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Overview 

Hydro Logic, Inc (HLI) has conducted a series of analyses and reanalyses of 16 well and 
aquifer tests carried out over the past 17 years in the greater Eagle-Star and foothills areas 
of northwest Ada and southwest Gem Counties of Idaho. The work was authorized and 
funded by M3 Eagle, LLC, to develop a rigorous, rational, and scientifically based 
understanding of a ground-water supply for its planned community and to support its 
application for a municipal water right. This report, which is aimed at developing values 
for the aquifer hydraulic parameters of transmissivity (“T”) and storativity (“S”) for the 
aquifers beneath the greater Eagle-Star-M3 area, is one part of a larger regional 
hydrogeologic characterization by HLI that includes: exploration drilling, geochemical 
modeling of groundwater flow, geophysical studies, aquifer testing, water level 
monitoring, and the development of a new numerical model of the ground water flow 
system (in addition to, and independent of the model developed as part of a University of 
Idaho Master’s Thesis).  
 
A report released by Hydro Logic, Inc in the spring of 2007 (HLI, 2007), demonstrates 
that a regional water-supply aquifer, named therein the Pierce Gulch Sand Aquifer, 
underlies the Boise River Valley in the greater Eagle-Star and Meridian area, and the 
foothills lying to the north of these cities. The HLI study further shows that the Pierce 
Gulch Sand Aquifer connects to aquifers in the Payette Valley west of Emmett, allowing 
significant quantities of ground water to move from the Boise River basin to the Payette 
River basin. This is a new conceptual model for this area that updates the conceptual 
model that was included as part of the Treasure Valley Hydrologic Project (Petrich and 
Urban, 2004). The aquifer sands are typically on the order of 275 feet thick, but in some 
areas have a thickness of over 500 feet, as delineated by geophysical logging of the 
subsurface and through exposure in outcrops to the east. The aquifer dips to the 
southwest at about 100 feet per mile and is tapped by supply wells that are more than 550 
feet deep toward the west in the vicinity of Star and less than 200 feet toward the east in 
the vicinity of Lexington Hills.  The 2007 HLI report indicated that the quantities of 
ground water currently flowing through the Pierce Gulch Sand Aquifer under the City of 
Eagle are on the order of many tens of millions of gallons per day but did not refine this 
estimate, in part because the properties of the aquifer were then only partially understood.  
 
The purpose of this Aquifer Test Report is to provide information needed to better 
quantify the amount of groundwater flowing through the aquifer. To do so, we used the 
state-of-the-art computer program Aqtesolv® to analyze 16 pumping tests, combined with 
the new conceptual model of the aquifer as indicated by test-well drilling, borehole 
geophysics, geochemical studies, water level monitoring and analysis, and geological 
mapping and characterization. The result is a new understanding of the spatial 
distribution of the transmissivity and storativity of the Pierce Gulch Sand Aquifer 
throughout the Eagle-Star-M3 vicinity.  This new understanding is now being 
incorporated into a three-dimensional, numerical, ground-water flow-model, currently 
under development, that will better quantify the amounts of ground water flowing 
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through the entire aquifer system beneath this area and to predict the effects of the 
development of ground water for the proposed M3 Eagle project as it is developed over 
the next 30 years. 
 
This Overview summarizes this study’s contributions, significant findings and 
recommendations. The main body of the report should be consulted for supporting 
details. Well details and results from the test analyses are included in Table i-1 (page ix). 
The tested wells and associated observation wells are shown in Figure i-11 (page xiii).  
 
Contributions of this Study 
 

Using data from fifteen well and aquifer tests conducted over the past 17 years, along 
with one aquifer test conducted by HLI under the authorization of M3 Eagle in 2006 
(Kling Well), this study makes five new contributions to the understanding of the ground-
water resources of the greater North Ada County area, as summarized below: 
 
The first contribution of this report to compile most of the significant pumping test data 
conducted over the region into one document. This report presents the physical details, 
the test data, a summary of the previous analyses and HLI’s reanalysis, presented by area 
and by aquifer. An included CD contains the drawdown data in digital format from the 16 
tests analyzed in this report. 
 
The second contribution is to apply the new understanding that the Pierce Gulch Sand 
Aquifer is the regional aquifer system beneath the greater Star-Eagle-M3 area to the 
pumping test analyses. Geologic, hydraulic, geochemical, and geophysical data show that 
all the major supply and irrigation wells in the Eagle, Star, upland foothills area, and even 
the City of Meridian tap the same, regional-supply aquifer.  
 
The third contribution is to use multiple methods to analyze each test. In addition, each 
analysis included sub-analyses to indicate the applicability of the method to the data. We 
used derivatives2 to show the time period (if any) where the data match a theoretical type-
curve appropriate to the method. Where the data did not match the type curve, the 
selected methods were deemed unlikely to generate valid or defensible analytical results. 
In many cases, the derivative analyses indicated that previous analytical methods used 
were invalid. This report points this out and in reaching its conclusions, relies on what is 
scientifically supportable. 
 
The fourth contribution is to recognize the full thickness of the Pierce Gulch Sand 
Aquifer. Many previous analyses assumed that the aquifer was only as thick as the 
screened section of the pumping well, an assumption that often caused the under-
estimation of transmissivity of the full thickness of the aquifer.   
                                                 
1 The figure and table presented at the end of this Overview are identical to those presented in the last 
chapter of the report, Section Six: Summary of Regional Aquifer Characteristics. They are repeated in this 
Overview for the convenience of the reader. 
2 A derivative analysis considers the slope of the line fit through the drawdown data. By comparing the 
actual derivatives (slopes) and the ideal derivatives that should occur, the validity of the method is 
appraised. 
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The fifth contribution is to apply the better understanding of the physical nature of the 
Pierce Gulch Sand Aquifer to the interpretation of the test results. The aquifer dips 
toward the southwest, causing it to be unconfined along its eastern borders beneath the 
foothills and in the Lexington Hills area, and confined beneath the western and southern 
parts of the study area. Variations in thickness and permeability cause the transmissivity 
and storativity of the aquifer to vary significantly over the project area. A structural 
geologic fault and other edge-of-aquifer boundaries along the eastern edge of the Pierce 
Gulch Sand Aquifer appear to act as no-flow boundaries such that little if any significant 
quantities of ground water appear to cross this boundary. The newly appreciated 
understanding that ground water flows to aquifers beneath the Payette River Valley helps 
to explain previously unexplained attributes of the ground-water flow system beneath the 
Boise River Valley. 
 
This study builds upon the previous scientific work conducted by others who developed 
the initial concepts and interpretations of the hydrogeology of the area. As we analyzed 
the data and developed new understandings, previous interpretations had to be modified 
and updated. Some concepts have stood the test of reanalysis based on the additional 
knowledge acquired over time; others have had to be revised or even discarded. This 
changing and revision of concepts and models is the way of scientific advancement. As 
the authors of this study, we have striven to provide a meaningful and lasting contribution 
to the understanding of the ground-water resources of the greater Eagle-Star-M3 area. 
 
Significant Findings for the Pierce Gulch Sand Aquifer 
 

The analyses of the pumping tests conducted in the Pierce Gulch Sand Aquifer indicate a 
highly-productive and extensive, regional-scale aquifer capable of supplying large 
ground-water withdrawals from beneath both the lowlands of the Boise River Valley and 
beneath the western portion of the north Ada County foothills. The specific results of the 
analyses are presented below: 
 

Transmissivity 
 

Our analyses indicate that the Pierce Gulch Sand Aquifer is highly transmissive, with 
transmissivities typically ranging from around 40,000 gpd/ft (gallons per day per foot3) to 
over 500,000 gpd/ft. Some localized portions of the Pierce Gulch Sand Aquifer appear to 
have transmissivities on the order of 800,000 gpd/ft. The overall average (mean) of the 
valid transmissivities calculated in this study for the Pierce Gulch Sand Aquifer, to two 
significant figures, is 210,000 gpd/ft. This relatively large value confirms the role of the 
Pierce Gulch Sand Aquifer in transmitting large volumes of water as the major, regional 
ground water supply aquifer in the study area.  
 
Many of the recalculated transmissivity values are significantly higher than those 
reported by previous workers. The mean of the values calculated by these workers listed 
in Table i-1 is 140,000 gpd/ft, or about one-third lower than the recalculated mean. We 

                                                 
3 In this report, transmissivities are presented in units of gallons per day per foot. Transmissivities in units 
of ft2/day are also included in the summary tables at the end of this Overview and at the end of Section Six. 
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attribute the lower, previously-reported values to the fact that the earlier workers did not 
recognize the full thickness of the Pierce Gulch Sand Aquifer and in some situations, 
used analytical methods that derivative analyses indicate are invalid.  
 

Storativity 
 

Calculated storativities in the Pierce Gulch Sand Aquifer ranged from 0.02 to 2x10-4 
(unitless). The results of a 30-day test that included observation wells, conducted during 
spring of 1991 on the eastern side of Eagle in the Lexington Hills area, indicated that the 
aquifer is unconfined. When pumped sufficiently long, (as it was during the test) the 
aquifer demonstrates “delayed yield effects” (drainage of some of the pore spaces within 
the aquifer). During this 1991 test, the water level dropped below the top of the aquifer at 
some locations resulting in specific yields (“unconfined aquifer storativity”) on the order 
of 0.02 (2x10-2). A shorter-term test (a day or less) conducted in this area would not have 
indicated delayed-yield behavior of the aquifer. Rather, analysis of a shorter-term test 
would have indicated storativities on the order of 10-3 to 10-4, suggestive of a confined 
aquifer. The Lexington Hills test demonstrated that conducing a pumping test for more 
than a day or two may lead to a more-complete understanding of aquifer behavior. 
 
Storativity values from other Pierce Gulch Sand Aquifer tests, (in western, central and 
northern parts of the study area) indicate that the aquifer is confined. Pumping did not 
draw the water levels down below the top of the aquifer. In these tests the storativity 
ranged from about 10-3 to 10-4 with a representative value on the order of about 5x10-4. 
 
A Conceptual Model of a Single Aquifer vs Multiple Aquifers 
 

In the HLI analyses we considered whether the Pierce Gulch Sand Aquifer behaves as 
one aquifer or as a system of discrete aquifers separated by continuous, leaky aquitards. 
Although it is certain that the Pierce Gulch Sand Aquifer is overlain by shallower, 
distinct aquifers at some locations in the study area, we believe the contiguous “sand 
sheet” we have identified as the Pierce Gulch Sand Aquifer behaves as, and is best 
conceptualized as, one continuous heterogeneous aquifer. Certainly, and as with all 
natural depositional processes, the Pierce Gulch Sand Aquifer exhibits lateral and vertical 
variations in hydraulic conductivity and thickness. However, the observations and lines 
of evidence supporting a single aquifer concept are compelling. These include: 
 
 

a) Tests where deeper observation wells responded before shallower wells even though 
the shallower part of the aquifer was pumped (Kling test).  
b) Wells completed at similar depths as the pumped well and on strike with each other 
responded differently in both timing and magnitude (Eaglefield test).  
c) Pumping of deeper zones indicated a direct connection to the water table through 
delayed yield (unconfined) response (Lexington Hills test). 
d) Borehole geophysical analyses indicated that the lower-permeability regions within the 
aquifer are not continuous layers of clay defining separate sub-aquifers. 
e) None of the pumping tests generated data that fit well with the conceptual model or 
methods for analyzing multiple, layered, sub-aquifers separated by leaky aquitards.  
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Significant Findings for Other Aquifers 
 

The Willow Creek Aquifer, the Sandy Hill Aquifer, and the unnamed mixed- 
sediment/bedrock aquifer beneath Spring Valley, have severe limitations for use as 
ground-water supply-aquifers. Results of the analyses and our interpretations are 
summarized below: 
 
 

Transmissivity 
 

Transmissivity values for the Sandy Hill Aquifer were on the order of 300,000 gpd/ft. 
Values from short-term tests in the Willow Creek Aquifer were even higher, possibly 
1,000,000 gpd/ft or more. Transmissivities for the Spring Valley mixed sediment/bedrock 
aquifer were less than 2,500 gpd/ft. None of the wells used for these tests were properly 
completed or developed to allow for more meaningful calculations of transmissivity. All 
of these results are only approximations. 
 

Storativity 
 

None of the tests conducted in these other aquifers allow for accurate quantification of 
storativity. Based on the geologic information available for their wells, we believe that 
these aquifers are unconfined and therefore likely to have storativities on the order of 
0.01 to 0.3 or more.  
 

Viability for Sustained, Large-Volume Supply 
 

The analyses of the tests conducted in the Willow Creek and Sandy Hill Aquifers along 
with geologic interpretation of the physical extents of the aquifers, indicate that these 
ground-water systems are highly bounded, receive only small amounts of natural 
recharge, and are hydraulically isolated from the Pierce Gulch Sand Aquifer. These two 
aquifers have limitations on their viability for large, sustainable supplies. Development of 
large quantities of ground water from the Willow Creek Aquifer is feasible but would 
likely require high pumping rates (and associated high energy costs) to reverse the 
direction of the natural ground-water flow-gradients to cause ground water to flow from 
the Payette River Valley aquifers to the Willow Creek Aquifer. Development of 
sustainable, large quantities of water from the Sandy Hill Aquifer is likely to require 
artificial recharge because natural recharge is insufficient to sustain long-term pumping. 
The combined mixed sediment/bedrock aquifer beneath Spring Valley is not capable of 
supplying significant quantities of water to a well or well field. Only small-scale 
domestic supplies are possible. 
 
Recommendations 
 
After review and analysis of the available pumping tests of the Pierce Gulch Sand 
Aquifer, HLI makes the following main recommendations. In summary these are: 
 
Aquifer Tests 
 

We recommend two comprehensive, long-term tests of the Pierce Gulch Sand Aquifer: 
one in the valley and one in the foothills. We do not believe that these tests are necessary 
at this time (July 2008) to demonstrate that additional water is available from the Pierce 
Gulch Sand Aquifer. The large withdrawals that have been occurring over the past years 
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along with the relative stability of water levels in the Eagle-Star-M3 area already have 
demonstrated that an overdraft situation has not occurred. Rather, these tests would help 
to better define aquifer properties, help to quantify the hydraulic interconnectedness 
across the aquifer, and asses the potential for mutual interference4 between the numerous 
supply wells in the area to better manage the ground-water resource in the future. We 
believe that all water right applications should be obliged to provide the data needed to 
understand and manage the resource.  Properly designed and conducted pumping tests are 
part of the process that provides these data. We believe that all applicants for withdrawal 
of significant quantities of ground water be required to provide the rigorous and 
defensible aquifer-test data that would be generated following the recommendations 
below. All ground-water users in the region, present and future, would benefit were these 
recommendations to be followed and become standard procedure. 
 
The pumping (discharge) rates for the tests should be high, preferably from 2 to 6 cubic 
feet per second (approximately 900 to 2,700 gpm). Barometric efficiencies for all the 
wells monitored during each test should be calculated and barometric data should be 
collected before, during and after (recovery phase) each test in order to correct the data 
for the effects of changes in atmospheric pressure. Water levels in wells should be 
measured before each test to allow the analysis to compensate for antecedent water level 
trends. After the data are collected, the appropriate methods for the analyses should be 
employed based on the configuration of the test and the quality of the generated data. 
Data should be pre-processed to account for barometric effects and antecedent water level 
trends. Water levels and barometric pressure should be measured using electronic data 
loggers recording data on a short-time interval, complemented by frequent hand 
measurements using calibrated well sounders. Only with regular and frequent 
measurement of water levels can the effects of drawdown caused by the pumping well be 
separated from barometric effects, antecedent trends and interference from other pumping 
wells. 
 
Valley Aquifer Test 
 

A test of the Pierce Gulch Sand Aquifer should be conducted in the lowland area near 
Eagle. The tested well should be pumped at a significantly high rate for about a week. 
This test should be conducted with the cooperation of all the major ground-water 
pumpers in the area and should be coordinated with the Idaho Department of Water 
Resources. It should be conducted when the canals and ditches are not flowing and when 
irrigation pumping is at a minimum (preferably zero). These conditions would best be 
met during late winter or early spring. Ideally, no well capable of more than a few 
hundred gpm should pump during the test. Wells to be monitored during the test should 
be selected based on their positions relative to the pumping well and on the availability of 
high-quality data on geology and well construction. Because all municipal wells cannot 

                                                 
4 Interference is a hydrogeologic term. It is defined as the amount of drawdown (change in water level) in a 
well caused by pumping from another well. All ground water withdrawals from a well result in some 
interference. Theoretically, a well cannot produce water without causing some interference. Small amounts 
of interference generally go unnoticed.  
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be shut off during the test, arrangements will need to be made to minimize variations in 
pumping rates and to carefully monitor any essential pumping. 
 
Foothills Test 
 

A second aquifer test is recommended for the Pierce Gulch Sand Aquifer beneath the 
upland, foothills area on M3 Eagle’s property. The test should be conducted generally as 
described above for the Valley Aquifer test. Such a test has recently been conducted as 
part of the M3 aquifer characterization program, in spite of the fact that no properly 
designed and constructed, high-capacity supply well producing from the Pierce Gulch 
Sand Aquifer currently exists within the upland, foothills area.  
 
HLI recently conducted a long-term aquifer test using an existing, but newly developed 
eight-inch test well (SVR #7 – see Figure i-1), during April 2008. Preliminary analysis 
indicates that the test was sufficient to characterize this part of the Pierce Gulch Sand 
Aquifer. In spite of its small diameter, the well was pumped for 9 days at a sustained 916 
gpm (2.05 cfs), with a total of 23 observation wells (located from 845 feet to over 4 miles 
from SVR #7) monitored in addition to the pumped well. Pre- and post-pumping water 
levels were measured along with atmospheric pressure. This test was conducted before 
irrigation pumping had begun and before filling of the nearby irrigation canals. There was 
no known significant ground water pumping from wells in this area during the test. The 
timing and the execution of the test meet all of the recommendations for a regional 
aquifer test made above, with the exception of rate. However, preliminary analysis 
indicates that a drawdown of about one foot was recorded at an observation well almost 
one mile from the pumping well and lesser drawdowns (a few tenths of a foot) were 
recorded in more distant observations wells, indicating that the rate of 916 gpm was 
sufficient to stress the aquifer over a distance of at least two miles. After we finalize the 
data analysis (in progress), a report will be issued.  
 
Monitoring wells 
 

A network of dedicated, long-term, properly-designed-and-constructed monitoring wells 
should be established in the Eagle-Star-M3 area. The wells should be strategically placed 
to measure water levels at selected points within the Pierce Gulch Sand Aquifer and 
overlying water bearing zones. All wells should be equipped with electronic data logging 
equipment backed up by hand measurements to track water level changes over time and 
as ground-water pumping increases within the community. Continuous monitoring would 
also be expected to provide insight into interference effects between wells and the 
magnitude of the annual water-level fluctuations within the aquifer. The monitoring well 
network should be funded by local development, legislative appropriations, and 
municipal water providers, and operated by a single entity (preferably the IDWR) with 
data made available to the public domain. 
 
M3 Eagle, United Water Idaho and others have installed monitoring wells that could be 
incorporated into the monitoring well network. Exploratory test wells drilled by United 
Water Idaho (State and Linder and TVHP#1) and SunCor (SVR#6, SVR#7 and SVR#9) 
have been converted into monitoring wells. M3-Eagle has drilled four multi-level 
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piezometer nests specifically as long-term designated monitoring wells (M3-TW#1 
through #4). M3-Eagle is currently monitoring water levels in 24 wells in the upland 
(foothills) area, although the number of wells to be measured over the long term will 
likely be less. 

 



Table i-1 - Summary of Aquifer and Well Test Parameters
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" to Mat'l type based
- =agl Depth Elev Depth Elev "b" Well Analysis S on Hydraulic Comments

Map of Well Locations 1 ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft gpd/ft ft2/day ft/day cm/sec Conductivity*

Valley Wells 
Eagle 7-Day Test - Pierce Gulch Sand Aquifer

Eaglefield Well #2 (pumping) 3 2514 -8.61 2523 1580 20.91 345 2169 181 2333 498 - Cooper-Jacob 200,000 800,000 110,000 - 2.2E+02 7.8E-02 coarse sand Match only valid: 20 to 80 minutes. Correction Includes PP (Butler) adjustment.
4 425 2089 679 1835 Semi-Log Theis*** 850,000 1,000,000 130,000 - 2.6E+02 9.2E-02 coarse sand Match 20-80 min. Hantush PP correction. Correction for well-loss increases T by18%.
5 Theis Butler PP corr. 200,000 760,000 100,000 - 2.0E+02 7.1E-02 coarse sand Butler PP corrections yield similar results to Hantush supporting their validity
6 Theis Recovery 200,000 800,000 107,000 - 2.1E+02 7.6E-02 coarse sand No well loss to affect plot. Correction Includes PP (Butler) adjustment

Legacy #1 7 2513 -16.25 2529 2.73 282 2231 175 2338 500 1605 Theis/Hantush no match 100,000 13,000 1.0E-02 2.6E+01 9.2E-03 clean sand Trend correction needed for match before 500 min. No match after 500 min.
 (observation) 8 352 2161 675 1838 Hantush-Jacob no match 100,000 13,000 1.0E-02 2.6E+01 9.2E-03 clean sand Leakage factor r/B = 4.6x10-4

UWID State and Linder #1A 9 2519 -12.83 2532 5.67 280 2239 210 2310 525 2405 Theis (early-time) 500,000 500,000 67,000 2.3E-03 1.3E+02 4.5E-02 clean sand Theis gives average of near (pumping) and far (obs well) values.
 (observation) 11 370 2149 735 1785 Butler (at obs well) 84,000 84,000 11,000 3.7E-03 2.1E+01 7.4E-03 clean sand Butler method only gives approx. results as model does not strictly apply

UWID State and Linder #1B 10 2519 -12.53 2532 5.49 400 2119 210 2310 525 2405 Theis (early-time) 400,000 400,000 50,000 1.3E-03 9.5E+01 3.4E-02 clean sand Theis gives average of near (pumping) and far (obs well) values.
 (observation) 12 490 2029 735 1785 Butler (at obs well) 84,000 84,000 11,000 1.3E-03 2.1E+01 7.4E-03 clean sand Butler method only gives approx. results as model does not strictly apply

Ricks Irrigation Well 13 2526 7.23 2519 1.09 234 2292 260 2266 416 3340 Theis/Hantush no match no match - - - - - Derivative analysis indicates no data match to type curve.
 (observation) 395 2131 676 1850

Holladay means 187,000 187,000 25,000 5.0E-03 Mean based on 8 separate analyses
SPF means 110,000 110,000 15,000 5.0E-03 Mean based on 24 separate analyses. SPF did not specify a mean.

Test summary ranges: PGSA near Eaglefield: Mean T = 460,000gpd/ft with a range of 200,000 to 800,000 gpd/ft, from UWID State and Linder: T = 80,000 to 400,000 gpd/ft, from Legacy T  = 100,000? gpd/ft, S = 2x10 -3 Analytical models only approximate assumptions required; therefore results only approximate.
Pumping projections for individual wells will need PP corrections.

Lexington Hills 30-Day Test - Pierce Gulch Sand Aquifer
Lexington Hills Well #1 (pumping) 17 2645 71.00 2574 732 81.00 215 2430 75 2570 326 - Cooper-Jacob 15,000 50,000 6,700 - 2.1E+01 7.3E-03 clean sand Early-time data, Includes PP (Butler) corrections. Delayed yield indicated

18 385 2260 401 2244 Moench 80,000 80,000 10,700 - 3.3E+01 1.2E-02 clean sand Good match to delayed-yield curve.
CH2M average 170,000 170,000 22,700 - 7.0E+01 2.5E-02 clean sand CH2 average T too high. Delayed yield portion analyzed. Early time better

Holgate Well (observation) 19 2645 65.58 2579 3.85 ? ? 89 2556 306 900 Theis (early time) 120,000 120,000 16,000 5.0E-04 5.2E+01 1.8E-02 clean sand Only data for t<80 min match. Delayed yield indicated.
20 171 2474 395 2250 Moench 96,000 96,000 13,000 1.2E-02 4.2E+01 1.5E-02 clean sand Good match to delayed-yield curve.

CH2M averages 100,000 100,000 13,000 1.3E-02 4.2E+01 1.5E-02 clean sand Good agreement with Moench.

Carson Well (observation) 21 2630 62.48 2568 2.47 ? ? 75 2555 305 1300 Theis (early time) Analysis Likely Invalid - - - - - Well may be too shallow to properly indicate aquifer parameters
22 90 2540 380 2250 Moench 77,000 77,000 10,000 3.5E-02 3.3E+01 1.2E-02 clean sand Good match to delayed-yield curve.

CH2M averages 110,000 110,000 15,000 2.6E-02 4.9E+01 1.7E-02 clean sand Average includes early time data does not considering delayed yield.

Eagle Hills Golf Course Well 23 2610 55.59 2554 1.05 ? ? 78 2532 302 2500 Theis (early time) 420,000 420,000 56,000 5.0E-03 1.9E+02 6.6E-02 coarse sand Largest value in area. Poor derivative match. Results may be invalid
 (observation) 24 175 2435 385 2230 Moench 400,000 400,000 53,000 8.0E-03 1.8E+02 6.2E-02 coarse sand Good match to delayed-yield curve.

CH2M averages 280,000 280,000 37,000 1.2E-02 1.2E+02 4.3E-02 clean sand Analyses do not take into account delayed yield.

Floating Feather Irrigation Well 25 2670 86.80 2583 2.00 ? ? 75 2595 315 5100 Semi-Log Theis Analysis Likely Invalid - - - - - Poor data resolution. No derivative match. No analysis possible
 (observation) 270 2400 390 2280 CH2M averages - - - - - - Not presented in report.

Test summary: PGSA average near Lexington Hills #1 T = 160,000 gpd/ft, S = 3x10 -3  (short-term pumping) and Sy = 0.02 (long-term pumping). Four-well mean 160,000 1.8E-02 Analytical results indicate delayed-yield (unconfined) aquifer with high-rate, long-term pumping.

Rivervine 6-Hour Test  - Shallow Aquifer Overlying the Pierce Gulch Sand Aquifer
Rivervine (pumping) 28 2500 -1.75 2502 350 22.73 72 2428 4 2496 116 - Cooper-Jacob 43,000 43,000 5,700 - 4.9E+01 1.7E-02 clean sand Log suggests unconfined aquifer. Only upper portion of aquifer tested

29 118 2382 120 2380 Theis/Hantush 48,000 48,000 6,400 - 5.5E+01 2.0E-02 clean sand Recharge boundary indicated: river? canal? pond? delayed yield?

6-In Observation 30 2500 -2.25 2502 4.85 65 2435 4 2496 116 283 Cooper-Jacob 37,000 37,000 4,900 2.2E-04 4.2E+01 1.5E-02 clean sand Obs well data better than pumping well data. No  PP correction needed.
31 75 2425 120 2380 Theis 36,000 36,000 4,800 2.5E-04 4.1E+01 1.5E-02 clean sand Sensitivity analysis indicates PP correction not needed.

Redwood Creek 8-hour Test - Pierce Gulch Sand Aquifer
Redwood Creek Well (pumping) 33 2545 -4.70 2550 2100 96.00 298 2247 295 2250 350 - Cooper-Jacob 50,000 140,000 18,700 - 5.3E+01 1.9E-02 clean sand Includes PP (Butler) corrections. 

34 401 2144 411 1900 Theis/Hantush 140,000 150,000 20,100 - 5.7E+01 2.0E-02 coarse sand Includes PP (Hantush) correction. Well loss correction increased T by 7%.
Scanlan 55,000 55,000 7,400 - 2.1E+01 7.5E-03 clean sand No PP correction leads to under-estimate for T

Ricks Well (Observation) 35 2545 -12.00 2557 4.40 ? ? 260 2285 385 2500 Theis/Hantush 140,000 140,000 19,000 1.8E-04 4.9E+01 1.7E-02 coarse sand Obs well analyses agrees with Theis/corrected C-J analysis for pumped well.
(not same well as "Ricks Irrigation") 284 2261 404 1900 Scanlan 154,000 154,000 21,000 2.0E-04 5.5E+01 1.9E-02 coarse sand Reasonable agreement.

Test summary: PGSA average near Floating Feather T = 170,000 gpd/ft, S = 4x10 -4 .
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Table i-1 - Summary of Aquifer and Well Test Parameters (continued)
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" Mat'l type
- =agl Depth Elev Depth Elev "b" Well Analysis Stest based on Comments

ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft ft2/day ft/day cm/sec permeability*

Floating Feather 51-hour Test - Pierce Gulch Sand Aquifer

Floating Feather (pumping) 47 2599 44.20 2555 1500 30.16 183 2416 113 2486 386 - Semi-Log Theis 140,000 160,000 21,000 - 5.4E+01 1.9E-02 clean sand Mean T = 160,000 gpd/ft from est. likley max. well loss of 0 to 10 ft
48 330 2269 499 2100 Theis Recovery 160,000 320,000 43,000 - 1.1E+02 3.9E-02 clean sand "Corrected" likley to be incorrect because well in middle of aquifer

Scanlan averages 150,000 150,000 20,000 5.2E+01 1.8E-02 clean sand Agreement with new analyses. 

Crandlemire Irrigation (observation) 49 2599 45.30 2554 11.60 176 2423 111 2488 388 65 Semi-Log Theis 170,000 170,000 23,000 3.7E-04 5.9E+01 2.1E-02 clean sand Obs well data likely better than pumping well data. No  PP correction needed.
50 316 2283 499 2100 Theis Recovery 170,000 170,000 23,000 - 5.9E+01 2.1E-02 clean sand Likely good T value. No PP correction needed.

Scanlan averages 150,000 150,000 20,000 1.0E-04 5.2E+01 1.8E-02 clean sand Reasonable agreement.

Valley Single Well Tests - Pierce Gulch Sand Aquifer

Star #1 8-Hour Test 38 2512 -40.60 2553 800 29.39 452 2060 350 2126 310 - Cooper-Jacob 50,000 120,000 16,000 - 5.2E+01 1.8E-02 clean sand Includes PP (Butler) correction.
39 550 1962 660 1816 Theis/Hantush 100,000 120,000 16,000 - 5.2E+01 1.8E-02 clean sand Includes correction for estimated max. likely well loss.

Star #3 24-Hour Test 41 2476 -31.19 2507 3008 176.02 544 1932 390 2086 310 - Cooper-Jacob 100,000 180,000 24,100 - 7.8E+01 2.7E-02 clean sand  PP (Butler) correction indicates 90% larger T.
42 643 1833 700 1776 Theis/Hantush 100,000 140,000 18,700 - 6.0E+01 2.1E-02 clean sand Includes correction for estimated max. likely well loss

LDS Eagle 4-Hour Test 44 2610 28.6 2581 95 17.52 397 2213 90 2520 380 - Cooper-Jacob 60,000 90,000 12,000 - 3.2E+01 1.1E-02 clean sand Development obscures true response. Includes PP (Butler) correction.
45 465 2145 470 2140 Theis/Hantush 70,000 70,000 9,400 - 2.5E+01 8.7E-03 clean sand Poor match. Sensitivity analysis indicates PP affects result by 80%

BSU averages 37,000 37,000 4,900 - 1.3E+01 4.6E-03 clean sand No PP corrections or recognition of well development effects.

Upland Wells - Pierce Gulch Sand, Willow Creek, Sandy Hill and Eastern-Upland Aquifers

Pierce Gulch Aquifer Wells

SVR  #7 22-Hour Test- Pierce Gulch Sand Aquifer

SVR #7 (pumping) 66 2710 160.54 2549 500 31.04 280 2430 180 2530 260 - Theis Step 150,000 150,000 20,000 - 7.7E+01 2.7E-02 clean sand Decline in PWL during test. Well developing. Analysis invalid.
67 350 2360 440 2270 Theis Recovery 150,000 150,000 20,000 - 7.7E+01 2.7E-02 coarse sand Recovery better match than pumping. Max DD at 60 min, then decline.

SPF averages 370,000 370,000 49,000 1.9E+02 6.7E-02 coarse sand

Big Gulch Stock Well 68 2698 150.00 2548 0.54 ? ? 170 2528 230 845 Theis/Hantush 180,000 180,000 24,000 1.0E-02 1.0E+02 3.7E-02 coarse sand No log for obs well.  Better match than pumping data.
69 180 2518 400 2298 Theis Recovery 180,000 290,000 39,000 - 1.7E+02 6.0E-02 coarse sand General agreement with pumping well recovery.

