.  The other CoCoRaHS sites did not show such a large 

variance from 2007 to 2008, raising questions about the Ramah CoCoRaHS data and how to 

use it in the precipitation comparison.  It is noted, however, that the average precipitation of 

these two years (17.43 inches) is within 2 percent of the average PRISM data for the region 

(17.80 inches for Zone 1, Table 1).  At all three locations, the CoCoRaHS data indicated 

higher annual averages than the PRISM data. Using the PRISM data is therefore a more 

conservative estimate of the annual precipitation. 

 

Mr. Larry Mott provided M&W with site specific precipitation data from 1998 through 2008.  

The data were collected on his property located east of Calhan and indicate an average 

annual precipitation of 15.95 inches based on the 1998 through 2007 data.  The PRISM data 
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from corresponding years are within 5 percent of Mr. Mott’s annual average, and therefore 

the PRISM data are considered to be representative of precipitation in the area.   

 

The PRISM data are also in reasonable agreement with data from across the Basin that 

M&W received from various parties during Phase 1, including Mr. Dave Stone (Limon 

Airport data) and Mr. Morris Ververs.  Data for Simla were obtained from Morris Ververs 

and reported by Mr. Benny Kitten.  The Simla data indicate an average precipitation about 10 

percent lower than the Zone 2 PRISM data (Table 1).  The Limon data indicate an average 

precipitation about 3 percent higher than the Zone 3 PRISM data.  While the Limon data are 

higher than PRISM and the Simla data are lower, the PRISM dataset is still considered a 

good regional estimate of the precipitation in the Basin. 

 

For this water balance, an average precipitation of 16.37 inches per year will be used based 

on 1971 through 2007 PRISM dataset.  This longer PRISM dataset is in agreement with other 

precipitation data for the area and is more conservative than using the CoCoRaHS data. 

 

As shown on Table 1, in Year 2001 there was more precipitation in the eastern side of the 

Basin than in the western side of the Basin.  This is the only year from 2001 through 2007 in 

which this occurred.  On average, the western side of the Basin receives at least two more 

inches of precipitation than the eastern side.  Generally, the precipitation is lowest in the 

eastern regions of the Basin where an average of 15 inches per year of precipitation falls.  

Annual average precipitation amounts increase from east to west, with the western region of 

the Basin receiving an average of approximately 18 inches per year of precipitation (Table 1, 

Figure 14).  This change in precipitation with elevation is a commonly observed orographic 

relationship in Colorado.    

 

The average volume of precipitation per year in the Basin (study period 1971 through 2007) 

is approximately 384,700 acre-feet based on the area-weighted PRISM data as calculated in 

GIS (16.37 inches per year [Table 1] / 12 inches per foot * 282,000 acres).   
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The average precipitation by month in the Basin was calculated by averaging the 

precipitation by month from the Limon, Matheson, and Ayer Ranch weather stations.  These 

stations represent good coverage across the region and are assumed to accurately represent 

the precipitation patterns in the Basin.  To obtain the average volume of precipitation 

received in each month, the total average annual precipitation from PRISM data was 

multiplied by the average percent of annual precipitation received during each month and is 

presented in Table 2, Average Monthly Precipitation.    

 

Natural Recharge. Natural recharge to the alluvial aquifer is difficult to quantify, as the 

recharge depends on many factors, including the soil conditions at the time of a precipitation 

event, the duration of the precipitation event, the depth to the water table, the local ground 

slope, the intensity of the precipitation event, the conditions of the Big Sandy Creek channel, 

and climate effects including temperature, wind speed, and solar radiation.  For the water 

balance project, evaluating all of these factors was outside of the scope of the study.  

Additionally, since factors such as the rainfall intensity, storm duration, and soil conditions 

are not the same during each event, season, or year, a more generalized approach is 

warranted at this time. 

 

Past studies considered natural recharge ranges within the Basin from 0.5 to 1 inch per year 

(ASCG, undated; McLaughlin, 1946), which is approximately 3 to 6 percent of the average 

annual total of 16.37 inches.  McLaughlin (1946) reported that the valleys within the Basin 

receive above average recharge due to the shallow water table and to the relatively high 

porosity of the materials above the water table.  The remaining areas receive below average 

recharge because of high runoff and relatively low permeability of the surficial materials.  

The McLaughlin estimate of aquifer recharge was based on an annual average precipitation 

ranging from about 13.5 inches to 17 inches, based on location.  The annual average 

precipitation estimates developed for the M&W water balance are slightly higher, with an 

average of more than 16 inches per year and which would logically result in higher total 

recharge volume estimates.   
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In December 2008, the Colorado Geologic Survey published a report on the neighboring 

Upper Black Squirrel Creek Designated Basin.  The Upper Black Squirrel project evaluated 

natural recharge based on two past studies within the designated basin – Erker and Romero 

(1967) and Colorado Springs Utilities (study conducted during the late 1980s and early 

1990s).  Erker and Romero (1967) estimated the recharge to the Upper Black Squirrel Basin 

at 4 percent of the annual precipitation within the basin.  The Colorado Springs Utilities 

study found that ground water recharge varied between 3.42 and 7.69 percent of precipitation 

on irrigated and non-irrigated land, respectively.  More information on the Colorado Springs 

Utilities study was not available at the time of the water balance.  Our review of the Erker 

and Romero report resulted in the conclusion that the 4 percent recharge estimate applied to 

total precipitation within their project area. 

 

For the Upper Big Sandy water balance, the average annual precipitation is 16.37 inches, or 

1.36 feet.  Applying the 4 percent recharge estimate results in 0.655 inches per year (0.0546 

feet per year) of recharge.  This equals 15,400 acre-feet of natural recharge per year (0.0546 

feet * 282,000 acres) within the Basin, as presented in Table 3, Natural Recharge and 

Irrigation Calculations. 

 

For the dry year and wet year recharge estimates, the percent of natural recharge was varied.  

The Colorado Springs Utilities study resulted in recharge between approximately 3.4 and 7.7 

percent of precipitation, and these limits were used as guidelines for this water balance.  

Because the entire Basin is not expected to respond as irrigated land, 7.7 percent of 

precipitation for recharge is considered to be too high, and therefore a lower value of 6.5 

percent is used in this water balance. To be conservative, 3.0 percent was used for the dry 

year recharge and 6.5 percent was used for the wet year recharge.  This is a change from the 

Phase 1 water balance which applied the same percent of precipitation to recharge but varied 

the precipitation based on average, dry, and wet periods. 

 

The natural recharge estimates used in the water balances are: 15,400 acre-feet for an average 

year, 11,500 for a dry year, and 25,000 for a wet year (Table 3). 
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For Phase 2 of the water balance, Martin and Wood evaluated precipitation and water level 

data in the Basin in order to try to develop a relationship between the two which might be 

helpful in predicting aquifer recharge.  The analysis resulted in a conclusion that the data 

needed to predict the trends are not available, and the data that are available do not indicate a 

consistent qualitative trend (such as increasing water levels in wet years or increasing water 

levels in years with multiple high precipitation events) that can be applied.  The analysis is 

described in more detail in Appendix H. 

 

M&W received information for Mr. Mott regarding data he collected as a recharge study on 

his property east of Calhan.  We were able to incorporate the precipitation data provided into 

our calculations and data checks, but we did not use his data for predicting the recharge to the 

alluvial aquifer.  It is our professional opinion that Mr. Mott’s well is not located within the 

saturated alluvial extent (including tributaries and terrace deposits) and is actually a bedrock 

well, and as such, we felt it inappropriate to use Mr. Mott’s data as a representation of what 

is happening regarding recharge to the alluvial aquifer.   

 

Return Flows 

 

Wastewater Return Flows. The alluvial aquifer quantitatively benefits from the discharge 

of wastewater from wastewater treatment facilities (wastewater return flows) from towns 

within the Basin.  The facilities, located in Calhan, Simla, and Limon, discharge their water 

to the Big Sandy Creek or its tributaries, which directly feed the aquifer. 

 

Public data on file with the U.S. EPA (as reported by the wastewater treatment plants) shows 

the following approximate annual volumes of water discharged in 2006 and 2007.   

 

Facility 
Location 

Annual Volume of 
Wastewater Discharge 

(acre-feet) Data Source 
Calhan 70 U.S. EPA Envirofacts 
Simla 47 U.S. EPA Envirofacts 
Limon 480 U.S. EPA Envirofacts 
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Regardless of a city’s water source, the alluvial aquifer water balance will experience a net 

gain when the wastewater effluent water is discharged to Big Sandy Creek or its tributaries 

(and thus into the alluvial aquifer).  For this reason, 100 percent of the wastewater discharge 

is used as an inflow to the water balance. The total municipal wastewater inflow, based on 

the above table, is 597 acre-feet per year.   

 

Irrigation Return Flows. Irrigation return flows are a source of recharge to the alluvial 

aquifer.  Irrigation water that directly infiltrates into the alluvium or reaches the alluvium 

through streambed infiltration, recharges the alluvial aquifer.  For the Arkansas River Basin, 

estimates of shallow aquifer recharge range from 15 percent to 40 percent of the irrigation 

water applied.  To be conservative, this study utilizes an irrigation return to the alluvial 

aquifer of 15 percent, which is appropriate for sprinkler irrigation (80 percent efficiency, 5 

percent evaporation and spray losses, 15 percent return flows from deep percolation).  

 

Irrigated areas within the Basin were estimated using a combination of aerial photographs of 

the Basin obtained through the Geospatial Data Gateway provided by the U.S. Department of 

Agriculture Farm Service Agency Aerial Photography Field Office, Landsat images of the 

Basin, interviews with the Upper Big Sandy District Board members and other landowners in 

the Basin including Mr. George Fosha.  (Landsat images are electronic images of the earth 

collected by satellites through a program jointly managed by NASA and the U.S. Geologic 

Survey.)  An electronic survey to identify all potentially irrigated land was conducted for the 

water balance in GIS using the aerial photographs and Landsat images of the Basin.  The 

purpose of this survey was to identify all land within the Basin that is potentially irrigated.  

Consequently, any land which appeared irrigated, or appeared to have historically been 

irrigated was included.  During this survey, over 30,000 acres of potentially irrigated land 

were identified.  However, it was clear that this was a large over-estimate of the area irrigated 

with alluvial well water due to the common practice of dry land farming (which would not 

use well water), the additional sources of irrigation water from bedrock wells, and the 

inclusion of several areas that were potentially irrigated in the past but are not currently 

irrigated.   
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To further refine the estimate of the total acreage irrigated with water pumped from the 

alluvial aquifer, the potentially irrigated acreage within the Basin was limited based on 

proximity to the alluvial boundary (contained by or within 0.5 miles of the interpolated 

alluvial extent) and then maps were presented to the Board and landowners with first-hand 

knowledge of the irrigated area within the Basin.  During this interview process, the 

potentially irrigated fields in the Basin were verified to confirm that they were, or were not, 

irrigated with alluvial ground water.  Only two fields comprising 126 acres that clearly 

appear irrigated according to the aerial photographs were not verified in the interview 

process.  All other fields were verified as either irrigated or not irrigated.  Additionally, the 

size or shape of several irrigated areas was modified in GIS to represent the actual irrigated 

area indicated by the interviewees.  Through this process, it was determined that 

approximately 1,800 acres of land in the Basin are irrigated with water pumped from the 

alluvial aquifer.  The irrigated areas within the Basin are presented in Figures 15 through 17, 

Western/Central/Eastern Irrigated Areas and Phreatophytes Maps.   

 

During Phase 1, subirrigation was discussed as a potential category of irrigated land.  

