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Introduction 

This open file report was prepared in response to a request to update a previous hydrologic review 

of groundwater in the Big Lost River valley dated February 6, 2017.  The updated review was 

requested to assist with the evaluation of a petition requesting the designation of a Ground Water 

Management Area in the Big Lost River basin.  Water users have expressed concerns about 

declining groundwater levels, declining streamflow in the Big Lost River, low intermittent 

streamflow in the Big Lost River near Arco, and drought.   

In response to water user concerns raised in 2016, the Idaho Department of Water Resources 

(IDWR) and Idaho Water Resource Board (IWRB) have invested considerable resources into 

hydrologic studies and monitoring of the water resources in the Big Lost River basin.  Since 

completion of the 2017 memorandum, IDWR has increased monitoring of groundwater and 

surface water in the Big Lost basin and conducted hydrologic investigations, in partnership with 

the U.S. Geological Survey (USGS) and Idaho Geological Survey (IGS), to improve the 

characterization of surface and groundwater hydrology.  These efforts and their contribution to 

IDWR’s understanding of groundwater resources in the Big Lost basin are summarized in this 

report.  The USGS is currently developing a groundwater flow model of the Big Lost River valley 

aquifer system, which is scheduled to be completed in June 2025.    

This report also updates the water-level trend analyses and water use discussion from the 2017 

memorandum using data collected by IDWR, USGS, and Water District 34 through water year 

2023.  Figure 1 shows the location of geographic features referenced in this report.   
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Figure 1.  General location map, Big Lost River valley 
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Expansion of monitoring networks 

IDWR expanded the water-level monitoring network in the Big Lost River valley to 50 wells.  The 

current water-level monitoring network is shown in Figure 2.  IDWR installed 22 water-level 

monitoring wells at seven locations near the Big Lost River to investigate vertical hydraulic 

gradients near the river.  IDWR also installed two additional monitoring wells and began 

monitoring a third privately constructed well to improve understanding of hydraulic gradients at 

the mouth of the Big Lost valley.  Well construction for 23 of the new wells is documented in a 

well installation completion report (Owsley, 2022).  Well construction documentation for the other 

two wells is included in Appendix A.  IDWR also began monitoring one additional well north of 

Mackay Reservoir in December 2016 and is pursuing adding two additional wells north of Mackay 

Reservoir to the water-level monitoring network.  IDWR has deployed pressure transducers and 

data loggers for continuous recording of water levels in 39 of the 50 wells in the current monitoring 

network.   

In cooperation with IDWR, the USGS installed new streamflow gaging stations on the Big Lost 

River below the Moore Diversion and at Sunset Road west of Arco, and on four tributary streams 

including Thousand Springs Creek, Warm Springs Creek, Lower Cedar Creek, and Antelope 

Creek.  The USGS also installed a streamflow gaging station on the Big Lost River near Leslie in 

cooperation with Water District 34 and IDWR.  The current USGS streamflow gaging network is 

shown in Figure 3.  Station numbers and periods of record for the gaging stations are listed in 

Table 1.  

In September 2019, the United States Bureau of Reclamation installed an Agrimet weather station 

approximately two miles north of Moore in cooperation with IDWR (Figure 4).  Agrimet stations 

provide precipitation, evapotranspiration, and barometric data essential to the basin water budget 

and other monitoring efforts.  The station installation expanded the Agrimet network to a location 

near the centroid of irrigated lands within the Big Lost River valley.  An Agrimet station located 

south of Arco has recorded evapotranspiration data since 2014, but the location at the mouth of 

the Big Lost River valley is likely not representative of relevant weather parameters such as wind 

speed and humidity in the relatively narrow valley where much of the irrigated land is situated. 
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Figure 2.  Big Lost water-level monitoring network in 2023 
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Figure 3.  Active USGS streamflow gaging stations in the Big Lost River basin 
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Table 1.  Active USGS streamflow gaging stations in the Big Lost River basin 

Site number Site name Period of record 

13120000 North Fork Big Lost River at Wild Horse near Chilly, ID 1944 - present 

13120500 Big Lost River at Howell Ranch near Chilly, ID 1904 - present 

13122000 Thousand Springs Creek near Chilly, ID 2019 – present 

13124265 Warm Springs Creek below diversion near Mackay, ID 2019 – present 

13126000 Mackay Reservoir near Mackay, ID (storage content) 1919 – present 

13127000 Big Lost River below Mackay Reservoir near Mackay, ID 1904 – present 

13128900 Lower Cedar Creek above diversions near Mackay, ID 2019 – present 

13130300 Big Lost River near Leslie, ID 2022 - present  

13131000 Antelope Creek near Darlington, ID 2017 – present 

13132100 Big Lost River below Moore Diversion near Moore, ID 2019 – present 

13132373 Big Lost River at Sunset Road at Arco, ID 2019 – present 

13132500 Big Lost River near Arco, ID 1946 – present 

13132513 INL diversion at head near Arco, ID  1984 – present 

13132520 Big Lost River below INL diversion near Arco, ID 1984 – present 

13132535 Big Lost River at Lincoln Boulevard near Atomic City, ID 1984 – present 

13132565 Big Lost River above Big Lost River Sinks near Howe, ID 1996 – present 
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Figure 4.  Agrimet weather station installed north of Moore in September 2019. 
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Recent hydrologic investigations  

In cooperation with IDWR and IGS, the USGS published an updated characterization of water 

resources in the Big Lost basin.  The characterization included three chapters, a hydrogeologic 

framework (Zinsser, 2021), surface-water and groundwater interactions (Dudunake and Zinsser, 

2021), and groundwater budgets for 2000-2019 (Clark, 2022).  Field studies performed in support 

of the updated characterization included four seepage surveys quantifying groundwater interaction 

with the Big Lost River in March 2019, October 2019, October 2020, and March 2021 (Dudunake 

and Zinsser, 2021).  The characterization studies are discussed further in subsequent sections of 

this report.    

The USGS and IDWR performed two synoptic water-level measurement events during the spring 

(April 4 through 8) and fall (October 30 through November 4) of 2022 (Ducar and Zinsser, 2023).   

Agency staff measured depth to groundwater in 153 wells in the spring and 156 wells in the fall.  