SPF averages 270,000 270,000 36,000 - 1.6E+02 5.5E-02 coarse sand

SVR Well #9  3.3-Hour Test 

72 2753 197.33 2556 43 14.00 235 2518 197 2556 73 - Cooper-Jacob 120,000 120,000 16,000 - 2.2E+02 7.7E-02 coarse sand Log suggests unconfined aquifer
73 263 2490 270 2483 Theis/Hantush 120,000 120,000 16,000 - 2.2E+02 7.7E-02 coarse sand Test too short. Development makes results questionable.

SPF averages 13,000? 13,000? - - - - - No analysis presented in SPF, only range of results.

Kling Irrigation Well 50-Hour Test- Pierce Gulch Sand Aquifer

Kling Irrigation (pumping) 83 2614 95.42 2519 900 94.39 198 2416 341 2273 240 - Theis/Hantush 29,000 37,000 4,900 - 2.0E+01 7.2E-03 clean sand Includes correction for est. well loss and  PP (Hantush).
84 408 2206 581 2033 Cooper-Jacob 20,000 36,000 4,800 - 2.0E+01 7.1E-03 clean sand Includes PP (Butler) corrections. Partially plugged screen. 
85 Theis Recovery 27,000 45,000 6,000 - 2.5E+01 8.8E-03 silty sand Includes PP (Butler) corrections. 

M3-TW #1 (composite: Zones 1-4) 86 2606 90.23 2516 8.95 353 2253 350 2253 240 1050 Theis (mean of 4 zones) 140,000 140,000 18,700 1.1E-03 7.8E+01 2.8E-02 clean sand Composite (mean of 4 zones) averages anomalies in separate obs wells 
87 556 2050 590 2013 Theis 4-well plot 110,000 110,000 15,000 1.0E-03 6.3E+01 2.2E-02 clean sand Best fit of 4 plots for 4 zones. General agreement with mean plot

M3-TW #1 Individual Zones 1-4 88,90,92,94 Mean of Theis Drawdown 120,000 120,000 16,000 1.4E-03 6.7E+01 2.4E-02 clean sand In range of composite and single mean plot analyses
89,91,93,95 Mean of Theis Recovery 35,000 35,000 4,700 - 2.0E+01 6.9E-03 clean sand Recovery is consistent with pumped well analysis.

Test summary: PGSA average near Kling irrigation well: T = 39,000 gpd/ft, S =0.0009.  Higher average T of 110,000 to 140,000 gpd/ft in larger region of aquifer as indicated by obs wells at M3-TW #1. 
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Table i-1 - Summary of Aquifer and Well Test Parameters (continued)
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" Mat'l type
- =agl Depth Elev Depth Elev "b" Well Analysis Stest based on Comments

ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft ft2/day ft/day cm/sec permeability*

Willow Creek Aquifer Wells
SVR Well #6  24-Hour Test 60 2816 450.18 2366 358 2.82 560 2256 450 2366 290 - Semi-Log Theis 1,000,000+ 1,000,000+ 100,000+ - >300 >E-01 coarse sand Development during pumping: Indicated T likely too high.

61 720 2096 740 2076 Theis Recovery 650,000 1,000,000 134,000 - 4.6E+02 1.6E-01 coarse sand Better match than  pumping analysis. Includes PP (Butler) correction.
SPF averages 1,300,000 1,300,000 170,000 - 5.9E+02 2.1E-01 coarse sand SPF best estimate for aquifer is 1,000,000+ gpd/ft.

SVR Well #10  24-Hour Test 63 2870 482.08 2388 55 59.90 630 2240 480 2390 190 - Cooper-Jacob 300,000+ 300,000+ 7,000 - 4E+01+ 1.E-02+ clean sand Meter problems. Screen flaw. Flat DD. Analysis not accurate.
64 640 2230 670 2200 Theis Recovery - - - - - - - No meaningful analysis possible. Poor test

SPF averages - - - - - - -

Eastern Upland Mixed Sediment/Bedrock Wells

SVR Well #1  7.5-Hour Test 54 3390 16.80 3373 51 102.00 125 3265 125 3265 275 - Cooper-Jacob 1,500 1,500 200 - 7.3E-01 2.6E-04 Bedrock/sediment Low yield aquifer.
55 400 2990 400 2990 Theis Recovery 2,300 2,300 310 - 1.1E+00 4.0E-04 Bedrock/sediment

Scanlan averages 1,700 1,700 230 8.4E-01 3.0E-04 Bedrock/sediment

SVR Well #2  2.5-Hour Test 57 3630 32.10 3598 50 159.90 300 3330 300 3330 460 - Cooper-Jacob 720 720 96 - 2.1E-01 7.4E-05 Bedrock/sediment Low yield aquifer.
58 760 2870 760 2870 Theis Recovery 270 270 40 - 8.7E-02 3.1E-05 Bedrock/sediment

Scanlan averages 350 350 47 1.0E-01 3.6E-05 Bedrock/sediment

Eastern Upland Sandy Hill Aquifer 71-Hour Test

TPW #1 (pumping) 75 3600 177.84 3422 2050 16.81 238 3362 178 3422 114 - Cooper-Jacob 200,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Includes PP (Butler) corrections. Highly bounded aquifer.
76 290 3310 292 3308 Moench 300,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Reasonable match.
77 Theis Recovery 300,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Incomplete recovery suggests highly bounded aquifer.

SVR #3 (observation) 78 3600 175.38 3425 159.90 175 3425 175 3425 105 150 Moench - - - - - - - No fit. Invalid analysis.
79 240 3360 280 3320 Theis Recovery 1,000,000? 1,000,000? 134,000 - 1.3E+03 4.5E-01 coarse sand Liely invalid analysis. Straight-line plot poor. Highly bounded system. 

*Hydraulic conductivity (permeability) range from Freeze and Cherry (1979) - silty sand: k 5x10-4 to 5x10-3,  clean sand: 5x10-3 to 5x10-2, coarse sand 5x10-2 to 5x10-1, gravel: 5x10-1 to 5x100+  Ver: 7/8/2008

** Top of aquifer estimated from Well Driller's Reports may be inaccurate. Aquifer bottom depths estimated from geophysical contours are considered more accurate.
*** All Theis (1935) analyses of drawdown data include Hantush (1961a and b) corrections for Partial Penetration, even if not stated in this table. See text for further explanation.
**** If T for raw data = T for corrected data, then no correction applied.
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SECTION ONE: OVERVIEW AND INTRODUCTION 

Introduction 

This report presents the results of an analysis and re-analysis by Hydro Logic, Inc. (HLI) 
of 16 supply-well and test-well pumping-tests conducted over the past 17 years, in an 
area that includes the proposed M3 Eagle development, the cities of Eagle and Star, and 
surrounding region (Figure 1 on page 10). The primary purpose of this report is to 
develop the best understanding to date of the properties of the regional Pierce Gulch Sand 
Aquifer that currently supplies water to the municipalities of Eagle and Star and more 
than 3,000 domestic water wells in the area. Development of ground water from the 
Pierce Gulch Sand Aquifer, is also proposed for the M3 Eagle development in the 
foothills north of Eagle. A secondary purpose is to assess the properties of other, small 
and isolated aquifers found beneath the foothills to the northeast of Eagle (and to the east 
of the M3 Eagle property). This regional analysis is being developed by Hydro Logic, 
Inc. (HLI), as part of a program to better understand the source and sustainable supply of 
ground water in the area and to support a municipal water rights application for the M3 
Eagle, LLC and its proposed planned community. This study is intended to provide data 
and information useful to the Idaho Department of Water Resources’ (IDWR) future 
administration of water resources in the area, as the department is pressed to protect 
existing water rights and provide for development of ground water supplies to support the 
anticipated population growth.  
 
This report reviews 16 aquifer tests conducted by various workers in the lowland valley 
areas near Eagle and Star and in the foothill uplands northeast of Eagle, including an 
aquifer test conducted by HLI using the existing Kling Irrigation well located on the 
southwest corner of the M3 Eagle property. Because the previous tests were conducted by 
different workers using a variety of analytical techniques, the results are of varying 
quality. The analysis of the Kling Irrigation well test and the reanalyses of previous tests 
used a unified approach and incorporates recently developed understanding of the aquifer 
itself.  

Acknowledgements 

The analysis and preparation of this report benefited from the reviews conducted by Dr. 
Jim Osiensky of the University of Idaho. His insight into the various methods used in our 
analyses and the discussions that followed, improved this report. Dr. Spence Wood, 
professor emeritus at Boise State University, improved our understanding of the Pierce 
Gulch Sand on many enjoyable field trips. Input from Sean Vincent of the IDWR was 
also appreciated. His experience in the analysis of pumping test data especially relating to 
his practical experience in dewatering analyses aided these analyses. 
 
Several organizations supplied data and information that proved to be of great assistance 
in analyzing the various pumping tests conducted over the past 17 years. We would 
specifically like to acknowledge Chris Duncan of Holladay Engineering, Inc., Roger 
Dittus of United Water Idaho, Terry Scanlan and Christian Petrich of SPF Water 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

2

Engineering, Inc., and Chuck Feast of Feast Geosciences. Their input laid the foundations 
for this work. We would also like to thank Glenn Duffield, the developer of Aqtesolv®, 
and Dr. Jim Butler of the Kansas Geological Survey, for the time they took to personally 
address issues of partial penetration and the analysis of pumping well data, through email 
and telephone conversations. 

Scope of Work 

The scope of work for this project which was developed by Hydro Logic, Inc., and 
authorized by M3 Eagle, LLC, included the following: 
 
Select wells of special interest. Wells that could provide data to help delineate the 
characteristics of the regional water supply system were selected based on position within 
the project area, the availability of geologic, hydrogeologic and hydraulic information 
(especially pumping test data), and quality of well construction. Our intent was to select 
wells from each part of the project area that would provide hydrogeologic information on 
regional water supply.  Available well data in Appendix A included: Well Driller’s 
Reports, information on geologist’s logs of materials penetrated by each well, well 
construction details, ground-water chemistry and other pertinent information presented in 
the original pumping test reports or consultant’s analyses. HLI has generated composite 
diagrams for many of the wells completed in the Pierce Gulch Sand Aquifer and 
reanalyzed in this report. The composite diagrams are included in Appendix A.  
 
Obtain, enter, process and present pumping test data in a uniform manner and in one 
document. Some of the wells had pumping-test data presented as changes in water level 
from some reference point while others had data presented as changes in level from 
pretest or “static” conditions. Some data were available in electronic format while others 
required entry from printed data tables. All data in our analyses were converted to 
drawdown from pretest conditions after careful selection of a representative pretest water 
level. Our digital pumping test data files are included on a compact disk (CD) in a pocket 
at the back of the report.  
 
Review available hydrogeologic reports, well construction records and lithologic logs to 
assess aquifer and well characteristics. Well driller’s reports, geologist’s logs and 
geophysical logs were reviewed, and aquifer depths, type (unconfined, semi-confined or 
confined) and materials were interpreted and tabulated along with the details of well 
construction. Of particular interest was the relationship between pumping well and 
observation wells in multi-well pumping tests. 
 
Conduct a constant-rate pumping test using the Kling Irrigation well. The pumping well 
(Kling) and 6 other wells were used to collect pumping and drawdown data. Some of the 
monitoring wells allowed for the collection of data from one, two, four or five zones 
within the regional Pierce Gulch Sand Aquifer.5 Water-level and atmospheric-pressure 
                                                 
5 The name Pierce Gulch Sand Aquifer has been adopted during the course of the project to identify the 
regional aquifer that underlies Meridian, Eagle, Star and the M3 Eagle project. See Hydrogeologic 
Overview below or Hydro Logic, Inc. (2007) for more details. 
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(barometric) data were collected before, during and after 3,000 minutes of pumping to 
allow for analysis of non-pumping-related water level changes and isolate drawdowns 
caused by the pumping well. The testing of the Kling Irrigation well (located on the 
southwest end of the M3 property) allowed for a controlled analysis of an area where 
only limited data on the regional aquifer existed previously. This well is currently the 
only large-diameter, relatively high-capacity well located on the 6,005-acre M3 property. 
 
Analyze pumping test data using uniform, thorough,  and up-to-date techniques and 
methods. The latest (2008) version of Aqtesolv® (4.50.002) Professional (HydroSOLVE, 
Inc., 2008) pump test analysis software was used to analyze the pumping test data. The 
preferred analytical method was selected for each set of well data based on aquifer 
geometry, well construction, duration of the test, relationship between the pumping and 
observation well(s) and other pertinent factors. In many previous cases, only simplified 
methods were used to analyze the data with no review of the results to assess whether 
such methods were appropriate or not. In some cases, the data were presented without 
analysis or supported interpretations. In the HLI analyses, we selected (as appropriate) 
one or more of the following methods to account for: confined and unconfined aquifer 
conditions, variable pumping rates, well-bore storage, and partial well-penetration of the 
entire aquifer thickness, and aquifer-aquitard leakage. 
 

• “Cooper-Jacob straight-line” (Cooper and Jacob, 1946),  
• “Theis log-log” (Theis 1935), 
• “Theis semi-log” (Theis 1935), 
• “Partial-penetration” for log-log analyses (Hantush, 1961a and b),  
• “Partial-penetration” for semi-log analyses (Butler, 1957) 
• “Theis straight-line recovery” (Theis, 1935) , 
• “Well-bore storage correction” (Papadopoulos and Cooper, 1967),  
• “Leakage through a confining layer” (Neuman and Witherspoon, 1969),  
• “Delayed yield” Neuman (1974) and Moench (1997)  
• “Non-uniform aquifer log-log method” (Butler, 1988) 
 

In addition, we conducted “derivative analyses” to verify the validity of the method 
selected for the data used for the analysis. We also conducted a “critical time analyses” 
when certain types of methods (“straight-line”) were used. Each method is discussed in 
Section Two of this report (page 11). A detailed presentation of each method as outlined 
in Aqtesolv®, including diagrams, equations and the assumptions used in the analyses are 
included in Appendix B. 
 
Predict impacts to aquifer pressures (“heads”) and water levels in well caused by 
proposed ground water withdrawals using results of pumping test analyses. The aquifer 
parameters6 of transmissivity and long-term storativity calculated in our analyses, along 
with pumping rates listed in various sources, were used to predict the drawdown in 

                                                 
6 Some workers (Freeze and Cherry, 1979; Batu, 1998; and others) refer to transmissivity and storativity as 
aquifer “parameters” or “characteristics.” However, because transmissivity and storativity were formerly 
termed the “coefficient of transmissibility” and “storage coefficient,” some workers (Osiensky, 2007 and 
others) prefer the term “aquifer coefficients.” We have used both terms interchangeably in this report. 
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aquifer water levels produced by several selected regional supply wells in the project 
area. In cases where the pumped well was a small-diameter test well, a low-yield supply 
well, or not in a representative portion of the Pierce Gulch Sand Aquifer (or not in the 
Pierce Gulch Sand Aquifer at all), such predictive “distance-drawdown” analyses were 
not performed. 
 
Present the results in an easily understood and uniform format.  Regional maps and tables 
of results were prepared to show and compare coefficients of aquifer transmissivity and 
storativity at various places. Well drawdown effects are presented as figures of distance 
versus drawdown. This information will also be used in regional assessments of 
groundwater flow, in subsequent reports and numerical modeling efforts. 
  
Review, critique and independently reinterpret the previous well tests conducted by 
others. An overview of the previous tests including discussion of methods, assumptions, 
conclusions and predictions was prepared. Conclusions about the previous tests along 
with selected recommendations for future work to better understand the groundwater 
flow system are included in this review and critique.  

Project Area 

 
The project area includes the property owned by M3 Eagle, north of Eagle, Idaho and the 
surrounding area. The study-area boundaries are approximately as follows:  
 

• western - the Ada/Canyon county line,  
• southern - the Boise River,  
• eastern - State Highway 55 and 
• northern - vicinity of the Ada/Gem county line.  

 
Specifically, wells in all or part of the following townships were reviewed: T4N/R1W, 
T4N/R1E, T5N/R1W, T5N/R1E, T5N/R2E, and T6N/R1E. The project area and selected 
wells are shown in Figure 1. 

Hydrogeologic Overview 

A brief overview of the hydrogeologic framework of the greater M3-Eagle-Star area is 
presented to help the reader better understand the hydrogeologic conditions present 
within the area of investigation. (More detailed discussion and analyses have been 
presented in a first year project summary report - HLI, 2007.) The significant 
hydrostratigraphic units in the study area are briefly described. The regional aquifer is 
then discussed in more detail in a following sub-section.  

Overview of Significant Hydrostratigraphic Units 
 
Terteling Springs Aquitard: Analyses of Well Driller’s Reports, geologists’ lithologic 
logs and borehole geophysical logs of wells drilled in the area, show a thick sequence of 
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clay and claystone (mudstone facies) of the Terteling Springs Member of the Idaho 
Group of Formations at depths of 400 to 600+ feet below ground surface in the Boise 
River Valley near Eagle and Star. The Terteling Springs mudstones were deposited in 
large lake (called Lake Idaho by geologists) that filled what is now the Boise River basin, 
4 million years ago.  The Terteling Springs mudstones comprise an aquitard that defines 
the bottom of the potable water system in the study area; no significant cold-water 
aquifers that supply high-quality, potable water lie beneath this unit. Low-temperature 
geothermal water aquifers, however, lie below the Terteling Springs Member, but are 
restricted to heat-value uses and are not generally suitable for potable water supply.  
 
Pierce Gulch Sand Aquifer:  A layer of lake-margin sediments about 275-feet thick (and 
locally more) directly overlie the mudstone facies of the Terteling Springs Member. 
These deposits, named the Pierce Gulch Sand after their type locality exposure in Pierce 
Gulch (Wood and Anderson, 1981), consist of sands (along with minor interbedded, 
discontinuous, and thin layers of clay and silt) that were spread out over the top of the 
Terteling Springs mudstones. The Pierce Gulch Sand was initially deposited in large 
deltas and beach deposits where rivers flowed into prehistoric Lake Idaho.  The draining 
of the lake through what is now Hells Canyon allowed the sands and clays to be spread 
out over most of the basin to the west of the project area following the slope of the 
original lake bottom. This spreading of sediments along the sloping bottom left a 
continuous layer of sand with some interbedded clay and silt gently dipping to the 
southwest beneath the project area, at a slope of about 100 feet per mile. The slope (dip) 
of the deposits becomes slightly steeper beneath the M3 project site where the sand units 
that lie 250 to 500 feet beneath the valley floor in the Eagle-Star area rise and subcrop 
just below the surficial soils on the M3 site. The Pierce Gulch Sand is exposed in out crop 
several hundred feet above the valley floor in the foothills areas north of Boise. Limited 
exposures are also present north of Eagle. 
 
Where saturated (as it is beneath the Boise Valley and much of the foothills containing 
the M3 project site), the Pierce Gulch Sand forms a regional aquifer named the Pierce 
Gulch Sand Aquifer (PGSA) by Ed Squires (HLI, 2007). Borehole-geophysical logs from 
more than a dozen deep wells in the area have been shown to exhibit a distinct and 
recognizable character that is traceable across the region. The basal sand of the Pierce 
Gulch Sand Aquifer, as shown by the geophysical logging7, lies beneath the foothills of 
the greater M3-project area and beneath the Boise Valley in Eagle, Star and Meridian; the 
Pierce Gulch Sand Aquifer appears to be present beneath a very extensive area.  
 
Unnamed Fluvial Sand Aquifer: Other, as yet unnamed, sands overlie the Pierce Gulch 
Sand Aquifer. These sand units consist of alluvium deposited by the ancestral Boise 
River in the flood plain of the valley formerly occupied by the lake. At many locations, 
these sand units are saturated from applied irrigation and canal leakage and form a 
separate and significant aquifer in the Valley area. These unnamed sand units also contain 
lower-permeability discontinuous silt and clay deposits where the ancestral river 
meandered back and forth depositing over-bank flood deposits along with more-
                                                 
7 All geophysical logs discussed in this section of the report (and for all tested wells discussed in this report 
that have been geophysically logged) are included in Appendix A. 
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permeable sands and occasional gravels. Typically, the unnamed aquifer is separated 
from the underlying Pierce Gulch Sand Aquifer by a sequence consisting mostly of clay 
and silt. In the eastern portion of the study area (near Lexington Hills in northeast Eagle) 
where the Pierce Gulch Sand Aquifer is relatively shallow, the clay layer is thin or 
absent, possibly allowing a hydraulic connection with the underlying Pierce Gulch Sand 
Aquifer.  
 
Boise River Gravels: A relatively thin (35± ft) layer of floodplain gravels of the present-
day Boise River forms the upper-most hydrogeologic unit in much of the lowland project 
area. This permeable gravel hydraulically connects directly to the Boise River and is 
typically underlain by clay and sand strata. These gravels are not present in the foothills; 
their northern extent in the project area is generally coincident with the Farmers Union 
Ditch (Figure 1, page 10). The upland areas of the Boise front prevented the floodplain 
from broadening to these areas. None of the well tests presented in this report are for 
wells completed in the Boise River gravels. Osiensky (1995), however, reported on the 
hydraulic properties of this aquifer in the Eagle Island area. 
 
Eastern Upland Mixed Sediment/Bedrock Aquifers: Mixed bedrock and sediment 
underlies much of the higher elevation areas to the northeast of Eagle. The bedrock 
consisting of granitic rocks of the Idaho Batholith and overlying volcanic flows and tuffs, 
lies generally to the north of a major northwest-southeast striking geologic fault system 
shown by the dashed-red lines8 in Figure 1. The main structural fault in this area (known 
as the West Boise-Eagle fault – Wood and Anderson, 1981; and Squires, 1992), appears 
to run approximately from State Street in west Boise toward Emmett and probably 
beyond. The fault has lowered geologic materials southwest of the fault by several 
hundred feet, relative to materials northeast of the fault. Groundwater in the mixed 
sediment/bedrock zones only flows at low rates and volumes. A portion of this water 
bearing unit was informally called the “Spring Valley Aquifer” by Scanlan (2003).  
 
Eastern Upland Bounded Sand and Gravel Aquifers: Two bounded, high-permeability 
aquifers consisting of sand facies of the Terteling Springs Member overlie portions of the 
bedrock in the northern and northeastern portion of the study area. The sand and 
occasional gravels were deposited as deltas at the margins of Lake Idaho while the finer-
grained clays and silts that define the bottom of the Valley cold ground water system 
were being deposited further to the west. These aquifers were informally called the 
“Sandy Hill Aquifer” and the “Willow Creek Aquifer” by SPF Water Engineering (2004a 
and b).  The Willow Creek Aquifer appears to be time-correlative to the upper-most clay 
underlying the Pierce Gulch Sand Aquifer to the west beneath the M3 Eagle property. 
While the finer-grained sediments (clays) were being deposited offshore in the deeper 
waters of Lake Idaho, the coarser-grained sediments (sands and gravels) were being 
deposited in deltas and beaches along the near-shore margins of the lake.  
 

                                                 
8 The position of the fault differs from that shown in HLI, 2007. Additional unpublished magnetometer 
studies and surficial geologic mapping conducted by Wood (2007) and funded by M3 have redefined the 
position of the southern branch of the fault. The position of the northern branch has not been revised 
suggesting an en échelon fault system of one or more parallel, offset faults. 
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Details of the Pierce Gulch Sand Aquifer  
 
The Pierce Gulch Sand Aquifer varies in thickness. The thickest sequence identified 
during our study (through borehole geophysics) was 525 feet at the UWID State and 
Linder test well. In the middle portion of the study area near the UWID Floating Feather 
Well, the Pierce Gulch Sand Aquifer is about 386 feet thick. It is still relatively thick 
along the eastern portions of the study area where borehole geophysical logging of the 
Lexington Hills well #1 indicated a 326-foot sequence that consists mostly of sand. 
Because the Pierce Gulch Sand Aquifer is shallower in the east (the result of the 100 feet 
per mile dip of the unit) it is possible that part of the upper portion of the 326-foot sand 
sequence identified through geophysics, includes unnamed fluvial sands.  
 
Beneath the M3 Eagle property, the Pierce Gulch Sand Aquifer is somewhat thinner, in 
part because portions of the Pierce Gulch Sand are unsaturated. At test well M3-TW#1 
(located in the southwest portion of the M3 Eagle property), the Pierce Gulch Sand is 
fully saturated and is 275 feet thick. Beneath the eastern portion of the M3 Eagle 
property, the upper portions of the sand are dry and the top of the aquifer is defined by 
the water table. For example, at SVR #9 near the edge of the aquifer, the saturated 
thickness of the Pierce Gulch Sand Aquifer is only 73 feet. The 197 feet between the 
water table and ground surface consists mostly of unsaturated (“dry”) sand.  
 
The Pierce Gulch Sand Aquifer behaves as a single aquifer, with varying permeability at 
different depths and lateral positions within the aquifer. Because of these variations, 
pumping from one depth interval within the Pierce Gulch Sand Aquifer does not 
immediately affect all depths of the aquifer. Short-term tests (less than a day) generally 
affect mostly the zones comparable to the depth of the pumped well. The relatively-flat 
lying and discontinuous clay layers that are present above and below the zone screened 
by a given well, initially direct the hydraulic effects to the same general depth interval 
that is being pumped. Eventually the hydraulic effects of pumping are transmitted 
throughout the aquifer because the clay layers are discontinuous and/or varying in 
permeability over a lateral extent. In other words, pumping a deeper zone ultimately 
affects the shallower portions of the aquifer. Similarly, pumping a shallower zone 
ultimately affects deeper zones.  
 
The Pierce Gulch Sand Aquifer does not behave as a series of individual aquifers 
separated by extensive, continuous clay layers. Data from pumping tests analyzed as part 
of this report do not support a model of a multi-layered, aquifer-aquitard system; during 
tests with multiple observation wells completed at different depths, pumping from wells 
completed in one depth interval of the aquifer system caused wells completed at different 
depths to respond within minutes after the initiation of pumping. For example, the 
observation wells completed at the bottom of the aquifer, responded first during the test 
of the Kling Irrigation well (screened at the top of the aquifer 1,050 ft away); wells 
completed within the top of the aquifer at the same location responded many minutes 
later. The earlier bottom-of-the-aquifer response indicates that the deeper water-bearing 
strata do not comprise a separate aquifer, separated by a continuous aquitard, from a 
separate overlying aquifer containing the pumped well. To the contrary, the response at 
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both the top and bottom of the water bearing strata within minutes of each other indicate 
a single aquifer. (Please see Section Five, for more details). 
 
Previous workers (Holladay Engineering and SPF Water Engineering, 2007) divided the 
Valley flow system based on depth alone into the “deep aquifer zone” (greater that 200 ft 
bgl), the “intermediate aquifer zone” (100 to 200 ft bgl), and the “shallow aquifer zone” 
(less than 100 ft bgl). These divisions were based solely on depth and not on 
hydrostratigraphy.  We believe the ground water flow system in the Valley is more 
accurately defined (from deep to shallow) as: the Pierce Gulch Sand Aquifer, overlain by 
unnamed clay and silt layers, overlain by an unnamed fluvial sand aquifer, overlain by 
the Boise River gravels. Because of the dipping nature of the Pierce Gulch Sand, the top 
of the Pierce Gulch Sand Aquifer and the depths of the overlying units do not match the 
arbitrary depth intervals previously used.  
 
Beneath the foothill uplands to the north of Eagle and Star, the ground water flow system 
is generally defined as the Pierce Gulch Sand Aquifer overlain by unsaturated units of 
sand and clay. At some locations directly adjacent to the lowland valley (such as beneath 
the southwest corner of the M3 Eagle property) the unnamed sand overlying the Pierce 
Gulch Sand Aquifer (and separated by a sequence of clay) is saturated and forms a local 
unnamed aquifer. Beneath most of the foothill upland where the unnamed sand is present, 
however, it is unsaturated and therefore does not comprise an aquifer. The Boise River 
gravels are not present beneath the upland foothills. 

Report Organization 

This report is organized into six main sections. Section One is this Overview and 
Introduction of the report. Section Two reviews the Methods of Analysis used in the 
various tests. Section Three: Analyses of Valley Well Tests Conducted by Others, 
presents our reanalyses of pumping tests conducted on wells completed in the Boise 
River Valley in the greater Eagle and Star vicinity. Section Four, Analyses of Foothills 
Well Tests Conducted by Others, presents our reanalyses of pumping tests conducted on 
wells completed in the foothill uplands north and northeast of Eagle. In these two 
sections (Three and Four), each well test is discussed and reanalyzed in its own 
subsection of the report. Each subsection starts with an overview of the test. This 
overview describes the test, includes a review of the general methods of analysis used by 
the original workers and presents a critique of issues encountered during the test and/or 
analysis. Following this overview, the data are reanalyzed by HLI. Because we anticipate 
that this report will be used as a reference document in the future, we have repeated 
details on the physical testing (rates, timing, etc) in the HLI reanalysis sections. Although 
it may appear to be redundant, we believe including these details will assist future readers 
by keeping this information in the same part of the report as the HLI reanalysis.  The HLI 
reanalysis includes details on the methods used, why the specific method was chosen and 
our results for quantification of transmissivity and storativity.  Conclusions are made 
about the overall results of the tests, the representativeness of the analysis, issues 
encountered during the test and our critique of the test. In cases where the well test was 
conducted using a major regional supply well, the derived aquifer coefficients are used in 
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a prediction of the potential impacts caused by longer-term pumping. Following the two 
review sections, Section Five: Analysis of the Kling Irrigation Well and Aquifer Test 
conducted by HLI, presents the setup, analysis and conclusions from the January 2007 
pumping test conducted at the Kling Irrigation well by HLI under the authorization of 
M3-Eagle. In Section Six: Summary of Regional Aquifer Characteristics, we present an 
overview of the characteristics of the Pierce Gulch Sand Aquifer system based on the 
results presented in the previous three sections. This section also discusses 
recommendations for additional testing and better methods for future testing to improve 
the current understanding.  
 
This report has 100 supporting figures and tables in the main body of the report; they are 
located at the end of each report subsection pertaining to an individual pumping test. A 
single figure showing all the well locations is presented at the end of this section of the 
report. Additional, more-detailed well location maps showing the distances between the 
pumping well and each analyzed observation well are included after the text for each 
pumping test. Appendix A contains supporting data on the wells used in the analyses 
while Appendix B gives supporting information on the analytical methods. Figures 
depicting the pre-processing of the data used in the analysis of the Kling Irrigation well 
are included in Appendix C and Appendix D. The digital data used in the pumping test 
analyses are included on a compact disk (CD) attached at the end of the report. 

Copyright, Warranty and Limit of Use/Liability Disclosure 

This report was prepared for the exclusive use and distribution by M3 Eagle LLC, 
following hydrogeologic practices generally accepted and in use in this geographic area 
at this general time. The information and analyses presented in this report are copyrighted 
by Hydro Logic, Inc., for exclusive use by M3 Eagle, LLC, and may not be used for any 
other purpose without specific written permission from Hydro Logic, Inc. There is no 
other warranty, express or implied.  
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Figure 1.  Locations for Wells Analyzed as Part of This Report 
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SECTION TWO: METHODS OF ANALYSIS  

Introduction 

HLI analyzed the data from sixteen pumping tests. To accomplish each analysis we: 1) 
obtained, collated and processed raw data collected by others; 2) selected the appropriate 
analytical method (at least two for each well); 3) calculated values for hydraulic 
parameters (transmissivity and storativity) of the aquifer tapped by each well and 4) 
predicted long-term changes in water levels from pumping at selected locations within 
the aquifer, using these calculated values. 
 
Initially, reports and data on past pumping tests conducted by others were obtained and 
reviewed. In many cases, information on selected wells was available from our files. Data 
important for the analysis included detailed information on both subsurface geologic 
conditions and well construction. Ideally, we would have a detailed description of the 
subsurface materials logged by a field geologist based on samples collected during well 
drilling. We would also have geophysical logs of the test boring that included resistivity 
(at various electrode spacings) and a natural gamma ray count. An accurate description of 
the well construction details would also be included showing well screen design, sealing, 
casing diameters and depths and water levels all based on an as-built diagram prepared by 
a hydrogeologist, geologist or engineer. Wells with all three sources of information 
allowed for the best interpretation of subsurface conditions. Table 3 (page 247) lists the 
selected wells. Details on well construction and subsurface information available to HLI, 
are included in Appendix A. In many cases, wells monitored during a test but not pumped 
( “observation wells’) did not have complete geologic or construction information.  These 
wells were still used in the analysis, but the incompleteness reduced our confidence of the 
analytical results and is noted in the analyses, where appropriate. 
 