Subirrigated land is land on which the crops or plants use water directly from the aquifer 

through their deep roots.  The likelihood of subirrigation depends on the depth to the water 

table, the farmer’s irrigation practices, and the crops or plants on the land.  Fields that are 

subirrigated, instead of irrigated by water pumping from wells, were not specifically called-

out in the irrigated area interview process but were included in the irrigated area files.  While 

subirrigated fields are not specifically handled as their own class of irrigated area, this water 

balance considers the associated crop consumptive use of water by considering the 

withdrawal and return flows for all irrigated areas (consumptive use is the difference between 

total withdrawal and total return flow).  

 

During Phase 1, information on irrigated areas was requested from the Lincoln County 

Assessor’s Office and El Paso County.  No information was obtained for Elbert County.  

Lincoln County indicated that there was no reported irrigated land in their county within the 

Basin, and El Paso County indicated that the data were not readily available. The information 

from Lincoln County does not agree with the irrigated area survey information obtained from 
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the member questionnaires in which people reported that they irrigate land within Lincoln 

County or the information obtained from interviews.  M&W believes the electronic survey 

combined with the first-hand knowledge of the Board members and landowners provides a 

more reasonable and accurate estimate of the irrigated land within the Basin.  Therefore, 

1,800 acres of irrigated land is used in the water balance. 

 

As presented on Table 3, the area estimated to be irrigated with alluvial ground water is 

1,800 acres.  The Rules and Regulations for the Management and Control of Designated 

Ground Water (2 CCR 410-1, as re-amended April 30, 2008) specify the amount of ground 

water to be appropriated for irrigation of agriculture lands is 2.5 acre-feet per irrigated acre.  

This amount of water is close to meeting the average crop irrigation needs and will used for 

the water balance calculations.  The crops reportedly most commonly grown in the Basin are 

alfalfa and pasture grass.  The irrigation process leads to a 15 percent return flow to the 

alluvial system.  Assuming that there is available water to meet the crop irrigation needs, the 

estimated 1,800 irrigated acres would require pumping of approximately 4,500 acre-feet of 

alluvial ground water (Table 3), and 680 acre-feet would be returned to the alluvial ground 

water system as irrigation return flows (Table 3).   

 

Inflow and Surficial Flow from Upper Basin 

 

While underground inflow and above-ground surficial flow from upper basins would 

normally be considered in a water balance, there is no inflow or surficial flow from upstream 

areas external to the Upper Big Sandy Basin.  The Basin extends to the topographic divide at 

the west end of the Big Sandy Creek drainage area; thus this component to the alluvial 

aquifer is deemed to be zero and will not be considered further. 

 

Other Inflows 

 

Municipal/Domestic Return Flows (not generated from a wastewater treatment plant).  

Municipal water providers often claim a credit for the portion of the water which returns over 

time to alluvial aquifers due to lawn irrigation (referred to as lawn irrigation return flows or 
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LIRFs).  Insofar as is known at this time, the towns and cities with the Basin have not 

quantified the timing or amounts of their LIRFs.  Derivation of reliable estimates on the total 

acreage of irrigated lawns and their locations was not carried out, nor was quantification of 

this (assumed) very small component of return flows to the alluvial aquifer water balance.   

 

Effluent discharges from individual septic disposal systems (ISDS) with the typical non-

evaporative septic tank-leach field configuration recharge the shallow alluvial aquifer.  

Typical consumption for household use of the water is estimated as 10 percent for homes 

with ISDSs, with 90 percent of the water brought into the home for in-house domestic uses 

being returned to the alluvial aquifer.  As reliable data on the domestic use of water in the 

Basin are not readily available, and given that 90 percent of the water returns to the aquifer 

via the ISDSs, this net impact to the water balance is likely very small relative to the other 

inflow components, such as natural recharge, and is not included in the water balance at this 

time.   

 

Seepage from Ponds.  The member survey indicated that ten of the 16 ponds reported in the 

member survey were made of metal or fiberglass.  If these ponds are in good condition, they 

should not be leaking water.  Earthen ponds (six of the 16 ponds reported) may be 

contributing to the alluvial aquifer through seepage of water from the pond.  If the ponds are 

lined with a natural or man-made material, seepage is less likely.  Sufficient detailed 

information on the stock ponds located through the Basin was not obtained from the member 

survey and thus no estimate of the amount of water potentially seeping from ponds into the 

alluvial aquifer has been made; as with the ISDS returns, this component is expected to be 

extremely small relative to the overall water balance.  Support for not estimating alluvial 

recharge from pond seepage was found during the field investigation.  A test hole (GP45) 

was advanced immediately adjacent to a tributary channel where standing water was 

observed.  The test hole was dry, indicating that a relatively impermeable soil layer existed in 

the tributary channel, preventing seepage to the underlying alluvium.  These same conditions 

are likely to exist at some of the pond locations as well. 
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Interaction with Denver Basin Aquifers.  No work was specifically conducted to quantify 

the interaction between the Denver Basin aquifers and the alluvial aquifer for this phase of 

the water balance.  Bedrock wells in the Basin typically have relatively low yields, with the 

possible exception of those completed in the Fox Hills Formation, indicating relatively low 

hydraulic conductivities and net sand thicknesses.  Additional published data on the Denver 

basin aquifers support the conclusion that the aquifers are not well developed or productive 

along the eastern flanks.  These factors will likely limit any appreciable exchanges of ground 

water into or from the alluvial aquifer.  The Owens Report addresses ground water 

interaction between the alluvium and bedrock aquifers.  The Owens Report states that minor 

amounts of alluvial ground water discharges to the bedrock aquifers and that ground water 

from the bedrock aquifers also discharges to the alluvium.  In light of all the above 

information, we are assuming no net impact on the Upper Big sandy alluvial aquifer system 

from Denver Basin Formation ground water interactions.    

2. Outflows 

The outflow components of the water balance represent the water that is being lost to the system 

via natural or manmade removal of water.  This includes irrigation pumping, natural evaporation 

and transpiration losses, alluvial underflow out of the Basin, surficial flows out of the Basin via 

the creek channel, and smaller-scale losses from stock and domestic well pumping, and 

evaporation from stock ponds. 

 

Pumping and Withdrawals of Ground Water 

 

The major uses of ground water within the Basin are municipal and domestic, irrigation, 

commercial, and stock watering.  As mentioned in Section V.1, not all water withdrawn from 

the aquifer for various uses is consumed.  For this water balance, returns are considered as 

inflows to the Basin and all pumping is considered as outflows from the Basin. 

  

Irrigation Pumping. A well analysis was performed by M&W using data obtained from the 

DWR Master Well database.  The analysis included review of tabulated information on all 

permitted wells within the Basin boundary that were included in the database through the 
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June 2008 database update.  The analysis indicated that the District includes approximately 

1,800 permitted (small and large capacity) wells, and of those, 155 permitted wells are 

permitted for irrigation use (based on the use codes in the database).   

 

As described above in Section V.1 Irrigation Return Flows, aerial images of the Basin and 

interviews with the Board members and landowners indicate that 1,800 acres of land are 

irrigated within the Basin (Figures 15 through 17).  The crops reportedly, per the member 

survey, most commonly grown in the Basin are alfalfa and grasses.   

 

The Rules and Regulations for the Management and Control of Designated Ground Water (2 

CCR 410-1, as re-amended April 30, 2008) specify the amount of ground water to be 

appropriated for irrigation of agriculture lands is 2.5 acre-feet per irrigated acre.  Using this 

as the annual pumping is considered appropriate since 1) it is the maximum pumping allowed 

by the State, 2) it is conservative in that additional pumping should not be occurring, and 3) 

Board members and landowners indicated that deficit irrigation was occurring.  Deficit 

irrigation occurs when crops are grown without the amount of water needed to satisfy the 

crop irrigation requirements and typically leads to lower yield crops.  Deficit irrigation 

occurs throughout Colorado, particularly in the South Platte River and Arkansas River 

drainage basins, where farmers often do not have access to enough water to fully meet their 

crops needs.  

 

The estimated 1,800 irrigated acres would require pumping of approximately 4,500 acre-feet 

of alluvial ground water.  For this water balance, the estimated annual irrigation pumping is 

4,500 acre-feet (Tables 3 and 4). 

 

Municipal Pumping.   Limon and Simla use the alluvial aquifer as a source of domestic 

water.  Calhan and Ramah get their municipal water supplies from other sources, although 

Ramah has a small alluvial well that it used for fire fighting purposes only.  Data on Ramah’s 

limited use of the alluvial water well were not available but were reported to be considered as 

never or little.  The annual estimates shown below are based on correspondence and records 

from the cities and towns and are for alluvial pumping only. 
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Limon = 910 acre-feet annually (based on annual average determine from January 2007 

through September 2008 records) 

Simla   = 107  acre-feet annually (based on 80 acre-feet from January 15, 2008 through 

October 15, 2008, increased by one-third to account for remaining quarter) 

 

Total average municipal pumping equals 1,017 acre-feet per year (Table 4).  

 

Estimated Underflow Leaving the Basin  

 

Underflow is the ground water moving under the ground surface within the alluvial aquifer.  

Underflow, q, is quantified by the equation below. 

 

 q = K*I*A, where 

 

 q = flow per unit of cross sectional area 

 K = hydraulic conductivity of the aquifer 

 I = the hydraulic gradient 

 A = the cross sectional area of flow 

 

The alluvial aquifer discharges ground water to the east of the Basin boundary through 

underflow.  Therefore, underflow at the downstream end of the Basin is an outflow in the 

water balance.   

 

An average hydraulic conductivity of 1,586 gpd/ft2 (212 ft/day) was estimated as appropriate 

for the downstream end of the aquifer.  This average hydraulic conductivity value was based 

on M&W’s analyses of the Town of Limon’s pumping test results as presented in Section II.3 

– Aquifer Parameter Testing.  Additionally, the McLaughlin Report (1,800 gpd/ft2 or 241 

ft/day), the Willard Owens Report (1,600 gpd/ft2 or 214 ft/day), and the HRS Report (1,350 

to 1,500 gpd/ft2 or 181 to 201 ft/day presented various values for hydraulic conductivity, as 

described in Section II.3 – Hydrogeology.  The Town of Limon pumping test and the above 

cited references all reflected similar values for hydraulic conductivity; and, as all three report 
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results cited were based on pump test results throughout the Basin, the Town of Limon 

average pumping test result of 1,586 gpd/ft2 (212 feet per day) is utilized in this report, as it 

is recent and is located closer to the downstream end of the Basin. 

 

M&W calculated the average gradient (or slope of the alluvial saturated water level) in the 

lower portion of the Basin utilizing the water table maps that were prepared based on the 

hydrograph data found in Appendix A.  This analysis resulted in range of 0.0034 feet per foot 

to 0.0036 feet per foot, for an average gradient of 0.0035 feet per foot or 19 feet per mile. 

 

Using the data obtained from the August 2008 drilling program, and which were utilized in 

the preparation of Figures 8 and 9, the cross-sectional area of saturated material on the 

eastern edge of the Basin is estimated to be approximately 368,000 square feet.  Note that 

this figure will vary proportionally to the total saturated thickness of the aquifer at any given 

time.  The figures presented herein represent the cross-sectional area based on conditions in 

late summer in the year 2008. 

 

Combining these data, the estimated underflow leaving the Basin is 2,300 acre-feet per year.   

 

q = K*I*A  

   = (1,586 gallons per day per square foot) * (0.0035 feet per foot) * (368,000 square feet) 

   = 273,000 cubic feet per day 

   = 2,300 acre-feet per year, approximate 

 

Willard Owens Associates (1971) estimated the underflow near Limon as 2,350 acre-feet per 

year. The M&W estimate of 2,300 acre-feet per year is comparable to the Owens Report 

estimate.  This water balance will use 2,300 acre-feet per year (as calculated above) for the 

estimated underflow leaving the Basin.   