South of road 2900 North (approximately 2 miles south of Moore), the USGS delineated three 

discrete water-bearing units, shallow, intermediate, and deep.  North of road 2900 North, the 

shallow aquifer is the main water-bearing unit and deeper units were not identified.  The USGS 

published spring and fall 2022 potentiometric surface maps for the three discrete water-bearing 

units, and maps showing change in water level between spring and fall of 2022, spring of 1968 

and spring of 2022, and spring of 1991 and 2022.   

IDWR performed a water quality study in the Big Lost River Basin in September 2020 

(Womeldorph and Steimke, 2022).  Water samples were collected from 50 wells and eight surface 

water sites.  The purpose of the study was to characterize current groundwater and surface water 

quality conditions in the basin and provide a baseline if additional water quality studies are 

performed in the future.  Samples were analyzed for physical properties (temperature, dissolved 

oxygen, pH, specific conductance, total dissolved solids, and alkalinity), major ions and metals, 

nutrients, and stable isotopes.  Elevated nitrate levels were found in water samples from several 

wells, but nitrate concentrations in all samples were below the U.S. Environmental Protection 

Agency’s Maximum Contaminant Level of 10 mg/L.   
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Hydrogeologic framework 

An updated hydrogeologic framework of the Big Lost River valley is presented in detail by Zinsser 

(2021).  The updated framework includes a conceptual description of hydrogeologic units, a three-

dimensional hydrogeologic framework model representing the spatial distribution of 

hydrogeologic units, and a description of groundwater occurrence and movement.  Quaternary-age 

unconsolidated basin-fill sediments in the valley are the most important hydrogeologic unit and 

are the main source of groundwater in the Big Lost River basin.  Quaternary-age basalt underlies 

and is interbedded with the sediments in the southern end of the valley, where the basalt units 

comprise several important water-bearing zones.  Paleozoic-age sedimentary rock units, primarily 

carbonate rocks, contribute subsurface recharge to the Quaternary-age unconsolidated sediments 

along the valley margins.  Tertiary-age volcanic rocks provide a source of water in localized faulted 

and fracture zones.   

Zinsser (2021) developed a three-dimensional hydrogeologic framework model describing the 

spatial distribution of hydrogeologic units based on lithology data from 608 wells.  The framework 

model provides insights into hydrogeologic controls on water movement and observed interactions 

between groundwater and surface water.  Zinsser notes, “Historically losing reaches of the Big 

Lost River in the Chilly and Darlington Sinks are associated with valley widening and coarse 

unconsolidated sediment subunits (sand and gravel). Historically gaining reaches of the Big Lost 

River are associated with valley narrowing (above and below the Mackay Reservoir, above the 

Moore Diversion and near Arco), recharge from surface water and irrigation (above the Moore 

Diversion and near Arco), and confining layers (near Arco) in the Quaternary unconsolidated 

sediments hydrogeologic unit.” 

The Zinsser (2021) three-dimensional hydrogeologic framework does not fully represent bedrock 

geometry or the depth of the basin-fill sediments because most wells are completed in the upper 

250 feet of the aquifer and lithologic data are very limited at greater depths.  Crosthwaite, et al. 

(1970) performed gravity surveys, seismic surveys, and resistivity soundings to estimate depth to 

bedrock and thickness of basin-fill sediments in the Big Lost valley.  Based on those surveys, the 

valley is underlain by sediments of variable depth, ranging from less than 100 feet to estimated 

depths of up to 2,000 feet or more at some locations both upstream and downstream of Mackay 

Dam.  The valley is constricted in the vicinity of Mackay Reservoir and much of the groundwater 

above Mackay Dam is discharged to springs and streams, becoming surface inflow to Mackay 

Reservoir.  South of Leslie, the valley widens, the thickness of sediments increases, and the Big 

Lost River loses considerable volumes of water to the aquifer (Crosthwaite et al., 1970).   
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Aquifer recharge and discharge 

 

Groundwater in the Big Lost River valley is recharged by infiltration of precipitation, seepage 

from streams, seepage from irrigation canals, and infiltration of excess water applied for irrigation.  

Groundwater in the Big Lost River valley is discharged to wetlands and streams within the valley, 

withdrawn by wells, and discharged to the Eastern Snake Plain aquifer (ESPA).   

Crosthwaite et al. (1970) estimated an average annual water budget for the Big Lost River basin 

for the period of 1944 through 1968.  During this period, average basin precipitation was estimated 

to be approximately 1.5 million acre-feet per year (AF/yr) and natural evapotranspiration was 

estimated to be approximately 1.0 million AF/yr.  The total basin water yield (stream runoff plus 

infiltration of precipitation to groundwater) was estimated to be approximately 474,000 AF/yr.  

Approximately 23% of the water yield (109,000 AF/yr) was consumed within the basin by 

irrigation1 and wetlands.  Approximately 11% of the water yield (54,000 AF/yr) left the basin as 

surface flow in the Big Lost River south of Arco.  The remaining 66% of the water yield (311,000 

AF/yr) left the basin as groundwater underflow to the Eastern Snake Plain Aquifer (ESPA).   

Crosthwaite et al. (1970) assumed there was not a significant net change in aquifer storage (and 

aquifer water levels) between 1944 and 1968.  Average aquifer discharge was assumed to equal 

the average aquifer recharge.  Available water-level data suggest this was a reasonable assumption 

prior to the late 1970s, but that average aquifer discharge has exceeded average aquifer recharge 

since the late 1970s.  Water-level trends are discussed in more detail later in this report. 

Clark (2022) estimated an average annual water budget for the Big Lost River aquifer system for 

the period of 2000 through 2019.  During this period, average basin precipitation was estimated to 

be approximately 1.6 million AF/yr.  Clark (2022) did not estimate total basin water yield, but did 

estimate average annual aquifer recharge of approximately 439,000 AF/yr.  Aquifer recharge is 

less than total basin water yield because it does not include the portion of streamflow consumed 

during irrigation with surface water or the portion of streamflow leaving the basin at the Big Lost 

River near Arco gage2.  Clark (2022) estimated average annual groundwater withdrawals and 

discharge to surface water of approximately 112,000 AF/yr.  The estimated residual difference 

between aquifer recharge and discharge of approximately 327,000 AF/yr includes groundwater 

underflow to the ESPA, decline in aquifer storage between 2000 and 2019, and error in the 

estimates of water budget components.    