Pumping test data were entered into MS-Excel-spreadsheet format in preparation for 
analysis. During this synthesis, we selected the most representative pre-pumping water 
level for use in each analysis. In some cases, these differed from the water levels used in 
previous analyses because of our inclusion of pretest changes caused by recovery from 
pumping before the test and/or changes in atmospheric conditions, known as the 
“barometric effect” where the water level in a well completed in a confined aquifer goes 
up when atmospheric pressure goes down or goes down when atmospheric pressure goes 
up. In other words, the water level in the well varies inversely proportional to changes in 
barometric pressure, as a function of the rigidity and isolation of the aquifer. The pretest 
water levels used in our analysis are included in Table 3 as “DTW,” or depth to water. (In 
Table 3, a negative number indicates a pretest water level above ground level). 
 
The data were then plotted and analyzed using Aqtesolv® 4.50.002 Professional software 
(HydroSOLVE, Inc., 2008). Analyses were conducted for each pumping well and when 
available, for observation well(s) monitored during the test. In the cases of the two 
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longer-term tests (“Eagle 7-Day Test” and the “Lexington Hills 30-Day Test”) four 
observation wells were reanalyzed for each test. 
 
Not all wells monitored during the original tests were reanalyzed; we culled observation 
wells that we deemed of little value. In many cases, such as when the observation well 
and pumping well were completed in a aquifers, or when the observation well was too far 
away from the pumping well, no meaningful changes in water level were observed during 
the test. In some cases, a very small change might have been observed had not another 
well in the area started pumping and/or had not the barometric effect been larger than the 
change in water level caused by pumping well. In such cases, the data from these wells 
were deemed neither representative nor useful and therefore, not reanalyzed.  
  
Water level data were graphed and reviewed in several formats. In cases where 
meaningful data were available for both pumping and post-pumping (“recovery”) 
periods, both drawdown and recovery plots were created and reviewed. Attention was 
paid to the effects of changes in well development; in the cases of some of the newly-
constructed wells9, aquifer material and residual drilling fluids (“mud”) were removed 
during the test, causing near-well aquifer permeability to increase over the term of the 
test. This increase in permeability introduces a potential error in the analysis. In two of 
the tests included in this report, the water levels that would otherwise have declined 
during constant-rate pumping actually rose, making analysis of the pumping portion of 
the test less meaningful. In these cases, recovery data were used when available to 
generate a more realistic analysis of the aquifer. 
 
In cases where pumping rates were relatively small compared to the volume of standing 
water in a well casing, early-time, well-bore storage effects were considered. In cases 
where a well was completed in only a portion of the whole-aquifer thickness, the effects 
of partial penetration were considered.  

Analytical Methods 

 
We used a variety of methods after reviewing “straight-line” (semi-log time versus 
arithmetic drawdown) and “curved-line” (log-time versus log drawdown) plots of the 
data along with geologic and well-construction data. Each method and the conditional 

                                                 
9 It appears that in many of the tested wells, very little to no significant well development occurred prior to 
testing. In Idaho, the “standard of care” practiced by many well drillers and consultants is just to pump the 
well for a couple hours as the main development tool. A more thorough and stable development of the well 
occurs when the well is jetted and / or surged with material removed (including residual drilling mud) until 
the pumped water is clear and sand free. A well that has undergone only limited pumping prior to testing 
often produces sand and silt during testing, causing test results to be of limited value. An underdeveloped 
well may also be partially plugged with drilling mud that was not fully removed during development, 
causing additional drawdowns and erroneous test results, especially if otherwise permeable zones cannot 
contribute to water production during pumping. The worst case is a well that develops during the test to 
such an extent that the water level in the well actually rises (instead of falling) during constant-rate 
pumping, making analysis less meaningful and the money spent on testing less cost-effective. 
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assumptions for each method are described in Appendix B. The various methods used in 
this report are summarized below: 
 
Well-Bore Storage (HydroSOLVE, Inc., 2007): A log-log, radial flow plot of every well 
test was examined before any data analysis was conducted. A slope of 1 during early-
time pumping indicated the effects of well-bore storage and the appropriate method of 
aquifer analysis was then selected (see below). 
 
Derivative (HydroSOLVE, Inc., 2007): A derivative (slope) of the drawdown curve was 
generated for each pumping test plot using the Bourdet (1989) method. The characteristic 
type curve was also generated for each method of analysis. The type curve indicates 
which portion of the test data (if any), is valid for the selected method of analysis. For 
example: Cooper-Jacob (1946) analyses are only valid where the derivative is a flat line 
(constant slope), a Theis (1935) analysis requires a derivative curve that rises with a 
decreasing slope that approaches a constant value, and a Hantush-Jacob (1955) leakage 
analysis begins with a curve that rises at fist and then drops down toward zero. 
Application of the test method on data not matching the characteristic derivative shape 
can lead to erroneous results. In each set of test data, a differentiation interval of 0.3 log 
cycles was typically used to help “smooth” the derivative curves. The occasionally a 
higher value of 0.4 was used when the value of 0.3 generated too much scatter in the 
derivative plot. Each pumping test plot includes a derivative analysis to help indicate the 
relative validity of the method. 
 
Cooper-Jacob (1946): straight-line (semi-log) plots for drawdown versus log of time. 
When the Cooper-Jacob straight-line method was used, a check on the “u assumption” 
was made. The “u assumption” indicates the critical time (tc) after which the method is 
considered valid and the data plot as a straight line on a semi-logarithmic graph 
(logarithmic time versus arithmetic drawdown) and the derivative is constant. When “u” 
is sufficiently small, the non-linear terms of the Cooper-Jacob approximation of the Theis 
equation become insignificant resulting in a logarithmic curve that becomes a straight 
line on a semi-log plot. We have used a “u” equal to or less than 0.05 as our criteria for 
validity. Our experience along with that of many workers (including Driscoll, 1986), has 
shown that a smaller value such as 0.02 or 0.01 is not generally necessary for the data to 
plot in a straight line. In many cases, previous analyses quantified aquifer parameters 
when the “u assumption” was not valid, leading to questionable results. Partial 
penetration corrections are not applied by Aqtesolv® in the Cooper-Jacob method of 
analysis. Because the cone of depression caused by the pumping well must move outward 
for a sufficiently long time for the Cooper-Jacob method to approximate the Theis 
method, Butler (1990) indicates the results of the Cooper-Jacob analysis generally 
indicate the average properties of the aquifer over relatively large area. 
 
Theis (1935): Type-curve-matching (log-log) plots for drawdown and recovery. When 
unconfined aquifers were analyzed, the correction developed by Jacob (1944) was used to 
correct the data to make the analysis applicable, especially where the drawdown at the 
well was significant relative to the aquifer thickness. In some cases, a semi-log Theis plot 
was used to better match the data where drawdowns were relatively large and early-time 
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data were questionable. Because Aqtesolv® can generate a type curve for any system of 
axes, the semi-log plot allowed for better curve matching where large drawdowns caused 
the drawdown curve to appear relatively flat on a log-log plot. Because the Theis and 
other curve matching methods require matching the data generated when the drawdown 
levels begin to change most rapidly (the cone of depression is just passing the observation 
well), Butler (1990) indicates the results of the Theis analysis generally indicate the 
average properties of the aquifer over a relatively small area defined by the radius of the 
distance between the pumped and observation well. 
 
Theis (1935): straight-line (semi-log) plots for recovery data where backflow from the 
pump column into the well did not mask actual water level recovery. This method helps 
to remove the effects of well loss and small pumping variations that affect the analysis of 
pumping data. It also indicates whether hydraulic boundaries and /or recharge affected 
recovery. Partial penetration corrections are not applied by Aqtesolv® in this method of 
analysis. 
 
Papadopoulos – Cooper (1967):  Type-curve-matching (log-log) plots for wells where 
well bore storage is significant. This method accommodates the lag effect (less 
drawdown than predicted using the Theis method) that is caused by water standing in a 
well casing.  
 
Hantush (1961a and b): Type-curve-matching (log-log) plots for confined-aquifer wells 
not fully penetrating the aquifer. This correction was applied to other log-log analytical 
methods to correct for the effects of apparent increased drawdown caused by a well 
screened in only a portion of the aquifer and not the full thickness. This partial screening 
causes vertical flow gradients within the aquifer, near the pumped well. Wells 
significantly far from the pumping well did not need this correction because vertical 
gradients become negligible (in a homogeneous and isotropic aquifer) when the 
observation well is sufficiently far from the pumped well. 
 
Neuman (1974): Type-curve-matching (log-log) plots for unconfined-aquifer wells not 
fully penetrating the aquifer. This method accounts for the flattening of the drawdown 
curve that occurs when an unconfined aquifer is pumped and vertical (downward) 
drainage within the aquifer causes the water levels to apparently stabilize for a short 
period (several hours to several days), before continuing to decline. This drawdown 
sequence of decline-stabilize-decline is known as “delayed yield.” The method indicates 
both storativity (initial response similar to a confined aquifer) and specific yield 
(unconfined aquifer behavior). 
 
Moench (1997): Type-curve-matching (log-log) plots for unconfined-and semi-confined-
aquifer wells not fully penetrating the aquifer and having well-bore storage effects. This 
method is similar to the Neuman method but allows incorporation of additional factors 
that affect the analysis of the drawdown data such as the time lag of gravity drainage or 
delayed yield. 
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Neuman-Witherspoon (1969): Type-curve-matching (log-log) plots for a “leaky,” 
confined-aquifer system (aquifer/leaky-aquitard/aquifer) for wells fully screening 
(penetrating) the pumped aquifer. This method allows for flow through a leaky aquitard 
to be incorporated into the analysis. The Neuman-Witherspoon method allows for 
interpretation of confined aquifer test data that flatten out after a time and remain 
(apparently) stabilized (no increase in drawdown with time). The method requires an 
understanding of the geometry of the unpumped aquifer and aquitard. 
 
J. Butler (1988): Type-curve-matching (log-log) plots for a non-uniform confined-
aquifer system (a zone of one value of transmissivity and storativity surrounded by 
another zone of differing values) for wells fully penetrating the pumped aquifer. This 
method allows for interpretation of confined aquifer test data affected by variations in 
aquifer homogeneity. It assumes the inner zone is a cylinder with the pumped well at the 
center. The method is sensitive to radius of the cylinder of aquifer, which is rarely 
known, and therefore must be estimated. In addition, because heterogeneity in an aquifer 
rarely (if ever) can be represented by a cylindrical region of different properties, the 
method can only serve as an approximation. 
 
S. Butler (1957): An approximate correction for drawdown and recovery data from 
pumping wells only partially penetrating the aquifer. We only applied this method to the 
“straight-line semi-logarithmic” methods, where Aqtesolv® does not apply any partial 
penetration corrections.  In the Butler method presented in Walton (1962), raw drawdown 
and residual (recovery) drawdown data are “corrected” before the semi-log plots are 
generated. The data are corrected by multiplying the measured drawdown by a correction 
coefficient that is generated through a “look up” table based on ratios of vertical to 
horizontal permeability of the aquifer, ratio of the well diameter to aquifer thickness, and 
percentage of the aquifer thickness screened by the pumping well. The method is 
considered only to be an approximation because it was developed for steady-state 
conditions but applied in our analyses, to a transient test. Walton indicates that the 
method gives “fair results” and that should be considered “approximate.” The method 
tends to “over-correct” the data such that the analysis using the corrected data generates 
transmissivity values that are larger than the actual value for the aquifer. This method is 
based on the assumption that the pumped well is completed in either the top or the bottom 
of the aquifer. When the well is completed near the middle of the aquifer (vertically), the 
over-correction errors are largest. The method has value, however, in that it helps to 
define the upper end of the range for actual aquifer transmissivity whereby the 
uncorrected analysis helps to define the lower end.  

Issues Affecting the Selected Method of Analysis for Pumping Wells  

Selecting the appropriate method of analysis for pumping wells is often problematic. 
Some workers consider the use of log-log methods of analysis (Theis, Neuman, Moench, 
Butler, etc.) invalid for the pumping well because the selection of an effective well radius 
affects the analytical results. In addition, well loss (drawdown in the well caused by 
frictional head loss through the well screen and near-screen materials) affects the 
calculations for transmissivity. Semi-log methods (Cooper-Jacob, Theis recovery, etc.) on 
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the other hand, do not need input of effective well radius or well loss as these methods 
rely solely on the slope of the straight-line plot; these methods are independent of 
effective well radius and well loss for calculations of transmissivity. In cases where the 
pumping well is open to all or most of the aquifer thickness, the semi-log Cooper-Jacob 
method is generally more accurate than the Theis log-log methods for the pumping well.  
Because few of the tested wells discussed in this report screened most or all of the 
aquifer, partial penetration had to be addressed. 

Partial Penetration 
 
When the pumping well only is open to only a relatively small portion of the entire 
aquifer thickness, the effects of “partial penetration” can result in errors (Freeze and 
Cherry, 1979). Because of this potential for error, the issue of partial penetration for 
pumping well analyses was an “issue of concern” during our review of existing pumping 
test analyses and our reanalysis of the pumping test data. Hantush (1961a and b) 
developed a method for correcting for the effects of partial penetration that applies to the 
log-log methods of analyses such as that of Theis (1935). When we applied the Theis 
method with Hantush corrections for partial penetration to data from pumping wells that 
screened less than 20 percent of the whole-aquifer thickness as indicated by borehole 
geophysics, we found that the calculated transmissivity was up to 200 percent greater 
than the results generated using the Theis method alone – a considerable difference. The 
Hantush corrections, however, only apply to the log-log methods such (as Theis) and not 
the semi-log methods (such as Cooper-Jacob). As discussed below, problems inherent in 
the Theis method do not allow it to be preferred over the Cooper-Jacob method, resulting 
in a quandary: When the pumped well only partially penetrates the aquifer which method 
– Theis or Cooper-Jacob better indicates the true properties of the entire aquifer 
thickness? 
 
Previous workers made no corrections for partial penetration; instead they assumed that 
the aquifer was close in thickness to the length of the well screen assembly. In the case of 
the Pierce Gulch Sand Aquifer system which at some locations is over 500 feet thick, the 
assumption that the well screen length is approximately the same as aquifer thickness 
does not lead to an accurate understanding of the water transmitting ability of the entire 
thickness of the aquifer. It may, however, indicate the relative properties of the portion of 
the aquifer tested and therefore the performance of the tested well10. The Pierce Gulch 
Sand Aquifer contains relatively thin, discontinuous layers of clay, silt and silty sands 
within the overall sand section that defines the aquifer. These discontinuous clay and silt 
layers result in an aquifer system that has a bulk anisotropy that directs the initial effects 
of pumping primarily in a lateral direction with slower effects directed vertically. 
Through discussion with the developer of Aqtesolv® (Glen Duffield, personal 
communications, January 2008), we believe that shorter-term data (a day or so) generally 
indicate the properties of the aquifer in the vicinity and depth interval of the pumped 
well. Thus, for example, the 80-foot long screened section of the Eaglefield pumping well 
(discussed in the following section) likely indicates the properties of the aquifer at the 
                                                 
10 Indeed, most tests analyzed in this report are better described as “well tests” as opposed to “aquifer 
tests.” 
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depth interval of the pumped well but not the entire 500 foot thickness of the Pierce 
Gulch Sand Aquifer system. Flow within the entire aquifer cannot be accurately 
quantified assuming the transmissivity indicated for the approximately 100 foot tested 
thickness represents the entire 500 foot thickness of the aquifer. 
 
The discontinuous layering of clay and variations in permeability with depth within the 
Pierce Gulch Sand Aquifer system are also problematic for application of the Hantush 
corrections to the Theis method. The effects of the layering can only be approximate as 
the ratio between the relative vertical and horizontal hydraulic conductivity of the aquifer 
must be estimated as input to the method. This ratio is never measured directly in a 
pumping test. In lieu of direct measurement we have assumed that the thin discontinuous 
low-permeability layers result in an overall preference for flow in the horizontal 
direction, in other words we have estimated that the ratio of the bulk vertical to bulk 
horizontal permeability of the aquifer is about 0.1 on average.  The log-log methods 
assume a uniform permeability throughout the vertical section of the aquifer. Butler and 
Healey (1998) show that a semi-log analysis of a pumped well may indicate an average 
transmissivity of the entire section, but Duffield (personal communication on partial 
penetration, January 2008) states that this method only works when the well has been 
pumped for a sufficiently long time and the storativity of the aquifer is relatively small, 
conditions not met in most of the tests analyzed as part of this report. During short-term 
testing, the test results are more likely to represent the transmissivity of the aquifer in the 
aquifer near the pumped well at similar elevation zones. Because partial penetration 
effects decrease with distance from the pumped well, most workers indicate that 
observation well data are preferred for analyzing the average properties of the aquifer.    
 
In order to better understand the overall properties of the entire aquifer thickness, we 
applied the corrections of Butler (1957) in our semi-log, straight-line analyses of pumped 
well data. Since these corrections are only approximate, as discussed above, the results of 
the analyses using the Butler corrections are only approximations of the upper-end values 
for aquifer transmissivity for the entire aquifer thickness.  

Effective Well Radius 
 
To better quantify the potential errors inherent in the Theis method, we conducted 
sensitivity analyses on the effective well radius, which cannot be known exactly. When a 
well is developed, the permeability of the aquifer materials just outside the well screen 
and filter pack is increased. This increase causes the well to behave as if it had a larger 
radius than the actual drilled bore hole. The actual size of this effective well radius is 
typically a few inches larger than the actual radius of the borehole, but is not directly 
measurable. Our analyses indicated that doubling the effective well radius from the actual 
bore-hole radius to twice that value, resulted in differences in analytical results of around 
five percent. (i.e., using actual well-bore radius resulted in transmissivity calculations that 
were five percent larger than those using an effective radius twice that of well bore 
diameter.) Since the true effective radius is very likely to be much less than twice that of 
the actual well bore radius, we deemed this an acceptable potential error that is within the 
range of other errors caused by variations in pumping rate and water level measurements, 
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inherent in a pumping test often conducted under the direction of a well driller. We 
therefore used an effective well radius equal to the well borehole radius and acknowledge 
a potential error of up to 5 percent. 

Well Loss 
 
Sensitivity to well loss effects was examined on a test-by-test basis. Well loss is the 
increased drawdown in the pumped well, unrelated to aquifer properties, caused by 
frictional and turbulent-flow head loss of water flowing through the well screen, filter 
pack and/or the under-developed aquifer directly adjacent to the pumped well. Well loss 
can be quantified through a properly designed and conducted step-rate pumping test. 
None of the pumping tests we reviewed and reanalyzed as part of this study included 
quantification of well loss. Some of the tests did, however, have data that allowed us to 
estimate well loss or at least the maximum likely well loss; water-level drawdowns from 
the first 10 to 60 seconds of the initiation of pumping and/or the first 10 to 60 seconds of 
recovery after pumping stopped were used to estimate maximum likely well loss in order 
to define the upper end of the range of possible transmissivity. Not all the drawdown or 
recovery observed during the first 10 to 60 seconds is well loss; these initial drawdowns 
(and initial recoveries) are the sum of well loss and aquifer loss. However, well loss 
cannot exceed the observed initial drawdowns (and initial recoveries). Since well loss 
remains constant for a given pumping rate, these initial values define the maximum 
possible well loss that could occur during a constant rate pumping test. 
 
Our estimating method for possible well loss to calculate the upper end of the range of 
possible transmissivity was as follows: We assumed (for the sake of the analysis) that 
well loss was equal to about half of the drawdown measured during the first 30 seconds 
of pumping and/or it was equal to the difference between the drawdown at the end of 
pumping and the residual drawdown 10 to 60 seconds after pumping stopped. We then 
subtracted this amount from the measured drawdown data to generate drawdown data 
representing a pumping well with no well loss. We then calculated transmissivity with 
these “corrected” data and compared the results to calculations based on the measured 
data. The differences between these two analyses were typically on the order to 10 to 20 
percent. (i.e., using no corrections for well loss resulted in transmissivity calculations that 
were 10 to 20 percent smaller than those using an estimated well loss equal to half the 
initial drawdown). Even when we conducted a sensitivity analysis based on the 
assumption that well loss was equal to all the drawdown measured one minute into the 
test (an impossibility), the error was less than 25 percent. Based on these analyses, we 
believe the maximum error introduced by using the Theis (and related) methods without 
correcting for well loss is less than 25 percent, and often less than 10 percent. None-the-
less, all of our log-log plots for pumping well analyses include plots and calculated 
results for both the raw (uncorrected data) and data using the estimated, maximum-likely 
well loss. 

HLI Analyses Considering Partial Penetration, Effective Well Radius, and Well Loss  
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When the pumped well penetrated a significant portion of the aquifer, the semi-log 
Cooper-Jacob method was superior to the log-log Theis method and its derivatives, for 
reasons described above. However, where partial penetration effects are significant and 
the test is of relatively short duration (or usable data only allowed for analysis during the 
early portions of the test), our choice became one of: a) using the Cooper-Jacob method 
without corrections (with potential errors as high as 200 percent as indicated by the 
differences between the Theis method with and without Hantush corrections for partial 
penetration) or b) correcting the data with the Butler approximations (resulting in 
unknown errors associated with using a correction derived for steady state conditions but 
applied to a transient analysis) or c) using the Theis method or its log-log derivatives 
(with potential errors caused by misestimation of well loss and/or effective well radius. 
We generally chose to conduct a series of analyses using all three of these methods, and 
then bracket the results. For example, we would conduct one Theis analysis with raw data 
and one with data corrected using an upper-end estimate of likely well loss (both analyses 
with Hantush corrections for partial penetration). The larger transmissivity value derived 
from the analyses would define a likely upper end for transmissivity while the 
uncorrected data would give a lower end. In a similar way, Cooper-Jacob pumped-well 
drawdowns and Theis post-pumping recovery analyses would include raw data and data 
adjusted using Butler corrections for partial penetration. The Butler-corrected data would 
define upper end transmissivity values. All the results would be presented and reviewed 
with the actual transmissivity likely lying within the range of the corrected-data and raw-
data analyses. As seen on the test analyses presented in this report, whenever we 
conducted an analysis using corrected data, we also present the raw data and its 
associated analysis for comparison.  

Issues Affecting the Method of Analysis for Observation Wells  

Observation well data had different issues. The Cooper-Jacob method requires that 
pumping occurs for a sufficiently long period such that the “u assumption” is met and the 
data plot as a straight line on a semi-log graph. The length of time (“critical time” - tc) 
required to meet the “u assumption” becomes larger as the distance between the 
observation well and the pumping well increases. In many of the data sets we analyzed as 
part of this project, the observation wells were sufficiently far from the pumping well 
such that the calculated critical time was too large before the “u assumption” was met to 
allow the Cooper-Jacob method to generate accurate results.  In these cases, we used log-
log methods to analyze the data. When the log-log plot of the middle-to-late-time data 
was too flat and/or the initial data showing the most rapid change in water levels were 
corrupted, we used a semi-log Theis plot to allow for a better match of the type curve to 
the data. This method has no “u-assumption” requirement (in contrast to the Cooper-
Jacob method) and typically allows a more accurate placement of the type curve than 
when using the standard log-log Theis when the initial data cannot be used. Aqtesolv® 
incorporates the partial penetration corrections developed by Hantush when using the 
Theis and most other log-log methods. Incorporation of these corrections eliminates 
potential errors that might occur where partial penetration effects are significant.  
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Issues Affecting Pumping and Observation Wells: No-Flow Boundaries 

In cases where a no-flow hydraulic boundary that could potentially affect aquifer 
response to pumping was known or presumed to be present in an area, the analytical 
methods that used curve matching were augmented through the use of image well 
techniques. Image wells are imaginary wells that pump at the same rate and timing as the 
well undergoing the analysis. In the case of a no-flow boundary, the well is incorporated 
into the analysis by placing it on the opposite side of the boundary, at a distance equal to 
the distance between the pumped well and the boundary. An image well in this position 
produces the same hydraulic effects on a well in an infinite aquifer (as is assumed in the 
Theis and other methods of analysis) comparable to the effects caused by a no-flow (or 
“edge-of-aquifer”) boundary (Ferris et al, 1962). 
 
Image well techniques were used in the analysis of the valley tests at Eaglefield #2, 
Lexington Hills #1, Floating Feather, and Redwood Creek, and the upland test of the 
Kling Irrigation well.  In the Valley well tests, a major northwest-trending geologic 
structural fault (the West-Boise-Eagle fault) forms the northeastern edge of the aquifer. In 
the case of the Kling Irrigation well, the northwest trending outcropping of the aquifer 
that underlies the M3 project area is believed to form the northeastern edge of the aquifer. 
(Both boundaries are shown in Figure 1, page 10). The edge of the aquifer acts as a no-
flow, hydraulic boundary. This no-flow boundary appears to have no significant effect 
during short-term pumping but was included in these analyses for completeness. Through 
the principal of superposition, the type curves used in the data matching for the log-log 
analyses were generated by Aqtesolv® to model the type curve that would result from 
pumping a well in the bounded system.  
 
In all cases, we reviewed the computer-generated match and then manually adjusted the 
curve match to best fit the data, when needed.  Computer-generated matches often were 
less accurate when small variations in pumping rates, measurement errors and/or 
interference11 from sources other than the pumping well caused minor variations in the 
data. The computer match would consider these variations to be as significant as data 
falling on the theoretical curve. Through manual matching, we were able to apply “best 
professional judgment” in deciding which data were representative and which data were 
likely to be less representative. 

One Aquifer Versus Several Aquifers Separated by Aquitards 

Another issue of concern with the interpretation of the pumping test data and the 
selection of the preferred methods of analyses was the interpretation of the aquifer system 
as one aquifer with zones of varying properties versus several aquifers separated by 
aquitards. Review of the high-quality data (geological data collected and interpreted by a 
professional geologist and the borehole geophysical data interpreted by a professional 

                                                 
11  Interference is a hydrogeologic term. It is defined as the amount of drawdown (change in water level) in 
a well caused by pumping from another well. All ground water withdrawals from a well result in some 
interference. Theoretically, a well cannot produce water without causing some interference. Small amounts 
of interference generally go unnoticed. 
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geophysicist) indicates a single water bearing and transmitting unit, consisting 
predominantly of sand but with relatively thin discontinuous clay layers. Even when high 
quality data indicate that the aquifer is over 500 feet thick (as it is at the UWID State and 
Linder well), thin layers of discontinuous clay and silty sand are present. These 
alternating layers of sand and silty sand are geologically consistent with the interpretation 
of a redeposited delta where the main region of deposition shifted spatially over time. 
The thickest region of sand deposition likely occurred near where the main channel of the 
river entered the lake while areas further away would be thinner.  
 
These discontinuous lower-permeability layers do not appear to act as aquitards that 
separate a series of layered aquifers. For example, in one case pumping from the top of 
the Pierce Gulch Sand Aquifer caused a response at the bottom of the aquifer before a 
response was noted at the top of the aquifer in vertical set of wells located the same 
distance from the pumping well (the Kling Well test discussed in Section Five). In 
another case, a well closer to the pumping well than one further away (with both wells 
completed at similar depths, and with both wells along geologic strike and therefore, less 
likely to be affected by the 100 foot per mile dip of the aquifer) had a smaller response 
than the more distal well (the Eaglefield #2 test discussed in Section Three). In both of 
these examples, the entire, deeper, water-bearing unit acted as a single aquifer but one 
with properties that vary spatially. These responses do not support a multiple aquifer 
system with pumping from one aquifer causing a delayed and reduced response in other 
aquifers at different depths, after the drawdown response is transmitted through 
separating aquitards.  
 
In the eastern portion of the study area, we have identified all of the water bearing zones 
between a depth of 75 ft bgl and 401 ft bgl as the Pierce Gulch Sand Aquifer, based on 
geophysical logging of the Lexington Hills Well #1 (included in Appendix A). It is not 
clear whether all of the sand between a depth of 75 ft bgl and 401 ft bgl actually is Pierce 
Gulch Sand. An upper portion of the sand could, in theory, be unnamed fluvial sands in 
direct hydraulic continuity with the underlying Pierce Gulch Sand Aquifer. If so, the clay 
and silt that separates the Pierce Gulch Sand Aquifer from the overlying unnamed fluvial 
sand aquifer beneath other parts of the Eagle-Star area further to the west, is very thin or 
missing all together.  As such, some of the shallow observations wells monitored during 
the 30-Day test (page 57) may be completed in the unnamed fluvial sand aquifer. 
However, it makes little if any difference hydraulically. Because the pumping well and 
several observation wells exhibited what appears to be a “delayed-yield” response and the 
observation wells indicated unconfined storage coefficients, we believe that all of the 
water-bearing zones tapped by the wells completed between 75 and 401 ft bgl in the 
eastern portion of the study area (near Lexington Hills) are completed in a single-aquifer, 
the Pierce Gulch Sand Aquifer. This single-aquifer does, however, have different 
properties at different locations with transmissivities varying by factors of four to five as 
is discussed in Section Three. 
 
In summary, we believe the data better support the interpretation that the Pierce Gulch 
Sand Aquifer is a single aquifer with properties that vary throughout the aquifer, both 
vertically and horizontally. We believe that the data are less supportive of the 
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interpretation of a system of several aquifers separated by aquitards. In some areas 
detailed geophysical logging indicates that the aquifer is over 500 feet thick. In the 
uplands north of Eagle and Star (the M3 Eagle project area), the Pierce Gulch Sand 
Aquifer is about 275 feet thick where fully saturated. In some areas, the upper regions of 
the Pierce Gulch Sand and overlying unnamed sand units are unsaturated resulting in a 
thinner, unconfined aquifer with the top of the aquifer defined by a water table. Not all 
portions of this 275-foot thickness have the same properties, however. As in the Pierce 
Gulch Sand Aquifer beneath the valley, discontinuous layers of clay and silty sand are 
also present. Similarly to the Pierce Gulch Sand Aquifer beneath Eagle and Star, these 
discontinuous layers do not appear to result in a series of distinct aquifers separated by 
aquitards. 
 
In the eastern part of the study area, the Pierce Gulch Sand Aquifer system appears to 
connect hydraulically to overlying unnamed fluvial sands and likely to the shallow Boise 
River gravel aquifer. These connections are suggested by: a) unconfined storage 
coefficients calculated from the pumping test data and b) positive responses to the onset 
of canal flows (and the subsequent leakage from the canals to underlying aquifers). Both 
of these factors suggest an unconfined, watertable aquifer in hydraulic connection to the 
surface. These interpretations are further discussed in Section Three of this report (page 
25). 

Procedure for Analyzing Pumping and Observation Well Data 

Two to four types of analysis were initially performed for each well, in order to compare 
results and develop a range of values, especially where data appeared to have flaws that 
could influence a part of the test analysis. We selected the methods most likely, in our 
professional opinion, to best model the aquifer based on: 1) the observed data, 2) 
comparison of the calculated derivatives and the theoretically “perfect” derivative curve 
for the method, 3) our three-dimensional understanding of the hydrogeologic framework 
of the aquifer system, and 4) our best understanding of well construction. The results of 
the set of analyses for each well were bracketed as a range with the most likely (in our 
professional opinion) indicated in Table 3 (page 247). The method of analysis for each 
test and its likeliness to best represent aquifer conditions are also noted in Table 3.  
 
The results of the analyses presented in Table 3 show transmissivity and storativity 
values calculated for each well test for the pumping and observation wells, where 
appropriate. Results and averages are typically presented to two significant figures. A 
summary of the results generated by the original workers, are also included for 
comparison. Typically, the short-term tests (less than a few days) give a short-term 
storativity. The inter-bedded nature of the aquifer (layers of fine-to-medium-grained 
sand, silt and minor clay) cause the Pierce Gulch Sand Aquifer to behave initially as a 
confined-aquifer such that the effects during early-time pumping (the first few days or 
less) are transmitted horizontally through the aquifer relatively quickly. However, 
because these layers are often discontinuous and/or vary in permeability, they eventually 
allow the movement of water between deeper and shallower zones in response to 
pumping. Over time (several weeks or more of pumping), depressurizing effects caused 
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by pumping are transmitted vertically to all portions of the aquifer (and even zones that 
might be considered a separate overlying aquifer, based on Well Driller’s Reports alone) 
causing water levels in shallower wells to drop. Such “across the bed” permeability 
demonstrates that the Pierce Gulch Sand Aquifer behaves as a single aquifer. This type of 
behavior was demonstrated during the two long-term (one week and one month) tests. 
The extensive nature of the Pierce Gulch Sand Aquifer is also demonstrated by the 
relatively stable water levels in the Eagle-Star area over the past ten years of steadily-
increasing, ground-water pumping. 
 