 

 

Phreatophyte Consumptive Use 
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Shallow ground water supplies water to phreatophytes (plants that rely on the ground water 

as their main source of water) commonly growing along Big Sandy Creek.  Phreatophytes 

observed in the Basin include cottonwoods, thistle, willows, and small plants growing along 

the creek.  The use of water by phreatophytes in areas with near-surface ground water tables 

is difficult to distinguish from water that directly evaporates from the ground out of pore 

storage or shallow ponded water.  For the purposes of this study, the following will be 

considered as evapotranspiration: (1) water consumed by phreatophytes and (2) near-surface 

shallow water that is in the vicinity of mappable areas of phreatophytes and that may directly 

evaporate.   

 

A review of digital images and aerial photos, supplemented by our field observations, 

indicates that the areas along Big Sandy Creek within the Basin generally exhibit 

considerable phreatophyte growth.  The areas covered by phreatophytes were identified using 

aerial images from the U.S. Department of Agriculture Farm Service Agency (FSA) Aerial 

Photography Field Office.  Phreatophyte areas were primarily identified from color FSA 

aerial images of the Basin flown between July 30, 2006 and August 11, 2006.  Secondary 

verification was conducted with black and white aerial images of the Basin taken in 1993 and 

1999.   

 

Figures 15 through 17 present the phreatophyte areas and the FSA aerial images that were 

primarily used to identify the phreatophytes.  Phreatophyte areas within the Basin primarily 

occur along the main channel of Big Sandy Creek.  The phreatophyte areas on either side of 

the channel generally extend further from the channel in the eastern regions of the Basin.  

The area of phreatophyte growth within the Basin was estimated to be approximately 5,390 

acres, of which 5,090 acres are along the main channel of Big Sandy Creek and 

approximately 300 acres are along the tributary channels.   

Phreatophyte consumptive use depends on a number of factors including the types of plants 

involved, climate (temperature, sunlight, humidity, precipitation), depth to water, quality of 

ground water, and density of plant growth (Robinson, 1958).  Ground water consumption by 

cottonwoods and willows, common phreatophytes along the Big Sandy Creek, is estimated to 

be between 2 and 4 acre-feet per acre (Bowie et al., 1968; Robinson et al. 1970).  These 



Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009 49 Martin and Wood Water Consultants, Inc 

numbers span a range due to the factors listed above and, most specifically, are directly 

affected by plant density.  The density along the Big Sandy Creek varies greatly (Figures 15 

through 17), and the depth to water also varies across the Basin.  Based on the observed plant 

densities, the ranges in depth to water, and the literature data, M&W determined that the 

most appropriate estimate to use is 2 acre-feet per acre for phreatophyte consumptive use 

within the Basin.  The phreatophyte areas (5,390 acres) are estimated to consume 10,780 

acre-feet of water annually (Table 4). 

 

Stock Watering 

 

Stock watering, considered 100 percent consumptive, appears to be a minor component of 

the overall water uses within the Basin.  The member survey indicated that there is stock 

watering occurring within the Basin, but the surveys only included a portion of stock 

watering within the Basin.  The survey also indicated the water used for stock watering water 

comes from multiple sources including wells, springs, runoff/draws, and precipitation.  

Because these sources of water are likely to be from shallow wells or water tributary to Big 

Sandy Creek, and in order to be conservative, we are considering all stock watering to be 

from the alluvial aquifer.  A commonly-used value for stock watering is 10 gallons per day 

per head of stock, and this water is considered to be fully consumed. 

 

The U.S. Department of Agriculture did livestock counts by county within Colorado in early 

2008.  A May 19, 2008 news release from the U.S. Department of Agriculture was used to 

obtain the results of the survey.  Additional information on stock within the Basin was 

obtained from Mr. Joe Frasier and Mr. Morris Vervors, both District Board members.  Using 

the information they provided along with the U.S. Department of Agriculture estimates, it 

was estimated that there are approximately 15,150 stock equivalents in the Basin year-round 

(two head of stock in the Basin for half the year would be the equivalents of one stock in the 

Basin the entire year), as presented in Table 6, Stock Count and Stock Watering Calculations.  

The annual stock watering consumptive use is estimated to be 170 acre-feet per year (Table 6 

and Table 4).    
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Other Outflows 

 

Domestic Pumping. Ground water is pumped in small quantities from the shallow alluvial 

aquifer for domestic uses.  Typical consumptive use of water for household use is estimated 

as 10 percent for homes with ISDSs, with 90 percent of the water brought into the home for 

in-house domestic uses being returned to the alluvial aquifer.  As reliable data on the 

domestic use of water in the Basin where municipal supplies are not available is not readily 

available, and given that 90 percent of the water returns to the aquifer via the ISDSs, this net 

impact to the water balance is likely very small relative to the other outflow components, 

such as irrigation pumping, and is not included in the water balance at this time.   

 

Evaporation from Ponds.  Evaporation from ponds within the Basin is considered indirectly 

as a portion of the precipitation which does not recharge the aquifer.  For this water balance, 

this specific component has not been quantified separately, but it is considered in the balance.  

 

Live Streamflow Leaving the Basin.  There is not continual flow in Big Sandy Creek as it 

leaves the Basin.  The member survey indicated that flow typically only occurs after a storm 

event and rarely lasts more than a few weeks and often does not last that long.  There is no 

gage on Big Sandy Creek to record streamflow out of the Basin when live flow does occur.  

As there are no specific data on the amount of water that flows with the creek or exits the 

Basin, this component of the water balance will not be considered in the analysis.   

   

Interaction with Denver Basin Aquifers.  As described in Section V.1., no work was 

specifically conducted to quantify the interaction between the Denver Basin aquifers and the 

alluvial aquifer for this phase of the water balance, but exchanges of ground water into or 

from the alluvial aquifer are assumed to be limited.  As such, we are assuming no net impact 

on the system from Denver Basin Formation ground water interaction.   
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VI. ALLUVIAL AQUIFER STORAGE  

In addition to the water balance, it is important to quantify the amount of ground water in storage 

within the alluvial aquifer.  If the recharge and the discharge to the alluvial aquifer are not equal, 

the amount of ground water in storage will change.  For example, if ground water is withdrawn 

from the aquifer at a rate that exceeds the rate of total recharge to the aquifer, the amount of 

ground water available in storage will decrease. The following parameters are important when 

determining the amount of ground water in storage: saturated thickness of aquifer, specific yield 

of the aquifer, and the extent/area of alluvium.  Additionally, the amount of water that can 

actually be feasibly withdrawn from an aquifer by wells (recoverable storage) is also partially 

dependent on specific well hydraulics. 

1. Volume of Water in Storage 

The amount of ground water in storage is calculated by multiplying the surface area of the 

saturated alluvium by the averaged thickness of the saturated alluvium, and the specific yield of 

the alluvium.  The surface area of the alluvial aquifer is inferred by evaluating data from test 

holes and ground water wells.  Data from test holes and ground water wells were used to 

construct geologic cross sections across the alluvial valley.  The cross sections provide a two 

dimensional interpretation of the alluvial aquifer across the alluvial valley and allow for 

development of the estimated lateral extent of the saturated alluvium.  Finally, the lateral 

saturated alluvial extents from the various cross sections are interpolated from one cross section 

to the next to develop an interpolated saturated alluvial extent across the Basin.  The cross 

sections also provide information for estimating the saturated thickness of the alluvium 

throughout the Basin.   

 

As described earlier in this report, M&W designed the field investigations so that the lateral 

extent of the saturated alluvium would be fully delineated at each end of the cross sections.  

M&W then interpolated the saturated alluvial extent based on the relationships between the 

seven developed cross sections and the topography throughout the Basin.  In contrast, prior work 

by ASCG in developing saturated alluvial extent appears to have been based on their 

interpretations of data from the DWR well database and on the USGS mapping of only the 
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alluvium (as opposed to the combined alluvium and terrace deposits).  As described in the Field 

Investigation results, M&W compared data obtained during the August 2008 and February 2009 

field investigations to data presented in ASCG’s and HRS’s cross sections to evaluate the 

accuracy of the data presented in the respective consultants cross sections.  Data from the other 

consultants cross sections that was deemed reasonable was then included with M&W’s field 

investigation results to produce estimates of saturated alluvial extent and saturated thickness 

throughout the basin.   

 

The areal extent of the saturated alluvium and the averaged alluvial saturated thickness 

multiplied by the specific yield produces the volume of water in storage.  An estimated saturated 

thickness was developed for the upper and lower portions of the Basin, as well as the tributaries.  

The division between the upper and lower portions of the basin is defined in this report, as being 

located east of Matheson, where Big Sandy Creek turns north towards the River Bend area.  The 

saturated thickness numbers were derived by estimating the average saturated thickness of each 

of the ASCG, HRS, and M&W cross sections, with preference weighted towards data developed 

by M&W during the field investigations.  Where there is a bedrock ridge present between two 

channels, as is evident in several areas of the Basin, the estimated average saturated thickness 

from both channels was utilized.  For example, if one channel was 20 percent of the entire 

saturated alluvial width, that channel’s estimated average thickness was multiplied by 20 percent 

and added to the other channel’s estimated average thickness multiplied by 80 percent, to arrive 

at a total average estimated cross section saturated thickness.   

 

Cross Sections A-A’ through G-G’ were developed from data obtained during the field 

investigations and are presented in Figures 6 through 12.  The data from these sources were 

interpreted to estimate the saturated alluvial extent presented in Figure 3.  The cross sectional 

data were applied to both the mainstem of Big Sandy Creek and the tributaries of Big Sandy 

Creek. 

 

The alluvium ranges in total thickness from 15 feet to 85 feet.  The width of the alluvium ranges 

from approximately 1,000 feet to approximately 2.5 miles (13,200 feet).  The thickness of the 

alluvium in the tributaries is considerably less than the mainstem valley, based on the results of 
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the field investigations and professional knowledge of alluvial systems.  The width of the 

tributaries is likewise also considerably less than the mainstem valley.  The total saturated 

alluvial surface area is estimated to be approximately 58,000 acres in the Basin.  The upper end 

of the Big Sandy Creek mainstem, the area west, or upstream, from where Big Sandy Creek 

changes from an eastward to a northward direction east of Matheson, is estimated to have a 

saturated alluvial extent of 19,000 acres.  The average alluvial saturated thickness in the upper 

end of the Basin is estimated to be approximately 28 feet on average.  The lower end of the Big 

Sandy Creek mainstem is estimated to have a saturated alluvial extent of approximately 22,000 

acres.  The average saturated alluvial thickness in the lower end of the Basin is estimated to be 

approximately 38 feet.  The Big Sandy Creek tributaries are estimated to have a saturated alluvial 

extent of approximately 17,000 acres.  The saturated thickness in the tributaries is estimated to 

be 15 feet on average.  Applying the range of average saturated thicknesses to the estimated 

areas for the upper and lower portions of the Big Sandy Creek mainstem, in addition to the 

tributaries, results in approximately 1,623,000 acre-feet of saturated alluvial material in the 

Basin.  Assuming a specific yield of 20 to 25 percent for the Big Sandy Creek mainstem area 

east of Matheson, the saturated alluvial volume for this area is estimated to be between 167,200 

and 209,000 acre-feet. Assuming a specific yield of 30 to 35 percent for the Big Sandy Creek 

mainstem area west of Matheson, the volume of water in the saturated alluvium is estimated to 

be between 159,600 and 186,200 acre-feet.  Assuming a specific yield of 23 percent for the Big 

Sandy Creek tributary areas, the volume of water in the saturated alluvium of the tributaries is 

estimated to be 58,650 acre-feet.  This results in an estimated total saturated alluvial volume of 

between approximately 385,000 and 454,000 acre-feet. 