 
1 Crosthwaite apparently assumed full irrigation of 75,500 acres during all years between 1944 and 1968 when 

calculating the average consumptive use within the basin.  Because much of the supplemental groundwater supply 

for mixed source lands was developed after 1968, it is likely the consumptive use estimated by Crosthwaite was not 

achieved during the drier years of his study period. 
2 The average streamflow leaving the basin at the Big Lost River near Arco gage during water years 2000 through 

2019 was 17,000 AF/yr.   
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The volume of water leaving the Big Lost River basin as surface flow south of Arco varies 

significantly from year to year.  During periods of high snowmelt, surface flow in the Big Lost 

River channel may exceed riverbed seepage and some water may be transmitted south of Arco 

before being lost to the Eastern Snake Plain aquifer as riverbed seepage.  Historically, the Big Lost 

River has also gained water at times from the Big Lost River valley aquifer between the Arco 

diversion and the Arco gage (Owsley, 2013).  Figure 5 shows the relationship between mean 

annual and mean August discharge of the Big Lost River near Arco and spring water levels in 

selected wells from 1950 through 2023.  Since 2000, August streamflow in the Big Lost River has 

been minimal, even in wetter years with partial groundwater recovery.      

 

    

  

 

 

Figure 5.  Discharge in the Big Lost River near Arco and spring water levels 
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Net aquifer recharge and discharge in the Big Lost River valley below Mackay Dam between 1985 

and 2018 were simulated in the Eastern Snake Plain Aquifer Model Version 2.2 (ESPAM2.2).  

While ESPAM2.2 does not explicitly model the interchange of water between the aquifer and the 

Big Lost River, aquifer recharge (including seepage from the Big Lost River) was calculated for 

input to the model, and the model does simulate groundwater underflow to the Eastern Snake Plain 

at the mouth of the Big Lost River valley.  The net aquifer recharge (aquifer recharge less 

groundwater consumed by irrigated crops and wetlands) simulated in the model within the Big 

Lost valley between 1985 and 2018 averaged approximately 208,000 AF/yr, including 

approximately 55,000 AF/yr of groundwater inflow in the vicinity of Mackay Dam and 25,000 

AF/yr of groundwater inflow in the vicinity of Antelope Creek.  The annual net recharge was 

highly variable, ranging from approximately 88,000 AF in 2014 to approximately 452,000 AF in 

2017 (Figure 6).  Simulated groundwater outflow to the Eastern Snake Plain at the mouth of the 

Big Lost Valley averaged 214,000 AF/yr between 1985 and 2018.  Annual groundwater outflow 

was much less variable than the annual net recharge, ranging from approximately 203,000 AF in 

2015 to approximately 226,000 AF in 1998 (Figure 6).  Better estimates of the volume and 

variability of annual net recharge and annual groundwater outflow are expected to be available 

when the USGS completes the Big Lost River Basin groundwater flow model, scheduled for June 

2025.   

The annual and cumulative changes in aquifer storage simulated using ESPAM2.2 are shown in 

Figure 6.  During wet years, net recharge (aquifer recharge less groundwater consumed by irrigated 

crops and wetlands) exceeds groundwater outflow to the Eastern Snake Plain and water levels rise, 

increasing the volume of groundwater stored in the Big Lost River valley.  During dry years, 

groundwater outflow to the Eastern Snake Plain exceeds net recharge (aquifer recharge less 

groundwater consumed by irrigated crops and wetlands) and water levels decline, decreasing the 

volume of groundwater stored in the Big Lost River valley.  Aquifer storage may fluctuate by more 

than 100,000 AF in extremely wet or extremely dry years.  Between October 1984 and September 

2018, there was a net decrease in aquifer storage.  The cumulative decrease in aquifer storage 

simulated using ESPAM2.2 was approximately 207,000 AF, an average annual decrease of 

approximately 6,000 AF/yr.  Better estimates of aquifer storage change are expected to be 

available when the USGS completes the Big Lost River Basin groundwater flow model, scheduled 

for June 2025.  While there is uncertainty in the calibration of modeled aquifer storage 

characteristics and the simulated volume of decline in aquifer storage, the simulated trend in 

aquifer storage change is consistent with trends in measured water levels (Figure 7).  Water-level 

trends are discussed further in the following section of this report.  Changes in water levels, which 

can be measured directly, provide greater insight into changes in groundwater conditions than 

estimated changes in aquifer storage.    
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Figure 6.  Change in aquifer storage within the Big Lost River valley below Mackay Dam 

simulated using the ESPAM2.2 groundwater flow model 

 

 

 

The average volume of groundwater underflow at the mouth of the Big Lost River valley between 

1985 and 2018 simulated using ESPAM2.2 (214,000 AF/yr) is considerably less than the average 

volume of 311,000 AF/yr between 1944 and 1968 estimated by Crosthwaite et al. (1970) and the 

average water budget residual of 326,000 AF/yr for 2000 to 2019 estimated by Clark (2022).  Much 

of the difference appears to be in estimates of tributary underflow to the Big Lost valley aquifer 

below Mackay Dam.  IDWR is currently implementing revisions to tributary underflow based on 

Clark (2022) for development of the next version of ESPAM.  Following completion of the USGS 

Big Lost River Basin groundwater flow model, ESPAM representation of groundwater discharge 

from the Big Lost valley aquifer to the ESPA should be re-evaluated to incorporate findings from 

the Big Lost modeling effort.       
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Figure 7.  Simulated change in aquifer storage and measured water levels  

 

 

 

Groundwater and surface water interaction 

Crosthwaite et al. (1970) noted, “A distinctive feature of the Big Lost River basin is the large 

interchange of water from surface streams into the ground and from the ground into surface 

streams” and concluded, “Surface and groundwater are so closely related that neither can be 

considered as a separate source of supply.”   