In each analysis, we calculated the hydraulic conductivity (“permeability to water”) by 
dividing the transmissivity by the thickness of the aquifer as indicated by geophysical 
logs or well driller’s reports. We then compared these calculated hydraulic conductivities 
with the range of values presented in Freeze and Cherry (1979). Our calculated hydraulic 
conductivities were within the middle portion of the range appropriate for the aquifer 
materials reported on well logs and Well Driller’s Reports, thereby supporting the 
validity of the analysis. The following ranges (in cm/sec) were used in our comparison: 
silty sand: 5x10-4 to 5x10-3; clean sand: 5x10-3 to 5x10-2; coarse sand 5x10-2 to 5x10-1; 
and gravel: 5x10-1 to 5x100+. These values represent the center of the ranges presented in 
Freeze and Cherry. 

Predicted Interference Drawdown Effects from Long-Term Pumping 

After the aquifer coefficients were calculated, the amount of interference-drawdowns in 
water level caused by pumping, were calculated using the method of Theis (1935) for 
selected representative wells. In these analyses, we assumed that: 1) the aquifer was 
uniform, 2) the aquifer is bounded on the northeast by the West-Boise-Eagle fault (or 
edge of the aquifer in the case of the M3 site), 3) pumping would occur continuously for 
three months without interruption, and 4) well and aquifer water levels would stabilize at 
levels equal to or higher than those predicted at the end of 90 days of pumping. Each of 
these assumptions is discussed below. 
 
We assumed that the aquifer is uniform in its hydraulic properties (homogeneous). The 
results of the pumping test analyses discussed later in this report show that the hydraulic 
properties of the aquifer vary at different locations (as is typical in natural, geologic 
systems). In order to accommodate this variation, we typically conducted a set of two 
analyses for each prediction, using a range of values likely to represent the conditions 
throughout the area affected by the pumping well. By bracketing the likely range of 
values for transmissivity and storativity, we believe the actual effects from pumping will 
fall within the range of the two analyses.  
 
We assumed that the aquifer is bounded by a “no-flow,” edge-of-aquifer boundary along 
the northeast. To simulate this no-flow boundary we have used image well technique; an 
image well was placed on the opposite side of the no-flow boundary, at a distance from 
the boundary equal to the distance of the pumping well from the boundary. In the 
simulations, the image well was pumped at the same rate and timing as that of the 
pumping well. By using an image well, we consider our analysis to be “conservative” 
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(likely to over-estimate drawdown effects); an analysis without an image well would 
predict smaller interference drawdowns. 
 
We have used a 90-day pumping period in our analysis. We have assumed that during a 
typical hot summer, the well would be pumped continuously at its full capacity for 90 
days without interruption. Based on our experience with wells in the Boise Valley, few 
wells pump continuously at their full rate, even during the entire summer, making it 
likely that actual pumping would be less than that used in the analysis. We consider the 
assumption of continuous pumping at a constant rate for 90 days at a constant rate to be 
conservative. 
 
We have assumed that water levels would stabilize within the 90 days used in our 
analysis. This is contrary to a major assumption of the Theis analysis in which there is no 
capture of recharge and therefore no stabilization of pumping water levels; in the Theis 
analysis, pumping causes the drawdown “cone of depression” (the portions of the aquifer 
in which pumping causes the water levels in the aquifer to decline) to expand ever 
outward, such that drawdown levels continue to decline forever in order to supply water 
to the pumping well. Our experience in the Boise Valley has shown that drawdown levels 
typically stabilize in less than 90 days of pumping. The stabilization occurs because the 
drawdown cone of depression expands outward far enough to intersect and capture 
ground water flowing through the aquifer equivalent to the amount being pumped from 
the well. At this point, the drawdown levels in the pumped well and aquifer stabilize. 
Since capture and stabilization typically occurs in less than 90 days, our assumption of 90 
days of continuous pumping needed to allow levels to stabilize is also conservative.  
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SECTION THREE: VALLEY WELL TESTS  

 
This section of the report analyses seven Boise River Valley well tests. Each of these 
wells tests represents a different sector of the regional Pierce Gulch Sand Aquifer. 
Generally, the aquifer and wells are deeper toward the western parts of the study area. As 
discussed in Section One in the sub-section on Hydrogeologic Overview, the Pierce 
Gulch Sand Aquifer dips to the southwest at about 100 feet per mile and is therefore 
deeper toward Star in the west and shallower toward the Eagle area in the east. This dip 
in the strata explains why wells in Star completed between depths of 450 and 570 feet, 
tap the same aquifer as those in the Lexington Hills (Eagle) area completed at depths 
between 215 and 385 feet. The shallower, eastern end of the Pierce Gulch Sand Aquifer 
is unconfined, as indicated by long-term, high-discharge-rate pumping tests. 

Eaglefield Seven-Day Test 

Overview and Previous Analyses 
 
The City of Eagle Eaglefield Well #2 was drilled by Riverside, Inc. using the, reverse-
circulation mud-rotary method during March through May of 2006. The well was drilled 
to a total depth of 444 ft bgl, and completed with stainless steel well screen open to the 
aquifer between depths of 345 and 425 ft bgl. The pretest water level was 16.25 ft above 
ground level which translates to an elevation of about 2,523 ft above mean sea level 
(amsl).  
 
Holladay Engineering (2006) directed a pumping test that occurred June 2-9, 2006 with 
pre- and post-pumping water level measured the weeks before and after pumping. A total 
of eight wells were monitored and reported by Holladay. These wells included the 
pumping well (Eaglefield #2) and seven observation wells. The four observation wells 
that responded during the test include Legacy well #1, United Water Idaho State and 
Linder wells #1A and #1B, and Ricks Irrigation well. Collectively, the analyses of the 
data from these five wells comprise the “Eaglefield test.” Three other monitored wells did 
not appear to respond to pumping during the test. These wells included the Strata #1A 
and #1B wells, and the Quarter Circle D. J. Ranch well #4. The non-responding wells are 
not discussed in this report.  
 
The average pumping rate over the 7-day pumping period was 1,580 gpm. Drawdown in 
the pumped well (Eaglefield Well #2) was 20.91 ft, for an end-of-test specific capacity12 
of 75.6 gpm/ft. Observation wells showing response to pumping indicated maximum 

                                                 
12 Specific Capacity is the rate of withdrawal (often in gpm) divided by the amount of drawdown (often in 
feet). Specific capacity is not a constant for a given well; rather it varies as a function of pumping rate, 
length of the pumping period, previous pumping history, and deterioration of the well over time. 
Nonetheless it gives a general indication of the potential productivity of a well.    
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drawdowns of 5.67 to 1.09 feet, generally decreasing with the distance from the pumped 
well. Pumping at Eaglefield #2 during the test well did not appear to affect any of the 
measured wells completed at depths shallower than 100 feet. 
 
The analyses of the data were first presented by Holladay (2006) and later by SPF Water 
Engineering (SPF, 2007). Holladay collected the data using electronic data loggers. 
Hand-measured water-level data were collected but not presented in the reports. The 
collected electronic data were presented as linear graphs and tables. Holladay also 
collected atmospheric pressure data to convert non-vented pressure transducer data into 
water level data. They were also collected to allow for barometric efficiency corrections 
to adjust the collected data for atmospheric effects.  
 
Pretest data were not, however, used to generate barometric efficiency corrections to 
remove the effects of water level fluctuations caused solely by changes in atmospheric 
pressure. The pretest data also were not used to assess antecedent water-level trends 
unrelated to test pumping that may have affected water levels during the test.  All 
monitored wells were affected by antecedent trends. The Eaglefield #2 well was pumped 
four times just before the test and was not allowed to fully recovery, thereby affecting the 
test data. In addition, daily fluctuations in water levels of up to two feet were observed in 
all the data collected from the Eaglefield well, including the week before and after the 
test started. All of these fluctuations occurred at the same general daily time-frame: peaks 
occurred during early evening and troughs occurred during early morning. The Legacy 
well was also allowed to discharge (under artesian pressure) just before the test affecting 
the test data. Because of these discharge events, the data were compromised such that the 
analytical results should be considered less accurate than they should have been. 
 
Holladay analyzed the pumping well (Eaglefield) and three of the of the wells (the 
Legacy well, and UWID State and Linder wells #1A and #1B) using computer software 
for pumping test analyses developed by Waterloo Hydrogeologic. In their analyses, 
Holladay assumed a uniform aquifer thickness of 100 feet, however, the actual aquifer is 
as much as 500 feet thick, as measured in several observation wells in the area. Partial 
penetration corrections were not applied as would benefit the analysis for a pumping well 
that is open to less than 20 percent of the full thickness of the aquifer. Log-time vs. log-
drawdown plots of the data were analyzed using automated software (AquiferTest 4.0) 
following the Theis (1935) method. In many cases, the automated software did not 
generate good matches between the plotted data and the type curves (used to quantify the 
aquifer parameters of transmissivity and storativity). The discrepancies between the 
observed data and the type curves were not discussed in the report. Semi-log, Cooper-
Jacob plots were presented, but without analysis. Holladay presented a table of 
transmissivities and storativities for the four analyzed wells, along with average values, 
which we included in our Table 3 (page 247). 
 
The data from the Eaglefield Seven-Day test were subsequently reanalyzed through a 
joint effort by Holladay Engineering and SPF Water Engineers (2007). The reanalysis 
(termed the SPF report for convenience, below) was directed by IDWR to augment the 
original analysis presented at a water right hearing. The SPF report generally followed 
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the same procedures and methods of the initial report, but provided additional detail on 
the analyses. In addition to the straight-line Cooper-Jacob and log-log Theis analyses of 
drawdown data, semi-log plots and analyses of water-level-recovery data were also 
presented. The report stated that alternative methods of analysis “were considered” to 
explore for the possible effects of leakage (such as described in Hantush, 1955, 1960 and 
1964) but were dismissed because of the complexity of the aquifer system and the fact 
that ignoring leakage would be more “conservative.”  
 
The SPF report also stated that analyses and corrections for barometric effects and 
antecedent water-level trends were considered but dismissed because “confounding 
factors such as well interference in some wells and inconsistent water-level responses to 
possible barometric effects minimized the value of these corrections.” Partial penetration 
effects and possible corrections were not discussed. As Holladay had done, The SPF 
report also assumed a 100-ft thick aquifer.  
 
The Holladay and SPF reports indicated a range of aquifer hydraulic coefficients. 
Transmissivity coefficients ranged from 1.3 to 1.5 x105 gallons per day per foot (gpd/ft) 
in the Holladay report and from 7.5x104 to 2.8x105 gpd/ft in the SPF report. Storativity 
ranged from 7.8x10-4 to 1.6x10-2 in Holladay and from 5.5x10-4 to 1.5x10-2 in SPF. In 
several cases (more so in SPF), two or three values of transmissivity were reported for 
one well based on analyses of different portions of the plotted drawdown curve. No 
discussion was presented to indicate what the different transmissivity values represented 
or which values were most representative of actual aquifer conditions.  
 
One issue that concerns us with the test was the diurnal variations in water level observed 
in the pumping well drawdown data. The SPF report noted these diurnal fluctuations in 
the pumping well data but suggested they may have resulted from a partially blocked 
transducer vent tube. They also indicated that the fluctuations in water level were not 
observed in any of the other wells monitored during the test, and that the fluctuations 
occurred during the week before the test started. 
 
We believe the water level fluctuations observed in the pumped well were unlikely to be 
caused by a partially blocked transducer vent tube. The daily variations in water level in 
the Eaglefield well were on the order of 2 feet while the recorded barometric fluctuations 
recorded during the test were less than 0.3 feet.  A totally blocked transducer tube would 
have resulted in fluctuations equal to the changes in atmospheric pressure, a partially 
blocked tube would have caused fluctuations even smaller. Since the recorded barometric 
changes were less than 0.3 feet (of water), the fluctuations in water level in the Eaglefield 
well should have been 0.3 feet or less and not the 2 feet reported during the test. Our 
explanation for the variations is discussed in the following section. 
 

HLI Analysis of Pumping Test 
A seven-day pumping test was conducted by Holladay Engineering (2006) using the City 
of Eagle, Eaglefield well #2 as the pumping well along with eight reported observation 
wells. Pumping occurred June 2-9, 2006 with pre- and post-pumping water levels 
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measured the weeks before and after pumping. The well was pumped at an average rate 
of 1,580 gpm with a maximum drawdown of 20.91 feet for an end-of-test specific 
capacity of 75.6 gpm/ft. Observation wells showing response to pumping indicated 
maximum drawdowns of 5.67 to 1.09 feet, generally decreasing with the distance from 
the pumped well. Pumping at Eaglefield #2 during the test did not appear to affect any of 
the measured wells completed at depths shallower than 100 feet. Since these wells are not 
completed in the Pierce Gulch Sand Aquifer, this lack of response is expected. 
 
The data presented as part of the Holladay report were reanalyzed after careful review of 
geologic and well construction information available from the report and other sources. 
We also reviewed information on the elevation contours of the bottom of the Pierce 
Gulch Sand Aquifer in the overall study area as presented in HLI (2007). The geologic 
and elevation data indicate that the four observation wells selected by HLI for reanalysis 
and the Eaglefield #2 pumping well all are completed in the Pierce Gulch Sand Aquifer. 
The data for the pumping well and the four observation wells are included in Table 3. 
Well locations are shown in Figure 1 (page 10). The table shows that the pumping well is 
completed in a portion of the Pierce Gulch Sand Aquifer between 260 ft and 395 ft bgl.  
 
Geophysical and lithologic logging of one of the observations wells (UWID State and 
Linder) indicates an aquifer thickness of over 500 feet. Similar geophysical logging at 
Star Well #1 and other locations in the greater Eagle-Star vicinity have helped to define 
the spatial configuration of the base of the aquifer (HLI, 2007). Within the area that 
includes the pumped and observation wells monitored during the Eaglefield test, the base 
of the Pierce Gulch Sand Aquifer lies at depths of 675 to 735 feet.  This geophysical 
information and geologic materials data on Well Driller’s Reports for wells in the area 
indicate the top of the aquifer lies at depths of 175 feet (Legacy Well) and 260 feet (Ricks 
Well). Thus, the aquifer thickness ranges from about 416 to 525 feet. For our analysis, we 
have assumed a representative thickness of 500 feet.  
 
This thickness of 500 feet is considerably greater than the thickness of 100 feet assumed 
in the Holladay and SPF analyses, although SPF did indicate that the UWID wells 
“penetrate a more extensive and consistent sand sequence” than the Eaglefield and 
Legacy wells (neither of which penetrated the bottom of the aquifer).  
 
All of the Well Driller’s Reports and geophysical logs for wells in the area indicate 
stratified sediments (layers of sand, silt and clay) throughout the aquifer. Because of this 
layering, we have assumed that the overall behavior of the aquifer is anisotropic with 
bulk vertical hydraulic conductivities less than bulk horizontal conductivities. Because of 
this layering, we have assumed an effective vertical-to-horizontal anisotropy of 0.1 in all 
our analyses for wells measured as part of this test. Sensitivity analyses comparing the 
effects of using anisotropies ranging from 1 to 0.001 in the analyses show that 
transmissivity values vary by a few percent to a few tens of percent, depending on the 
degree of partial penetration and distance from the pumping well. We believe that an 
anisotropy value of 0.1 best represents effective bulk aquifer conditions where clay layers 
interbedded with sand layers are thin, discontinuous and varying in permeability. 
Anisotropy is indirectly included in Cooper-Jacob analyses only when partial penetration 
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corrections following the method of Butler (1957) are employed. It was, however, 
directly included in all the type-curve matching methods discussed below. 
 
We did not correct the data to remove the effects of atmospheric pressure changes. Data 
were not presented in either the Holladay or SPF reports to accurately quantify 
barometric efficiency, a parameter needed to remove barometric effects. A period of non-
pumping coupled with numerous and simultaneous measurements of both water levels 
and atmospheric pressure are needed to calculate barometric efficiency. (This topic is 
addressed in greater detail in Section Five of this report, starting on page 195.) The 
drawdown data for the pumping well and four observation wells are plotted in Figures 3 
through 11. Well locations are included in Figure 2, page 42. 
 
Eaglefield Well #2 (Pumping Well) 
 
The Eaglefield well served as the pumping well during this test. It is screened from 345 
to 425 feet below ground surface. It was pumped at 1,580 gpm for a period of 7 days. The 
maximum drawdown experienced by this well during the test was 20.91 feet for an end-
of-test specific capacity of 75.6 gpm/ft. These details along with other pertinent data are 
included in Table 3. This well is located in Figure 2 (page 42) as a red diamond with a 
solid boundary. 
 
The pumping well (Eaglefield #2) analyses are shown in Figure 3 (Cooper-Jacob semi-
log plot of drawdown on page 43) and Figure 4 (Theis semi-log plot of drawdown on 
page 44). The pumping rate for this well varied during the first 10 minutes of the test as 
shown by the rise, fall and subsequent rise of drawdown levels in both figures. Middle-
time data (200 to 1,200 minutes) show a sharp rise and then decline in drawdown while 
late-time data (after 1,200 minutes) show a substantial increase in drawdown (about 5 
feet) above the projection of the type curves along with a cyclic rise and fall. A rise and 
fall in the level during middle and late time suggests that a pumping well in the vicinity 
was pumping either at varying rates or going through daily on and off cycles, causing the 
water level variations. The effect of this unknown pumping well reduces the value of the 
data collected after the beginning of the test. The variations in initial pumping make the 
data obtained during the first 10 minutes of little value.  
 
The derivative plots for both the Cooper-Jacob and Theis analyses only match the type 
derivative curve over the period from about 20 to 80 minutes. The irregularity of 
pumping before this time and the effects of possible aquifer heterogeneity, faults and/or 
the effects of an unknown pumping well make the data collected over the 20 to 80 minute 
period the only useful data for quantitative analysis of transmissivity. Thus, we have only 
used the data collected from this period in our transmissivity analysis.  
 
The semi-log Cooper-Jacob method using uncorrected data applied to the middle-time 
data (20 to 80 minutes) shown in Figure 3 indicates a transmissivity (T) of 200,000 
gallons per day per foot (gpd/ft.)  An analysis using Butler (1957) approximate-
corrections for partial penetration results in a transmissivity of 800,000 gpd/ft or about 4 
times greater than the analysis using uncorrected data. These values define the likely 
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range for transmissivity of the Pierce Gulch Sand Aquifer near the Eaglefield well. Since 
a pumping well can only indicate transmissivity and not storativity, no storativity values 
were calculated.  
 
A semi-log Theis analysis (including corrections for partial penetration effects following 
the method of Hantush (1961a and b); and the potential effects of the fault boundary 
depicted in Figure 1, using image well theory) is shown in Figure 4. Initially, a log-log 
plot was generated, but the type curve for times after 10 minutes of pumping was too flat 
for an accurate match.  The semi-log plot for the 20 to 80 minute time period, however, 
generated a relatively steep curve allowing us to better match the data than we could 
using the flatter curve of the log-log plot. The semi-log curve that includes partial 
penetration effects indicates a transmissivity of 850,000 gpd/ft (Figure 4). Performing the 
analysis without corrections for partial penetration indicates a transmissivity of about 
200,000 gpd/ft (curve not shown), indicating the relative importance of applying the 
Hantush corrections in the analysis. 
 
The Theis method has an inherent potential for error when used to analyze pumping well 
data because well loss13 causes a portion of the drawdown in the pumped well. To 
address this issue we reanalyzed the data subtracting an estimated, upper-end (and 
relatively large) well loss to compare the results for the analysis without well loss. Both 
data plots are shown on Figure 4. Because no stepped-discharge-rate-test and associated 
data were included in the report, we have assumed that the upper-end value for well loss 
(which goes to zero after pumping stops) was equal to the recovery that occurred during 
the first 30 seconds after pumping stopped defines; a value of 5 ft. A second approach to 
define the upper end of well loss was to assume that most of the drawdown observed 
during the very beginning of pumping was caused by well loss. The projection of the 
raw-data drawdown at t = 1 minute in Figure 4 shows that a well loss of 5 ft would 
represent more than 80 percent of the observed drawdown at this time. Since this 
estimated maximum well loss is likely larger than the well loss that actually occurred, it 
defines the upper end value for actual well loss. When incorporated into the Theis 
analysis, this upper-end well loss defines the upper end of the range for actual 
transmissivity of the aquifer.  
 
In our comparative analysis, we subtracted 5 feet from all the drawdown measurements 
for the pumping well to simulate the effect of removing well loss effects. The analysis 
using this assumed well loss indicates a transmissivity of 1,000,000 gpd/ft, a result that is 
about 18 percent greater than the 850,000 gpd/ft calculated without considering well loss.  
Since the 5 feet of well loss is likely too large, we believe that actual value of 
transmissivity is closer to 850,000 gpd/ft than 1,000,000 gpd/ft. We also believe that 
closeness of the results of these two analyses demonstrates that a Theis analysis that does 

                                                 
13 Well loss is the drawdown in a pumping well caused by frictional head loss as water flows at relatively 
high velocities through the constrictions of a well screen, filter pack, and low-permeability materials just 
outside the well bore not removed through the well development process. It is considered to be a constant 
for a non-varying pumping rate such as that maintained during a pumping test. In other words, as long as 
the pumping rate remains constant and the well does not experience additional development during the test, 
well loss will remain at a constant value throughout the test, no matter how long it is. 
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not remove the effects of well loss, even when extreme, still indicates a reasonable 
approximation of transmissivity. It also indicates that a Theis analysis that includes 
corrections for the effects of partial penetration (when significant, as they are in the 
Eaglefield well) better represents true full-aquifer-thickness transmissivity than does the 
Cooper-Jacob method without partial penetration corrections.  
 
With partial-penetration corrections, both the Theis and Cooper-Jacob methods indicate 
similar results. A comparison of partial penetration correction methods was made to help 
verify the validity of the Butler method (which, strictly speaking, applies to steady-state 
analyses and not transient analyses). When we conducted a Theis analysis using data 
adjusted for partial penetration using the Butler method and conducted an Aqtesolv®  
analysis without the Hantush corrections (analysis as if the well fully penetrated the 
aquifer) a transmissivity of 760,000 gpd/ft was indicated (Figure 5 – page 45). 
 
Figure 6 (page 46) shows a plot of residual drawdowns for the Eaglefield well after 
pumping ceased. The recovery plot shows a straight-line between t/t’ = 100 and 2,000, 
(the equivalent of 6 to 180 minutes after pumping stopped). After 180 minutes of 
recovery the effects of the unknown pumping well caused residual drawdown to vary in a 
cyclic manner similar to that observed during pumping. The straight-line plot using the 
raw data (without corrections for partial penetration) indicates a transmissivity of about 
200,000 gpd/ft. With the Butler (1957) corrections applied, a transmissivity of 800,000 
gpd/ft is indicated, a value that is similar to the drawdown analyses using the Theis 
method and the Cooper-Jacob method using partial penetration corrections.   
 
The transmissivities calculated from all analyses of the data from the Eaglefield well 
ranged from 200,000 gpd/ft to about 1,000,000 gpd/ft. The lower-end values were 
derived from analyses that were based on the assumption that the screened interval was 
approximately equal to the thickness of the aquifer. In other words: an approximately 
100-foot thick Pierce Gulch Sand Aquifer near the Eaglefield well had a transmissivity of 
about 200,000 gpd/ft. The developer of Aqtesolv® (G. Duffield, personal communication, 
January 2008) indicated that a Cooper-Jacob analysis without corrections for partial 
penetration, using short-term data from a pumping well in a stratified aquifer (layers of 
higher and lower permeability), is likely to indicate the transmissivity of just the zone 
pumped. We believe that the uncorrected result is representative of the portion of the 
aquifer screened by the well and that this transmissivity is appropriate for analyses 
evaluating short-term drawdown in the pumping well.  
 
The Pierce Gulch Sand Aquifer, however, is considerably thicker than 100 feet. 
Therefore, analyses designed to evaluate “big-picture” water supply and pumping 
impacts to other water users in the area would likely be compromised, were this 
transmissivity value to be used to represent the entire thickness of the Pierce Gulch Sand 
Aquifer. We believe analyses using the appropriate corrections for partial penetration 
(Hantush for the Theis analyses and Butler for the semi-log analyses) better represent the 
entire aquifer thickness of 500 feet. These corrected analyses indicate a transmissivity of 
about 800,000 gpd/ft. 
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Legacy Well #1 (Observation Well) 
 
Legacy Well #1 is located approximately1,605 feet to the northwest of the pumping 
(Eaglefield) well. It is screened from 282 to 352 feet below ground surface. The 
maximum drawdown experienced by this well during the test was 2.73 feet. These details 
are included in Table 3. Its location is shown in Figure 2 as a green diamond with a 
dashed boundary. 
 
Figure 7 (page 47) show HLI’s Theis (1935) analysis for the Legacy well # 1, the nearest 
observation well during the test. The analyses indicate a transmissivity of 100,000 gpd/ft, 
with a storativity of 1x10-2. This analysis was generated based on pretest trend-corrected 
data using the following method: we evaluated the changes in water level that occurred 
during the two hours before the test and calculated a linear trend corresponding to a 
decline in water level of 0.12 ft/day. Applying this correction generated the drawdown 
points shown by larger black diamonds in Figure 7. (No realistic curve match could be 
made to the uncorrected data - shown by small blue circles- as the apparent initial 
drawdown change was too rapid. A value of about 4,000 gpd/ft – typical of a sand aquifer 
only 10 feet thick was possible matching the raw data from 400 to 500 minutes, a value 
that is incompatible with the known geology of the area).  
 
The Theis analysis also included corrections for the effects of partial penetration (which 
are minimal at this distance from the pumping well) and the potential hydraulic effects of 
the fault (no-flow boundary) shown in Figure 1 (which are also minimal at this distance). 
Barometric corrections could not be applied as the rising, antecedent water level trend 
masked possible barometric effects. Our attempt to use barometric and water level data 
collected at one-minute intervals from the period May 25 through 31, 2006 (not shown) 
indicated a negative correlation (water level rose with an increase in barometric pressure) 
which would occur in a confined artesian aquifer were changes in atmospheric pressure 
the only causes of the changes in water levels in the well. The water level rise during a 
period when atmospheric pressure increased indicated that barometric effects were 
overshadowed and obscured by the antecedent trend. 
 
The derivative analysis indicates the Theis-curve match is relatively good up to about 500 
minutes. After this time, the data plot below the type curve, suggesting that the cone of 
depression expanded outward from the pumping well to intersect a positive (recharge) 
boundary. This boundary could be a portion of the aquifer containing materials with 
higher permeability and/or higher storativity, although other sources of water (such as 
leakage) are possible.  
 
The daily variations at the magnitude observed in the Eaglefield well (about 2 feet) were 
not directly observed in the Legacy well. Small water level variations in the Legacy well 
of less than 0.1 foot were observed, however. The different timing and smaller magnitude 
of these variations suggests a different source than that which affected the Eaglefield 
well. These effects are discussed further (along with similar effects seen in the other 
analyzed observation-well data) on page 35. 
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A semi-log Hantush-Jacob analysis using the antecedent-trend-corrected data is shown in 
Figure 8 (page 48). The transmissivity and storativity values for this match are the same 
as for the Theis analysis. A relatively small leakage factor (r/B) of 4.6x10-4 ft -1 was 
calculated. Normally, a leaky system would result in a drawdown curve that totally 
flattened out after extended pumping. Only a slight flattening was observed in the data, 
suggesting only small amounts leakage. Since leakage was not observed at other wells 
analyzed as part of this test, leakage would have to be localized to aquifer in the vicinity 
of the Legacy well. We therefore believe that variations in aquifer transmissivity are a 
better explanation for the drawdown curve for the Legacy well than is significant leakage. 
 
The two Legacy analyses indicate a storativity of 1x10-2, an unrealistically large value for 
such a deep well/aquifer system. We believe that the indicated storativity value is likely 
incorrect. Storativity calculations are based on the assumption that the aquifer is 
homogeneous (uniform transmissivity). In cases where the transmissivity varies at 
different locations within an aquifer (the aquifer is heterogeneous), it is likely that the 
calculated storativity will be incorrect. In addition, the trend correction applied to the data 
was only based on the two hours before the test started and can only be an approximation. 
Because the Legacy well was allowed to discharge under artesian pressure shortly before 
the test started, it was still recovering. An observation well undergoing recovery will 
indicate an incorrect storativity because the timing of the apparent initial indication of 
drawdown (a critical factor in the storativity analysis) will not be the true timing that 
would have occurred were the well fully recovered. Therefore, we do not believe that the 
aquifer behaves as an unconfined aquifer at this location, as would be suggested by a 
storativity of 10-2.  
 
Because of the need to adjust the raw data, the recovery of the well at the time of test 
startup, and the apparently large short-term storativity, we believe our analyses for the 
Legacy well data must be considered approximations. 
 
United Water Idaho State and Linder Test Well (Observation Wells) 
 
The United Water Idaho, Inc. (UWID) State and Linder well located near the intersection 
of State and Linder Streets has two small diameter wells (“piezometers”) completed at 
different depths within the same borehole. Well #1A is completed at depths of 280-370 ft 
bgl and well #1B is completed a depths of 400-490ft bgl. Since the wells were designed 
and built to sample water quality and not necessarily to monitor water levels in different 
aquifers, a seal was not installed between the two completion intervals in the common 
bore hole. Both wells, however, are completed in the Pierce Gulch Sand Aquifer, as is the 
Eaglefield pumping well.  
 
Figures 9 and 10 (pages 49 and 50) show Theis analyses for the two wells. The analyses 
indicate a transmissivity of 500,000 gpd/ft (well #1A) and 400,000 gpd/ft (well #1B) for 
an average of 450,000 gpd/ft. Both plots show a good match for early time data (before 
80 to 90 minutes, as indicated by the derivative analysis). After this time the drawdown 
plots for both wells rise significantly above the type curve (more drawdown than 
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predicted), likely indicating the effects of a lower transmissivity zone affecting 
drawdown. We have ruled out the West-Boise-Eagle fault acting as a no-flow boundary 
as the cause of this increased drawdown because performing the type-curve analysis both 
with and without the no-flow-boundary effects of the fault are, for all practical purposes, 
identical, indicating the fault lies too far from the monitored wells to cause measurable 
interference. None-the-less, the effects of this boundary are included in the type curve 
shown in Figures 9 and 10.  
 
We have also considered the possibility of a more localized, unknown fault or faults 
acting as one or more no-flow boundaries within the Pierce Gulch Sand Aquifer. Using 
Aqtesolv®,  we experimented by placing a fault and multiple faults at various locations 
(based in part on projection of a fault indicated by a magnetometer survey on the M3 
property as shown on Figure 1, page 10) relative to the pumping well to see if we could 
generate a response similar to those observed in the two UWID wells. We were unable to 
generate a reasonable match, perhaps in part to the effects of the unknown pumping well. 
If such a fault or fault system exists, we were unable to model it with Aqtesolv®. 
 
Butler (1988) analyses were conducted to help assess the possible effects of non-
uniformity of the aquifer. This method of analysis incorporates two zones of 
transmissivity: one around the pumping well and one further away. The high value of 
transmissivity indicated for the area near the pumping well (900,000 gpd/ft) and the 
lower value indicated by the Legacy well (100,000 gpd/ft) suggest that two such zones 
may be present within the aquifer. The Butler analyses for State and Linder well #1A 
(Figure 11 page 51) and well #1B (Figure 12 page 52) support the assumptions of varying 
transmissivity. Our Butler analyses indicate a near-pumping-well transmissivity of about 
1,300,000 to 1,600,000 gpd/ft with a lower, away-from-pumping well value of 84,000 
gpd/ft. The radius of the contact between the zones is unknown and has to be estimated. 
Since the two zones are unlikely to be cylindrical (as assumed in the method), these 
values can only be general guidelines to actual aquifer conditions. The average of these 
four Butler-derived values is about 790,000 gpd/ft, or approximately the same as the 
value indicated by the Theis analysis for the pumped well. Since the Theis method is 
based on the assumption of a homogeneous aquifer, the correlation between the value 
indicated by the Theis method and the average of the values indicated by the Butler 
method, suggests that both methods may roughly indicate average aquifer properties. 
 