 

Under unconfined conditions, such as an alluvial aquifer system, well yields will typically 

decline as the water table declines due to the decrease in hydraulic gradient in the vicinity of the 

well.  While the exact magnitude of the impacts on pumping from loss of saturation is dependent 

upon a number of aquifer and well-related factors, it is a given that at some point, continued loss 

of water from storage and the accompanying lowering of the water table will result in the loss of 

a particular well’s ability to pump.  Further, well-to-well impacts will also be exacerbated by loss 

of storage and reduction in the aquifer transmissivity as the water table drops.  These 

considerations are inherent in the concept of recoverable storage, or the amount of water that can 
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reasonably be expected to be extractable from an aquifer without requiring numerous additional 

wells or incurring severe well interference impacts.  In different settings involving confined 

aquifers, recoverable storage has often been assumed to be 50 percent.  However, in an 

unconfined alluvial aquifer such as the Big Sandy Creek alluvium, it can be expected that the 

recoverable storage would be higher, possibly significantly, due to the higher hydraulic 

conductivities and specific yields.  Once again there are a number of factors that would impact 

the actual figure, in particularly well densities, but absent construction of a numerical ground 

water flow model to accurately simulate the system under a variety of stresses and storage levels, 

it is difficult to estimate exactly what the appropriate numbers should be.  This project uses a 

range of recoverable storage percentages from 50 to 70 percent. 

 

Recoverable storage is also extremely important with respect to the management by the District 

of the alluvial resource.  Unless there is the desire to utilize some of the water in storage as a 

drought mitigation supply (in other words, allow for “mining” of the stored water during 

droughts so as to maintain well pumping rates), there is no need to be concerned with the 

recoverable storage.  As it is assumed that this information is of value to the District, however, 

and that they may wish to have the option of availing themselves of the utilization of the storage 

in the future, some assessment of this is required.  For these purposes, it is assumed that removal 

of 50 percent of water in storage would not represent a responsible management of the aquifer as 

it would take many years to recover to the pre-drought conditions.  An alternative would be to 

consider the range of fluctuation in the water table that would be acceptable.  As an example, if 

the average saturated thickness is 30 feet, then a three foot drop in water table throughout the 

aquifer would represent a 10 percent loss of storage which would not be expected to seriously 

impair the ability of a well to pump nor to significantly increase well interference to levels where 

pumping would become a serious problem.  Using this example as a guideline, the utilization of 

storage in the Basin may best be considered on a per foot basis.  Thus, if the saturated area is 

approximately 58,000 acres, then each one foot drop in the water table that is acceptable to the 

District equates to between approximately 13,920 acre-feet and 16,240 acre-feet (58,000 acres 

multiplied by one foot of drop multiplied by an area weighted Sy range of 0.24 to 0.28) of water 

that could be pumped.  Note that this is true only up to a point; the geometry of the Basin, 

especially at the flanks, dictates that there will be less volume per foot of saturation as the water 
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table declines further because of the reduced area of saturation.  Further, it has become evident 

though the course of these studies that the Basin exhibits differing characteristics and these 

differences have facilitated our division of the total area into the eastern mainstem, the western 

mainstem and the tributaries areas.  These differences are expected to impact the manner in 

which well pumping or reduction in recharge impacts on the water table will be reflected. 

 

The issue of recoverable storage will be addressed again below following the presentation of the 

water balance. 

2.  Water Level Analysis 

The DWR collected water level data annually within the Basin from 1991 through 2008.  The 

water level data collected for the monitoring wells is provided in graphical format (hydrographs) 

in Appendix A for each well.  The wells are arranged in order from the upstream end of the 

Basin to the downstream end of the Basin (Figure 4 shows the location of each well).  The water 

table with the Basin, as interpolated from the 2008 water level data, is presented in Figure 5. 

 

Longer-Term Changes in Water Levels 

 

To evaluate the long-term changes in water levels, the water levels at the beginning of the 

data collection period (1991) were compared to the water levels in 2008.  The change in 

water level was typically less than 2 feet, and varied regionally.  As indicated on Figure 18, 

all but one of the wells west of Simla shows an increase in water level over the 1991 to 2008 

period.  The wells east of Simla indicate some increases and some decreases, but all wells in 

the eastern third of the Basin show decreases in the water levels during this period.  

Additionally, the largest changes in water levels were recorded in the River Bend, as 

indicated by the red symbols on Figure 18.  Generally, the green symbols indicate very small 

changes in water levels while the red/orange/yellow symbols indicate larger drops in the 

water levels, and the blue symbols indicate gains in the water levels.  Only wells for which 

water level data in both 1991 and 2008 were available are included on Figure 18. 
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Trendlines for the change in water level at each well, using the data in Appendix A, were 

computed to further analyze the change in water levels between 1991 and 2008.  Table 7 

presents the change in the water level at each well predicted by the trendline for that well and 

the correlation coefficient (R2) for the trendline at each well.  In Table 7, the wells are sorted 

by the decreasing correlation coefficients between the observed versus the predicted water-

level change.  As shown in Table 7, the data in only a few wells show a reasonable trend 

toward increasing or decreasing water-levels (Big Sandy - 13/13(R), Big Sandy -30A, Big 

Sandy-19; R2 values equal to or greater than 0.65).  Because the trendlines are generally not 

good matches for the data, it is difficult to use the 1991 through 2008 data to predict what the 

water levels will do in the future.  The variations in the water level data causing the poor 

correlations are likely because of the various time-variant stresses on the aquifer and the 

influences of the stressors and local levels of recharge to the water levels. 

 

An additional comparison of the water levels collected in 2001 to those collected in 2008, 

indicates that the largest drops in water levels over this time period occurred in the River 

Bend and Limon areas (presented on Figure 19, Change in Alluvial Ground Water Levels 

2001-2008). This figure also indicates that most water levels decreased during this period 

(only three wells west of Ramah had increasing water levels and one well east of Limon had 

an increasing water level).  Notice that the areas of most change (signified by yellow to red 

colors in Figure 19) are generally east of Simla.  The 2001 to 2008 water level changes in the 

downstream end of the Basin could be reflecting the impacts of municipal pumping by 

Limon and increased irrigation pumping in the River Bend area, although further 

investigations and observations will be required to determine if this represents a more 

permanent long-term phenomenon or a shorter-term anomaly.  Another factor in the greater 

water level responses in the downstream portion of the Basin could be the lower specific 

yields that were determined for the lower Basin.  Because of these lower specific yields, any 

unit change in a stressor on the system, whether pumping or precipitation recharge, for 

example, will result in a relatively larger unit change in water level as compared to 

application of similar stressors in portions of the Basin where the specific yields are 

observed to be higher. 
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Lowest and Highest Measured Water Levels 

 

As presented in Appendix A, the hydrograph data for the DWR monitoring wells indicate 

that there is no consistent pattern with respect to the severe drought year of 2002.  Some 

wells exhibited a drop and then a recovery, others exhibited the drop and no recovery, and 

others exhibit a rising water table.  This may reflect changes in pumping practices in certain 

parts of the Basin during the drought period or may be related to other as yet unidentified 

factors. 

 

The unpredictable response during a period of dry conditions is further presented on Figure 

20, Date of Lowest Ground Level 1991-2008, which shows the date of the lowest water level 

measurement for each of the 21 wells that were measured from 1991 to 2008.  There is no 

consistent year that stands out across the Basin, and in some instances, nearby wells, such as 

the wells located around Simla, each had their lowest water level in different years.   

 

It is observed from Appendix A and Figure 21, Date of Highest Ground Water Level 1991-

2008, that many of the wells across the Basin exhibited a high water level in 2000.  Years 

1998 and 1999 were both above-average precipitation years (based on Matheson 

precipitation records) and could be the cause for this ground water high.  The large number 

of wells that experienced the highest water level between 1991 and 2008 in the year 2000 

could indicate that the Basin generally responds similarly to increased precipitation.   

 

Water Level Summary 

 

The annual data indicate the water table is fluctuating across the Basin in different ways and 

with little consistency throughout the Basin.  The greatest changes in the alluvial water table 

are observed in the eastern half of the Basin, particularly in the River Bend and Limon areas.  

Because the monitoring well east of Limon does not indicate the same water level changes as 

the wells in the Limon area, the drops in the water table near Limon are difficult to interpret. 

The difference in water level changes could partially be because the observed changes in 

water levels near Limon are due to localized drawdowns which do not extend eastward to the 
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Basin boundary.  The increases in water levels on western half of the Basin (Figure 18) are a 

positive indicator of continued recharge to the aquifer.    
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VII. WATER BALANCE 

The goal of creating the Upper Big Sandy water balance is to assess and quantify the inflow 

(recharge) and outflow (discharge) components associated with the alluvial aquifer in the Basin.  

As first discussed in Section V, the water balance includes multiple components, but not all 

components have been quantified for this phase of work, as was previously described in earlier 

sections of this report.  The following components of the balance are quantified and considered 

in this project; the remainder of the water balance components in Section V of this report have 

either been disregarded or considered to be zero, as described previously. 

 

Inflow Outflow 

Precipitation Recharge Irrigation Pumping  
Irrigation Return Flows Phreatophyte Consumptive Use 
Municipal Wastewater Return Flows  Municipal Pumping 
 Stock Watering 
 Underflow Leaving the Basin  

1. Average Year Water Balance 

Using the conservation of mass principle, shown below, the impact to the alluvial aquifer can be 

quantified. 

 

Inflow – Outflow = Change in Storage 

 

Using the actual figures developed from the water balance from Table 4:  Inflow of 16,677 acre-

feet minus an Outflow of 18,767 acre-feet = -2,090 acre-feet of Change in Storage in an average 

year (see Table 4). 

 

As presented on Table 4, the Average Year Water Balance, the water balance indicates that the 

outflow would exceed the inflow by approximately 2,100 acre-feet in the average, or typical, 

year.  This means that the outflows in excess of inflows would be removed from storage which 

would result in a corresponding reduction in the alluvial water table.  If this excess removal of 

storage water resulted in an even drawdown across the entire saturated alluvium (estimated 
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saturated alluvial extent is 58,000 acres), there would be less than a 2-inch decrease in the 

ground water level across the Basin (2,090 acre-feet divided by 58,000 acres, multiplied by 12 

inches per foot, divided by an area-weighted Sy of 0.24 to 0.28) over the course of one full year 

as presented on Table 9, Water Balance-Predicted Water Level Changes.   

2. Dry Year Water Balance 

In a year of lower than average precipitation, the estimated deficit in the water balance is even 

greater than the average year deficit of approximately 2,100 acre-feet.  As shown on Table 5, the 

Dry Year and Wet Year Water Balances, the dry year water balance indicates that the outflow 

would exceed the inflow by approximately 5,990 acre-feet annually.  This means that the 

outflows in excess of inflows would be removed from storage which would result in a 

corresponding reduction in the alluvial water table.  If this excess removal of storage water was 

evenly distributed across the entire saturated alluvium (estimated areal extent is 58,000 acres), 

there would be, over the course of a full year, about a 5-inch decrease in the ground water level 

across the Basin (5,990 acre-feet divided by 58,000 acres, multiplied by 12 inches per foot, 

divided by a Sy of 0.24 to 0.28) as presented on Table 9.     

3. Wet Year Water Balance 

In a wet year, the water balance indicates an increase of approximately 7,500 acre-feet in the 

amount of water in storage (Table 5).  This number exceeds the dry year draft on the aquifer 

(approximately 6,000 acre-feet).  The wet year water balance indicates that in a wet year, the 

inflows exceed the outflows, and recharge the alluvial water table.  If this increase in storage 

water was evenly distributed across the entire saturated alluvium (estimated areal extent is 

58,000 acres), there would be, over the course of a full year, about a 5.5 to 6.5-inch increase in 

the ground water level across the Basin (7,510 acre-feet divided by 58,000 acres, multiplied by 

12 inches per foot, divided by a Sy of 0.24 to 0.28) as presented on Table 9.     
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4. Permitted Pumping Water Balance 

An analysis of the DWR Well database indicated there are 98 FP permitted wells in the Basin.  