Zinsser (2021) noted that changes in the width of the Big Lost River valley are “likely the primary 

control on the volume of the Quaternary unconsolidated sediments and subsequently affect river 

gains and losses, although depth may be more important to aquifer geometry in the narrow valley 

near Mackay”.  Streamflow losses to groundwater in the Chilly Sinks occur in coarse-grained 

sediments where the valley widens as the upper Big Lost River and Thousand Springs Creek flow 

into the main valley.  Streamflow gains from groundwater occur upstream and downstream of 

Mackay Reservoir where the valley is relatively narrow and bedrock is relatively shallow.  
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Streamflow losses to groundwater in the Darlington Sinks occur in a wider part of the valley with 

coarse-grained sediments.  Streamflow gains from the aquifer also occur intermittently where the 

valley narrows upstream from the Moore Diversion and near Arco.   

Dudunake and Zinsser (2021) quantified streamflow gains and losses in the Big Lost River below 

Mackay Dam during four measurement events.  Streamflow and diversions were measured by 

USGS and IDWR personnel during two-day events in March 2019, October 2019, October 2020, 

and March 2021.  Gains and losses were analyzed for three river reaches, from the below Mackay 

Reservoir gage to the near Leslie gage (upper reach), from the near Leslie gage to below the Moore 

Diversion (middle reach), and from below the Moore Diversion to the near Arco gage (lower 

reach).  Gains and losses were also analyzed for shorter subreaches within each of the three river 

reaches.  Observed gains and losses were generally consistent with historic observations.  The 

quantification of reach gains and losses at specific times and locations will provide useful 

calibration targets for development of the Big Lost River Basin groundwater flow model.  

During March 2019 and October 2019, the Big Lost River flowed past Arco and streamflow gains 

and losses were quantified by Dudunake and Zinsser (2021) from the below Mackay Reservoir 

gage to the near Arco gage.  During October 2020, the entire remaining flow of the Big Lost River 

was diverted at Moore and the river was dry below the Moore Diversion.  Streamflow gains and 

losses were quantified from the below Mackay Reservoir gage to the Big Lost River below Moore 

Diversion for October 2020.  A very small streamflow gain of 0.4 cfs was observed in the Big Lost 

River between the Arco-Minidoka Road and Highway 20 crossings in October 2020.  During 

March 2021, the Big Lost River was dry at the 3350 North road crossing (less than 2 river miles 

below the Moore Diversion).  Streamflow gains and losses were quantified from the below Mackay 

Reservoir gage to the 3350 North road crossing for March 2021.  The Big Lost River was dry 

between the 3350 North road crossing and the near Arco gage during the March 2021 measurement 

event.   

 

 

Water-level trends 

Water-level trends were evaluated on a regional basis and at individual wells.  Regional water-

level trends were evaluated using water levels measured at 82 wells in the Big Lost River valley 

between 1950 and 2023 (Figure 8), including 16 wells located above Mackay Dam and 66 wells 

located below Mackay Dam.  Trend analyses were performed using the regional Kendall test and 

Mann Kendall test as described in Helsel, et al. (2006).  The regional Kendall statistical test was 

developed by the U.S. Geological Survey (USGS) to analyze trends where observations have been 

made annually at multiple locations, such as water wells, to determine whether the same trend is 

evident across those locations.  The computer code and documentation are freely available from 

the USGS.   
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Figure 8.  Wells used in regional water-level trend analyses  
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The trend analyses included analysis of water-level trends in two individual wells above Mackay 

Dam and 26 individual wells below Mackay Dam that are (or were) included in IDWR’s water-

level monitoring network.  An additional 14 wells above Mackay Dam and 40 wells below Mackay 

Dam with less frequent measurements were included in some of the regional trend analyses.  Trend 

analyses were also performed for five wells located in the ESPA south of the mouth of the Big 

Lost Valley for comparison with water-level trends in the Big Lost River basin.  

Spring water levels measured in March or April were used in the trend analyses.  If a well was 

measured more than once in March or April of a given year, the measurement collected closest to 

April 1 was selected as the spring measurement for that year.  Trends were evaluated for two time 

periods: spring 1950 through spring 1977, and spring 1977 through spring 2023.  Both time periods 

include years with above average surface water supply and periods of drought (Figure 9).  During 

the first time period, 11 of the 27 years (41%) had below average surface water supply.  Drought 

was more prevalent during the second time period, when 30 of the 46 years (65%) had below 

average surface water supply.  Groundwater use was also more widespread during the second time 

period.  Between 1950 and 1977, groundwater appropriations increased from 1% to approximately 

80% of the currently appropriated groundwater rights.  

 
Figure 9.  Departure from average annual discharge in the Big Lost River below Mackay 

Reservoir as an indicator of surface water supply 
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Calculating a linear water-level trend is a simple way to describe long-term water-level changes, 

but calculated trends may not be meaningful if only a few measurements are available or if data 

are only available for a short period of time.  Statistical assessments can be helpful in determining 

the level of confidence in calculated trends.  For the regional Kendall and individual Mann Kendall 

analyses discussed in this report, the level of statistical significance is indicated by the p-value.  

Low p-values indicate high confidence in the calculated trend (a p-value of 0.05 represents a 95% 

confidence interval), high p-values indicate low confidence in the calculated trend (a p-value of 

0.95 represents a 5% confidence interval).  Regional Kendall analyses indicated high confidence 

in water levels trends calculated for the regional aquifer.  Confidence intervals varied for the 

individual Mann Kendall analyses, largely because of variations in the period of record and amount 

of data available for each well.  Appendix B provides a table with p-values for all analyses 

discussed in this report and hydrographs of spring water-level data in the network wells.         

Regional Kendall analyses were performed on water-level data collected from 26 network wells 

below Mackay Dam.  Between 1950 and 1977, there was a statistically significant trend of 

increasing water levels of 0.09 feet per year.  Between 1977 and 2023, there was a statistically 

significant trend of decreasing water levels of 0.27 feet per year.  Regional analyses of 1977-2023 

water-level data from wells assigned to the shallow and intermediate aquifer units delineated by 

Ducar and Zinsser (2023) resulted in similar statistically significant declining trends of 0.24 feet 

per year for 16 wells in the shallow unit and 0.25 feet per year for 7 wells in the intermediate unit.   

Regional Kendall analyses were also performed using additional wells included in the recent 

synoptic measurement (Ducar and Zinsser, 2023).  A regional analysis of water-level data from 16 

wells above Mackay Dam resulted in a statistically significant trend of increasing water levels of 

0.14 feet per year between 1967 and 1977 and a statistically significant trend of decreasing water 

levels of 0.10 feet per year between 1977 and 2023.  A regional analysis of water-level data from 

66 wells below Mackay Dam resulted in a statistically significant trend of declining water levels 

of 0.28 feet per year between 1977 and 2023.   