The derivative analysis for these two wells indicates the Butler method fits the data up 
through about 1,000 minutes. Deviations from the type curve after this time are probably 
caused by inconsistencies between the assumptions of the Butler method and actual 
aquifer conditions/properties. 
 
Storativities indicated by the Theis and Butler analyses for the State and Linder wells 
range from 1.3x10-3 to 3.7x10-3. The mean of these values to one significant figure is 
2x10-3, a value that we believe to be representative for the Pierce Gulch Sand Aquifer in 
the vicinity of the Eaglefield/State and Linder/Legacy wells. 
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The large differences between the indicated transmissivities of the aquifer zone near the 
pumped well and the aquifer zone near the UWID well, and the differences in the results 
of the Theis and Butler analysis, suggest that neither the Butler nor Theis model 
accurately fit the aquifer system in the vicinity of the Eaglefield and State and Linder  
wells; the Theis model assumes a uniform aquifer while the Butler model assumes a two-
zone system with a sharp demarcation between the zones and the centering of the 
pumping well in a cylindrical, inner zone. In reality, there are likely non-cylindrical 
variations in transmissivity throughout the aquifer. For this reason, we believe the results 
are only approximate and are therefore presenting transmissivity and storativity rounded 
to one significant figure, based on both the Theis and Butler analyses. 
 
Ricks Irrigation Well (Observation Well) 
 
Figure 13 (page 53) shows a Theis analysis for “Ricks Irrigation well” which lies 3,340 
feet north-northwest from the Eaglefield well. The small drawdown at the Ricks 
Irrigation well caused by pumping the Eaglefield well coupled with the relatively large 
drawdown and cyclic interference caused by an unknown pumping well made an accurate 
curve match impossible. The derivative analysis indicates that any results indicated by 
the rough, apparent fit of the type curve to the data, are invalid. No meaningful 
calculations of transmissivity and storativity are possible with these data. A Cooper-Jacob 
analyses was performed but is not presented here because the distance of the Ricks 
Irrigation well from the Eaglefield well meant the “u assumption” was not met for the 
analysis until long after the unknown well interfered with water levels at the Ricks 
Irrigation well. 
 
Even though no quantitative analysis for aquifer properties is possible with the Ricks well 
data, they are valuable in that they show the interference from an unknown pumping well. 
Figure 13 shows that the effects of an unknown pumping well appear to be much larger 
than the drawdown effects caused solely by pumping at the Eaglefield well, suggesting 
that the unknown well lies closer to the Ricks well than any of the other wells discussed 
in this section of the report. This interference is discussed further, in the next section of 
the report. 
 
Rhythmic Variations in Water Levels 
 
All of the wells analyzed by HLI indicated a rhythmic variation in water levels during the 
test. We believe that the cause or causes of this variation could be: a) interference by a 
nearby pumping well, b) variations in barometric pressure, and/or c) a malfunction of the 
data-logger. Based on our analysis below, we believe that the rhythmic variation in water 
levels on the order of 0.1 ft observed in the observation wells was caused by variations in 
barometric pressure. The cause of the larger variations observed in the pumping well is 
not clear and could be interference from an unknown well and/or malfunction of the data 
logger, possibly related to incorrect temperature compensation.  
 
All of the wells analyzed by HLI indicate a rhythmic variation in water level. Such 
variation could, in theory, have been caused by a nearby, high-capacity well pumping 
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during the test. A review of the IDWR files for Well Driller’s Reports indicates at least 
six irrigation wells capable of pumping at around 1,000 gpm or more are recorded for the 
nine sections adjacent to, and including, the test well. It is not known if any of these 
irrigation wells were being pumped during the Eaglefield test. In addition, two municipal 
suppliers may have been pumping during the test: United Water Idaho (Redwood Creek 
and Floating Feather Wells) and the Eagle Water Company (numerous wells). Of these, 
the Redwood Creek well lies closest to the monitored wells. The  
Redwood Creek well is located about 1-½ miles to the east of the Eaglefield well. 
 
In order to better evaluate the possible causes of the water-level variations, we assessed 
the data with the Eaglefield drawdown-effects (inference) removed.  We then compared 
the water-level variations that remained with changes in atmospheric pressure (to assess 
the potential for barometric effects) and with timing (to see if the changes correlated to 
time of day and therefore to a possible pumping schedule of a nearby well or with some 
other factor such as temperature). The following procedure was used: drawdown data 
from the last four days of the test were plotted. We then generated a logarithmic curve to 
best-fit the data plot. This logarithmic curve represents the approximate drawdown 
caused by pumping at the Eaglefield well. The differences between the logarithmic curve 
and the actual drawdowns were then plotted along with atmospheric pressure recorded at 
10 minute intervals. Lastly, the variations observed in the Eaglefield well were scaled to 
20-percent of actual, to allow all plots to fit on the same graph. The results - variations in 
water levels not caused by pumping at the Eaglefield well, are graphed on Figure 14 
(page 54).  
 
The figure shows that water level variations in the observation wells track changes in 
atmospheric pressure, with no discernable time lag. Based on this close tracking, we 
believe that the water-level variations in the observation wells are the direct result of 
barometric effects. In fact, the magnitude of the variations in these wells gives a general 
indication of barometric efficiency. The magnitude of the variations in water levels in the 
Legacy and State and Linder wells is about 50-percent of the variation observed in 
atmospheric pressure, indicating a barometric efficiency of about 50 percent. The Ricks 
Irrigation well demonstrates a similar, but smaller (about 30-percent) barometric 
efficiency. The variations observed in the Eaglefield well do not correlate at all with 
changes in atmospheric pressure. The changes are opposite in direction and about ten-
times greater than the changes in atmospheric pressure. The variations must therefore be 
related to another cause.  
 
Figure 14 shows that the variations in water levels in the Eaglefield well correlate to the 
time of day. The highest levels occur around 6 AM with the lowest levels occurring 
around 3 PM to 7 PM. (We note a similar timing in the pretest data included in the SPF 
(2007) report) The timing suggests interference from a well pumping only during the day 
and/or to daytime heat causing an error in the readings collected by the electronic data 
logger. We do not know which of these is the actual cause of the variation.  
 
If the cause were a nearby pumping well, we would expect a similar variation to be 
observed in other wells, but such a variation was not seen. The lack of a response in the 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

37

other wells would suggest that any unknown pumping well would have to be located very 
close to the Eaglefield well and far from the other wells. No such well is known in the 
near-vicinity of the Eaglefield well. The variation could, in theory, have been caused by 
some other factor related to time of day, such as temperature. However, the submersion 
of the data logger transducer in the well would dampen daily temperature changes which 
would have occurred. In addition, most data loggers correct for temperature variations. 
For the daily two-foot variations to have been the result of incorrect temperature 
compensation, the data logger would have to have been severely compromised. 
 
Figure 14 does, however, appear to indicate the presence of an unknown pumping well 
near Ricks Irrigation well. The sharp increase in drawdown that began during the evening 
of June 7, suggests local well interference that was not observed in the other wells. The 
beginning of this interference five days into the test indicates the increase in drawdown 
was too late into the test to have been caused by the Eaglefield well. 
 
Test Results Summary 
 
In summary, our analyses of the Eaglefield, Legacy and UWID State and Linder wells 
indicate that the transmissivity of the Pierce Gulch Sand Aquifer varies widely in the 
tested area. Our analyses indicate that a zone of higher transmissivity appears to be 
present near the pumping well (Eaglefield) and the UWID State and Linder wells. Near 
Eaglefield Well #2, the full-thickness aquifer transmissivity may be around 800,000 
gpd/ft with values of around 200,000 gpd/ft representative of the middle portion of the 
aquifer tapped by the Eaglefield well. Full-aquifer-thickness transmissivities of about 
100,000 to 400,000 gpd/ft are representative of the aquifer near the UWID State and 
Linder well site. The Legacy well appears to be completed in a lower-transmissivity 
portion of the Pierce Gulch Sand Aquifer; a transmissivity of 100,000 gpd/ft was 
calculated for this portion of the aquifer. The transmissivity near the Ricks well may also 
be high, possibly approaching the values calculated for the Eaglefield and UWID State 
and Linder wells. However, the curve matches are so poor that we cannot accurately 
quantify a value for transmissivity in this area, beyond stating it appears to be high.  
 
The transmissivities calculated for the various wells ranged from about 84,000 gpd/ft to 
1,000,000 gpd/ft. Based on this range of calculated transmissivities, we calculated a mean 
transmissivity for the whole aquifer thickness in the greater Eaglefield vicinity of 
460,000 gpd/ft. Some parts of the aquifer (such as near the Eaglefield well) have much 
higher transmissivities and other parts (such as near the Legacy well) have much lower 
values.  
 
The transmissivity calculated for the Eaglefield #2 well without any corrections for 
partial penetration (using the Cooper-Jacob drawdown method for pumping and the Theis 
straight-line method for recovery) indicated a value around 200,000 gpd/ft. This 
transmissivity value is comparable to those calculated by previous workers who also did 
not account for partial penetration. Because of stratification within the aquifer (thin, 
discontinuous clay layers within the overall sand sequence), short-term pumping (a day 
or so) causes most of the hydraulic impact to be directed laterally through transmissive 
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zones at depths similar to that of the screened interval of the pumping well. This 
concentration of flow within the same depth zone (which only represents about 20 
percent of the full thickness of the aquifer) causes gradients to steepen near the well, and 
water levels within the well to be lower than they would be had the well been screened 
over the entire aquifer thickness, as is assumed in the methods of Cooper-Jacob and Theis 
(without Hantush corrections). Thus, the calculated transmissivities using these methods 
are less than would be calculated using either: 1) a well that fully screened the aquifer or 
2) using partial penetration corrections (as we have used) on the well that only screens 
less than one fifth of the aquifer. The transmissivity indicated by the Cooper-Jacob or 
Theis (with out Hantush corrections) is most likely representative of just this small 
vertical portion of the aquifer. When the remaining 420 vertical feet of aquifer (not 
screened by the pumped well) are taken into account, the average transmissivity value or 
460,000 gpd/ft more realistically represents the entire aquifer thickness, than does the 
200,000 gpd/ft results of the analyses that did not take into account the effects of the full 
aquifer thickness. 
  
Storativities calculated from the test data indicate that the westerly portion of the Pierce 
Gulch Sand Aquifer is confined with a mean calculated value of 2x10-3.   
 
Based on the transmissivities calculated for each well and the thickness of the aquifer as 
indicated in the available Drillers’ Reports and/or Hydrogeologist’s reports, 
representative aquifer hydraulic conductivities were calculated and are included on Table 
3. These values are typical of clean to coarse sands, the types of aquifer materials 
generally indicated on the available records for the wells. 

Well Interference and the Effects of Seasonal Pumping 
 
The mean transmissivity and two end-points to the range of calculated transmissivities 
were used in a simulation to predict inference effects in the aquifer at distances to almost 
4 miles from the Eaglefield #2 well. In this simulation, the Theis method was used to 
generate drawdown curve as a function of distance from pumping the Eaglefield well #2 
at a continuous rate of 1,300 gpm which is the rate that appears likely under the current 
(April 2008) IDWR water rights decision. The Theis method was selected as it is 
generally conservative (tending to over estimate drawdown) as it does not consider 
leakage from overlying zones or the capture of recharge. The calculated mean 
transmissivity of 460,000 gpd/ft was bracketed by 900,000 gpd/ft (upper end of the 
range) and 100,000 gpd/ft (lower end of the range) in our analysis along with a storativity 
of 2x10-3. An image well was used to simulate the hydraulic effects of the no-flow 
boundary represented by the West-Boise-Eagle fault. 
 
Our results are presented in Figure 15 (page 55) which shows that at the end of a 90-day 
summer pumping season, interference drawdowns in the range of 2 to 7 feet are predicted 
for wells completed in the aquifer, one mile away from the Eaglefield well #2 and may be 
on the order of 1 to 3 feet up to four miles away. As discussed in the methods section 
above, this analysis is conservative and likely over-estimates interference; the drawdown 
cone of depression from the pumping well would probably expand sufficiently to capture 
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recharge equal to the pumping rate before 90 days, such that the pumping water level in 
the well would cease to draw down. The Theis analysis assumes no recharge (water 
pumped by a well comes only from aquifer storage) such that a pumping-well water-level 
always continue to draw down. In reality (and observed many times, in our experience) 
the rate of drawdown in a well pumped for 90 days in a hydrogeologic setting like that of 
the Eaglefield well, typically declines or stops before 90 days. 
 
We consider the predicted interferences to be only an approximation because the Pierce 
Gulch Sand Aquifer system is not uniform. The actual drawdown that would occur with 
summer-long pumping will vary from our predictions, depending on the actual properties 
of the aquifer between the Eaglefield well and a given point of interest. We used a 
transmissivity of 460,000 gpd/ft in the prediction while calculated transmissivities ranged 
(to one significant figure) from 100,000 to 900,000 gpd/ft for the five wells discussed 
above. The non-uniformity of the aquifer was demonstrated by the amounts of maximum 
drawdowns measured during the test. The Legacy well, which is 1,605 ft from the 
pumping well, had a maximum drawdown of 2.73 ft while the UWID State and Linder 
wells which are 2,405 feet from the pumping well had a maximum drawdown of 5.67 ft. 
Both wells are completed at similar depths and are on-strike with the pumping well 
(Eaglefield #2) and therefore likely to be completed in the same depth interval of the 
Pierce Gulch Sand Aquifer. In a uniform system the closer well would have had the 
larger drawdown. None the less, the prediction gives general guidelines for the amount of 
interference that would be expected by a large supply well in the Eaglefield area, on other 
wells completed in the Pierce Gulch Sand Aquifer, in this part of the greater-Eagle 
vicinity. 

Conclusions from the Eaglefield Test 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. The Eaglefield, UWID State and Linder, Legacy and Ricks Irrigation wells are all 
completed in the Pierce Gulch Sand Aquifer. This aquifer averages about 500 feet 
thick but ranges from 416 to 525 feet thick. The top of the aquifer lies at depths of 
181 to 260 feet below land surface. These wells are all hydraulically connected to 
each other. 

 
2. The calculated transmissivities of the Pierce Gulch Sand Aquifer ranged from 

100,000 to 900,000 gpd/ft in the vicinity of Eaglefield well #2 with an average 
(mean) representative value of 460,000 gpd/ft. 

 
3. Storativity values calculated from valid test analyses ranged from 1.3x10-3 to 

3.7x10-3 with a mean value of 2x10-3. Based on these values, the aquifer is 
considered to be confined in the area containing the pumping and observation 
wells. 

 
4. The Pierce Gulch Sand Aquifer is highly productive in this area. Well yields 

greater than 2,000 gpm are possible from properly designed and completed wells. 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

40

 
5. A single production well pumping at 1,300 gpm from this portion of the Pierce 

Gulch Sand Aquifer is likely to cause drawdowns of about 2 to 7 feet at wells 
completed over the same depth intervals in the same aquifer, at a distance of one 
mile, after 90 days of continuous pumping. Drawdowns in wells four miles away 
are estimated be on the order of 1 to 3 feet, but would likely be less based on the 
conservative nature of our analysis.  

 
6. The original report by Holladay did not include analysis beyond a general 

estimate of transmissivity and storativity. Because the Holladay analyses did not 
incorporate the effects of partial penetration, we believe they under-estimated 
actual full-aquifer-thickness transmissivities. The newer HLI analyses incorporate 
the effects of partial penetration and can therefore better represent full-aquifer-
thickness conditions, especially with regard to quantifying the total amounts of 
ground water flow within the full thickness of the aquifer.  

 
7. In a similar manner, SPF also did not include partial penetration effects in their 

re-analysis of the Holladay pumping-test data. SPF presented a wider range of 
values for transmissivity and storativity than did Holladay but did not clarify 
which values they believed to best represent actual aquifer conditions. SPF noted 
that the aquifer is heterogeneous (non-uniform) and that both positive and 
negative boundary effects consistent with variations in aquifer characteristics 
were observable in the plotted drawdown data. 

 
8. In their work, Holladay and SPF did not include derivative analyses to quantify 

which portions of the data sets would indicate whether the selected method of 
analysis were likely valid and therefore which portions of the data set were 
suitable for analysis. Derivative analyses conducted as part of the HLI reanalysis 
indicated that only the data collected from 20 to 80 minutes into the test were 
suitable for quantitative analysis of aquifer parameters of transmissivity and 
storativity using data from the pumping well.  

 
9. Rhythmic variations in water levels were observed in all the wells we analyzed 

for this test. Small variations on the order of 0.1 ft measured in the observation 
wells were caused by changes in atmospheric pressure. These variations showed 
no discernible time lag to, and were about 30 to 50 percent as large as, changes in 
atmospheric pressure. Water levels varied daily in the pumping well at a much 
larger magnitude (0.5 ft and more) before, during and after the test with the 
highest levels occurring around 6 AM and the lowest between 3 and 7 PM. These 
water-level variations did not correlate with changes in atmospheric pressure. The 
timing and magnitudes suggests that the variations could have been caused by 
interference from a nearby pumping well or by an error in the data logger. Similar 
variations were not observed in the other wells we analyzed as part of this test, 
indicating that a pumping well causing the variations would have to have been 
very close to the pumping well. However, no such wells are known in the vicinity 
of the Eaglefield well. The timing could also suggest that the cause of the 
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variations could be related to erroneous temperature compensation of the water 
level data by a malfunctioning data logger. It is not clear, which, if either, of these 
possible explanations, is valid. 

 
10. Future testing at the Eaglefield Well #2 would better be accomplished with 

coordination of all major ground water pumpers within 3 miles or more of the 
pumped well. It would be best to conduct the test during winter when water 
demand would be relatively low. Ideally, all significant groundwater pumping 
from the target aquifer (Pierce Gulch Sand Aquifer) would be curtailed before, 
during and after the pumping test to allow for collection and use of antecedent 
trend data to correct changes in water levels that are not caused by the pumping 
well. The test should be preceded by barometric and water level measurements 
during a non-pumping period to develop barometric corrections for the 
observation well data. Coordination with all interested parties and significant 
water users is strongly recommended. The ability to coordinate and conduct such 
a test grows more difficult with time as more and more wells go into production. 
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Figure 2.  Well Locations for Eaglefield Seven-Day Test  
 

 
 
 

Pumping Well Location Observation Well Location 

One Mile 

N

November 29, 2007 
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Figure 3.  Cooper-Jacob Analysis for Eaglefield Well #2  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 
spp = 0.2 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 

Eaglefield Well # 2 
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(no PP corrections) 
T=800,000 gpd/ft  
(with PP corrections) 
S = Not Calculable 
Kv/Kh=0.1 
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tc < 1 min 
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Derivative analysis indicates only 
data from 20 to 80 min are valid for 
this method. 
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caused by unknown well during late 
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Figure 4.  Semi-Log Theis Analysis with Hantush Corrections for Partial 
Penetration for Eaglefield Well #2  Seven-Day Test   
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961a and b). 
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Figure 5.  Theis Analysis with Butler Corrections for Partial Penetration for 
Eaglefield Well #2  Seven-Day Test   
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
spp = 0.2 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. Based on the analytical method of Theis (1935) with partial penetration 
corrections of Butler (1957). 
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r = 1 ft 
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Derivative analysis indicates only data from 
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Figure 6.  Recovery Analysis for Eaglefield Well #2  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = effective radius of pumping well (ft) 
 
spp = 0.2 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Theis (1935).  Partial penetration corrections from 
Butler (1957).
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shutdown). S/S’ is incorrect because water 
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could not be incorporated into analysis.  
Note local rhythmic variations during late 
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Figure 7.  Theis Analysis for Legacy Well #1  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
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Figure 8.  Hantush-Jacob Analysis for Legacy Well #1  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u, r/B)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u,r/B) = “Hantush well function” (defined below)  
 

W(u, r/B) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 
B = sqrt (Tb’/K’) (leakage factor) (ft-1) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b’ = aquitard thickness (ft), estimated from geophysical logs and well logs in the area 
K’ = vertical hydraulic conductivity of aquitard 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T, S, and r/B best match observed drawdown 
 
Based on the analytical method of Hantush and Jacob (1955). 
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Figure 9.  Theis Analysis for UWID State and Linder Well #1A  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
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Figure 10.  Theis Analysis for UWID State and Linder Well #1B  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
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Q = 1,580 gpm  
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Derivative analysis indicates only data 
from before 90 min are valid for this 
method  
 
Good match early time-data. Very high T 
indicated. Middle-time data indicate 
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show small variations in drawdown 
caused by caused barometric effects. 

Boundary 
effect: 
lower T 
zone or 
fault? 

Derivative 
Data: + 
Curve: 

Raw 
Drawdown 
Data



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

51

 
Figure 11.  Butler Analysis for UWID State and Linder Well #1A  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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Where: 

 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 
Rp = radius of aquifer zone that surrounds pumping well, in feet (ft) 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 

 
Solid Line represents “type curve” where Tp, Sp, To, So and Rp best match observed 
drawdown. Note: “p” indicates zone of pumping well, “o” indicates zone of observation 
well. 
 
Based on the analytical method of Butler (1988) for non-uniform aquifers but with no 
partial penetration corrections. Modified from Theis (1935). 
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picked for best curve match. Radius 
differs from that used in analysis of 1A. 
Results only approximate because of 
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Figure 12.  Butler Analysis for UWID State and Linder Well #1B  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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Where: 
 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 
Rp = radius of aquifer zone that surrounds pumping well, in feet (ft) 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 

 
Solid Line represents “type curve” where Tp, Sp, To, So and Rp best match observed 
drawdown. Note: “p” indicates zone of pumping well, “o” indicates zone of observation 
well. 
 
Based on the analytical method of Butler (1988) for non-uniform aquifers but with no 
partial penetration corrections. Modified from Theis (1935). 
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Figure 13.  Theis Analysis for Rick’s Irrigation Well  Seven-Day Test 
Test Conducted: June 2-9, 2006 
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Where: 
 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 
Rp = radius of aquifer zone that surrounds pumping well, in feet (ft) 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 

 
Solid Line represents “type curve” where T and S best match observed drawdown.  
 
Based on the analytical method of Theis (1935). 
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Figure 14.  Adjusted Drawdowns Showing Water Level Variations Caused by 
Barometric Effects in Observation Wells and Either Unknown Pumping Well or 
Possible Temperature Effects in the Pumping Well  
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Figure 15.  Predicted Interference at End of Summer from Pumping Eaglefield #2 
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Lexington Hills Thirty-Day Test 

Overview and Previous Analyses 
 
Lexington Hills Well #1 was drilled by Pete Cope Drilling using the, reverse-circulation 
rotary-drilling method during February and March of 1991. The well was drilled to a total 
depth of 405 ft bgl, and completed with stainless steel well screen open to the aquifer 
between depths of 215 and 265 ft bgl and 375 and 385 ft bgl. The pretest water level was 
71.00 ft bgl which translates to an elevation of about 2,574 ft amsl. Riverside Electric 
Motor and Pump Specialists installed the temporary production pump and CH2M-Hill 
(1991) directed a pumping test that began on March 26, 1991. The average pumping rate 
over the 30-day pumping period was reported at 732 gpm. Drawdown in Lexington Hills 
Well #1 generally stabilized after about 14 days of pumping at 81 ft, for an end-of-test 
specific capacity of 9.0 gpm/ft.  
 
The 30-day pumping test was carried out over the period March 26-April 25, 1991 with 
pretest water levels measured about a week before the test started and post-test levels 
(including recovery) measured for about 12 days after pumping ceased. Observation 
wells showing response to pumping and analyzable data indicated maximum drawdowns 
of 1.1 to 3.8 feet, decreasing with the distance from the pumped well. Wells completed to 
the east of a major geologic structural fault, called the West Boise-Eagle fault, (and 
thereby separated from the Pierce Gulch Sand Aquifer) did not indicate detectible 
response during the test. 
 
Data collected during the test were presented by CH2M-Hill as tables and as linear, semi-
log and log-log graphs of drawdown and recovery. Atmospheric pressure data were not 
collected to generate barometric efficiency corrections that would have allowed for 
removal of the effects of water level fluctuations caused solely by changes in atmospheric 
pressure and not by the pumping well. The pretest water levels were analyzed to develop 
a linear water level trend (measured in ft/day) but irrigation-canal leakage that occurred 
during the test did not allow this linear trend correction to be realistically applied during 
the later parts of the test, as noted in the report. Although not supported by any presented 
analysis, CH2M-Hill indicated that the non-corrected drawdown data gave results that 
were “not materially different” during the early and middle parts of the test but did 
“deviate dramatically” late into the test. CH2M-Hill did not apply water-level-trend 
corrections to any of the data analyzed for aquifer coefficients. 
 
Data from the pumping well and six observation wells were originally analyzed using 
visual curve matching on log-log plots and straight line analysis on semi-log plots of 
drawdown and recovery. The analytical methods used by CH2M-Hill were: Theis non-
equilibrium (Theis, 1935), Cooper-Jacob straight-line (Cooper-Jacob, 1946), Chow 
straight-line (Chow, 1952) and delayed-yield (Prickett, 1965). Straight-line analyses 
included approximate best-fit lines drawn on plotted graphs. The curve-matching 
methods plotted the collected data but did not include the type curve that best matched 
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the data. Calculations and assumptions were included, however. The data were not 
corrected for partial penetration, perhaps in part because the thickness of the aquifer (the 
Pierce Gulch Sand Aquifer) was not known at the time of the test, and only the pumping 
well was analyzed for well-bore storage effects. A summary table indicated the analytical 
methods in which type curves could not be fit to the data. The report presented a table of 
transmissivities and storativities for the production well and four analyzed observation 
wells, along with average values, which are included in our Table 3 (page 247). 

HLI Analysis of the Pumping Test 
 
A 30-day pumping test was conducted by CH2M-Hill (1991) using the Floating Feather 
Hills, Inc., Lexington Hills Well #1 as the pumping well along with eight measured 
observation wells. Pumping occurred over the period March 26-April 25, 1991 with 
pretest water levels measured about one week before the test started and post-test levels 
(including recovery) measured for about 12 days after pumping ceased. Lexington Hills 
Well #1 was pumped at an average rate of 732 gpm with drawdown generally stabilizing 
at around 81 feet during the last 14 days of pumping for an end-of-test specific capacity 
of 9.0 gpm/ft. Observation wells showing analyzable responses to pumping indicated 
maximum drawdowns of 3.8 to 1.1 feet, decreasing with the distance from the pumped 
well. Wells completed to the east of a major geologic structural fault, the West Boise-
Eagle Fault, did not indicate detectible response during the test.  
 
The data presented as part of the CH2M-Hill report were reanalyzed by HLI after careful 
review of hydraulic, geologic and well construction information available from their 
report and other from sources. Our summary of the data about the pumping well and the 
four analyzed observation wells is included in Table 3 with well locations shown in 
Figure 16 (page 68). The geologic data in the CH2M-Hill report were limited to the 
production well. Additional Well Driller’s Reports were obtained from the IDWR on-line 
data base to supplement our analysis. Our database search indicated only one additional 
Well Driller’s Report was available for the actual observation wells used in the test. 
Other Well Driller’s Reports were available, however, from the same 40-acre quarter-
quarter sections as the observation wells without available reports. We used these nearby 
logs to supplement our understanding of the hydrogeology of the area and helped us to 
interpret test results. These are included in Appendix A. 
 
As shown in Table 3, the Lexington Hills #1 pumping well was completed in the Pierce 
Gulch Sand Aquifer between depths of 215 ft (top) and 385 ft (bottom), equivalent to an 
elevation of about 2,430 and 2,260 ft amsl, respectively. The contours of the Pierce Gulch 
Sand Aquifer presented in HLI (2007) show that the bottom of the aquifer lies at an 
elevation of about 2,280 ft while reviews of the geologic information for the test area 
shows that the top of the aquifer lies at depths of about 75 ft near the pumped well, or at 
an elevation of about 2,570 ft amsl. The four observation wells analyzed as part of our 
review are completed at higher elevations (shallower depths) than the pumping well in 
thick, stratified sand and clay zones with well depths of 90 to 175 feet. These zones likely 
represent an upper portion of the regional Pierce Gulch Sand Aquifer (or at least, 
overlying sands in hydraulic connection to the Pierce Gulch Sand Aquifer).  Well 
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Driller’s Reports for these observation wells (or wells near these observation wells) show 
that the upper portion of the aquifer is much coarser grained; deeper water-bearing zones 
consist of fine-grained sand while the shallower water bearing zones consist of fine-, 
medium- and coarse-grained sand and even some sandy gravel. Based on these 
observations, the shallower portions of the Pierce Gulch Sand Aquifer in the vicinity of 
the Lexington Hills well appear to be more permeable than the deeper portions. 
 
The fact that the four observation wells responded during pumping supports the 
conclusion that all five wells are hydraulically connected. However, only the Floating 
Feather Irrigation well appears to be completed in the same depth zone as the pumping 
well and even this conclusion is tentative, as it is based solely on the comment in the 
CH2M-Hill report that the depth is “approximately 270 feet” (no Driller’s Report is 
available). Because the water levels in this well were only measured with an air line (an 
inexact method with resolution to ±1 foot, at best), we consider the data from this well to 
be of questionable quality. 
  
As noted in the Hydrogeologic Overview section of this report, the West-Boise-Eagle 
Fault lies approximately one-half mile to the northeast of the Lexington Hills Well #1 
(Figures 1 and 16). Review of Well Driller’s Reports and the hydraulic data included in 
the CH2M-Hill report indicate this fault acts as a no-flow barrier and edge to the Pierce 
Gulch Sand Aquifer. We incorporated the effects of this no-flow boundary into all the 
log-log, type-curve analyses (Theis, Moench and Butler) discussed below. Aqtesolv® 
generated type curves that reflected the effects of this boundary by simulating this 
boundary using image well theory.  
 
The drawdowns for the pumping and four selected observation wells are shown in 
Figures 17-25.  
 
Lexington Hills Well #1 
 
Lexington Hills Well #1 served as the pumping well during this test. It is screened from 
215 to 265 feet below ground surface and 375 to 385 feet below ground surface. It was 
pumped at 732 gpm for a period of 30 days. The maximum drawdown experienced by 
this well during the test was 81 feet, which occurred at the end of about two weeks of 
pumping for an end-of-test specific capacity of 9.0 gpm/ft. The pumping water level 
remained generally stabilized at this level, until pumping ceased two weeks later. Details 
on the well and test are included in Table 3. This well is located in Figure 16 (page 68) as 
a red diamond with a solid boundary. 
 
The drawdown measured in the pumping well (Lexington Hills Well #1) is shown in 
Figure 17 (Cooper-Jacob early-time semi-log plot of drawdown on page 69) and Figure 
18 (Moench log-log plot of drawdown on page 70). The pumping rate for this well 
averaged 732 gpm over the entire test but varied from below 600 to 829 gpm with an 
average rate of 749 gpm over the first hour. After about 30 minutes of pumping, the 
drawdown curve flattens and remains so until about 2,000 to about 2,500 minutes where 
it begins to rise again. This increase in drawdown, followed by decrease in drawdown, 
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followed by increase in drawdown, appears to be “delayed yield” which occurs in thick, 
unconfined aquifers where pumping causes the upper portions of the aquifer to partially 
dewater by gravity drainage, but only after the aquifer has been pumped for a while.  
 
This downward flow of pore water (“gravity drainage” / “delayed yield”) under pumping 
conditions takes a finite period of time to begin. At first, the pumping well causes water 
to move laterally toward the well much like as in a confined aquifer. After a short time (a 
few minutes to a few hours), however, the drawdown “cone of depression” slows its 
outward (radial) movement as pore water drains from upper portions of the aquifer near 
the pumping well. If unrecognized, this capture of drainage appears as a flattened 
drawdown curve that could easily be misinterpreted as a misleadingly high transmissivity 
(in a Cooper-Jacob analysis), a positive recharge boundary (such as a lake or a river), or 
the cone of depression capturing water from a portion of the aquifer with a much higher 
transmissivity. Over time, the gravity drainage diminishes and the cone of depression 
continues to expand. The water level in the pumping well begins to fall again and the 
drawdown plot begins to rise and steepen, in part replicating the initial drawdown curve 
that was generated during the initial stages of pumping. Typically, the curves generated 
by the early and late data have the best likelihood of indicating the true aquifer 
transmissivity while the middle portion will indicate misleadingly high values that are not 
representative of actual aquifer properties. The transition between the two curves allows 
for calculation of various properties associated with vertical drainage (Neuman, 1974 and 
Moench, 1997). The early-time data can be used to analyze the storativity “S” and the 
late-time data can be used to analyze the specific yield “Sy” (effectively the “longer-term, 
unconfined aquifer storage coefficient”). Of course, these storage coefficients can only be 
assessed using observation well data as a pumping well cannot indicate accurate 
storativity or specific yield. 
 