These wells are permitted to withdraw approximately 2,860 acre-feet of water for municipal uses 

and approximately 11,000 acre-feet for irrigation uses.  The other uses of permitted FP wells 

includes stock (three wells - no maximum pumping listed for one well, other two wells also 

permitted for irrigation), commercial (three wells each permitted for 0.19 acre-feet per year), and 

domestic purposes (four wells – two wells are permitted for municipal and domestic use, two 

wells permitted for irrigation and domestic use).  Table 8, Water Balance Based on Permitted 

Pumping, presents the water balance utilizing the maximum permitted amounts. 

 

Because the municipal effluent could be captured and reused to extinction, the Permitting 

Pumping Water Balance in Table 8 considers the municipal wastewater returns to be zero.  The 

irrigation pumping is considered to be used for sprinkler irrigation with a 60 percent irrigation 

efficiency and a 15 percent return flow to the aquifer. 

 

As shown on Table 8, the permitted pumping water balance indicates that the outflow would 

exceed the inflow by approximately 10,060 acre-feet annually.  This means that there would be a 

reduction in the alluvial water table if the maximum permitted pumping occurred and there were 

not municipal return flows.  If the excess removal of storage water was evenly distributed across 

the entire saturated alluvium (estimated areal extent is 58,000 acres), there would be, over the 

course of a full year, about a 7.4 to 8.7-inch decrease in the ground water level across the Basin 

(10,060 acre-feet divided by 58,000 acres, multiplied by 12 inches per foot, divided by a Sy of 

0.24 to 0.28) as presented on Table 9.     

5. Discussion of Water Balances 

The average year water balance indicates that outflow from the Basin exceeds inflows and 

therefore the volume of water in storage in the aquifer decreases.  It is thus concluded from the 

water balance, developed in this phase of work, that the aquifer is currently over-appropriated.  

Depleting the water in storage at the rates estimated from this average year water balance 

reduces the water table approximately 2 inches per year, assuming the water table is evenly 



Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009 62 Martin and Wood Water Consultants, Inc 

drawn-down across the entire Basin.  The wet year water balance developed in this phase of 

work indicates that the aquifer would be recharged leading to an approximate 6-inch increase in 

the water table (Table 9).  This means that the water balance work predicts that a wet year would 

offset a dry year and average year.  The water balance data used in these analyses are based on 

our best estimates of the inflows and outflows from the Basin, but the actual inflows and 

outflows are expected to vary each year based on multiple factors including changes in irrigated 

area, precipitation, and water table elevation.   

 

The water balance data from this phase of the study indicate that water levels within the Basin, 

under current conditions, are likely to generally decrease unless there is an extended period of 

wet years or multiple wet years.  Continuing to use the aquifer at the current average rate, and 

with all other water balance components remaining constant, would allow approximately 92 to 

150 years of additional usable life of the aquifer (based on the estimated recoverable volume of 

water in storage as being 50 to 70 percent of the total water in the alluvium).  If the aquifer is 

used under the Permitted Pumping scenario, the volume of water in storage, considering an 

estimated recoverable volume as 50 to 70 percent, would allow approximately 19 to 32 years of 

additional usable life of the aquifer.  

 

It is very important to note that the water level decline estimates derived from the water balances 

are assumed to be uniform across the entire basin.  The work carried out for this study has 

indicated that there are hydrogeologic differences in the Basin, notably between the eastern and 

western portions.  It must be kept in mind that water table changes in response to the average, 

dry, wet and permitted pumping scenarios may vary significantly in specific parts of the Basin 

from what has been predicted for the averaged Basin as a whole.  This in turn could impact the 

predicted useful aquifer lifespans presented above for any areas where water table changes 

appear to be more sensitive to the water balance conditions.   

6. Water Balance Sensitivity Analysis 

To evaluate how the water balance responds to changes to the input parameters, a sensitivity 

analysis was performed.  This allows identification of which parameters have the greatest 

influence over the water balance.  The water balance sensitivity analysis is presented in Table 10.  
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The sensitivity analysis showed that the precipitation recharge percentage, the size of the land 

covered by phreatophytes, and the phreatophyte consumptive use factor have the greatest effect 

on the water balance.  While all numbers in the water balance are estimates based on our analysis 

and the available data, we are comfortable with our precipitation recharge and phreatophyte 

values, those being the parameters having the greatest impact on the water balances. 
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VIII. CONCLUSIONS AND RECOMMENDATIONS 

Our water balance work for the District Board was started in 2006 when M&W reviewed the past 

water-balance related work within the Basin.  Based on this 2006 work, the District pursued two 

grants to fund additional technical work.  The water balance work completed by M&W was 

conducted in two phases funded through grants from the Arkansas Basin Roundtable Group and 

the Severance Tax Trust Fund.  The water balance conclusions presented herein are 

comprehensive based on all of the water balance work conducted by M&W. 

 

The water balance evaluated both the inflows and outflows to the aquifer through review of 

aerial photos, a member survey, discussions and informal interviews with Board members and 

landowners, field work, analysis of data obtained from the U.S. Department of Agriculture and 

U.S. Environmental Protection Agency, review of DWR water level data, review and analysis of 

USGS and Colorado Geological Survey data, evaluation of multiple sources of precipitation data, 

analysis of information presented in past studies of the Basin and a neighboring basin, additional 

technical publications, and our experience and professional judgment.   

 

The Upper Big Sandy Basin has proven to be a very complex and highly variable system 

hydrogeologically, and it was repeatedly observed throughout the course of this study that as 

further data was developed, more questions were developed and inconsistencies were realized.  It 

is clear that ultimately there will be uncertainties in any assessment of the Basin that attempts to 

incorporate a full and comprehensive picture of the hydraulics, hydrogeology and hydrology of 

the Basin.  The studies and analyses summarized in this report, however, have greatly narrowed 

the focus, have significantly improved the estimates of many of the important water balance 

parameters and have identified the key components controlling the balance. 

1. Conclusions 

This project developed four water balances: average year, wet year, dry year, and permitted 

pumping.  The average year, dry year, and permitted pumping water balances indicate there will 

be a net deficit to the aquifer under these scenarios, and the wet year water balance indicates the 

aquifer will recharge during the wet year scenario. 
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The major component of inflow to the alluvial aquifer is natural recharge from precipitation.  

This component accounts for more than 90 percent of the recharge to the aquifer.  The major 

components of outflow from the aquifer during an average year are estimated to be phreatophyte 

consumptive use and current levels of irrigation pumping.   

 

The average year water balance predicts a draft on the aquifer of approximately 2,100 acre-feet 

which leads to an anticipated drop in the water table of less than 2 inches.  This trend agrees well 

with the water level data obtained from the DWR which indicates that water levels have 

decreased slightly on average over the period of record (1991 to 2008).  Recognizing that, while 

the entire Basin as a whole has not consistently exhibited a declining water table, when 

considering all water level changes, the water levels in the Basin appear in general to be 

declining. 

 

A reduced water table may ultimately result in both a loss of the ability to maintain pumping 

rates as in the past and in increased well-to-well interference impacts.  (The survey results 

indicate this may already be happening in portions of the Basin.)  It is noted, however, that the 

analyses carried out for this study have indicated that the lower, or eastern, Basin is experiencing 

greater water table lowering than the upper, or western, Basin, as a generalization.  The water 

level changes observed in the western end of the Basin indicate that the water table has increased 

from 1991 to 2008.  These data indicate that the water table changes are occurring differently 

across the Basin, and certain areas of the Basin may thus be more susceptible to the problems 

associated with declining water levels.  This implies that the imbalance in the Basin may be 

somewhat localized and that the management of the pumping may be more critical in the lower 

Basin.   

 

The average year water balance indicates that there will be a decline in the alluvial water level.  

It is anticipated that these declines will, over time, impact the natural wetlands within the Basin.  

Moderate declines in the water table will put a stress on the wetlands and will likely decrease 

their size.  Significant declines in the water table will also put a greater stress on the wetlands 

and would have a larger impact.  The result could be a large loss of these wetland areas within 
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the Basin.  Additionally, protection and maintenance of riparian buffer corridors and protection 

of springs, natural pools and groundwater levels would greatly enhance the Arkansas darters' 

habitat, abundance and distribution (Colorado Division of Wildlife, 2008). 

 

The average year water balance is based on estimates of the current use of water within the Basin 

and estimates of inflows to the Basin.  The estimates of pumping outflow for current use are 

lower than the full permitted amount of pumping (Table 4 and Table 8).  The water balance 

based on permitted pumping leads to an annual draft of more than 10,000 acre-feet on the aquifer 

which results in a predicted water table decrease of approximately 7 to 9 inches.  Pumping at the 

allowed levels (as per the permitted maximums) is predicted to significantly decrease the useable 

life of the aquifer. 

 

The dry year water balances indicates a draft and net deficit on the aquifer nearly three times as 

great as the average year.  The wet year balance indicates a net recharge to the aquifer which is 

nearly four three times greater than the net draft on the aquifer during the average year.  This 

leads us to believe that if drought years are routinely offset by wet years, the average annual draft 

on the aquifer will remain nearly constant through time and the aquifer will continue in a net 

deficit mode approximated for an average year.  It must be noted, however, that there is some 

evidence that ongoing climatic changes may increase the frequency of dry years and reduce the 

frequency of wet and average years. 

 

The water balance data indicate that water levels within the Basin, under current conditions, are 

likely to generally decrease unless there is an extended period of wet years or at least multiple 

wet years.  Continuing to use (pump) the aquifer at the current average rate, and with all other 

water balance components remaining constant, would allow approximately 92 to 150 years of 

additional usable life of the aquifer (based on the estimated recoverable volume of water in 

storage as being 50 to 70 percent of the total water in the alluvium).  If the aquifer pumping is 

brought to the levels allowed for in the permitted pumping scenario, the volume of water in 

storage, considering an estimated recoverable volume as 50 to 70 percent, would allow 

approximately 19 to 32 years of additional usable life of the aquifer.  
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2.  Recommendations and Limitations of the Study 

Recommendations 

 
Although phreatophye consumptive use represents a major estimated loss of water within the 

Basin, it is a very complex variable and it has not been studied in detail within the Basin.  

Further work to refine the estimates of this component of the water balance would allow 

better and more reliable estimates of the annual draft on the aquifer.  Additionally, the water 

balances developed for this study quantify irrigation pumping based on assessment of the 

irrigated areas or the maximum allowable use of water, not on the actual use of the water, as 

no data is currently available on actual pumping throughout the Basin.  Requiring metering 

of irrigation well pumping and regular reporting of the data would allow for actual 

assessment of the true pumping-related alluvial water withdrawals and would comprise a 

valuable administrative tool for the District Board.  If such metering is implemented, it is 

recommended that the data be reviewed at regular intervals to assist in determining what 

levels of stress are being placed on the aquifer in any given year. 

 

The water levels in the Basin and maintenance of these levels is of high importance to the 

longevity of the aquifer resources.  It is recommended that the District implement an ongoing 

water level monitoring program and that the data collected be tabulated and reviewed on a 

regular basis.   