Individual Mann Kendall trend analyses were performed on spring water levels measured at each 

well between 1977 and 2023.  Statistically significant trends are shown in Figure 10.  Below 

Mackay Dam, statistically significant water-level trends with a p-value of less than 0.05 

(confidence interval greater than 95%) were observed in 13 of 26 wells.  Statistically significant 

trends ranged from decreasing water levels of less than 0.1 foot per year in three wells near the 

town of Mackay to decreasing water levels of 0.9 feet per year in a well near Moore.  Statistically 

significant declining water-level trends with p-values between 0.05 and 0.20 (confidence interval 

between 80% and 95%) were observed in four wells.  A statistically significant decreasing trend 

of 0.4 feet per year was observed between 2019 and 2023 in a well recently added to the monitoring 

network, but this observation period is short and the trend reflects short-term climate fluctuation.  
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Eight wells did not have statistically significant water-level trends because of too few 

measurements or large fluctuations in measurements.   

Above Mackay Dam, a statistically significant decreasing water-level trend of 0.09 foot per year 

was observed in a well northwest of Chilly between spring 1977 and spring 2023.  A statistically 

significant decreasing trend of 4.6 feet per year was observed between 2017 and 2023 in a well 

recently added to the monitoring network, but this observation period is short, and the trend reflects 

short-term climate fluctuation.   

Trend analyses performed on spring water-level measurements in five wells located on the Eastern 

Snake Plain near the mouth of the Big Lost River valley (Figure 8) show statistically significant 

water-level trends similar to the regional water-level trend in the Big Lost Valley below Mackay 

Dam.  Between spring 1951 and 1977, water levels increased by 0.07 feet per year.  Between 

spring 1977 and spring 2023, water levels decreased by 0.28 foot per year.  Comparison of the 

regional water-level trends within the Big Lost River valley (-0.27 foot per year) and in wells 

located on the Eastern Snake Plain near the mouth of the Big Lost Valley (-0.28 foot per year) 

suggests water levels are declining at similar rates in both areas.   

Comparison of 1977-2023 calculated trends with 1977-2016 calculated trends (Sukow, 2017) 

shows a decrease in the magnitude of long-term water-level decline with the addition of seven 

years of observations.  In general, water-level measurements in 22 wells with periods of record 

extending from at least 2005 to 2023 show similarly low water levels during recent droughts.  The 

lowest spring water level observed in half of these wells occurred in 2022 or 2023.   

While water levels observed since 2005 generally appear to be fluctuating within a consistent 

range, further long-term water level declines are possible pending future climate and water 

management.  Without changes in water management and groundwater use, water levels during 

future droughts can be expected to drop to levels similar to the low levels observed between 2005 

and 2023, if not lower.   
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Figure 10.  Water-level trends in the Big Lost River valley (1977-2023) 
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Irrigation diversion records 

Irrigation water in the Big Lost River valley is obtained from surface water and groundwater 

sources.  Based on water right priority dates, approximately 42% of the current groundwater rights 

(by diversion rate) were appropriated after 1968.  The number of irrigation wells increased from 

approximately 175 (Crosthwaite et al., 1970) to approximately 450 in 2016.  While there does not 

appear to be a significant increase in the total irrigated area in the Big Lost Valley since the 

Crosthwaite et al. (1970) study, the increase in development of groundwater for irrigation appears 

to be significant.   

As of October 2016, IDWR water right place of use records indicated approximately 76,000 acres 

are covered by irrigation water right places of use in the Big Lost Valley.  Because the permissible 

place of use described by a water right may be larger than the acreage authorized to be irrigated in 

a single irrigation season, the authorized irrigated area may be less than 76,000 acres.  Above 

Mackay Dam, water right places of use encompass approximately 18,000 acres, including 15,100 

acres with only surface water rights, 1,300 acres with only groundwater rights and 1,600 acres 

with both surface and groundwater rights.  Below Mackay Dam, water right places of use 

encompass approximately 58,200 acres, including 8,300 acres with only surface water rights, 6,700 

acres with only groundwater rights and 43,200 acres with both surface and groundwater rights.  

Based on recent irrigated lands delineations, Clark (2022) reported the active irrigated area 

between 2000 and 2019 averaged approximately 12,400 acres above Mackay Dam and 55,000 

acres below Mackay Dam.  Crop irrigation requirement reported by Clark (2022) for 2000 to 2019 

ranged from approximately 80,000 AF/yr to over 160,000 AF/yr, averaging 1.7 AF/yr per acre.    

Diversion data from Johnson et al. (1991) shows surface water diversions from the Big Lost River 

below Mackay Dam generally decreased between the mid-1960s and 1990, as appropriation of 

groundwater increased (Figure 11).  Diversion data from the IDWR water right accounting 

database and recent Water District 34 reports show surface water diversions have continued to be 

low from 1994 to 2023 relative to surface water diversions prior to the mid-1960s.  Comparison 

of surface water diversions with flow in the Big Lost River at Mackay shows relatively low surface 

water diversions even in very wet years in the early 1980s (Figure 12).  Measured groundwater 

pumping data are generally not available prior to 2014, but the reduction in surface water 

diversions during wet years and the increase in groundwater appropriations suggests an increasing 

reliance on groundwater for irrigation between the mid-1960s and 1990.     
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Figure 11.  Recorded surface water diversions and appropriation of groundwater 

 

 
Figure 12.  Surface water diversions and streamflow in the Big Lost River near Mackay 
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Groundwater diversions reported by Water District 34 are available for 2014 through 2023.  Below 

Mackay Dam, reported annual groundwater diversions ranged from 50,000 AF in 2017 to 115,000 

AF in 2021, averaging approximately 81,000 AF/yr.  Reported surface water diversions varied 

significantly between 2014 and 2023 (Figure 12) and generally have an inverse relationship to 

groundwater diversions (Figure 13 and Figure 14).  Because many of the groundwater rights in the 

Big Lost River valley are supplemental to surface water rights, less groundwater is diverted for 

irrigation in years with higher surface water supply.  Based on the regression in Figure 14, this 

appears to explain roughly 60% of the variation in groundwater diversions.  Crop irrigation 

demand, which varies with climate, crop type, and crop management, will also affect the volume 

of groundwater diverted.   