A Cooper-Jacob (1946) plot of the raw (uncorrected) drawdown data (Figure 17- page 
69) indicates a transmissivity of 15,000 gpd/ft. With the approximate partial penetration 
corrections of Butler (1957) applied to the drawdown data, a transmissivity of 50,000 
gpd/ft is indicated (plot on lower portion of the graph in Figure 17). Because the 
Lexington Hills Well #1 is only open to 60 feet of the 326-ft thick aquifer, we believe the 
partial-penetration-corrected value of 50,000 gpd/ft is likely to be the more representative 
of the true whole-aquifer transmissivity at the Lexington Hills Well #1 location, than is 
the lower value using the uncorrected data. The Cooper-Jacob analysis without partial 
penetration corrections likely represents the transmissivity only of the zone screened by 
the well (60 ft) and not the entire aquifer thickness (326 ft). The response of wells in 
shallower and deeper zones (discussed below) indicates that the entire aquifer thickness is 
affected during pumping and that a whole-aquifer transmissivity analysis should 
incorporate the entire aquifer. Therefore, we believe the higher value generated with the 
Butler corrections to be more representative. 
 
Our analysis using the Moench method (Figure 18 page 70) indicates a transmissivity of 
80,000 gpd/ft. As explained in the methodology section (page 18) we have taken into 
account a maximum likely well loss in order to better assess the range of likely 
transmissivity using the partial penetration corrections possible using the type curve 
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methods. In our log-log Moench analysis we estimated maximum likely well loss and 
then subtracted it from the raw data. To do so, we estimated maximum well loss as being 
equivalent to the water level recovery that occurred in the pumping well 30 seconds after 
pumping stopped. This value (35 ft) represents about one-half of the drawdown observed 
just before pumping stopped and about 80 percent of the drawdown 30 seconds after 
pumping started. Our sensitivity analysis using estimated-maximum well-loss versus no 
well loss indicated a 12-percent higher transmissivity when the estimated-maximum well 
loss was incorporated into the analysis. This low sensitivity to well loss suggests that any 
error in the difference between actual and estimated well loss would only introduce an 
error in our calculated value for transmissivity on the order of a few percent. This 
relatively small potential error inherent in using the Moench method for the pumping 
well (which incorporates the effects of partial penetration but uses estimated maximum 
well loss) makes this method more accurate than using the Cooper-Jacob method which 
is not affected by well loss but cannot directly account for the effects of partial 
penetration of the pumping well or delayed yield.  
 
In our analysis we have also assumed that most of the significant production of ground 
water came from the upper 50-ft section of the well screen (215 to 265 ft below ground 
surface) and that only a small, less-significant portion of the water originated from the 
10-ft section of the screen located between 375 and 385 ft below ground surface. This 
assumption was based on the finer-grained nature of the aquifer as noted on Well 
Driller’s Reports. Aqtesolv® (and probably all other commercially available analytical 
software packages) can only assume that the well is open over one of the intervals or the 
entire interval (top of the top screen section to bottom of the bottom screen section). 
Since there is a 110 ft blank section between the two screen-intervals, we chose to use the 
upper section that represents over 83 percent of the open area. In addition, based on our 
experience with the driller who constructed the well, we believe it highly unlikely that the 
lower-most screen section was properly developed and able to contribute significant 
ground water to the well. We believe the error introduced by assuming a 170-ft open 
screened interval is much greater than the error introduced by assuming that all the 
production originated from the single, upper, screened section. 
 
The Moench analysis indicated a transmissivity of 80,000 gpd/ft. This value is on the low 
end of values calculated for other portions of the Pierce Gulch Sand Aquifer in the 
greater Eagle-Star-M3 vicinity. These relatively low values are likely the result of the 
finer-grained nature of the lower portions of the aquifer in the region of the Lexington 
Hills Well #1.  
 
The average value reported in the CH2M-Hill report was 170,000 gpd/ft but this value 
represents analyses of the flattened, delayed-yield portion of the drawdown curves. 
Analysis using this portion of the curve indicates a so-called “apparent transmissivity” 
which is incorrect.  
 
The pumping well can only indicate transmissivity and not storativity (S). No S values 
are presented for our Moench analysis of the pumping well data.  
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Holgate Well 
 
The Holgate well is the observation well nearest to the pumping well. The depths of the 
top and bottom of the well screen (if present) are unknown; no Well Driller’s Report is 
available from IDWR and no well construction information was included in the CH2M-
Hill report. The well is reportedly 171 feet deep and therefore likely open to the aquifer at 
this depth. The maximum drawdown experienced by this well during the test was 3.85 
feet which occurred at the end of the 30-day test; the water level in this well did not 
stabilize. These details are included in Table 3. Its location is shown in Figure 16 as a 
green diamond with a dashed boundary, labeled “Holgate.” 
 
Figures 19 (early-time Theis – page 71)  and 20 (Moench – page 72) show our analyses 
for the Holgate Well, completed 900 feet away from, but at a slightly shallower depth 
(171 ft) than, the pumping well (upper screen: 215 to 265 ft). The Theis plot in Figure 19 
shows a type curve match for the first 80 minutes into the test, before delayed yield 
caused the drawdown plot to flatten. The Moench analysis in Figure 20 incorporates the 
effects of delayed yield with both the early-time and late-time data. The Theis curve 
indicates a transmissivity of 120,000 gpd/ft and a storativity of 5x10-4. The Moench 
analysis indicates a transmissivity of 96,000 gpd/ft and a storativity of 3x10-4 and a 
longer-term specific yield of 1.2x10-2. 
 
We believe the Moench method yields a better analysis for aquifer coefficients than the 
Theis method because it generally matches both early-time and late-time data. The 
calculated values for the storage coefficients demonstrate the transition from initial 
behavior that mimics a confined-type aquifer system (storativity of 3.0x10-4) to  
unconfined conditions over longer-term pumping (specific yield of 1.2x10-2).  
The recovery data shown in Figures 19 and 20 show a water-level recovery that appeared 
to be faster than that plotted by the type curve. CH2M-Hill indicated that nearby 
irrigation canal flow began during the end of the test. Leakage from the canal flowing 
downward into the aquifer could explain the apparent “early” recovery (and the imperfect 
fit of the data to the type curve during the last 20,000 minutes, or two weeks of pumping). 
 
Carson Well 
 
The Carson well is located approximately 1,300 feet from the pumping well. The depth of 
the well screen (if any) is unknown; no Well Driller’s Report is available from IDWR 
and no well construction information was included in the CH2M-Hill report. The well is 
reportedly 90 feet deep and therefore it is likely open to the aquifer at this depth. The 
maximum drawdown experienced by this well during the test was 2.47 feet which 
occurred at the end of the 30-day test; the water level in this well did not stabilize. These 
details are included in Table 3. Its location is shown in Figure 16 as a green diamond with 
a dashed boundary, labeled “Carson.” 
 
Figures 21 (page 73) shows our Theis (1935) analysis for the Carson well. The log-log 
plots in this figure show an initial Theis drawdown curve followed by a flattening of the 
curve to almost a straight line on the log-log plots.  The first part of the curve (initial time 
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data) indicates a transmissivity of about 600,000 gpd/ft and a storativity of 2.5x10-2. 
These values are much greater than other values indicted from analyses of data from 
deeper wells, suggesting that the Theis analysis of the Carson well may be in error. The 
derivative analysis indicates that the Theis analysis is likely to be invalid.  The results of 
this analysis are shown in Table 3 (page 247) as “likely invalid” and therefore not 
included in our calculations for mean aquifer transmissivity and storativity. 
 
The plot does show a delayed-yield curve, but one that is more subdued that those 
observed in the pumping and Holgate wells. A Moench analysis is presented in Figure 22 
(page 74). This analysis indicates a transmissivity of 77,000 gpd/ft and a storativity of 
5x10-3 and a specific yield of 3.5x10-2. These values indicate the transition from confined 
aquifer-type behavior during the initiation of pumping to unconfined behavior during 
longer-term pumping, as seen in the other Moench analyses. The derivative analysis 
supports the Moench analysis of the data from this well. 
 
Eagle Hills Golf Course Well 
 
The Eagle Hills Golf Course well is located approximately 2,500 feet from the pumping 
well. The depths of the well screens are unknown; no Well Driller’s Report is available 
from IDWR and no well construction information was included in the CH2M-Hill report. 
CH2M-Hill indicated the well is 175 feet deep and therefore likely to be open to the 
aquifer at this depth. The maximum drawdown experienced by this well during the test 
was 1.05 feet which occurred at the end of the 30-day test; the water level in this well did 
not stabilize. These details are included in Table 3. Its location is shown in Figure 16 as a 
green diamond with a dashed boundary. 
 
Figures 23 and 24 (pages 75 and 76, respectively) show the HLI analysis for the Eagle 
Hills Golf Course well. Completed at a depth of 175 ft, this well is shallower than the 215 
to 275 ft upper screen depth of the pumping well. The early-time Theis plot (Figure 23) 
indicates a transmissivity of 420,000 gpd /ft with a storativity of 5x10-3. The Moench 
analysis (Figure 24) indicates a similarly large transmissivity of 400,000 gpd/ft and a 
storativity of 3x10-3 and a specific yield of 8x10-3. The closeness of these values is 
unusual for a “delayed-yield” aquifer but consistent with the drawdown data plotted in 
the two figures which does not show a large flattened zone for middle-time data which 
typically would represent the delayed-yield portion of the curve. The small amount of 
delayed yield may have been caused by greater drawdown near the pumping well 
compared to the drawdown at the observation well. Pumping at the Lexington Hills well 
appears to have caused the aquifer water level to drop below the top of the aquifer, 
thereby allowing dewatering, as indicated by the water and aquifer depths included in 
Table 3. Near the observation well, however, drawdown was much smaller, possibly 
allowing the water level to drop only a small amount below the top of the aquifer, if at 
all. With only a small water level drop, significant delayed yield (dewatering of the 
aquifer) did not occur. With less dewatering occurring near the observation well, the 
curve did not flatten as much and only a small difference between storativity and specific 
yield was indicated.  
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The derivative type curve match was fair for the Moench analysis supporting its general 
validity. The derivative type curve match for the initial-time portion of the Theis analysis 
was also fair. After about 500 minutes the match is poor indicating the Theis method is 
not valid for the data collected after 500 minutes. 
 
Floating Feather Irrigation Well 
 
The Floating Feather Irrigation well is located approximately 5,100 feet from the 
pumping well. The depths of the well screens are unknown; no Well Driller’s Report is 
available from IDWR and no well construction information was included in the CH2M-
Hill report. The well is 270 feet deep and therefore likely to be open to the aquifer at this 
depth. The maximum drawdown experienced by this well during the test was about 2 feet 
which occurred at the end of the 30-day test; the water level in this well did not stabilize. 
These details are included in Table 3. Its location is shown in Figure 16 as a green 
diamond with a dashed boundary, labeled Floating Feather Irrigation. 
 
The 270-foot deep Floating Feather irrigation well was the only well monitored during 
the test that is completed at a depth that overlaps the completion depth of the pumped 
well (215 to 275 ft and 375 to 385 ft). In other words, it is the only well that appears to be 
completed in at least part of the same depth interval within the Pierce Gulch Sand 
Aquifer pumped by the Lexington Hills #1 well. Unfortunately, the use of an air line to 
measure water levels with its resolution of ±½ foot (at best) and the distance of this well 
from the pumping well (5,100 feet) generated data that had very poor resolution. Figure 
25 (page 77) shows our attempt to analyze the data using the Theis method. Poor data 
resolution made any meaningful type-curve match to the data, difficult. The poor match 
of the derivatives to the type curve also indicates that the Theis analysis (with these data) 
is invalid. No results are therefore, indicated on Figure 25 or included in Table 3. 
 
Test Results Summary 
 
In summary, the analyses of the four wells indicate transmissivity values that appear to 
range from moderate values of about 80,000 to 100,000 gpd/ft (the Lexington Hills #1, 
Carson, and Holgate wells) to 200,000 to 400,000 gpd/ft (Eagle Hills Golf Course well). 
The range in transmissivities is likely the result of variations in aquifer permeability 
caused by varying amounts of clay within the aquifer. The lithologic logs for the area 
show that the shallow portions of the aquifer are coarser with fine-to-coarse-grained sand 
and minor gravel. The logs indicate that sand in the deeper zones is fine-grained; no 
coarser-grained materials are reported in the logs which we examined, although these 
Well Driller’s Reports are of generally poor and uneven quality.  We believe, however, 
that the permeability of the upper portions of the Pierce Gulch Sand Aquifer is generally 
larger than the transmissivity in the lower portions of the aquifer in the Lexington Hills 
area. 
 
We calculate an average transmissivity of the 310 ft thick Pierce Gulch Sand Aquifer of 
160,000 gpd/ft. This value is based on a mean of the Moench analyses for the four wells 
with high-resolution data. The results of the Floating Feather irrigation well analysis were 
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not included in the average. The mean of storativities from the Carson, Holgate and Eagle 
Hills Golf Course wells was 3x10-3. The mean for specific yield from these wells was 
2x10-2, indicating an unconfined aquifer.  
 
The stratigraphic layering of aquifer materials causes short-term pumping of deeper wells 
(such as the Lexington Hills well) to affect other deeper wells initially in a manner 
similar to a confined system. However, over time, the reduction of water levels caused by 
pumping causes the upper portion of the aquifer to drain and partially dewater. This 
behavior was demonstrated by the change in storativities calculated from early-time data 
(S = 5x10-4 to 5x10-3) to the larger values calculated from the late-time data (Sy = 2x10-2 
to 3.5x10-2). This behavior is typical of an aquifer partially dewatering and demonstrating 
delayed yield (unconfined) behavior. 

Well Interference and the Effects of Seasonal Pumping 
 
The mean transmissivity of 160,000 gpd/ft, an upper-end transmissivity of 400,000 
gpd/ft, and a low-end transmissivity of 80,000 gpd/ft were used in a simulation to predict 
interference effects in the aquifer at distances up to 2 miles from the pumped well. A 
storativity of 2x10-2 was used with each of these transmissivities. In this simulation the 
Theis method was used to generate drawdown curves as a function of distance from 
pumping at the location of the Lexington Hills Well #1 at 1,000 gpm for 90 days which is 
a rate that appears feasible with an efficient well design at this location. An image well 
was used in the analysis to simulate the effects of the no-flow boundary (West-Boise-
Eagle Fault). This image well was located 2,500 feet from the pumping well and on the 
opposite side (northeast) of the fault. In the simulation the image well was pumped at the 
same rate and timing as the pumped well. The use of the image well allows for the 
simulation on an semi-infinite aquifer bounded on one side by a no-flow zone (the fault). 
The results of the analysis are for wells lying on a line extending from the northeast to the 
southwest through the pumping well. Wells at other locations (not on this line) will have 
slightly smaller interference drawdowns. 
 
The upper-end, and lower-end, transmissivities were used to bracket the possible 
interferences caused by pumping the Lexington Hills #1 well. Our analysis, presented in 
Figure 26 (page 78), predicts interferences of 1½ to 5½ ft at distances of one half mile 
and 1 to 3 ft at distances of one mile. Actual drawdowns will likely vary because of 
variations in aquifer transmissivity. Since calculated transmissivities varied from 80,000 
to 400,000 gpd/ft, interferences will also vary accordingly. By using an average (mean) 
value from our analyses, we believe that the predictions in Figure 25 serve as a 
reasonable mid-point estimate.  
 
As discussed in the methods section above, we consider this analysis to be conservative 
and likely to over-estimate interference as the drawdown cone of depression from the 
pumping well is likely to expand sufficiently to capture flow with the aquifer and 
therefore slow its rate of outward movement. The capture of aquifer flow would allow 
water level declines to slow and even stop their rate of decline. The Theis analysis 
assumes no recharge, that water pumped by a well only comes from aquifer storage and 
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that a well pumping water level never stabilizes. In reality (and observed many times, in 
our experience) the drawdown in a well pumped continuously for 90 days in a 
hydrogeologic setting like that of the Lexington Hills well, typically stabilizes before 90 
days. Leaky canals, such as the Farmers Union Ditch14, Ballantine Ditch and shallow 
ground water in the flood plain terrace gravels, are likely to provide local sources of 
recharge that would help to stabilize the water levels in the pumping well (in addition to 
the capture of water flowing through the aquifer originating from more distal recharge 
sources). 
 
Our drawdown interference calculations are greater than those predicted in the CH2M-
Hill report. They predicted drawdowns of about two feet at a distance of a mile using a 
transmissivity of 160,000 gpd/ft and a storativity of 2x10-2, after 180 days of pumping. 
They did not use an image well to simulate the no-flow boundary/edge of the aquifer. The 
lack of a no-flow boundary in their simulation likely caused the smaller predicted 
interference drawdown. 

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The Lexington Hills, Holgate, Eagle Hills Golf Course and Floating Feather Hills 
irrigation wells are hydraulically connected and completed in the regional Pierce 
Gulch Sand Aquifer, that on average, is about 310 feet thick at this location.  

 
2. The high degree of hydraulic interconnection, both horizontally and vertically, 

over horizontal distances of more than a mile within the Pierce Gulch Sand 
Aquifer near the Lexington Hills vicinity, allows pumping at any one location to 
cause small-scale water-level interference at any other location in this area.  

 
3. The calculated transmissivity of the aquifer ranged from 80,000 to 400,000 gpd/ft 

(to one significant figure). This range is explained by local variations in hydraulic 
conductivity caused by differences in aquifer-material grain sizes.  

 
4. The deeper parts of the aquifer appear to consist of fine-grained sands while the 

upper portions have fine- to-coarse-grained sand and occasional sandy gravel 
lenses. Discontinuous clay layers varying in thickness, hydraulic conductivity and 
lateral extent are common throughout the aquifer.  

 
5. We calculate a mean transmissivity of 160,000 gpd/ft for the entire aquifer 

thickness. Deeper, fine-sand-and-clay zones such as those tapped by the 
Lexington Hills well have lower transmissivities when considered separately from 

                                                 
14 The “Farmers Union Ditch” has been miss-labeled the “Farmers Union Canal” on many publications 
included USGS maps, topographic maps, the CH2M-Hill report and other published reports. In the text of 
our report we will refer to the Farmers Union Ditch by the name preferred by its owners, the Farmers 
Union Ditch Co. Our maps and figures will retain the name by which it is commonly called, the Farmers 
Union Canal.  
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the entire aquifer section. The Lexington Hills well indicated a transmissivity of 
80,000 gpd/ft. 

 
6. Transmissivities in parts of the aquifer can be very large. The analysis of the 

Eagle Hills Golf Course well indicated a transmissivity of 400,000 gpd/ft. 
 

7. The average long-term storativity (“specific yield”) of the Pierce Gulch Sand 
Aquifer was calculated to be 2x10-2. Based on this value, the aquifer is considered 
unconfined in the general vicinity of the Lexington Hills. 

 
8. Partial dewatering of the aquifer caused a “delayed yield” condition during the 

initial two days of pumping; the pumping water level appeared to stabilize while 
water moved downward under gravity. After two more days of pumping, this 
effect became less significant and the water level continued to decline. 

 
9. The aquifer is highly productive with well yields of greater than 2,000 gpm 

possible from properly designed and completed wells. 
 

10. Interference drawdown from production of 1,000 gpm at the Lexington Hills well 
is predicted to cause drawdowns of about 1 ½ to 5 ½ feet at wells completed at 
the same depth in the same aquifer, at a distance of one half mile, after 90 days of 
continuous pumping. Interference drawdown at a distance of one mile, after 90 
days of continuous pumping is predicted to be on the order of one to three feet.  

 
11. Some of the earlier analyses by CH2M-Hill indicated aquifer transmissivities that 

were too large and some that were too small. In cases where delayed yield was 
misinterpreted or unrecognized, their calculated transmissivities were greater than 
actual. In cases where the effects of partial penetration were significant (and not 
incorporated in their analysis), their calculated transmissivities were too small. In 
addition, many of the observation wells used in the test do not have Driller’s 
Reports or other information on well construction that could be obtained after-the-
fact (such as video inspection or geophysical surveys) making conclusions 
potentially less valid, if our understanding of well construction details is 
incorrect.. 

 
12. A more comprehensive and more valuable aquifer test could be conducted by 

selecting observation wells based on having complete data on well construction 
and subsurface geology, and by timing the test to reduce competing water use in 
the aquifer that could cause complicating water level interference effects and the 
resulting obfuscation of data. Even so, the CH2M-Hill test appears to be the best 
aquifer-wide test available to date for the area. Such testing becomes more 
difficult over time with more and more pumping wells going into production in 
the area and all the coordination requirements associated with an aquifer-wide, 
long-term, pumping test. 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

68

 
Figure 16.  Well Locations for Lexington #1 Thirty-Day Test  
 

 
 
 

Pumping Well Location 

Approximate position of the 
West-Boise-Eagle Fault  
 D on down-dropped side 
 U on up-thrown side 

Observation Well Location 

One Mile

N

 

November 29, 2007 
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Figure 17.  Cooper-Jacob Analysis for Lexington Hills Well #1 Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 
spp = 0.376  s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 

Lexington Hills Well #1 
Screen = 215-265 ft 
T=15,000 gpd/ft 
(no PP corrections) 
T=50,000 gpd/ft  
(with PP corrections) 
S= Not calculable 
Kv/Kh=0.1 
b = 310 ft 
tc < 1 min 
r = 1 ft 
Q = 732 gpm 
 
Early-time data used to match because of 
delayed yield. Derivative analysis indicates 
method valid through first 30 minutes, only. 
 
Partial penetration correction (Butler) makes 
calculated T for whole-aquifer thickness about 
3 times greater than calculated value without 
PP correction. 
 

Raw data 

PP-corrected data 
Derivative 
Data: + 
Curve: 
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Figure 18.  Moench Analysis for Lexington Hills Well #1 Thirty-Day Test 

Test Conducted: Mar 26-April 25, 1991 
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alpha = 1.995E-30 min-1

 
 
Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, sw and α best match observed 
drawdown. Variations from “smooth,” semi-log curve the result of Aqtesolv® generating 
type curve based on variations in reported pumping rate. Poor match during early time 
suggests flawed data. 
 
Based on the analytical method of Moench (1997). 

 

Lexington Hills Well #1 
Screen = 215-265 ft 
T= 80,000 gpd/ft 
S= Not calculable  
Sy = Not calculable 
Kv/Kh=0.1 
Fault (no-flow) at 0.5 mi. 
b = 310 ft 
sw = 0.2  
α= 10-30 min-1 
Max Well Loss (est) = 35 ft 
Q = 732 gpm (average) 
 
Fair match for derivatives support method. 
Variations may have been caused by 
pumping-rate variations. 
 
“Delayed Yield” (Moench) analysis used to 
accommodate downward (gravity) flow from 
upper portion of aquifer. Analysis with no-
flow boundary (fault) 1/2 mile from pumping 
well trending N45W. Not sensitive to 
empirical drainage timing factor: α. 
 
Good data match for drawdown. Poor match 
at end of recovery probably caused by canal 
leakage that causes recovery to appear earlier 
than calculated. 

Variations in Pumping Rate

Derivative 
Data: + 
Curve: 

Raw data 

Type 
Curve 
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Figure 19.  Theis (Early-Time) Analysis for Holgate Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

 

Holgate Well 
Depth = 171 ft 
T=120,000 gpd/ft 
S=5.0x10-4 
Kv/Kh=0.1 
Fault (no-flow) at 1/2 mi. 
b=310 ft 
r = 900 ft 
Q = 732 gpm 
(at Lexington Hills well #1) 
 
Analysis with no-flow boundary (fault) 0.5 
mile from pumping well trending N45W. 
 
Fair early time match before delayed-yield 
effects at t>80 min. Poor fit of derivative 
curve indicates method not ideal, even for 
initial data. 
 
Partial penetration effects minimal at this 
distance from pumping well. 

Delayed–
yield effects 

Derivative 
Data: + 
Curve: 

Raw data 

Type 
Curve 
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Figure 20.  Moench Analysis for Holgate Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, and α best match observed 
drawdown 
 
Based on the analytical method of Moench (1997). 

 

Holgate Well 
Depth = 171 ft. 
T=96,000 gpd/ft 
S=3.0x10-4 
Sy= 1.2x10-2 
Kv/Kh=0.1 
Fault (no-flow) at 1/2 mi. 
b =310 ft 
r = 900 ft 
α= 0.0002 min-1 
Q = 732 gpm 
(at Lexington Hills well #1) 
 
Good match for derivatives support 
method. 
 
“Delayed Yield” (Moench) analysis used 
to accommodate downward (gravity) 
flow from upper portion of aquifer. 
Analysis with no-flow boundary (fault) 
1/2 mile from pumping well trending 
N45W. 
 
Good data match for drawdown. 
Less-good match at end of recovery 
probably caused by canal leakage that 
causes recovery to appear earlier than 
calculated. 

Delayed–
yield effects 

Derivative 
Data: + 
Curve: 
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Figure 21.  Theis Analysis for Carson Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
 

 

Carson Well 
Depth = 90 ft. 
T = “600,000” gpd/ft 
S = “2.5x10-2” 
Kv/Kh=0.1 
b = 310 ft 
r = 1,300 ft 
Q = 732 gpm 
(at Lexington Hills well #1) 
 
Apparent early time match before t=1,000 
min. may be valid. However, shallow nature 
of well may indicate a lower permeability 
zone between pumped zone and observation 
well. Poor fit of derivative curve after t=700 
min indicates method likely invalid. 
 
Analysis with no-flow boundary (fault) 0.5 
mile from pumping well trending N45W. 
 

Derivative 
Data: + 
Curve:

Type 
Curve 

Raw data 
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Figure 22.  Moench Analysis for Carson Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, and α best match observed 
drawdown 
 
Based on the analytical method of Moench (1997). 
 

 

Carson Well 
Depth = 90 ft. 
T = 77,000 gpd/ft 
S = 5.0x10-3 
Sy = 3.5x10-2 
Kv/Kh=0.1 
b = 310 ft 
r = 1,300 ft 
α = 0.0015 min-1 
Q = 732 gpm 
(at Lexington Hills well #1) 
 
Good match for derivatives support method. 
 
“Delayed Yield” (Moench) analysis used to 
accommodate downward (gravity) flow 
from upper portion of aquifer. Analysis with 
no-flow boundary (fault) 1/2 mile from 
pumping well trending N45W. 
 
Good data match for drawdown. 
Less-good match at end of recovery 
probably caused by canal leakage that 
causes recovery to appear earlier than 
calculated. 

Delayed–
yield effects? 

Derivative 
Data: + 
Curve:

Raw data 

Type 
Curve 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

75

 
Figure 23.  Theis Analysis for Eagle Hills Golf Course Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
 

Lexington Hills 30-Day Test

10. 100. 1000. 1.0E+4 1.0E+5
0.01

0.1

1.

10.

Time (min)

D
ra

w
do

w
n 

(ft
)

Obs. Wells
Eagle Hills Golf Course

Aquifer Model
Confined

Solution
Theis

Parameters
T  = 4.158E+5 gal/day/ft
S  = 0.005224
Kz/Kr = 0.1
b  = 310. ft

 
 
T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

 

Eagle Hills  
Golf Course Well  
Depth = 175 ft 
T= “420,000” gpd/ft 
S= “5x10-3” 
Kv/Kh=0.1 
Fault (no-flow) at 1/2 mi. 
b = 310 ft 
r = 2,500 ft 
Q = 732 gpm 
(at Lexington Hills well #1) 
 
Apparent early time match before t=500 
min. may be valid. Poor fit of derivative 
curve after t=500 min indicates 
method likely invalid. 
 
Analysis with no-flow boundary (fault) 
0.5 mile from pumping well trending 
N45W. 
 
Partial penetration effects minimal at 
this distance from pumping well.  

Delayed–
yield effects 

Derivative 
Data: + 
Curve:

Type 
Curve 

Raw data 
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Figure 24.  Moench Analysis for Eagle Hills Golf Course Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, and α best match observed 
drawdown 
 
Based on the analytical method of Moench (1997). 
 
 

Eagle Hills  
Golf Course Well  
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Figure 25.  Theis Analysis for Floating Feather Irrigation Well Thirty-Day Test 
Test Conducted: Mar 26-April 25, 1991 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
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Figure 26.  HLI's Predicted Interference at End of Summer Pumping from 
Lexington Hills #1  
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Rivervine Subdivision Well Six-Hour Test 

Overview and Previous Analyses 
 
The Rivervine Subdivision well was drilled by Treasure Valley Drilling and Pump co., 
Inc. using the, direct mud-rotary method during May of 2004. The well was drilled to a 
total depth of 190 ft bgl, backfilled and sealed to 120 ft bgl, and completed with stainless 
steel well screen open to the aquifer between depths of 72 and 118 ft bgl. The pretest 
water level was 1.75 ft above ground level which translates to an elevation of about 2,502 
ft amsl. Treasure Valley Drilling conducted a pumping test on May 19th, 2004, for a 
period of 6 hours at an average rate of about 350 gpm, under the direction of Hydro 
Logic, Inc. At the end of the test, the reported drawdown was 22.73 ft, for an end-of-test 
specific capacity of 15.4 gpm/ft.  
 
The Rivervine well is completed in a shallow undefined-aquifer that overlies the Pierce 
Gulch Sand Aquifer. This well is located in Figure 27 (page 83) as a labeled red diamond 
with a solid boundary. The well is completed between elevations of 2,428 ft amsl and 
2,380 ft amsl. Well Driller’s Reports for other wells in the area show that permeable 
sands and gravels lie at zones up to 72 feet below the bottom of the well. Analyses for the 
Eaglefield 7-Day well test (discussed above) indicate the top of the Pierce Gulch Sand 
Aquifer lies at depths of about 200 feet in the area one mile to the northeast of the 
Rivervine well site. Based on a dip of 100 feet per mile from the northeast to the 
southwest (HLI, 2007), we estimate that the top of the Pierce Gulch Sand Aquifer lies 
about 300 feet bgl in the vicinity of the Rivervine well, or at an elevation of about 2,200 
ft amsl. Lower-permeability (but probably discontinuous and leaky) layers of clay and 
fine-grained sand separate the shallow undefined-aquifer tapped by the Rivervine well 
and the underlying Pierce Gulch Sand Aquifer. Non-pumping water levels in the shallow 
undefined-aquifer tapped by the Rivervine well are above ground, reflecting the upward 
ground-water flow-gradients shown by deeper wells in the area. 
 
During the six-hour pumping test, HLI measured water levels in both the pumped well 
and an older domestic well 283 feet away from the Rivervine well. This well is located in 
Figure 27 as a green diamond with a dashed boundary. The maximum drawdown 
observed in the observation well was 4.85 ft at the end of the test. According to the Well 
Driller’s Report, this domestic well is screened between 65 and 75 ft bgl, shallower than 
the Rivervine well. Water level drawdowns in both the pumped and observation wells 
leveled out during the last three hours of the test suggesting a source of recharge water 
either from nearby surface water sources such as the Boise River, subdivision ponds, 
Middleton Mill Canal or the Pioneer Canal; or from the delayed yield (gravity drainage) 
of water moving downward toward the well. 
 
The purpose of the pumping test was to size the production pump for the newly 
completed well and to provide information to the Idaho Department of Environmental 
Quality (HLI, 2004). The test was not conducted to assess aquifer properties and so no 
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reports were issued discussing transmissivity or storativity. Pumping test data sheets 
including water levels measured during the test were prepared, however, and these data 
were available for analysis of aquifer parameters through the kind permission of Reed 
DeMordaunt. The Rivervine test is meaningful because it shows the properties of one of 
the shallow undefined-aquifers that overlie the Pierce Gulch Sand Aquifer. 