 

Similarly, the precipitation occurring within the Basin has been observed to be often local, of 

varying durations, and of varying intensities.  This has added to the uncertainty in the 

estimates of the aquifer precipitation recharge, recognized as the most important single factor 

in the inflows to the Basin.  It is recommended that the District Board seek ways in which to 

develop additional precipitation and alluvial recharge data.  A study on the change in alluvial 

water levels related to precipitation events could be used to further refine the recharge 

estimates.  In addition, it is strongly recommended that the District consider monitoring 

regional climatic data trends to aid in determining whether longer term drying of the area is a 

potential and to aid in determining whether to administer the Basin pumping based on 

average year conditions or moving towards the dry year scenario.   
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One area of potential interest to the Board that has been addressed in this report but which is 

in need of more detailed study is the level of hydraulic interaction with the Denver Basin 

bedrock aquifers.  To more fully assess what levels of water might be undergoing exchange 

between the alluvial aquifer and the bedrock aquifers, controlled pumping tests with nested 

monitor wells in both the alluvial aquifer and the bedrock aquifers will be required.  It is 

recommended that the District give consideration to seeking funding to carry out such a 

study, noting however, that to the extent the exchange is occurring, it may be a bi-directional 

phenomena.   

 

Limitations of the Study 

 
To determine the anticipated changes in water levels presented in Table 9, the extent of the 

saturated alluvial material was estimated.  The specific yield of the aquifer materials was 

calculated through field slug testing, pump testing, and laboratory analysis of soil samples as 

discussed in this report.  While the actual extent of the aquifer is continually fluctuating, the 

estimates provided herein are our best judgment based on the data available to us.  

Quantifying what is occurring below the ground surface always involves uncertainty and we 

have attempted to reduce the uncertainty by obtaining additional data during the water 

balance process to help us better interpret the hydrogeology of the alluvial aquifer. 

 

This level of uncertainly represents a limitation on a number of aspects of this study.  As 

noted above, it has readily been observed that the Basin is a very dynamic, heterogeneous 

and complex system.  Accordingly, while we have greatly refined the estimates for the 

various parameters of the water balances presented in the report over previous studies, there 

is still uncertainty in the figures that is unavoidable.  The District should recognize that, in 

the event further study is carried out on any of the important water balance parameters, there 

will always be some level of uncertainty in the data. 

 

Other limitations in this study that should be acknowledged relate to the level of funding 

available and the limitation such available funding placed on the scopes of work.  Significant 
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decisions had to be made as to how best to focus the work within the available budgets and 

timeframes.  It goes without saying that additional funding to carry out some of the items 

listed in the recommendations, above, will result in expected further refinements to the 

developed water balances.   
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Monitoring Well with Ground Water Elevation
  (feet above mean sea level)

!

Approximate ground water elevation (feet above mean sea level)

Notes
1.  Data based on most recent Division of Water Resources water level elevations: 
     (March 6, 2007 for 2 wells and February 12-13, 2008 for 29 wells).
2.  Dashed lines do not indicate that the saturated alluvium extends to that point.  
3.  The lines are dashed to indicate that the water levels are estimated. 
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1.  The date reported is the measurement date for the lowest water 
     level recorded at each well that had annual data for the period
     1991 through 2008.
2.  The records for wells Big Sandy 13 and 13(R) were combined
     because Big Sandy 13(R) replaced Big Sandy 13 in March 1999.
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1.  The date reported is the measurement date for the highest water
      level recorded at  each well that had annual data for the period
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2.  The records for wells Big Sandy 13 and 13(R) were ombined
     because Big Sandy 13(R) replaced Big Sandy 13 in March 1999.
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Table 1
Precipitation Data

Upper Big Sandy Designated Ground Water Basin
Phase 2 Water Balance Report

Year Zone 1 Zone 2 Zone 3
(in/yr) (in/yr) (in/yr) (in/yr)

1971-2000 18.23 16.62 15.72 16.71
2001 17.64 18.33 18.98 18.39
2002 9.44 9.92 9.27 9.57
2003 16.26 13.67 12.91 14.05
2004 16.92 14.68 13.64 14.87
2005 14.91 13.69 13.48 13.92
2006 19.41 17.35 16.29 17.49
2007 17.05 16.31 15.05 16.05

1971-2007 Average 17.80 16.29 15.44 16.37

Data presented in table based on ASCII gridded precipitation data downloaded from PRISM 
(www.prism.orgeonstate.edu) and processed in GIS.

Percent of Basin by zo 0.248935 0.401693 0.349372

Area Weighted 
Average

Location of precipitation zones within the Basin.



Average
Precipitation Percent of 
within Basin Total

Month (1971-2007) Precipitation
(inches) (percent)

Jan 0.34 2.1
Feb 0.33 2.0
Mar 0.69 4.2
Apr 1.15 7.0
May 2.31 14.1
Jun 2.14 13.1
Jul 2.78 17.0
Aug 2.93 17.9
Sep 1.64 10.0
Oct 1.01 6.2
Nov 0.72 4.4
Dec 0.33 2.0

Total 16.37 100.0

Table 2
Average Monthly Precipitation

Upper Big Sandy Designated Ground Water Basin
Phase 2 Water Balance Report



Average Annual Precipitation (in) 16.37
Average Annual Recharge as Percent of Precipitation 4.0%
Average Precipitation Recharge (in) 0.65
Area of Basin (acres) 282,000
Average Recharge from Precipitation (acre-feet) 15,400
Dry Year Recharge  (3.0% of average precipitation) (acre-feet) 11,500
Wet Year Recharge (6.5% of average precipitation) (acre-feet) 25,000

Total Irrigated Area overlying Alluvium (acres) 1,800
Irrigation Pumping (acre-feet per irrigated acres) 2.50
Estimated Total Irrigation Pumping from Alluvial Aquifer (acre-feet) 4,500
Irrigation Return Flow Percent of Pumping (%) 15%
Irrigation Return Flows (acre-feet) 680

ESTIMATED ANNUAL AVERAGE IRRIGATION

Table 3
Natural Recharge and Irrigation Calculations

Upper Big Sandy Designated Ground Water Basin

ESTIMATED ANNUAL NATURAL RECHARGE

Phase 2 Water Balance Report



Table 4
Average Year Water Balance

Upper Big Sandy Designated Ground Water Basin

Inflows
Precipitation Recharge (acre-feet) 15,400
Irrigation Return Flows (from all irrigation) (acre-feet) 680
Municipal Wastewater Return Flow (acre-feet) 597

Total Inflow 16,677

Outflows
Irrigation Pumping from Alluvial Aquifer (acre-feet) 4,500
Phreatophyte Consumptive Use (acre-feet) 10,780
Municipal Pumping from Alluvial Aquifer (acre-feet) 1,017
Underflow Leaving the Basin (acre-feet) 2,300
Stock Watering (acre-feet) 170

Total Outflow 18,767

Annual Change in Storage (Balance) -2,090

All values based on estimates developed for the water balance analysis.

 Phase 2 Water Balance Report

AVERAGE YEAR WATER BALANCE



Table 5
Dry Year and Wet Year Water Balances

Upper Big Sandy Designated Ground Water Basin

Inflows
Precipitation Recharge (acre-feet) 11,500
Irrigation Return Flows (from all irrigation) (acre-feet) 680
Municipal Wastewater Return Flow (acre-feet) 597

Total Inflow 12,777

Outflows
Irrigation Pumping from Alluvial Aquifer (acre-feet) 4,500
Phreatophyte Consumptive Use (acre-feet) 10,780
Municipal Pumping from Alluvial Aquifer (acre-feet) 1,017
Underflow (acre-feet) 2,300
Stock Watering (acre-feet) 170

Total Outflow 18,767

Annual Change in Storage (Balance) -5,990

Inflows
Precipitation Recharge (acre-feet) 25,000
Irrigation Return Flows (from all irrigation) (acre-feet) 680
Municipal Wastewater Return Flow (acre-feet) 597

Total Inflow 26,277

Outflows
Irrigation Pumping from Alluvial Aquifer (acre-feet) 4,500
Phreatophyte Consumptive Use (acre-feet) 10,780
Municipal Pumping from Alluvial Aquifer (acre-feet) 1,017
Underflow (acre-feet) 2,300
Stock Watering (acre-feet) 170

Total Outflow 18,767

Annual Change in Storage (Balance) 7,510

All values based on estimates developed for the water balance analysis.

DRY YEAR WATER BALANCE

WET YEAR WATER BALANCE

Phase 2 Water Balance Report



Table 6
Stock Count and Stock Watering Calculations

Phase 2 Water Balance

(1) (2) (3)

Total Cattle
by County

County (number of head) (number of head)
Elbert 42,000 14.4% 14,000

El Paso 26,000 5.5% 900
Lincoln 42,000 2.2% 500 PT

Total (year-round equivalents) 110,000 -- 15,150

Estimated Stock Watering (ac-ft/yr) -- -- 170

Notes
PT = part-time, stock only spend a portion of the year within the Basin
Estimated stock watering calculated for one year. Based on 10 gallons/head/day, 365 days per year. All stock assumed to be in the Basin 
   year-round unless specified as seasonal or part-time. Part-time calculations assume that 50 percent of the year the stock are in the Basin.

(1) Based on USDA and NASS May 19, 2008 News Release.
(2) Determined in GIS based on Deparment of Local Affairs county data and Division of Water Resources Upper Big Sandy Basin 

boundary.
(3) Estimate based on personal communication with Joe Frasier and Morris Vervors (April 10-11 and 13, 2008), and the USDA county

stock counts.

Upper Big Sandy Designated Ground Water Basin

Percent of
County Inside 

Upper Big Sandy 
Basin

--

Stock Count
Estimate

(including cattle 
and horses)



Location

Interpolated 
Alluvial Area 

(acres)

Estimated Average 
Saturated 
Thickness

(feet)

Esitmated 
Specific  Yield

(%)

Estimated Saturated 
Alluvial Volume

(acre-feet)
Upper Big Sandy Creek Mainstem 19,000 28 30 to 35 159,600 to 186,200
Lower Big Sandy Creek Mainstem 22,000 38 20 to 25 167,000 to 209,000
Tributaries 17,000 15 23 58,650
Total 58,000 385,000 to 454,000

Table 7
Estimated Saturated Alluvial Volume

Upper Big Sandy Designated Ground Water Basin
Phase 2 Water Balance



Well Name

Calculated Actual 
Water Level Change 

1991-2008 (feet)

Trendline Predicted 
Water Level Change 

(feet)

Correlation 
Coefficient 

(R2)
BIG SANDY - 13/13(R) -5.60 -6.23 0.80
BIG SANDY - 30A 3.31 3.16 0.78
BIG SANDY - 19 3.01 2.16 0.65
BIG SANDY - 2 -4.84 -4.59 0.39
BIG SANDY - 37 4.52 3.68 0.33
BIG SANDY - 4 -1.77 -3.63 0.31
BIG SANDY - 1 -1.79 -1.87 0.26
BIG SANDY - 27 -1.90 -1.53 0.17
BIG SANDY - 21 0.55 0.59 0.12
BIG SANDY - 30 1.14 3.04 0.11
BIG SANDY - 38 -0.04 1.35 0.10
BIG SANDY - 14 -1.26 -0.74 0.04
BIG SANDY - 31 -0.32 -0.60 0.03
BIG SANDY - 26 5.33 1.01 0.03
BIG SANDY - 36 0.27 0.34 0.01
BIG SANDY - 22 0.58 -0.24 0.01
BIG SANDY - 33 -0.52 -0.27 0.01
BIG SANDY - 16A 0.29 0.18 0.00
BIG SANDY - 15A 2.27 0.28 0.00
BIG SANDY - 29 0.03 -0.07 0.00
BIG SANDY - 18 0.51 0.06 0.00
BIG SANDY-40
BIG SANDY-17A

Not enough data
Not enough data

Table 8
Trendline Data and Water Level Changes
Upper Big Sandy Designated Ground Water Basin

Phase 2 Water Balance



Table 9
Water Balance Based on Permitted Pumping 

Upper Big Sandy Designated Ground Water Basin

Inflows
Precipitation Recharge (acre-feet) 15,400
Irrigation Return Flows (from all irrigation) (acre-feet) 1,650
Municipal Wastewater Return Flow (acre-feet) 0

Total Inflow 17,050

Outflows
Irrigation Pumping from Alluvial Aquifer (acre-feet) 11,000
Phreatophyte Consumptive Use (acre-feet) 10,780
Municipal Pumping from Alluvial Aquifer (acre-feet) 2,860
Underflow Leaving the Basin (acre-feet) 2,300
Stock Watering (acre-feet) 170

Total Outflow 27,110

Annual Change in Storage (Balance) -10,060

All values based on estimates developed for the water balance analysis.