 

 

 

Figure 13.  Diversions reported by Water District 343 

 

 
3 Surface water diversions include diversions from the Big Lost River and tributary creeks (Warm Springs, Rock, 

Lone Cedar, Lower Cedar, Alder, Pass, Antelope, Champagne).   
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Figure 14.  Relationship between groundwater and surface water diversions 

 

 

The high volume of surface water diverted in 2023 may have been in part due to the failure of 

gates that control the release of water from Mackay Reservoir (Jones, 2023; Giorgi, 2023).  

Regardless, Figure 14 suggests that the relationship between surface water and groundwater 

diversions in 2023 was similar to other recent years.   

Approximately 95% of groundwater diversions in the Big Lost River basin occur in the valley 

south of Mackay Dam.  Between 2014 and 2023, groundwater diversions above Mackay Dam 

ranged from 3,000 to 5,500 AF/yr (5% to 17% of total diversions above Mackay Dam), while 

groundwater diversions below Mackay Dam ranged from 47,000 to 110,000 AF/yr (16% to 74% 

of total diversions below Mackay Dam).  On average, groundwater diversions comprised 
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approximately 10% of total diversions above Mackay Dam and approximately 50% of total 

diversions below Mackay Dam4.         

Figure 15 compares depth to groundwater at three locations with surface water diversions and flow 

in the Big Lost River at Mackay.  Prior to the mid-1980s, water levels declined somewhat during 

dry years, but recovered fully during wet years.  Beginning in the mid-1980s, water levels decline 

more dramatically during dry periods and do not fully recover during wet periods.  These data 

suggest the prevalence of below average water years and the ability to intercept groundwater to 

achieve a full irrigation supply for mixed source lands, even during extended periods of drought, 

have resulted in a long-term trend of declining water levels over the last five decades. 

 

 

 

Figure 15.  Spring water levels and recorded surface water diversions from Big Lost River  

 
4 Managed recharge diversions shown on Figure 13 were not included in the total diversions discussed in this 

paragraph.   
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Continuous water-level monitoring 

As of 2023, IDWR has installed pressure transducers with dataloggers that record water levels at 

least twice daily in 39 of the 50 wells in the monitoring network.   Twenty-one of the wells are 

shallow monitoring wells installed between 2019 and 2021 to evaluate vertical gradients at seven 

locations near the Big Lost River (Figure 2).  Hydrographs of the vertical gradient observation 

well groups are provided in Appendix C.  The shallow observation well groups included three 

shallow wells completed to depths of approximately 20 feet, 40 or 50 feet, and 50, 60 or 100 feet.  

The 20-foot-deep wells were generally dry during part or all of the 2019 to 2023 monitoring period.  

When water levels declined during 2021 and 2022, some of the deeper wells also went dry for part 

of the monitoring period.  The observed vertical gradients were downward throughout the 

monitoring period at six of the seven sites.   

At the Barnes well group, a slight upward vertical gradient was observed between the 60-foot deep 

and 40-foot between August 2019 and April 2020, but the vertical gradient transitioned to a 

downward gradient as water levels declined during the 2020 irrigation season. A downward 

vertical gradient was observed at the Barnes site between July 2020 and October 2023, even after 

water levels increased during the 2023 irrigation season.  Dudunake and Zinsser (2021) observed 

the adjacent reach of the Big Lost River between Darlington Road and above the East Side and 

Moore diversions gained water from the aquifer in March 2019 and October 2019, and lost water 

to the aquifer in October 2020 and May 2021.  The October 2019 observations followed three 

years of above average surface water supply and below average groundwater pumping, while water 

years 2020 through 2022 had below average surface water supply and above average groundwater 

pumping.  While water year 2023 had above average surface water supply and low groundwater 

pumping, the vertical gradient observations at the Barnes well through October 2023 indicate a 

single season of above average surface water supply and lower groundwater pumping did not result 

in enough recovery of aquifer storage to restore an upward vertical gradient at this location.   

Other wells equipped with continuous monitoring include two wells completed in the shallow 

aquifer unit above Mackay Reservoir and seven in the shallow aquifer unit below Mackay dam 

(Figure 16).  Hydrographs of continuous monitoring above Mackay Reservoir are shown in Figure 

17.  Water level in the USGS Chilly well, located approximately 5 miles north of the Big Lost 

River and 2 miles west of Thousand Springs Creek, responds gradually to annual variations in 

aquifer recharge with small fluctuations.  Water-level elevation may be controlled in part by 

interaction with Thousand Springs Creek.  The Pritchett well, located less than 150 feet south of 

the Big Lost River, has significantly more fluctuation in water level than the USGS Chilly well.  

Water-level elevation generally increases during spring runoff, peaks in June, and declines over 

the summer and winter.  During the 2017, 2018, 2019, and 2023 peaks, groundwater elevation was 

higher in the Pritchett well than in the USGS Chilly well, illustrating how seasonal changes in 

aquifer stresses and interaction with the Big Lost River can result in seasonal changes in 

groundwater gradients and flow direction.   
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Figure 16.  Continuous monitoring locations in shallow aquifer unit 
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Figure 17.  Continuous water-level monitoring above Mackay Reservoir 

 

 

Hydrographs of continuous monitoring in seven wells completed in the shallow aquifer unit below 

Mackay Dam are shown in Figure 18.  The Mackay Church well is located approximately ½ mile 

from the Big Lost River between Mackay Dam and Leslie.  Zinsser (2021) notes this area is a 

relatively narrow part of the Big Lost River valley with shallow bedrock.  Long-term water-level 

monitoring and recent continuous monitoring show groundwater elevation fluctuates less in this 

area than in wells located down-gradient of Leslie, indicating that water-level fluctuations are 

moderated by interaction with the Big Lost River between Mackay Dam and Leslie.  Down-

gradient of Leslie, the valley widens and the Big Lost River loses water to the aquifer in the 

Darlington Sinks.  The extent of direct hydraulic connection between the aquifer (the location and 

length of perched or dry Big Lost River reaches) varies with streamflow and aquifer water level.  