HLI Analysis of the Pumping Test 
 
A six-hour, 350 gpm pumping test was conducted on the Rivervine Well by Hydro Logic, 
Inc. on May 19th, 2004. At the end of the 6 hour test, the pumped well indicated 22.73 ft 
of drawdown for an end-of-test specific capacity of 15.4 gpm/ft. An older domestic well, 
283 feet away, indicated a drawdown of 4.85 ft at the end of the test. A Cooper-Jacob 
straight-line plot (Figure 28 - page 84) and a Theis log-log plot (Figure 29 – page 85) 
show drawdown in the pumped Rivervine well. The Cooper-Jacob plot shows that 
lowering water levels followed a predicted straight-line trend up until about 3 hours into 
the test. After this time, the rate of drawdown began to decrease (drawdown was less than 
predicted by the straight line), following a more “flattened” line through the end of the 
test. (This flattening is not as noticeable on the Theis plot because of the scale of the 
logarithmic plot of drawdown displacement.) The straight-line plot indicated a 
transmissivity of 43,000 gpd/ft while the Theis curve generated a transmissivity of 
48,000. Be believe that the Cooper-Jacob plot is probably more accurate than the Theis 
curve because the Theis curve was relatively flat, making an exact curve match more 
difficult than a best-fit straight line. In addition, the Theis analysis could have been 
affected by well loss which was not quantified with a step-rate test and could not be 
estimated because no recovery data were obtained or reported.  
 
The derivative curve match for the two analyses supports their validity up through about 
70 minutes. After which, deviations of the data from the type curves suggest a positive 
recharge boundary or leakage. The “u assumption” was met for the Cooper-Jacob 
analysis, also supporting its validity. 
 
The observation well data were analyzed using the Cooper-Jacob method (Figure 30 – 
page 86) and the Theis method (Figure 31 – page 87). Both methods indicated similar 
values of transmissivity (36,000 gpd/ft for the Cooper-Jacob analysis and 37,000 gpd/ft, 
for the Theis analysis) and similar values for storativity (2.2x10-4 and 2.5x10-4, 
respectively).  
 
The derivative curve match for the two analyses supports their validity up through about 
60 minutes. As with the pumped well, deviations of the data from the type curves suggest 
a positive recharge boundary or leakage. The “u assumption” was met for the Cooper-
Jacob analysis after 25 minutes into the test, supporting its validity. 
 
We believe the transmissivity results from these observation-well analyses may be more 
accurate than those for the pumped well because well loss and local permeability effects 
near the pumped well have only small to no effect on the observation well. In addition, 
partial penetration effects are minimal in the observation-well data; a sensitivity analysis 
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indicated little difference between the Theis analysis with partial penetration corrections 
based on Hantush (1961a and b,) and those without.  
 
Because the wells are completed in the shallow undefined-aquifer overlying the Pierce 
Gulch Sand Aquifer, this transmissivity value only represents a portion of the shallow 
aquifer and not the Pierce Gulch Sand Aquifer itself. It does, however, show the 
hydraulic properties of the shallow undefined-aquifer, the possible interconnection to 
shallow ground water and surface water, and provide information that will help to 
quantify ground water flow beneath the Boise River Valley. The calculated transmissivity 
value is relatively large for such a limited thickness of sand. The flattening of the 
drawdown curve after 60 minutes of pumping may demonstrate leakage (and a hydraulic 
connection to the underlying Pierce Gulch Sand Aquifer) or the overlying shallow, 
unconfined, Boise River gravel aquifer. In other words, the lower-permeability sediments 
between the shallow undefined aquifer tapped by the Rivervine well and the deeper 
Pierce Gulch Sand Aquifer and/or the overlying Boise River gravel aquifer, may allow a 
hydraulic connection between the aquifers. Such behavior was noted in the Lexington 
Hills well test (discussed above) whereby shallower wells completed at 90 feet responded 
to pumping from a well completed at depths greater than 215 feet. Such behavior strongly 
suggests that the discontinuous interbedded clays are leaky, allowing hydraulic 
connection between the aquifers through or around these clay interbeds. 
 
The calculated storativity of about 2x10-4 represents short-term pumping conditions when 
the system behaves in the manner of a confined aquifer. Based on the lithologic log for 
the well, we believe that pumping at high rates for periods of several weeks or more 
could cause the aquifer to behave as either 1) an unconfined aquifer or 2) a leaky 
confined aquifer. The flattening of the drawdown curve after three hours of pumping 
indicates the drawdown cone of depression intersected a source of water, but the source is 
not clear. This flattening could have been the beginning of the delayed yield phenomenon 
where the aquifer is beginning to partially dewater. If so, longer pumping would have 
caused the rate of drawdown to increase again with a resulting rise in the drawdown 
curve. The flattening could also have been the result of leakage from another aquifer 
flowing through an overlying or underlying aquitard. If so the drawdown curve would 
have remained flat. A third possibility is that the flattening indicated the intersection of 
the cone of depression with a surface recharge source such as a river, canal or pond. If so, 
the drawdown curve would have become less steep and possibly flat, as the recharge 
allowed the pumping water levels to stabilize. A longer pumping test of two to seven 
days or more would be necessary to properly assess the flattening of the curve to evaluate 
which of these sources was the more likely. Based on the behavior of this well and on the 
behavior of other wells evaluated as part of this report, we believe that an unconfined 
storativity of 10-2 to 10-1 (or larger) would be likely under high-rate, long-term pumping 
at this location. 
 
This 6-hour test was insufficiently long to generate the data needed to better assess the 
properties of the shallow undefined-aquifer and how pumping this aquifer would affect 
water levels in the underlying Pierce Gulch Sand Aquifer (or the overlying Boise River 
gravel aquifer). The test did, however, yield good-quality data on short-term aquifer 
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behavior of the shallow undefined-aquifer. A longer-term test and monitoring in the 
Pierce Gulch Sand Aquifer would be necessary to better assess the ground water flow 
system in the vicinity of the Rivervine well. 

Well Interference and the Effects of Seasonal Pumping 
 
Because the Rivervine well has a relatively low yield and is completed in a shallow 
undefined-aquifer that overlies the Pierce Gulch Sand Aquifer, no seasonal pumping 
effect analysis was conducted. 

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The Rivervine well is completed in a shallow undefined-aquifer that consists of 
permeable, coarse-grained sand. This undefined aquifer overlies the regional 
Pierce Gulch Sand Aquifer. 

 
2. Analyses of pumped-well and observation-well data indicate the transmissivity of 

this shallow undefined-aquifer is about 40,000 gpd/ft.  
 

3. Short-term storativity was calculated at 2.2 to 2.5x10-4. This value indicates short-
term, confined-aquifer behavior. 

 
4. The drawdown curve flattened during the last three hours of testing suggesting 

leakage from other aquifers, recharge from surface water or delayed yield of the 
aquifer. The data are insufficient to determine which of these possibilities 
occurred. 

 
5. A longer term-test of two days to a week would be needed to better characterize 

whether the aquifer is leaky-confined or unconfined and to better quantify aquifer 
storativity. Were a long-term test to indicate that the aquifer is unconfined (i.e., 
recharge from a surface source was indicated or delayed yield occurred), specific 
yield (effectively long-term storativity) is predicted to be on the order of 10-2 to 
10-1 or more 

 
6. The Rivervine well test indicates the properties of a shallow undefined-aquifer 

overlying the Pierce Gulch Sand Aquifer. The calculated value does not represent 
the transmissivity of the regional aquifer at this location. The test results are 
helpful, however, in providing information on a shallow aquifer that is part of the 
overall regional ground water system that includes the Pierce Gulch Sand Aquifer. 
Such information will aid in the quantification of the overall ground water 
resources of the greater Eagle-Star vicinity and beyond. 
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Figure 27.  Well Locations for Rivervine Six-Hour Test  
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Figure 28.  Cooper-Jacob Analysis for the Rivervine Well 6-Hour Test 
Test Conducted: May 19, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid (less 
than 1 minute and therefore not shown on graph). 

 
u = 1.87r2S/Tt   

t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs from the pumping well 
and other wells in the area 

 
 
Based on the analytical method of Cooper and Jacob (1946). 
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Figure 29.  Theis Analysis for the Rivervine Well 6-Hour Test 
Test Conducted: May 19, 2004 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs from the pumping well 
and other wells in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961a and b). 
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Figure 30.  Cooper-Jacob Analysis for the Rivervine Observation Well 6-Hour Test 
Test Conducted: May 19, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

S = (0.3 Tt0)/r2, where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t0 = intercept of the straight line at zero drawdown, in days (where solid line intercepts time axis) 

 
tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 

 
u = 1.87r2S/Tt   (dashed vertical line above where u = 0.05) 

t = time in days 
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs from the pumping well 
and other wells in the area 

 
Based on the analytical method of Cooper and Jacob (1946). 
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Figure 31.  Theis Analysis for the Rivervine Observation Well During 6-Hour Test 
Test Conducted: May 19, 2004 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs from the pumping well 
and other wells in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961a and b). 
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Redwood Creek Subdivision Well Eight-Hour Test 

Overview and Previous Analyses 
 
The Redwood Creek subdivision well was drilled by Pete Cope Drilling using the 
reverse-circulation, mud-rotary method during March and April of 1994. The well was 
drilled to a total depth of 415 ft bgl and completed with stainless steel well screen open to 
the aquifer between depths of 298 and 401 ft bgl. The pretest water level was 4.70 ft 
above ground level which translates to an elevation of about 2,550 ft amsl. A pumping 
test was conducted on April 7, 2004, for a period of 8 hours at an average rate of about 
2,100 gpm. Although the pumping test was discussed in Scanlan Engineering (1994), the 
pumping contractor was not named. At the end of the test, the reported drawdown was 
96.0 ft, for an end-of-test specific capacity of 21.9 gpm/ft. This well is located in Figure 
32 (page 94) as a red diamond with a solid boundary. 
 
The Redwood Creek well is completed in the middle portion of the Pierce Gulch Sand 
Aquifer between elevations of 2,144 ft amsl to 2,247 ft amsl. Driller’s Reports indicate 
that layers of sands and clays overlie the aquifer zone tapped by the Redwood Creek well. 
An irrigation well known locally as the Ricks well (not the same well monitored as part 
of the Eaglefield well test discussed above) served as an observation well during the test. 
According to Scanlan Engineering (1994) it lies approximately 2,500 feet from the 
pumped well, is 284 feet deep (shallower than the Redwood Creek well), and indicated 
4.4 ft of drawdown at the end of the test. The exact well location and screen depths were 
not noted in the Scanlan Engineering report nor was a map provided showing its location. 
Our estimate of approximate well location based on the written description in Scanlan is 
shown in Figure 32 as a green diamond with a dashed boundary. Data from the pumping 
test, along with plots of water levels, were included, in the Scanlan report.  
 
Scanlan Engineering calculated a transmissivity of 54,000 gpd/ft from pumping well data 
and 154,000 gpd/ft from the Ricks observation-well data. He attributed the difference in 
values to an “indirect hydraulic connection between the two wells.” He calculated a 
storativity of 2x10-4. Scanlan had no quantitative analyses or curves presented along with 
the plotted data to support his analytical results. Scanlan’s results are included in Table 3 
(page 247). 

HLI Analysis of the Pumping Test 
 
HLI analyzed the data generated from a pumping test of the Redwood Creek well using 
the Ricks well as an observation well. The Redwood Creek well is completed between 
298 and 401 ft bgl, and experienced 96 ft of drawdown after being pumped for 8 hours at 
2,100 gpm, for an end-of-test specific capacity of 21.9 gpm/ft. The Ricks well lies an 
estimated 2,500 ft away, is completed to a depth of 284 ft bgl and experienced 4.4 ft of 
drawdown at the end of the test. A Cooper-Jacob straight-line plot (Figure 33 page 95) 
and a Theis log-log plot (Figure 34 page 96) show drawdown data from the pumped 
(Redwood Creek) well. The Cooper-Jacob plot shows that water levels followed the 
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straight-line trend after about 8 minutes of pumping. The apparent delay in the straight-
line plot appears to have been the result of variations in pumping rate that occurred 
during the first six minutes of pumping. Our radial flow analysis indicated that well-bore 
storage did not measurably affect the data (as is reasonable, given the high discharge 
rate). The straight-line Cooper-Jacob plot with the raw data indicates a transmissivity of 
54,000 gpd/ft while our analysis using the data corrected with the Butler (1957) 
approximations for the effects of partial penetration, indicates a transmissivity of 140,000 
gpd/ft. The Theis analysis (with partial penetration corrections of Hantush, 1961a and b), 
generated a transmissivity of 120,000 gpd/ft from the raw data and 150,000 gpd/ft for the 
data corrected for maximum likely well loss. The Cooper-Jacob analyses with partial 
penetration corrections, and the Theis analysis with Hantush corrections for partial 
penetration and estimated maximum likely well loss, both indicated similar results. We 
believe that the analyses with partial penetration corrections are more likely to better 
represent true aquifer transmissivity, than are the analyses without these corrections.  
 
Our Theis analysis that included corrections for estimated maximum well loss resulted in 
a calculated transmissivity about 20 percent greater than the analysis using the raw 
(uncorrected) data. The upper plot in Figure 34 (page 96) shows the raw data while the 
lower plot shows the corrected data. The correction was based on an estimated maximum 
well loss because sufficient data were not included in the Scanlan report to calculate well 
loss. We conducted our analysis using an estimated maximum well loss of 25 ft, to 
calculate the potential upper end-value for transmissivity that would result were actual 
well loss incorporated into the analysis. The assumed well loss of 25 ft represents about 
50 percent of the drawdown observed at two minutes into the test, a well loss that we 
believe to be greater than that which actually occurred. The transmissivity calculated 
using drawdown data minus 25 ft (our estimate of maximum likely well loss) was about 
10 percent higher than that calculated using the raw data. Since a well loss of 50 percent 
is probably at the high end of likely actual well losses for a well pumping at 2,100 gpm 
with 65 feet of screen opening (0.040-in slot size), we believe that the analysis using this 
estimated maximum well loss probably defines the upper end of possible transmissivity. 
The actual transmissivity in the region of the pumping well is likely to be smaller. We 
believe transmissivity is likely to be in the range of the 140,000 gpd/ft (indicated by the 
Cooper-Jacob analysis using approximate corrections for partial penetration) to 150,000 
gpd (indicated by the Theis analysis using a approximate corrections for maximum likely 
well loss). 
 
The observation well data were analyzed using the semi-log Theis method (Figure 35 – 
page 97).  We used the semi-log Theis method instead of the Cooper-Jacob method as it 
allows for the use of an almost straight line independent of the “u assumption.” (A 
Cooper-Jacob straight-line analysis could not be used with confidence because the “u 
assumption” was not met until 330 minutes into the 500-minute test.) The Theis method 
indicated a transmissivity of 140,000 gpd/ft and a storativity of 1.8x10-4. The 
transmissivity results from our observation-well analysis is almost identical to the values 
calculated for the pumping well (Redwood Creek). Because the Ricks well is sufficiently 
far from the pumped well (2,500 ft) partial penetration effects are insignificant, as was 
indicated in a sensitivity analysis (not shown) which demonstrated no significant 
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difference in results with or without the Hantush (1961a and b) corrections for partial 
penetration. The analyses for the Ricks well, however, are based on only five data points 
(all that were provided in the Scanlan Engineering report). The small number of data 
points reduces the certainty of the analyses. 
 
The derivative analyses support the use of the Cooper-Jacob analysis of the pumping well 
data. The derivatives for the Theis analysis do not match as well but still suggest that the 
method is applicable for the pumping well. The mismatch is likely the result of 
adjustments made at the flow-valve which altered the amount of drawdown and thereby 
made the derivatives vary. Thus, we believe the Theis analysis gives a reasonable 
approximation. There are too few data points for the observation well data for a 
derivative analysis to be of use to indicate the degree of validity of the method but the 
close agreement with the pumping well analysis is conformational. 
 
Based on the pumping well and observation well analyses, we believe a transmissivity of 
140,000 gpd/ft best represents the average in the vicinity of the Redwood Creek and 
Ricks well. This value is in the range of other transmissivity values calculated for other 
aquifer tests in the greater Eagle area, as listed in Table 3 (page 247). 
 
The storativity of 2x10-4 indicates a confined aquifer. Based on the behavior of other 
wells completed at similar depths in the areas to the west of the Redwood Creek well, we 
believe that aquifer will remain confined over long-term pumping (periods of one or 
more weeks), even at relatively high pumping rates (3,000 gpm).  

Well Interference and the Effects of Seasonal Pumping 
 
The representative transmissivity (plus a higher and lower value to bracket the analysis) 
and the representative storativity values were used in a simulation to predict inference 
effects in the aquifer at distances to almost 4 miles from the Redwood Creek well. In this 
simulation, the Theis method was used to generate drawdown curves as a function of 
distance from the Redwood Creek well pumping at 1,000 gpm which is an estimate of 
what the well appears to pump on average during the summer pumping season. (A 
selection of August 2002, daily average pumping data from this well was reviewed and 
pumping varied from about 700 to 1,250 gpm during this period. We believe that the 
Redwood Creek well could be pumped on a continuous basis at 1,000 gpm and have 
selected this rate for our analysis.) The Theis method was selected as it is generally 
conservative (tending to over estimate drawdown) as it does not consider leakage from 
overlying zones or the capture of recharge. The representative transmissivity of 140,000 
gpd/ft was used in our analysis along with values twice as large and half as small 
(280,000 gpd and 70,000 gpd/ft, respectively). We used a storativity of 2x10-4 (a value 
representative of the test conditions) in the analysis. An image well was used to simulate 
the hydraulic effects of the no-flow boundary represented by the West-Boise-Eagle fault, 
which lies about 20,000 feet to the northeast of the Redwood Creek well. 
 
Our results, presented in Figure 36 (page 98), show that at the end of a 90-day summer 
pumping season, interference drawdowns of about 7 to 9 feet are predicted for wells 
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completed in the aquifer, one mile away from the Redwood Creek well and may be on 
the order of 5 to 6 feet up to four miles away. Use of the upper-end transmissivity results 
in a prediction of 4 to 5 feet of interference one mile away, and 3 to 4 feet at a distance of 
four miles away. The lower-end values lead to a prediction of 12 to 13 feet of 
interference one mile away and 7 to 11 feet of interference four miles away. As discussed 
in the methods section above, this analysis is conservative and is likely to over-estimate 
interference; the drawdown cone of depression from the pumping well would probably 
expand sufficiently to capture recharge equal to the pumping rate before 90 days, such 
that the pumping drawdown in the well would stabilize15. The Theis analysis assumes no 
recharge (water pumped by a well only comes from aquifer storage) and that a pumping 
well water level always continue to draw down. In reality (and observed many times, in 
our experience) the drawdown in a well pumped for 90 days in a hydrogeologic setting 
like that of the Redwood Creek well, typically levels off and remains relatively constant 
before 90 days of continuous pumping. 
 
We consider the predicted interferences to be only an approximation because the Pierce 
Gulch Sand Aquifer system is not uniform. The actual drawdown that would occur with 
summer-long pumping will vary from our predictions, depending on the actual properties 
of the aquifer between the Redwood Creek well and a given point of interest. We used a 
uniform transmissivity of 140,000 gpd/ft in the prediction while calculated 
transmissivities ranged from 80,000 to more than 800,000 gpd/ft for the wells completed 
in other parts of the Pierce Gulch Sand Aquifer.  Of course, monitoring of actual 
interference is preferred to theoretical predictions.  

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The Redwood Creek well is completed in the regional Pierce Gulch Sand Aquifer, 
in permeable coarse-grained sands. 

 
2. Analyses of the pumped well and observation well data indicate the transmissivity 

of the Pierce Gulch Sand Aquifer near this well is 140,000 gpd/ft. The storativity 
was calculated at 1.8x10-4, indicating a confined aquifer.  

 
3. Interference drawdown from production of 1,000 gpm at the Redwood Creek well 

is predicted to cause drawdowns of about 4 to 5  feet at wells completed in the 
same aquifer, at a distance of mile away, after 90 days of continuous pumping. 
Interference drawdown at a distance of four miles, after 90 days of continuous 
pumping is predicted to be on the order of 3 to 4 feet.  

 
13. The observation-well data-analysis by Scanlan Engineering appears to be in 

agreement with our results. Scanlan’s analysis based on the pumping well was 

                                                 
15 Water levels, however, may not necessarily stabilize if seasonal aquifer water level trends, interference 
from other wells and/or barometric effects are present. 
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about one-third the value HLI calculated by incorporating the effects of partial 
penetration.  
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Figure 32.  Well Locations for Redwood Creek Eight-Hour Test  
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Figure 33.  Cooper-Jacob Analysis for Redwood Creek Well  Eight-Hour Test 
Test Conducted: April 7, 1994 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 
spp = 0.266 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 
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Figure 34.  Theis Analysis for Redwood Creek Well Eight-Hour Test 
Test Conducted: April 7, 1994 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
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Hantush (1961a and b). 
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Figure 35.  Theis Analysis for Ricks Well: Redwood Creek Eight-Hour Test 
Test Conducted: April 7, 1994 
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Figure 36.  HLI’s Predicted Interference at the End of Summer Pumping from the 
Redwood Creek Well  
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Star Sewer and Water District Well #1 Eight-Hour Test 

Overview and Previous Analysis 
 
Star Well #1 was drilled by Riverside Drilling using the reverse-circulation, mud-rotary 
method during February of 1995. Star Well #1 was drilled to a total depth of 565 ft bgl 
and completed with stainless steel well screen open to the aquifer between depths of 452 
and 550 ft bgl. The pretest shut-in pressure was reported at 17.5 psi, equivalent to a water 
level of 40.6 ft above ground level which translates to an elevation of about 2,506 ft amsl. 
Personnel from Boise State University (Ed Squires and Roger Dittus) conducted an 
artesian flow test on February 27, 1995, for a period of 8 hours at an average flow rate of 
about 800 gpm. At the end of the test, the reported drawdown was 29.39 ft, for an end-of-
test specific capacity of 27.2 gpm/ft. BSU personnel conducted the eight-hour “flow” test 
as part of an “opportunistic” research project16, and not a part of testing for pump design. 
 
Star Well #1 is completed in the Pierce Gulch Sand Aquifer between elevations of 1,915 
ft amsl to 2,013 ft amsl. This well is located in Figure 37 (page 102) as a red diamond 
with a solid boundary. Star Well #1 is deeper than most other wells discussed in this 
report because the Pierce Gulch Sand Aquifer dips to the southwest and lies deeper 
beneath Star than it does beneath Eagle (HLI, 2007). No observation wells were 
monitored during the test. The well was discharged under existing artesian pressure; no 
pump was used. In other words, the difference between the measured above-ground 
potentiometric head of 40.6 ft agl (above ground level) and the level of the discharge pipe 
(just above ground level) was used to drive discharge. Constant flow was maintained by 
adjusting a flow valve and monitoring above-ground water level in the well. Flow was 
measured by measuring the time it took to fill a 55-gallon barrel. Water levels in the well 
were measured with a transparent, above-ground tube and measuring tape.  The well had 
not been developed or pumped prior to testing, other than allowing the well to flow under 
artesian pressure. Data from the pumping test along with plots of the water levels were 
available in the files of Hydro Logic, Inc. To our knowledge, no previous analyses of 
aquifer properties have been published. 

HLI Analysis 
 
A Cooper-Jacob straight-line plot (Figure 38, page 103) and a Theis log-log plot (Figure 
39, page 104) show drawdown data in the Star Well #1. The Cooper-Jacob plot shows 
that measured water levels followed a straight-line trend after about 20 minutes when the 
flow rate was (apparently) stabilized. It is generally more difficult to maintain a constant 
                                                 
16 “Opportunistic” refers to the fact that the test was not commissioned by the well owner to generate 
information on pump sizing or aquifer characterizes; rather, because the well was available and the owner 
was willing, the test was conducted to generate more information on the aquifer to better understand the 
ground water system in the area. As such, the test may not have been as complete or as thorough as 
possible because of research-budget constraints or the need to accommodate the desires and schedule of the 
well owner. 
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flow rate when using a flow valve and artesian flow (and no pump) to maintain a constant 
rate as the pressure drops during the test. The Cooper-Jacob plot uncorrected for the 
effects of partial penetration (upper plot in Figure 38) indicates a transmissivity of 50,000 
gpd/ft while the data corrected for partial penetration effects (lower plot) using the 
approximate method of Butler (1957) indicates a transmissivity of 120,000 gpd/ft.  
 
The Theis plot (which includes Hantush (1961a and b) corrections for the effects of 
partial penetration but without adjustments for well loss (the upper curve in Figure 39) 
indicates a transmissivity of 100,000 gpd/ft. The Theis analysis with corrections for 
estimated upper end well loss (the lower curve in Figure 39) indicates a transmissivity of 
120,000 gpd/ft based on an estimated maximum likely well loss of 9 ft. Since sufficient 
data were not available to calculate actual well loss, we conducted the analysis using an 
estimated maximum likely well loss of 9 ft. This value represents about one-half of the 
drawdown observed at two minutes into the test. The transmissivity calculated using 
drawdown data minus 9 ft was about 22 percent higher than that calculated using the raw 
data. Since a well loss of 50 percent may be too high for a well flowing at 800 gpm with 
50 feet of screen opening (0.030-in slot size), we believe that actual well loss may have 
been less than the 9 ft used in our analysis. We believe that the “best” Theis-analysis 
transmissivity is likely to fall between the two analyses (with and without corrections for 
well loss) and may be therefore, about 110,000 gpd/ft. Considering all four analyses 
(Cooper-Jacob with and without partial penetration corrections and Theis with and 
without corrections for well loss), we believe the transmissivity in the vicinity of Star 
Well #1 is on the order of 100,000 to 120,000 gpd/ft. 
 
The derivative analyses support the use of the Cooper-Jacob analysis of the pumping well 
data. The derivatives for the Theis analysis do not match as well but still indicate that the 
method is applicable. The mismatch is likely the result of adjustments made at the flow-
valve which altered the amount of drawdown and thereby made the derivative vary. Thus, 
we believe the Theis analysis gives a reasonable approximation.  
 
The absence of observation well data made calculating an accurate storativity impossible. 
Based on other tests in the area, we estimate a storativity on the order of 2x10-4.  

Well Interference and the Effects of Seasonal Pumping 
 
No seasonal pumping test analysis was conducted for Star Well #1.  

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. Star Well #1 is completed in the regional Pierce Gulch Sand Aquifer, in 
permeable, coarse-grained sands, at depths of 452 to 550 feet. This well is 
completed in the same aquifer as the production wells completed further to the 
east in Eagle, such as the Eaglefield and Lexington Hills wells.) 
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2. Drawdown analyses indicate the transmissivity of this portion of the Pierce Gulch 
Sand Aquifer, near this well, is on the order of 100,000 to 120,000 gpd/ft.  

 
3. Storativity could not be calculated because no observation wells were monitored 

during the test.  
 

4. The eight-hour test was insufficiently long to accurately address long-term aquifer 
behavior. A longer term-test (a week or more) with one or more nearby 
observation wells would be needed to better characterize the nature of the aquifer 
and to better quantify storativity at this location. 

 
5. Star Well #1 had not been developed or pumped prior to flow testing and may 

therefore have indicated a different transmissivity had the aquifer section open to 
the well been developed and cleared of fine-grained aquifer material and drilling 
fluids (“mud”). A more representative long-term test conducted after well 
development, recovery to non-pumping (“static”) conditions prior to testing and 
the use of a high capacity pump would give more meaningful test analyses. 
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Figure 37.  Well Location for Star Well #1 Eight-Hour Test  
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Figure 38.  Cooper-Jacob Analysis for Star Well #1 Eight-Hour Test 
Test Conducted: February 27, 1995 
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Figure 39.  Theis Analysis for Star Well #1 Eight-Hour Test 
Test Conducted: February 27, 1995 
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Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
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based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
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Star Sewer and Water District Well #3  Twenty-Four-Hour Test 

Overview and Previous Analysis 
 
Star Well #3 was drilled by Treasure Valley Drilling using the mud-rotary method during 
June through August of 2006. Star Well #3 was drilled to a total depth of 643 ft bgl and 
completed with stainless steel well screen open to the aquifer between depths of 544 and 
643 ft bgl. The pretest shut-in pressure was reported at 13.5 psi, equivalent to a water 
level of 31.2 ft above ground level which translates to an elevation of about 2,499 ft amsl. 
On August 30-31, 2006, Layne of Idaho performed a 24-hour pumping test at an average 
rate of about 3,000 gpm. At the end of the test, the reported drawdown was 190.03 ft, for 
an end-of-test specific capacity of 15.8 gpm/ft. This well is located in Figure 40 (page 
108) as a red diamond with a solid boundary. 
 
Star Sewer and Water District well #3 is completed in the Pierce Gulch Sand Aquifer at 
elevations  of 1,825 ft amsl to 1,924 ft amsl. Based on contouring of the bottom of the 
Pierce Gulch Sand Aquifer (HLI, 2007) and our interpretation of the top of the aquifer 
based on a geophysical log and the Well Driller’s Report, the aquifer lies at elevations of 
about 1,780 ft amsl to 2,030 ft amsl. This well is the deepest of the Valley wells 
discussed in this report because the Pierce Gulch Sand dips to the southwest and lies 
deeper beneath Star than it does beneath Eagle. No observation wells were monitored as 
part of the test.  
 
Prior to pumping, the well had been flowing with the flow-control valve “wide open” at 
an unknown rate under existing artesian pressure for a period of many days (D. Levitt, 
Treasure Valley Drilling, personal communication, September, 2006). This discharge was 
the equivalent of pumping the well for an unknown period at an unknown rate. By 
allowing this discharge many days to possibly weeks prior to testing, the well was not at 
“static” or non-pumping conditions prior to the initiation of the “24-hour” test. The 
changes in water levels observed during the tests were not therefore, true drawdowns 
from non-pumping conditions. There were, in effect, drawdowns from an arbitrary pretest 
water level. Treating this change in water level as a drawdown added an unquantifiable 
error to the analysis of the pumping-test data. Thus, the value of transmissivity we 
calculated (below) may be in error, if the pretest discharge resulted in a significant water 
level recovery superimposed over the drawdown from the pumping test. Since no pretest 
water levels were measured to quantify antecedent water level trends, the potential error 
from allowing the well to flow prior to testing, is unknown. 
 
Data from the pumping test were available in the files of Treasure Valley Drilling. To our 
knowledge, no previous analyses of aquifer properties have been published and readily 
available. 

HLI Analysis 
 
A Cooper-Jacob straight-line plot (Figure 41, page 109) and a Theis log-log plot (Figure 
42, page 110) show drawdown data from the Star #3 well test. The raw data in the 
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Cooper-Jacob plot (upper data points) show that water levels generally followed the 
straight-line trend after about 90 minutes of testing. The small steps in drawdown 
observed in the raw data on Figure 41, indicate either small adjustments in the pumping 
rate or poor resolution of the depths to water measured during the test. Prior to 90 
minutes, it appears that the pumping rate varied significantly causing the drawdowns 
between 20 and 90 minutes to fall below the straight-line projection. Because only five 
water levels were reported for the first 90 minutes of the test (when typically 30 to 50 or 
more should be recorded), it is likely that the contractor-performed test was not 
thoroughly conducted. Therefore, our analyses were based on the data collected after 90 
minutes of testing. The derivative analysis supports this conclusion with the derivatives 
falling near the type curve between 90 and about 600 minutes. 
 
The late-time data (beginning about 600 to 1,000 minutes into the test) demonstrate a 
flattening of the drawdown plot. This flattening could indicate leakage to the aquifer or 
well development. The existing data are insufficient for us to be able to differentiate 
which of these possible causes of the flattening is likely. Since many of the wells 
reviewed by HLI as part of this project were not fully developed prior to testing, we 
believe that well development may be at least part of the cause of the flattened drawdown 
plot. However, the effects of leakage have been observed in other pumping tests 
performed on wells completed in the Pierce Gulch Sand Aquifer so these factors may also 
be a part of the cause of the flattened data plot. 
 
The Cooper-Jacob plot based on raw data (uncorrected for partial penetration) indicates a 
transmissivity of about 100,000 gpd/ft (upper plot in Figure 41). The analysis using 
Butler (1957) corrections for partial penetration (lower curve in Figure 41) indicates a 
transmissivity of 180,000 gpd/ft.  
 
We believe that the transmissivity indicated by the Cooper-Jacob analysis using the 
Butler approximations for partial penetration corrections is likely too high, probably 
because of the central placement of the well screen within the total thickness of the Pierce 
Gulch Sand Aquifer. The Butler corrections are based on the assumption that the well 
partially penetrates either the upper or lower portion of the aquifer and is therefore likely 
to over-estimate the effects of partial penetration when the well partially penetrates the 
central portion of the aquifer. When the well screen is located within the middle of the 
aquifer, the effects of partial penetration are less than those indicated by Butler (Walton, 
1962). 
 