 Phase 2 Water Balance Report
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Table 10
Water Balance-Predicted Water Level Changes

Upper Big Sandy Designated Ground Water Basin

Estimated Average Year Annual Change in Storage -2,090 -2,090 acre-feet
Estimated Volume of Water in Storage 385,000 454,000 acre-feet
Percent of Estimated Total Volume -0.54% -0.46% unitless

Estimated Saturated Alluvial Extent 58,000 58,000 acres
Estimated Specific Yield 0.28 0.24 unitless
Predicted Annual Change in Ground Water Level -0.13 -0.15 feet
Predicted Annual Change in Ground Water Level -1.5 -1.8 inches

Estimated Dry Year Change in Storage -5,990 -5,990 acre-feet
Estimated Volume of Water in Storage 385,000 454,000 acre-feet
Percent of Estimated Total Volume -1.56% -1.32% unitless

Estimated Saturated Alluvial Extent 58,000 58,000 acres
Estimated Specific Yield 0.28 0.24 unitless
Predicted Annual Change in Ground Water Level -0.37 -0.43 feet
Predicted Annual Change in Ground Water Level -4.4 -5.2 inches

Estimated Wet Year Change in Storage 7,510 7,510 acre-feet
Estimated Volume of Water in Storage 385,000 454,000 acre-feet
Percent of Estimated Total Volume 1.95% 1.65% unitless

Estimated Saturated Alluvial Extent 58,000 58,000 acres
Estimated Specific Yield 0.28 0.24 unitless
Predicted Annual Change in Ground Water Level 0.46 0.54 feet
Predicted Annual Change in Ground Water Level 5.5 6.5 inches

Estimated Change in Storage -10,060 -10,060 acre-feet
Estimated Volume of Water in Storage 385,000 454,000 acre-feet
Percent of Estimated Total Volume -2.61% -2.22% unitless

Estimated Saturated Alluvial Extent 58,000 58,000 acres
Estimated Specific Yield 0.28 0.24 unitless
Predicted Annual Change in Ground Water Level -0.62 -0.72 feet
Predicted Annual Change in Ground Water Level -7.4 -8.7 inches

 Phase 2 Water Balance Report

PERMITTED PUMPING

AVERAGE YEAR

DRY YEAR

WET YEAR



Parameter

Phase 2 
Water Balance 

Value

Alternate 
Sensitivity 

Value

Percent Change in 
Input Parameter 

(%)

Revised Water 
Balance Result

(af)

Change in Water 
Balance

(af)

Percent Change 
in Water Balance

(%)

Ratio of Percent
Water Balance 

Change to Percent 
Input Change

Precipitation Recharge (%) 4.0% 4.5% -12.5 -190 1900 -91 7.27
Precipitation Recharge (%) 4.0% 3.5% 12.5 -3990 -1900 91 7.27
Irrigated Area (acres) 1,800 1,700 5.6 -1880 210 -10 -1.81
Irrigated Area (acres) 1,800 1,900 -5.6 -2310 -220 11 -1.89
Irrigation Application Rate (af/a) 2.5 2.25 10.0 -1710 380 -18 -1.82
Irrigation Application Rate (af/a) 2.5 2.0 20.0 -1330 760 -36 -1.82
Irrigation Return Flow (%) 0.15 0.2 -33.3 -2330 -240 11 -0.34
Irrigation Return Flow (%) 0.15 0.1 33.3 -1870 220 -11 -0.32
Phreatophyte Area (acres) 5390 5000 7.2 -1310 780 -37 -5.16
Phreatophyte Area (acres) 5390 5800 -7.6 -2910 -820 39 -5.16
Phreatophyte CU factor (af/acre) 2.0 1.8 10.0 -1012 1078 -52 -5.16
Phreatophyte CU factor (af/acre) 2.0 2.2 -10.0 -3168 -1078 52 -5.16
Hydraulic Conductivity (gpd/ft2) 1586 1700 -7.2 -2290 -200 10 -1.33
Hydraulic Conductivity (gpd/ft2) 1586 1475 7.0 -1890 200 -10 -1.37

CU = Consumptive Use

Table 11
Water Balance Parameter Sensitivity Analysis

Upper Big Sandy Designated Ground Water Basin
Phase 2 Water Balance Report
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MONITORING WELL WATER LEVELS 



Appendix A
Division of Water Resources Monitoring Well Water Levels
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Appendix A
Division of Water Resources Monitoring Well Water Levels
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Appendix A
Division of Water Resources Monitoring Well Water Levels
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Appendix A
Division of Water Resources Monitoring Well Water Levels
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Appendix A
Division of Water Resources Monitoring Well Water Levels
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Appendix A
Division of Water Resources Monitoring Well Water Levels

CHRISTOPHER #1

5357
5358
5359
5360
5361
5362
5363

M
arch‐90

M
arch‐92

M
arch‐94

M
arch‐96

M
arch‐98

M
arch‐00

M
arch‐02

M
arch‐04

M
arch‐06

M
arch‐08

W
at
er
 E
le
va
ti
on

, f
ee
t

JOHN CRAIG

5268

5269

5270

M
arch‐90

M
arch‐92

M
arch‐94

M
arch‐96

M
arch‐98

M
arch‐00

M
arch‐02

M
arch‐04

M
arch‐06

M
arch‐08

W
at
er
 E
le
va
ti
on

, f
ee
t

A-6 Martin and Wood Water Consultants, Inc.



Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009  Martin and Wood Water Consultants, Inc 

 

 

 

 

 

 

 

APPENDIX B 

FIELD WORK PHOTOGRAPHS 



Appendix B 
Field Work Photographs 

  
 

B-1         Martin and Wood Water Consultants, Inc 
  

  

Geoprobe rig with soil sample table GP3 Location 

  

 
 

Test hole soil samples Piezometer with flush mount cover 
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Looking across Big Sandy Creek Floodplain near Limon Terrace south of Big Sandy Creek near Limon 

  

Terrace near GP4 Terrace near GP15 
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Uplands between Matheson and Limon Uplands between Matheson and Limon 

  

GP19 Location Looking north from GP19 location 
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Standing water after storm event in drainage channel GP18 Location 

  

Looking at spring from GP20 location Spring near GP20 
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Spring near GP20 Flow from spring near GP20 

  

Pool of standing water off-channel after storm event near River Bend  View of Cottonwoods along Big Sandy Creek near River Bend 
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View of Big Sandy Creek south of River Bend Stock pond near Matheson 

  

Stock pond discharge pipe and small phreatophytes near Matheson Big Sandy Creek with Cottonwoods and small phreatophytes 
beyond grassland between Matheson and Simla 
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Small pond along Big Sandy Creek near Simla Looking towards Big Sandy Creek from last picture 

  

Pond reeds Big Sandy Creek east of Ramah 
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Phreatophytes in Big Sandy Creek near Ramah Phreatophytes in Big Sandy Creek near Ramah 

  

Looking west at Ramah State Wildlife Area Dam Looking west at Ramah State Wildlife Area wetlands 
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Stock pond west of Ramah State Wildlife Area Wetlands in Big Sandy Creek near Calhan 

  

Wetlands in Big Sandy Creek near Calhan View towards head of Basin near Calhan 
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View of on-channel pond near Calhan Wetlands above on-channel pond from previous picture 

  

Wetlands above on-channel pond from previous two pictures Ponded water in Big Sandy Creek at Fairplay Road 
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Ponded water in Big Sandy Creek at Fairplay Road Headwaters of Big Sandy Creek near Rattlesnake Butte 
 
 

 
                   Big Sandy Creek east of Simla near GP28                                   Big Sandy Creek with alluvial channel terrace near GP28
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         Tributary channel east of Simla near GP29                    Flood control dam on tributary east of Simla near GP33 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
       Tributary channel in upper portion of tributary near GP34         Big Sandy Creek channel east of Simla near GP29 
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    Ponded water in upper portion of Antelope Creek near GP44    View to south across upper portion of Antelope Creek near GP46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Big Sandy Creek west of Ramah near GP38              Phreatophytes on Big Sandy Creek west of Ramah 
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   View west across Big Sandy Creek valley from Matheson Hill        Tributary north of Calhan from near GP49 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          View from bedrock exposure across tributary at GP51             Big Sandy Creek near GP52, north of Calhan 
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    View across Big Sandy Creek from near GP55                            Tributary near GP61 location  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        Big Sandy Creek near GP62 location           Geoprobe Rig at GP28 location east of Simla 
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Drilling Summary
Upper Big Sandy Designated Ground Water Basin

Phase 2 Water Balance

Borehole ID Elevation
Depth to Bedrock 

(feet)
Total Depth 

(feet) 8/5/2008 8/6/2008 8/13/2008 2/16/2009 2/17/2009 2/18/2009 2/19/2009 2/20/2009
 GP1             5301 15 17.5 7.18 -- -- -- -- -- -- --
 GP2             5310 39 41 16.3 15.42 -- 15.11 -- -- -- --
 GP3             5315 26 29 14.34 18.7 -- 18.61 -- -- -- --
 GP4             5338 72 74 33.25 -- -- -- -- -- -- --
 GP5             5308 33 33 -- 8 -- -- -- -- -- --
 GP6             5377 30 33.2 -- Dry -- -- -- -- -- --
 GP7             5345 66 66 -- 29.15 -- -- -- -- -- --
 GP8             5403 38 38 -- 4.25 -- -- -- -- -- --
 GP9             5419 60 60 -- 14.52 -- -- -- -- -- --
 GP10           5430 28 28 -- Dry -- -- -- -- -- --
 GP11           5423 46 46 -- 19.1 -- -- -- -- -- --
 GP12           5465 53 53 -- Dry -- -- -- -- -- --
 GP13           5348 18 25 -- -- Dry -- -- -- -- --
 GP14           5332 23 25 -- -- Dry -- -- -- -- --
 GP15           5419 50 50 -- -- 16.81 -- -- -- -- --
 GP16           5419 51 52.5 -- -- 19.56 -- -- -- -- --
 GP17           5530 20 23 -- -- Dry -- -- -- -- --
 GP18           5499 33 40 -- -- Dry -- -- -- -- --
 GP19           5461 34 39 -- -- Dry -- -- -- -- --
 GP20           5615 22 25.4 -- -- Dry -- -- -- -- --
 GP21           5616 83 85 -- -- -- -- 48.5 -- -- --
 GP22           5860 49.5 50 -- -- -- 38.7 -- -- -- --
 GP23           5625 82 83 -- -- -- -- 59.9 -- -- --
 GP24           5680 43 45 -- -- -- -- Dry at 35 -- -- --
 GP25           5905 46 48 -- -- -- -- Dry -- -- --
 GP26           5880 45 47 -- -- -- -- Dry -- -- --
 GP27           5839 23 25 -- -- -- -- Dry -- -- --
 GP28           5816 36 42 -- -- -- -- -- 9.42 -- --
 GP29           5820 40 42 -- -- -- -- -- 17.3 -- --
 GP30           5835 34 36 -- -- -- -- -- 14.22 -- --
 GP31           5854 36 38 -- -- -- -- -- Dry -- --
 GP32           5843 37 39 -- -- -- -- -- 16.46 -- --
 GP33           5872 34 36 -- -- -- -- -- Dry -- --
 GP34           5868 25 27 -- -- -- -- -- 9.49 -- --
 GP35           6158 35 37 -- -- -- -- -- Dry -- --
 GP36           6185 42 44 -- -- -- -- -- 25.32 -- --
 GP37           6231 26 28 -- -- -- -- -- -- 16.99 --
 GP38           6122 40 42 -- -- -- -- -- -- 9.21 --
 GP39           6137 30 32 -- -- -- -- -- -- 8.63 --
 GP40           6148 13 15 -- -- -- -- -- -- Dry --
 GP41           6126 33 35 -- -- -- -- -- -- 11.13 --
 GP42           6137 28 30 -- -- -- -- -- -- 12.93 --
 GP43           6148 20 22 -- -- -- -- -- -- Dry --
 GP44           6214 22 24 -- -- -- -- -- -- Dry --
 GP45           6200 26 28 -- -- -- -- -- -- Dry --
 GP46           6173 23 25 -- -- -- -- -- -- 11.62 --
 GP47           6149 56 58 -- -- -- -- -- -- 21.46 --
 GP48           6479 31 32 -- -- -- -- -- -- Dry --
 GP49           6400 45 47 -- -- -- -- -- -- 9.09 --
 GP50           6429 27 29 -- -- -- -- -- -- 16.34 --
 GP51           6435 7 9 -- -- -- -- -- -- -- Dry
 GP52           6310 52 54 -- -- -- -- -- -- -- 8.89
 GP53           6329 40 42 -- -- -- -- -- -- -- 27.19
 GP54           6349 69 71 -- -- -- -- -- -- -- 35.04
 GP55           6340 39 41 -- -- -- -- -- -- -- 24.7
 GP56           6319 36 38 -- -- -- -- -- -- -- 7.8
 GP57           6371 33 35 -- -- -- -- -- -- -- 23.6
 GP58           6395 17 19 -- -- -- -- -- -- -- Dry
 GP59           6451 10 12 -- -- -- -- -- -- -- Dry
 GP60           6440 27 29 -- -- -- -- -- -- -- 29
 GP61           6425 48 50 -- -- -- -- -- -- -- 24
 GP62           6392 42 43 -- -- -- -- -- -- -- 8.43
 GP63           6478 45 47 -- -- -- -- -- -- -- 34.41