Long-term groundwater monitoring and recent continuous monitoring show larger fluctuations in 

groundwater elevation in the shallow aquifer unit down-gradient of Leslie in response to varying 

aquifer recharge and seasonal groundwater pumping (Figure 18, Darlington Church through River 

Park wells).     
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Figure 18.  Continuous water-level monitoring in shallow aquifer unit below Mackay Dam 

 

 

Six wells equipped with continuous monitoring are completed in the intermediate aquifer unit 

(Figure 19).  Hydrographs are shown in Figure 20.  The Granite Trust 200 and Trap Club wells are 

located near the Big Lost River and numerous irrigation wells.  Continuous monitoring shows 

groundwater elevation in this area of the intermediate aquifer unit responds relatively quickly to 

aquifer recharge during years with higher-than-average surface water supply and to groundwater 

withdrawals from nearby irrigation wells.  The SEP 7 and Hansen wells are located along the 

margins of the aquifer at the mouth of the Big Lost valley and exhibit less fluctuation in water 

level and show a gradual response to changes in aquifer recharge and discharge.  The BLM South 

and Telford wells are located adjacent to Lost River Butte at the mouth of the Big Lost Valley and 

exhibit slightly more fluctuation in water level than the SEP 7 and Hansen wells.  The BLM South 

well shows a gradual response to changes in aquifer recharge and discharge, while water level in 

the Telford well responds relatively quickly to groundwater pumping in nearby wells during the 

irrigation season.     
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Figure 19.  Continuous water-level monitoring in intermediate aquifer unit  
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Figure 20.  Continuous water-level monitoring in intermediate and deeper aquifer units 

 

Three continuously monitored wells are completed in deeper aquifer units (Figure 21).  

Hydrographs are shown in Figure 20.  One well (SEP 10) is completed in the deep aquifer unit 

delineated by Ducar and Zinsser (2023).  Based on water-level elevations, the Telford Deep well 

appears to be completed in a deeper aquifer unit overlying the ESPA, and the Granite Trust well 

appears to be completed in the ESPA.  The SEP 10 well exhibited very little fluctuation in water 

level during the 2020 to 2023 monitoring period.  Monitoring of the Telford Deep well began in 

August 2023 and sufficient data to evaluate water-level fluctuation are not yet available.  

Groundwater elevation in the Granite Trust well exhibits more fluctuation than in many of the 

wells located in the intermediate and deep aquifer units near the mouth of the Big Lost valley, but 

also exhibits a gradual, attenuated response to changes in aquifer recharge and discharge.  The 

water-level response observed in the Granite Trust well suggests a significant portion of the 

groundwater outflow to the ESPA may occur as downward flow from Big Lost valley aquifer to 

the ESPA distributed across the lower end of the valley south of road 2900 North.   
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Figure 21.  Continuous water level monitoring in deeper aquifer units 
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Conclusions 

Water-level trend analyses demonstrate regional water levels within the Big Lost River valley 

below Mackay Dam were generally stable between 1950 and 1977.  Between the spring of 1977 

and the spring of 2023, regional water levels below Mackay Dam have declined an average of 

approximately 0.27 ft/yr. Similar water-level trends were observed in wells located on the Eastern 

Snake Plain near the mouth of the Big Lost River valley.   

Declining water-level trends in individual wells varied from less than 0.1 ft/yr to 0.9 ft/yr.  Both 

long-term water-level monitoring and recent continuous monitoring show groundwater elevation 

fluctuates less in the area between Mackay Dam and Leslie than in wells located down-gradient of 

Leslie, indicating that water-level fluctuations are moderated by interaction with the Big Lost 

River between Mackay Dam and Leslie.  The impacts to streamflow in the Big Lost River from 

groundwater pumping in this area will be more immediate than the impacts to aquifer storage and 

underflow to the ESPA.  Because the Big Lost River loses water to the aquifer downstream of 

Leslie, reductions in streamflow resulting from pumping up-gradient of Leslie will also impact 

aquifer recharge and storage down-gradient of Leslie.  Down-gradient of Leslie, groundwater 

pumping will have a more immediate impact on aquifer storage and underflow to the ESPA and a 

lesser impact on streamflow in the Big Lost River.  The Big Lost River Basin groundwater flow 

model currently being developed by the USGS is expected to provide a valuable tool for analyzing 

the spatial and temporal distribution of pumping impacts to Big Lost River streamflow, aquifer 

storage, and underflow to the ESPA.   

Prior to the 1980s, aquifer water levels in the Big Lost River valley declined somewhat during 

drought periods but recovered fully during wet periods.  Beginning in the 1980s, water levels have 

declined more dramatically during drought periods and have not fully recovered during wet 

periods.  The change in response to climatic conditions results primarily from the use of 

groundwater to sustain crop consumptive use during drought periods.  Prior to widespread use of 

groundwater, irrigation consumptive use would have been significantly lower than average during 

drought periods.  Recent diversion data indicate groundwater diversions constitute 60% to 75% of 

total diversions below Mackay Dam during years with low surface water supply.  Because surface 

water diversions typically have higher delivery losses than groundwater diversions, the 

contribution of groundwater to the crop irrigation requirement during dry years would have been 

an even higher percentage.   

Regional water level declines over several decades demonstrate that long-term aquifer discharge 

in the Big Lost River valley has exceeded long-term aquifer recharge.  Aquifer recharge during 

wet years has not been sufficient for water levels to recover fully from the use of groundwater to 

maintain crop consumptive use during dry years.  In recent decades, there have been large 

fluctuations in aquifer storage and aquifer interaction with the Big Lost River.  While water levels 
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recover to some extent in response to years with higher surface water supply, periods of recovery 

have repeatedly been short-lived and followed by substantial decreases in water levels.  If recent 

water management practices continue into future decades, similar fluctuations in water levels and 

similar impacts to streamflow should be expected in response to future climatic cycles.  Without 

changes in water management and groundwater use, water levels during future droughts can be 

expected to drop to levels similar to the low levels observed between 2005 and 2023, if not lower.   