Water Level (feet below ground surface)
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PIEZOMETER PERMITS 

(piezometers installed in 2008) 







Upper Big Sandy Designated Ground Water Basin  
Phase 2 Water Balance Report 

 

June 2009  Martin and Wood Water Consultants, Inc 

 

 

 

 

 

 

 

 

APPENDIX E 

PUMP TEST AND SLUG TEST DATA
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APPENDIX F 

LABORATORY DATA REPORTS



Location
Pressure Head 
(‐cm water)

Pressure Head 
(‐bars)

Moisture Content 
(%, g/g)

GP2 0 0 8.5
7139 7.1 3.1
17439 17.3 2.0
51806 51.4 1.5
94433 93.7 1.3

834.8 1.3
GP28 0 0 12.6

5303 5.3 2.8
18560 18.4 2.0
56293 55.9 1.4
100552 99.8 1.3

834.8 1.2
GP41 0 0 16.3

6731 6.7 3.2
23149 23.0 2.4
45789 45.5 2.1
88825 88.2 1.8

834.8
GP49 0 0 11.2

5056 5.0 2.0
20396 20.2 1.3
48135 47.8 1.1
104020 103.3 1.0

834.8 0.7

Conversion from ‐cm water to ‐bars = divide by 1007.37bars/cm water

Phase 2 Water Balance

Appendix F
Laboratory Hydraulic Testing Summary

Upper Big Sandy Designated Ground Water Basin
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M e m o r a n d u m 

 
To: File 694.4   
   
From: Robin Kelley, E.I. 
 Cristy Radabaugh, P.E. 
    
Date: April 10, 2009    
    
Subject: Upper Big Sandy Precipitation/Recharge Study 
 
 
There are many factors influencing the ground water levels in the Upper Big Sandy Basin.  
Recharge in the Basin comes primarily from precipitation.  Therefore, developing a relationship 
between precipitation patterns and recharge could be very useful in quantifying recharge to the 
shallow alluvial aquifer. 
 
An analysis of precipitation and water level data in the area was done in order to try to develop a 
relationship between the two which might be helpful in predicting aquifer recharge.  For 
precipitation, the data collection would ideally be hourly and at least daily so that storm events 
could be evaluated.  For water levels, the data collection would also be ideally hourly for some 
wells and at least daily for most wells so that the effect of the storm, if any, and the associated 
lag-time could be evaluated.  There are multiple precipitation gages within and in close 
proximity to the Upper Big Sandy Designated Basin, several of which have over 20 years of 
data.  Most of these National Climatic Data Center (NCDC) gages record only daily data.  
However, there is sparser hourly data available for some of the gages as well. 
   
The U.S. Geological Survey (USGS) has collected data at several wells within the Upper Big 
Sandy Basin for decades.  For most of the wells, only two or three data points have been 
recorded.  However, there is a small collection of wells with longer periods of study.  Plots of 
well levels for wells with more than three data points are attached.  In two of these five plots, 
water levels have actually risen over their respective periods of record.  At two of the remaining 
three gages, the water level drops are less than half a foot over the entire available period of 
record, which is far less than the upward and downward fluctuations sometimes experienced over 
a single year. 
 
Unfortunately, without detailed water level data and the corresponding influence of pumping at a 
location, it is difficult to do an accurate assessment of whether more intense or more frequent 
storms are more apt to cause more significant recharge to the groundwater aquifer in the Upper 
Big Sandy Basin.  However, looking at overall annual change of water level in the Basin, 

Martin and Wood Water Consultants, Inc.
602 Park Point Drive, Suite 275 . Golden, CO  80401

Phone: (303) 526-2600 . Fax: (303) 526-2624 
www.martinandwood.com 
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compared to a plot of rainfall throughout the year may visually give some idea as to whether the 
intensity and duration of storms and change in water level are directly correlated. 
 
The water level and precipitation gage chosen for analysis were those both closest to the centroid 
of the Basin and each other, with overlapping periods of record.  Data from the most appropriate 
precipitation gage No. 05 5018 was therefore compared to data from the water level observation 
well No. 391717103475001.  Visually, some years seem to respond to years with intense storms 
with a water level rise, and other years with a water level decline.  There is nothing conclusive in 
these plots to indicate that there is a direct correlation between water level and general storm 
characteristics.  There is also nothing conclusive in the data to indicate that larger volumes of 
rainfall alone necessarily lead to gains in ground water level.  Breaking down the data 
numerically for a closer investigation of possible relationships did not reveal identifiable 
connections between ground water level changes and the intensity or frequency of precipitation 
in the region.  The following table presents annual precipitation and water level patterns for 
qualitative trend comparison.  Values in Column 2 represent the percentage of daily precipitation 
values which exceed the average quantity of precipitation per storm per day.  In Column 3, the 
frequency of precipitation was designated average, above average or below average, based upon 
the number of days in which precipitation was reported at the gage.  In Column 4, the 
precipitation volume for each year is assigned a label of average, dry year or wet year based 
upon the calendar year’s precipitation, relative to the average annual precipitation for the period 
of record at the gage.  Column 5 describes the water level trend for each calendar year.  It is 
difficult to truly identify the influence of precipitation duration and intensity without daily water 
level data and without taking into consideration the localized pumping, temperatures and other 
factors that may have a role in ground water hydrology. 
 
 

Table 1:  Qualitative Recharge-Precipitation Assessment 

Year 
% Daily Precipitation 
Designated Intense 

Precipitation 
Frequency 

Precipitation 
Volume Water Level Change 

(1) (2) (3) (4) (5) 
1972 26.6% Above Ave Average Fall 
1973 25.6% Above Ave Average Rise 
1974 21.9% Below Ave Dry Year Rise 
1975  Insufficient Data  Insufficient Data  Insufficient Data Rise 
1976 19.7% Below Ave Dry Year Rise 
1977 36.8% Below Ave Average Fall 
1978 13.9% Average Dry Year Rise 
1979 32.6% Above Ave Wet Year Fall 
1980 28.6% Below Ave Average Rise 
1981 28.4% Average Average Rise 
1982 28.1% Above Ave Average Fall 
1983 29.3% Average Average Fall 
1984 30.6% Average Wet Year Rise 
1985 25.8% Above Ave Average Fall 

 
 
A report done by TZA (1989) in the Upper Big Sandy Basin relied on multiple observation wells 
to track the overall change in groundwater level in the mid 1980s in order to evaluate recharge.  
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These wells located throughout the Basin showed varying degrees of change in the water level, 
some of them rising, some of them dropping, and many of them changing very little over the 
short period of observation.  TZA also used two of the long term wells maintained by USGS, 
previously mentioned in this report, demonstrating no distinguishable trend in overall drop or 
rise in the ground water level over larger periods of record. 
 
The available data did not indicate a qualitative predictable trend relative to wet and dry 
precipitation years and the associated changes in water levels.  The available data also did not 
indicate identifiable connections between ground water level changes and the intensity or 
frequency of precipitation events in the region.  Based on our research, the available data do not 
indicate the connection between changes in precipitation and changes in water levels within the 
Basin. 
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Well No. 391717103475001

4.5

5

5.5

6

6.5

7

7.5

8

8.5

1/24/1941 7/17/1946 1/7/1952 6/29/1957 12/20/1962 6/11/1968 12/2/1973 5/25/1979 11/14/1984 5/7/1990

Date

W
at

er
 L

ev
el

 D
ep

th
 (f

t)



Well No. 390134104162001

170

180

190

200

210

220

230

11/14/1984 8/11/1987 5/7/1990 1/31/1993 10/28/1995 7/24/1998 4/19/2001 1/14/2004 10/10/2006 7/6/2009

Date

W
at

er
 L

ev
el

 D
ep

th
 (f

t)


	Final Cover Letter
	01_Cover
	02_Final UBS Phase 2 Report Text
	03_Final Figures
	Figure 1 - Location Map
	Figure 2A - Geologic Map
	Figure 3 - Saturated Alluvial Extent and Cross Section Locations
	Figure 4 - Monitoring Wells
	Figure 5 - WaterLevels
	Figure 6
	Figure 7
	BSC 4-27-09 PROF
	BSC C-C 4-27-09
	BSC D-D 4-27-09
	BSC E-E 4-27-09
	BSC F-F 4-27-09.pdf
	BSC G-G 4-27-09

	Figure 13 - Composite Cross Section Locations
	Figure 14 - PrecipitationMap
	Figure 15 - Western_IrrArea_Phr
	Figure 16 - Central_IrrArea_Phr
	Figure 17 - Eastern_IrrArea_Phr
	Figure 18 - WL Change 1991-2008
	Figure 19 - Change in WLs 2001-2007
	Figure 20 - Min WL
	Figure 21 - Max WL

	04_Final Tables
	Table 1
	Table 2 - Precip
	Table 3
	Table 4
	Table 5 - Dry and Wet
	Table 6 - Stock
	Table 7 - Estimated Volume
	Table 8 - Trendline
	Table 9 - Permit Pumping
	Table 10 - drawdown
	Table 11 - Sensitivity Results

	05_Appendix A - WaterLevelGraphs
	06_Appendix B - Field Work Photographs
	07_Appendix C - Test Hole Logs
	08_Appendix D - Piezometer Permits
	09_Appendix E - Pump Test and Slug Test Data
	10_Appendix F - Laboratory Data Reports
	11_Appendix G - Sample Questionnaires
	12_Appendix H - Precipitation Recharge Analysis Memo
	add-ons.pdf
	UBS Water Levels.pdf
	Chart1
	Chart2
	Chart3
	Chart4
	Chart5