Recent water-level monitoring and hydrologic studies have provided valuable observations for 

evaluating these fluctuations and calibrating the Big Lost River Basin groundwater flow model 

currently being developed by the USGS.  Improved estimates of volumetric changes in aquifer 

storage and groundwater outflow to the ESPA are expected to be available when the USGS model 

is completed.  
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APPENDIX A.  WELL CONSTRUCTION LOGS 

SEP #7 WELL AND TELFORD DEEP WELL 
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APPENDIX B.  WATER-LEVEL TREND  

ANALYSES AND HYDROGRAPHS 
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Summary of regional Kendall trend analyses and individual Mann-Kendall trend analyses  

 for Big Lost Network wells and nearby Eastern Snake Plain wells 

     

Well(s) 
Water- 

level trend 
(ft/yr) 

p-value Statistical significance Well name 

network wells 

1 well above dam, 1967-1977 0.1150 0.0073 significant at p<0.05   

19 wells blw dam, 1950-1977 0.0894 0.0005 significant at p<0.05   

14 wells, shallow, 1950-1977 0.1269 0.0230 significant at p<0.05   

5 wells, intermediate, 1950-1977 0.0683 0.0056 significant at p<0.05   

5 ESPA wells, 1951-1977 0.0667 0.0326 significant at p<0.05   

2 wells abv dam, 1977-2023 -0.0935 0.0001 significant at p<0.05   

26 wells blw dam, 1977-2023 -0.2743 0.0000 significant at p<0.05   

16 wells, shallow, 1977-2023 -0.2400 0.0000 significant at p<0.05   

8 wells, intermediate, 1977-2023 -0.2524 0.0000 significant at p<0.05   

5 ESPA wells, 1977-2023 -0.2756 0.0000 significant at p<0.05   

network wells plus synoptic wells 

11 wells abv dam, 1967-1977 0.1375 0.0015 significant at p<0.05   

16 wells abv dam, 1977-2023 -0.0972 0.0000 significant at p<0.05   

66 wells blw dam, 1977-2023 -0.2819 0.0000 significant at p<0.05   

shallow wells above Mackay Reservoir 

09N21E14BBC1 (23), 1977-2023 -0.0911 0.0001 significant at p<0.05 USGS Chilly 

08N22E05BAA1 (31), 2017-2023 -4.6360 0.0163 
significant at p<0.05, 

short-term Pritchett 

shallow wells below Mackay Reservoir 

07N24E28DBA1 (21), 1985-2023 -0.0547 0.0079 significant at p<0.05 Mackay Church 

07N24E35CCD1 (22), 1980-2023 -0.0325 0.0220 significant at p<0.05 Magee 

06N25E03AAA1 (16), 1977-2023 -0.2354 0.0000 significant at p<0.05 Sayer 

06N25E11CBC1 (32), 2016-2023 -1.0750 0.9015 
not significant, short-

term Darlington Church 

06N25E18ABB1 (18), 1980-2023 -0.0396 0.0271 significant at p<0.05 Goff 

06N25E13CAB1 (17), 1980-2016 -0.6161 0.0095 significant at p<0.05 discontinued 

06N25E33AAB1 (19), 1980-2023 -0.6509 0.0224 significant at p<0.05 BLM Smith 

05N25E11BAA1 (11), 1999-2023 0.1572 0.9102 not significant Pioneer 

05N26E05DCB1 (12), 1985-2023 -0.2900 0.0090 significant at p<0.05 Purser 

05N26E08CAB1 (13), 1985-2023 -0.8929 0.0447 significant at p<0.05 Windmill 

05N26E23CDA1 (14), 1977-2023 -0.8159 0.0000 significant at p<0.05 Earhardt 

05N26E32DBA1 (15), 1985-2023 -0.7738 0.0725 significant at p<0.10 Babcock 

04N26E04BBA1 (4), 1980-2023 -0.6576 0.0878 significant at p<0.10 Haney 

04N26E09BCA1 (5), 2015-2023 0.8857 1.0000 
not significant, short-

term River Park 

04N26E16ABB1 (6), 1980-2023 -0.1849 0.7614 not significant Perkes 

03N27E08BCB1 (1), 1977-2023 -0.1767 0.1029 significant at p<0.15 Quist 
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Well(s) 
Water- 

level trend 
(ft/yr) 

p-value Statistical significance Well name 

intermediate wells below Mackay Reservoir 

04N26E21ABB5 (37), 2022-2023 -9.5960 1.0000 
not significant, short-

term Granite Trust 200 

04N26E26DCD1 (8), 1977-2023 -0.5193 0.0000 significant at p<0.05 Trap Club 

04N26E32CBB1 (9), 1977-2023 -0.2250 0.0000 significant at p<0.05 BLM South 

04N27E31DBC1 (10), 1980-2023 -0.0004 1.0000 not significant Hansen 

03N26E03DAA1 (35), 1991-2023 -0.1584 0.0195 significant at p<0.05 Telford 

03N25E16ACC1 (33), 2019-2023 -0.4217 0.0864 
significant at p<0.10, 

short-term SEP Well #7 

03N27E19AAB1 (2), 1980-2022 0.0051 0.9514 not significant Willet 

03N27E19ABB1 (3), 1980-2023 -0.4280 0.1648 significant at p<0.20 McDonald 

deep wells below Mackay Reservoir 

03N26E16ABB1 (34), 2020-2023 0.0435 1.0000 
not significant, short-

term SEP Well #10 

03N27E08BCB3 (36)     
data collection started 

8/2023 Telford Deep 

Big Lost network well in ESPA 

04N26E21ABB1 (7), 1977-2023 -0.6068 0.0000 significant at p<0.05 Granite Trust 

ESPA wells south of Big Lost network 

02N26E22DDA2 (26), 1977-2023 -0.2353 0.0000 significant at p<0.05   

02N27E02DDC1 (27), 1977-2023 -0.2134 0.0000 significant at p<0.05   

03N29E19CBB1 (28), 1977-2023 -0.3182 0.0000 significant at p<0.05   

02N27E33ACC2 (29), 1982-2023 -0.2637 0.0000 significant at p<0.05   

02N28E21BBB1 (30), 1977-2023 -0.2800 0.0000 significant at p<0.05   

     

Note:  Wells 24 and 25 from the 2017 analysis are not part of the monitoring network, but were  

included in the synoptic wells for this analysis.     
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APPENDIX C.  HYDROGRPAHS FOR  

VERTICAL GRADIENT WELL GROUPS 
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