The Theis method with partial penetration corrections of Hantush (1961a and b) is shown 
in Figure 42 (page 110). The analysis on the raw data (upper curve in Figure 42) 
indicated a transmissivity of 100,000 gpd/ft, while our analysis with a correction for 
maximum likely well loss indicated a transmissivity of about 140,000 gpd/ft. Sufficient 
data were not available to calculate actual well loss. Instead, we estimated a maximum 
likely well loss of 75 ft, a value which represents about one-half of the drawdown 
observed at the first recorded drawdown measurement (five minutes into the test. The 
transmissivity calculated using raw drawdown data minus 75 ft was about 11 percent 
larger than that calculated using the raw data. Since a well loss of 50 percent is likely to 
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be near the upper end of the range of possible well losses for a well pumped at 3,000 gpm 
with 99 feet of screen opening (0.015 to 0.040-in slot size), we believe that the actual 
transmissivity probably lies between the uncorrected-data value of 100,000 gpd/ft and the 
corrected-data value of 140,000 gpd/ft; possibly on the order of 120,000 gpd/ft.  
 
We note that because of the uneven quality of the test (no pretest recovery to static 
conditions, poor flow control, possible measurement error and possible well development 
during the test), we only analyzed the later-time data. Early-time data from a properly 
conducted test on a fully developed well would have resulted in a more accurate analysis 
of transmissivity.   
 
No observation well data were collected during this test making calculating storativity 
impossible. Based on other tests in the area, we estimate a storativity of about 2x10-4.  

Well Interference and the Effects of Seasonal Pumping 
 
No seasonal pumping test analysis was conducted for Star Well #3.  

Conclusions 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. Star Well #3 is completed in the regional Pierce Gulch Sand Aquifer, in 
permeable, coarse-grained sands, at depths of 544 to 643 feet. This well is 
completed in the same aquifer as the production wells completed further to the 
east in the Eagle area, such as the Eaglefield and Legacy wells, discussed 
previously in this report.) 

 
2. Drawdown analyses indicate the transmissivity of this portion of the Pierce Gulch 

Sand Aquifer, near this well, is about 120,000 gpd/ft. This transmissivity is only 
an approximation because of the uneven quality of the test.  

 
3. Storativity was not be calculated because no observation wells were monitored 

during the test. However, because the aquifer is confined, we estimate a 
storativity on the order of 2x10-4 based on other tests conducted in the Pierce 
Gulch Sand Aquifer using observation wells. 

 
4. A longer term-test (a week or more), at 3,000 gpm or more, with the well capped 

prior to testing to eliminate artesian flow and allow full recovery to non-pumping 
conditions, measurement of pretest water levels to assess antecedent water-level 
trends and barometric efficiency, along with monitoring in one or more nearby 
observation wells would be needed to better characterize the transmissivity of the 
aquifer and to quantify storativity. 

 
5. Star Well #3 is capable of being pumped at rates higher that the 3,000 gpm rate 

used in the test. This well demonstrates the high-yield nature of the aquifer. 
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Figure 40.  Well Location for Star Well #3 Twenty-Four-Hour Test  
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Figure 41.  Cooper-Jacob Analysis for Star Well #3 Twenty-Four-Hour Test 
Test Conducted: August 30-31, 2006 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

 
tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 

 
u = 1.87r2S/Tt   

t = time in days 
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = effective radius of pumping well (ft) 
 
spp = 0.475 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957).
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Figure 42.  Theis Analysis for Star Well #3 Twenty-Four-Hour Test 
Test Conducted: August 30-31, 2006 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
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LDS Eagle-Stake Center Well Four-Hour Test 

Overview and Previous Analysis 
 
The LDS Eagle-Stake Center domestic well was drilled by Pete Cope Drilling using the 
mud-rotary method during April and May of 1993. The LDS Eagle-Stake Center well 
was drilled to a total depth of 470 ft bgl and completed with stainless steel well screen 
open to the aquifer between depths of 387 and 465 ft bgl. The pretest water level was 
reported at 28.6 ft bgl which translates to an elevation of about 2,581 ft amsl. The LDS 
Eagle-Stake Center well was pump tested on May 20, 1994 for a period of 4 hours at 
rates of 80 and 90 gpm. At the end of the test, the reported drawdown was 17.52 ft, for an 
end-of-test specific capacity of 5.1 gpm/ft. This well is located in Figure 43 (page 114) as 
a red diamond with a solid boundary. 
 
Boise State University personnel (Ed Squires) conducted the four-hour pumping test on 
the LDS Eagle Stake Center supply well with the permission of the well driller, on May 
20th, 1994. The test was “opportunistic’ and neither planned for, nor paid for by the 
owner. Rather, BSU personnel conducted the test as part of on-going research into the 
properties of the aquifers in the Eagle and Star area. The well was not developed prior to 
testing.  
 
The LDS Eagle Stake Center well is completed in the Pierce Gulch Sand Aquifer at a 
elevations of 2,145 ft amsl to 2,213 ft amsl, deeper than some nearby supply wells in this 
area discussed in this report (such as the Lexington Hills well). This well, therefore, gives 
an indication of the properties of the lower portions of the Pierce Gulch Sand Aquifer in 
this area. Well logs in the area show layers of sands and clays overlie the zone tapped by 
the LDS well. No observation wells were monitored during the test. Water-level recovery 
after pumping was not measured in this “opportunistic” test. Data from the pumping test 
along with plots of the water levels were analyzed by BSU personnel. Their analyses, 
based on the Cooper-Jacob (1946) method indicated an aquifer transmissivity averaging 
37,000 gpd/ft. No accurate analysis of storativity was possible because no observation 
wells were available for monitoring during the test.  

HLI Analysis 
 
A Cooper-Jacob straight-line plot (Figure 44, page 115) and a semi-log Theis log-log plot 
(Figure 45, page 116) show drawdown data for the LDS well. The Cooper-Jacob plot 
shows water levels followed the straight-line trend after about 5 minutes when the flow 
rate was (apparently) stabilized. The drawdown in the well then increased again, when 
the pumping rate was increased to 95 gpm, after 58 minutes into the test.  A specific 
capacity analysis of the drawdown data indicates that the well developed during the test. 
At 40 minutes the specific capacity was 4.75 gpm/ft while pumping at 80 gpm. At 80 
minutes, the specific capacity was 5.49 gpm/ft while pumping at 95 gpm. In a fully 
developed well when the pumping rate is increased, the specific capacity either remains 
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the same or decreases. An increase in specific capacity with an increase in pumping rate 
indicates well development. 
 
The upper curve in Figure 42 shows a straight-line Cooper-Jacob plot through the raw 
data corresponding to the second pumping rate (95 gpm), when the well was more fully 
developed. The analysis indicates an approximate transmissivity of 60,000 gpd/ft. Using 
the Butler (1957) corrections for partial penetration (lower curve in Figure 43), a 
transmissivity of 90,000 gpd/ft is indicated. Our semi-log Theis analysis (Figure 43) 
indicates an approximate transmissivity of 70,000 gpd/ft. No corrections were applied for 
well loss in this Theis analysis. However, because the well was only pumped at 95 gpm 
and had almost 80 feet of well screen, well loss is likely to have been small and not a 
significant factor in the analysis. 
 
The derivative analyses support the use of the Cooper-Jacob analysis of the pumping well 
data. The derivatives for the Theis analysis give only a fair to poor match but still 
indicate that the method may be applicable. The mismatch is likely the result of well 
development that occurred during the test.  
 
Considering all three analyses, we believe that the transmissivity of the Pierce Gulch 
Sand Aquifer in the vicinity of the LDS Eagle Stake Center well is likely to be on the 
order of 75,000 gpd/ft. Because of well development during the test, none of these 
analyses should be considered accurate, however. We believe it is more realistic to 
present the analysis to one significant figure, or approximately 80,000 gpd/ft. 
 
The lack of observation well data precluded the calculation of storativity. Based on the 
results calculated from the long-term testing of the Lexington Hills well and the 
similarity in geology reported on Well Driller’s Reports from the area, we estimate a 
storativity of aquifer in this area to be around 10-3. 
 

Well Interference and the Effects of Seasonal Pumping 
 
Because of its low pumping rate, no seasonal pumping test analysis was conducted for 
the LDS Eagle Stake Center well.  

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The LDS Eagle Stake Center domestic well is completed in a relatively deep 
portion of the regional Pierce Gulch Sand Aquifer, in permeable coarse sands, at 
depths of 397 to 465 feet. 

 
2. Drawdown analyses indicate the transmissivity of the Pierce Gulch Sand Aquifer 

near this well is 80,000 gpd/ft (to one significant figure).  A more accurate 
calculation of transmissivity could not be made because of well development that 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

113

occurred during the test. Storativity could was not calculated because no 
observation wells were monitored during the test.  

 
3. Based on the response of the aquifer during the 30-day test of the nearby 

Lexington Hills well, we believe the aquifer would likely behave as a confined 
aquifer with a storativity on the order of 10-3. 

 
4. A longer term-test (several days to a week or more) with one or more nearby 

observation wells would be needed to better characterize the nature of the aquifer 
in this area and to allow the quantification of storativity. Such a test would be 
more meaningful if the well were fully developed and then pumped with a higher-
capacity pump that would cause larger water-level drawdowns than those reported 
for the existing test (less than 18 feet after pumping at 95 gpm for four hours). 
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Figure 43.  Well Location for Eagle LDS Stake Center Four-Hour Test  
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Figure 44.  Cooper-Jacob Analysis for LDS Stake Center Well Four-Hour Test 
Test Conducted: May 20, 1993 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of  pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 
spp = 0.62 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 
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Figure 45.  Theis Analysis for LDS Stake Center Well Four-Hour Test 
Test Conducted: May 20, 1993 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of  pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
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Floating Feather 51-HourTest 

Overview and Previous Analyses 
 
A 51-hour pumping test was conducted by Scanlan Engineering (Scanlan, 1995) using 
the United Water Idaho, Floating Feather Well as the pumping well along with five 
observation wells. Pumping occurred over the period July 28-29, 1995 with pretest water 
levels measured several times during the day before pumping began with recovery water 
levels measured for about 13 hours after pumping ceased . The Floating Feather Well was 
pumped at an average rate of 1,500 gpm with a maximum drawdown of 30.16 feet, for an 
end-of-test specific capacity of 49.7 gpm/ft. Two observation wells showing response to 
pumping indicated maximum drawdowns of 12.83 to 1.4 feet. Interference drawdown at 
four other wells measured during the test could not be quantified because they were 
pumped during the test, masking any drawdowns that might have been caused solely by 
pumping at the Floating Feather Well. The Crandlemire Irrigation Well, located 65 feet to 
the southeast of the Floating Feather Well was pumped during the day before the test 
began. This pumping caused water levels to drop and then begin to recover in both the 
Floating Feather and Crandlemire wells. The test was started with water levels rising in 
both wells (caused by incomplete recovery from previous pumping), resulting in potential 
errors in the analysis (discussed below in the HLI analysis of the test). 
 
Scanlan (1995) presented the collected data as linear and semi-log graphs and tables. 
Atmospheric pressure data were not collected although the Scanlan report noted that 
“variable weather pattern resulted in fluctuating barometric pressures which may have 
effected [sic] water levels somewhat.” No corrections to the raw data were made to 
remove the effects of barometric fluctuations or antecedent water-level trends unrelated 
to pumping that may have affected water levels.   
 
The data from the pumping well (Floating Feather) and the observation well 
(Crandlemire irrigation) were apparently analyzed for values of transmissivity and 
storativity but without definitive indication of which methods were used in the analyses. 
For the pumping well, Scanlan stated that the “semi-logarithmic plot indicates a short-
term transmissivity of approximately 125,000 gpd/ft and a long-term transmissivity of 
160,000 gpd/ft.” He reported similar values of 125,000 to 160,000 gpd/ft from semi-log 
plots of the drawdown and recovery data from the Crandlemire well. Based on data from 
the Crandlemire well, he indicated a calculated storativity of 1x10-4. These results were 
also stated without supporting analysis. We suspect he used the Cooper-Jacob (1946) 
method as the data were plotted semi-logarithmically.  He did not indicate whether the 
effects of partial penetration or well loss were considered in the analysis. Scanlan’s 
results are included in our Table 3 (page 247). 
 
Four other wells were measured during the test. One of these was the Vail domestic well 
(250 feet from the Floating Feather Well) which was reported as 110 to 120 feet deep, or 
about 63 feet above the completion interval of the pumped Floating Feather Well. 
Scanlan indicated that a Well Driller’s report was not available for this well. The Vail 
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well responded to pumping during the test with a maximum drawdown of about 1.4 feet. 
Water level fluctuations during the test precluded any meaningful analysis for aquifer 
properties but (as discussed below) we believe that the initial drop in water level at the 
start of the test and a mirror-image rise when pumping stopped indicated that it was 
affected by the pumping at the Floating Feather Well. Three other wells, the Miller 
domestic, the Chase domestic and Chase irrigation wells were all pumped during the test, 
causing water level changes that masked any potential interference drawdowns that might 
have been caused by pumping at the Floating Feather Well. 

HLI Analysis of Pumping Test 
 
A 51-hour pumping test was conducted over the period July 28-29, 1995 by using the 
Floating Feather Well as the pumping well along with five observation wells. Pretest 
water levels were measured several times during the day before pumping began with 
recovery water levels measured for about 13 hours after pumping stopped. The Floating 
Feather Well was pumped at an average rate of 1,500 gpm with a maximum drawdown of 
30.16 feet, for an end-of-test specific capacity of 49.7 gpm/ft. Two observation wells 
showing response to pumping indicated maximum drawdowns of 12.83 to 1.4 feet. 
Interference drawdown at three other wells measured during the test could not be 
quantified because they were pumped during the test, masking any drawdowns that might 
have been caused by pumping at the Floating Feather Well alone. The Crandlemire 
Irrigation Well, located 65 feet from the Floating Feather Well was pumped during the 
day before the test began. This pumping caused water levels to drop and then begin to 
recover in both the Floating Feather and Crandlemire wells. The test was started with 
water levels rising in both wells, resulting in potential errors in the analysis (discussed 
below). 
 
The data presented as part of the Scanlan report were reanalyzed after careful review of 
geologic data and well construction information available from the Scanlan report and 
other sources. We also reviewed information on the elevation contours of the bottom of 
the Pierce Gulch Sand Aquifer in the overall study area included in HLI (2007). Our 
analysis of the geologic and elevation data indicates that the Floating Feather pumping 
well and the Crandlemire Irrigation Well both tap the Pierce Gulch Sand Aquifer. The 
details on well construction, pumping and aquifer depths for the Floating Feather 
(pumping) well and the Crandlemire irrigation (observation) well are included in Table 3 
(page 247). Well locations are shown in Figure 46 (page 128). The table shows that the 
pumping well is completed in a portion of the Pierce Gulch Sand Aquifer between depths 
of 183 ft and 330 ft bgl while the Crandlemire Irrigation well is completed between 
depths of 176 and 316 ft bgl, essentially the same depth intervals within the Pierce Gulch 
Sand Aquifer. 
 
Based on geophysical and lithologic logging of several wells in the area, the bottom 
contour of the Pierce Gulch Sand Aquifer (HLI, 2007) is estimated to lie at an elevation 
of 2100 ft amsl in the vicinity of the Floating Feather and Crandlemire wells. The top of 
the aquifer, based on lithologic descriptions on the Well Driller’s Reports for the two 
wells, lies at depths of 111 to 113 ft bgl. Based on this understanding of the position of 
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the top and bottom of the aquifer, we estimate that the aquifer is approximately 386 feet 
thick in the vicinity of these two wells. Based on this aquifer thickness and the lengths of 
the well screens, each well is open to about 37 percent of the full aquifer thickness. 
 
The Well Driller’s Reports and geophysical logs for wells in this area indicate stratified 
sediments (layers of sand, silt and minor clay) throughout the aquifer. Because of this 
layering, we have assumed that the aquifer is anisotropic with vertical hydraulic 
conductivities less than horizontal conductivities. Because of this layering, we have 
assumed a bulk vertical-to-horizontal ratio (anisotropy) of 0.1 in our analyses for this 
well test, as we have for the analyses of the other Pierce Gulch Sand Aquifer tests 
discussed in this report.  
 
The drawdown data from Scanlan for the Floating Feather pumping well and Crandlemire 
observation well are plotted in Figures 47 through 50.  

Floating Feather Well  
 
A semi-log Theis plot of drawdown data in the Floating Feather Well is shown in Figure 
47 (page 129). The semi-log plot (as opposed to the more-typical log-log plot) was used 
to allow for a better fit between the data and the type curve. The initial pumping rate for 
this well varied significantly during the first 60 minutes of the test as shown by the rise, 
fall and rise again of drawdown levels during this period. Because of these variations, the 
traditional log-log curve match could not be effectively used to match the critical early-
time data. Instead, a semi-log curve match was used to better observe and match data 
from the middle and later portions of the test. Data after 60 minutes generally fall on the 
Theis type-curve for the rest of the test but with some fluctuation, either caused by 
pumping of other wells in the area, unrecognized variations in the pumping rate of the 
Floating Feather Well or by inaccurate water level measurements. Even with these 
fluctuations, we believe the fit of the data to the Theis curve to be reasonable.  
 
Figure 47 shows two plots for the pumped well. Raw (“uncorrected”) data are shown as 
small blue circles in the upper portions of the plot, while drawdown data “corrected” for 
estimated maximum likely well loss are shown on the lower portion of the plot as black 
squares. Well loss was not directly measured or calculated as a step-test was apparently 
not conducted. Instead, we have estimated a maximum likely well loss that might have 
occurred to be able to bracket the results of the analysis for transmissivity. Without 
correcting for well loss, the analysis for transmissivity would likely under-estimate the 
actual value for the aquifer. With an assumed well loss that is too large, the analysis 
would likely over-estimate transmissivity. We believe that the actual, representative value 
for transmissivity will likely lie between results of the analyses conducted with and 
without estimated well loss.  
 
In our analysis we have assumed the maximum possible well loss is on the order of 10 
feet. This value was estimated based on one half of the amount of water level recovery 
that occurred during the first 30 seconds after the pump was shut off.  
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The semi-log Theis analysis using data uncorrected for well loss indicates a 
transmissivity (T) of 140,000 gallons per day per foot (gpd/ft.). With an estimated 
maximum well loss of 10 feet subtracted from each pumping water level drawdown data 
point, a transmissivity of 160,000 gpd/ft is indicated. The actual value may lie between 
these two values. We have included the mean of these two values (150,000 gpd/ft), 
rounded to two significant figures, in Table 3 (page 247). This value of 150,000 gpd is 
supported by the theoretical drawdown that we calculated using this transmissivity value 
and the storativity (4x10-4) calculated below. Using these values we calculated a 
theoretical drawdown of 19.5 feet after 2 days of pumping at 1,500 gpm. This drawdown 
suggests that the actual well loss was about 10.7 ft (equivalent to the measured drawdown 
of 30.19 ft minus the theoretical drawdown of 19.5 ft.), a reasonable value for a well 
pumped at 1,500 gpm with almost 150 ft of well screen. This analysis supports the use of 
the mean of the uncorrected and corrected analyses to quantify transmissivity. 
 
The type curve for the data plot with the assumed well loss is shown in Figure 47. This 
type curve was generated by Aqtesolv® and incorporates the hydraulic effects of the no-
flow boundary of the West-Boise-Eagle Fault which lies approximately two miles from 
the pumping well. Although the effects are relatively small, they are included for 
completeness. 
 
Figure 48 (page 130) shows two plots of residual drawdown (recovery) for the Floating 
Feather Well after pumping ceased. The upper curve (solid blue line) shows raw 
(“uncorrected”) drawdown data while the lower curve (dashed black) shows data 
“corrected” for partial penetration following the method of Butler (1957). Both recovery 
plots show straight-lines between t/t’ = 5 and 400, (the equivalent of 10 to 727 minutes 
after pumping stopped). During this recovery period, the residual drawdown data plot 
above and below the semi-log, straight line, apparently the result of other hydraulic 
impacts to the aquifer not related to the water level recovery in the pumped well (such as 
pumping at other wells and/or barometric effects). The uncorrected straight-line plot 
indicates a transmissivity of about 160,000 gpd/ft, while the Butler-method corrected-
data plot indicates a transmissivity of 320,000 gpd/ft. The Butler corrections are based on 
the assumption that the well partially penetrates (is completed in) either the top or the 
bottom of the aquifer and not the middle. The Butler method tends to overcorrect 
drawdown when the partially-penetrating well is completed in the middle (vertically) of 
the aquifer (as is the Floating Feather Well) such that the calculated transmissivities using 
the corrected data are much too large. Because of this tendency to over-correct for wells 
completed near the middle of the aquifer, we believe that the actual transmissivity value 
is likely to be closer to (but larger than) the uncorrected-data analysis than the analysis 
based on the Butler-method-corrected data. Therefore, we estimate a recovery-based 
transmissivity on the order of 160,000 to 180,000 gpd/ft.  
 
The match of the derivative type-curve and the calculated derivatives shown in Figure 47 
is only fair, after about 50 minutes into the test. Prior to this time large changes in 
pumping rates caused relatively large changes in drawdown and therefore the derivatives. 
After 50 minutes, small variations in pumping rates caused derivatives that clustered just 
above and below the type curve, generally supporting the Theis method of analysis  
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Crandlemire Irrigation Well 
 
The Crandlemire Irrigation well is located approximately 65 feet to the southeast of the 
Floating Feather Well. It was the nearest observation well monitored during the test. It is 
screened from 176 to 316 feet below ground surface, in approximately the same depth 
interval of the aquifer as the pumped well. The maximum drawdown experienced by this 
well during the test was 12.83 feet. These details are included in Table 3. Its location is 
shown in Figure 46 (page 128) as a labeled green diamond with a dashed boundary. 
 
Figure 49 (page 131) shows HLI’s semi-log Theis analysis for the Crandlemire Irrigation 
Well. The analysis indicates a transmissivity of 170,000 gpd/ft and a storativity of  
3.7x10-4. This analysis was based on data uncorrected for possible antecedent water level 
trends or barometric effects (such pretest-data were not available). Our analysis included 
corrections for the effects of partial penetration, because the observation well lies very 
close (65 ft) to the pumped well and both wells are only open to 37 percent of the full-
aquifer thickness. However, a sensitivity analysis for the effects of partial penetration on 
the Theis analysis indicated that partial penetration corrections did not significantly 
change the results of the analysis. The low sensitivity may be the result of scatter in the 
data making a type curve match less precise or it may be the result of both the pumping 
and observation wells being completed at: a) the same depth interval as each other, and b) 
within the middle depth-portion of the aquifer. The hydraulic effects of the no-flow 
boundary (the West-Boise-Eagle Fault shown in Figure 1, page 10) were small at the 
distance between the wells and the fault (two miles), as indicated in a sensitivity analysis, 
but are included in the analysis for completeness. 
 
The Theis-curve match is not precise as there are many variations in the data, causing the 
data points to scatter above and below the near straight-line plot of the semi-log Theis 
type-curve. These variations may be related to pumping in other wells in the area and/or 
inaccurate water level measurements. As with the analysis of the pumping well data, 
variations in early-time pumping rates make a meaningful curve match during the early-
time (and most critical) portion of the curve, difficult at best. Since the middle and later 
time data had to be used in the matching process, the semi-log plot was used to better 
allow the differences in late-time drawdowns to be more readily observed and therefore 
better matched. Nonetheless, the match is only approximate. 
 
The match of the derivative type-curve and the calculated derivatives shown in Figure 49 
is poor to fair. Small variations in pumping rates and possibly drawdowns caused by 
other pumping wells caused derivatives that are scattered. The derivative analysis does 
not generally support the analysis suggesting the results are only approximate.  
 
The Theis analysis indicates a storativity of 3.7x10-4, a value considered representative of 
confined aquifers (Freeze and Cherry, 1979). No leakage or other boundary-type effects 
were observed in the plot of either the Crandlemire Irrigation or Floating Feather Wells.  
 
The Theis recovery analysis (Figure 50, page 132) indicated a transmissivity of 170,000 
gpd/ft and an S/S’ of 3.5 for the Crandlemire Irrigation Well. An S/S’ ratio of more than 
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1.0 typically indicates “early recovery” or “recharge to the aquifer system.” In this test, 
however, a more likely explanation is that the water level recovery in the Crandlemire 
Well and the Floating Feather Well (which indicated a S/S’ of 3.1, as shown on Figure 
48) was caused, at least in part, by pumping in the Crandlemire Irrigation Well the day 
before the test began. Because of this recovery, the water level at the start of the test was 
still rising toward a true, pretest, non-pumping level. By using this lower level as the 
“static” water level in the analyses, the water levels in the two wells appeared to have 
“recovered” to their pretest levels when, in fact they needed to recover more to get to a 
true pretest or static level. For this reason, we believe that the S/S’ ratios greater than 3.0 
do not indicate a significant source of recharge to the aquifer, during the test. 

Other Observation Wells 
 
We believe that only one other well monitored during the test (the Vail domestic well) 
showed a drawdown plot that may have indicated the pumping effects of the Floating 
Feather Well. The Vail domestic well is located approximately 250 feet from the Floating 
Feather Well, but is completed at a much shallower depth - reportedly 110 to 120 feet 
bgl. This depth was not verified by a Well Driller’s Report (which was reportedly not 
available) or other method such as down-hole camera. Since the lithologic logs on the 
Well Driller’s reports for both the Floating Feather Well and the Crandlemire Well 
indicate that the top of the Pierce Gulch Sand Aquifer lies approximately 112 feet bgl, we 
believe that the Floating Feather could be completed in the same aquifer, but cannot say 
for certain. If so, drawdown should have been measurable during the test in the Vail well.  
 
Water levels in the Vail well dropped about 1.4 feet starting about 15 to 20 minutes into 
the test. After about 300 minutes, water levels rose and fell in a periodic manner, 
indicating that pumping at some other non-identified well was likely interfering with the 
water levels in the Vail well. The periodic inference was on the order of 0.8 ft and the 
maximum drawdown that occurred in the Vail well was on the order of 1.4 ft (which 
included the 0.8 ft periodic interference from the unidentified well). The relatively large 
cyclic water level changes appear to have obscured the hydraulic effects of pumping the 
Floating Feather Well. Since no meaningful analysis of the data was possible beyond the 
documentation of a possible hydraulic connection, we have not included a drawdown plot 
or analysis in this report. 
 
The Miller domestic well (another well monitored during the test), showed no well-
defined response to pumping at the Floating Feather Well. The Miller well lies 
approximately 500 feet from the Floating Feather Well, is reportedly 60 feet deep and 
therefore not completed in the Pierce Gulch Sand Aquifer. Intermittent pumping of the 
Miller well during the test caused water-level drawdowns of about 12 feet. These large 
drawdowns caused by pumping in the Miller well effectively masked observation of any 
possible water level inference drawdowns caused by pumping at the Floating Feather 
Well which, we believe, would have been much smaller.  
 
Two other wells, the Chase domestic and Chase irrigation wells were also pumped during 
the test and therefore yielded no data that would allow meaningful analysis of aquifer 
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properties. The Chase Irrigation well may have experienced a drawdown caused by 
pumping at the Floating Feather Well. The data, however, are scattered such that the 
apparent drawdown of about one foot, may only be a visual artifact of the data scatter 
which varied over a range of 2.5 ft during the test. Again, because no meaningful analysis 
was possible, no drawdown plot (or analysis) is included in this report. 
 
Since the test occurred in 1995, the Floating Feather Well has been pumped regularly at 
rates of 2,100 to 3,100 gpm. The Vail and Miller wells were spot-monitored from June 
1995, through April 1998, to help quantify the actual hydraulic impacts of production 
pumping of the Floating Feather Well. During this period, water levels measured for 
United Water Idaho varied over a range of almost 8 feet in the Vail well and almost 10 
feet in the Miller well (Roger Dittus, personal communication, 2006). No real trend was 
apparent in a linear-trend analysis conducted by HLI on the data supplied by United 
Water Idaho. Our analysis shown in Figure 51 (page 132), indicated a slight decline in 
the Miller well (0.9 ft/yr) and a slight rise in the Vail well (0.6 ft/yr) but both analyses 
had an “R2” (a statistical correlation coefficient) of less than 6 percent, indicating no 
significant correlation and no significant water level trend (a “perfect” R2 correlation 
coefficient would be 100 percent). Therefore, the data from these wells indicate that 
overall water levels do not appear to have declined during this period. In addition, the 
levels measured over the three-year period are in the same range as those observed during 
the Floating Feather test suggesting that no significant drawdown interference caused by 
production pumping of the Floating Feather Well. The measured variations in water level 
in the Vail and Miller wells were on the order of 8 to 10 feet. These 8 to 10 foot 
variations, however, could have masked water level trends, were they much smaller, say 
on the order of 1 to 2 feet. Therefore, aquifer water levels could have been increasing or 
decreasing during this period but any small trend (on the order of 1 to 2 feet over the 3-
year period) cannot be demonstrated by the data.   
 
The timing of the responses in the Miller and Vail wells suggests a seasonal trend to 
water level variation. Figure 51 shows that the water levels in both wells were generally 
highest during the summer and lowest during the winter. The graph does not directly 
indicate the cause of the changers in water level. However, since the highest levels 
generally occurred during the irrigation season and the lowest levels occurred during 
winter (when there is no irrigation), it appears more likely that the variations were caused 
by irrigation water seeping down during the summer from the surficial zones where it is 
applied rather than pumping from the underlying Pierce Gulch Sand Aquifer which 
would be at lower rates during the winter (and therefore likely to cause smaller amounts 
of interference). 

Unidentified Well Interference 
 
During the test, all the observation wells showed the effects of the pumping of one or 
more wells, above and beyond the effects caused by pumping the Floating Feather Well. 
These effects were indicated by periodic rises and declines in the water levels in the 
observation wells. In many cases, these variations in water levels were much larger than 
the potential interference caused by the pumping at the Floating Feather Well. Such 
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interference effects from multiple wells are to be expected from an aquifer tapped by 
literally thousands of wells, especially during the summer when irrigation and municipal 
demands are high. Since there are many municipal and irrigation wells in the area, it 
would be almost impossible to conduct a test during summer that did not have 
interference from some well or wells in the area. The high potential for interference and 
documented hydraulic interconnection over large areas demonstrates that meaningful 
aquifer-testing requires coordination with well users in the area. In addition, a period of 
pretest water level data collection with analysis of these data to quantify antecedent water 
level trends and the likely range of interference effects that could occur during the test, is 
also required. The results of these types of analyses are needed to better design, conduct 
and analyze the pumping tests used to quantify aquifer parameters (as opposed to tests 
conducted to assess well performance and pump design). 

Test Results Summary 
 
In summary, the analyses of the Floating Feather Well and Crandlemire Irrigation Well 
indicate that the transmissivity of the Pierce Gulch Sand Aquifer in the vicinity of the 
Floating Feather Well is about 170,000 gpd/ft. This value is equal to the mean of analyses 
of the pumping well and the Crandlemire irrigation observation reported to two 
significant figures. This value is consistent with transmissivities calculated for this area 
(as shown on Table 3, Page 247).  
 
Storativities calculated from the test data indicate that the Pierce Gulch Sand Aquifer is 
confined with a storativity of around 4x10-4.  
 
Based on the transmissivities calculated for each well and the thickness of the aquifer as 
inferred from available Drillers’ Reports and HLI (2007), representative aquifer hydraulic 
conductivities were calculated and are included on Table 3. These values are typical of 
“clean sands,” which generally lie at the mid-point of the range of permeabilities for the 
“fine to coarse sands” indicated on the lithologic log portion of the Well Driller’s Reports 
for the Floating Feather and Crandlemire wells. 

Well Interference and the Effects of Seasonal Pumping 
 
HLI used the representative transmissivity and storativity to predict inference effects in 
the aquifer at distances to almost 4 miles from the Floating Feather Well. In this 
simulation, the Theis method was used to generate drawdown curves as a function of 
distance from the Floating Feather Well pumping at 2,400 gpm which represents the 
mean pumping rate for June 2006 (Roger Dittus, personal communication, September, 
2007).  The Theis method was selected as it is generally conservative (tending to over 
estimate drawdown) as it does not consider leakage from overlying zones or the capture 
of recharge. A transmissivity of 170,000 gpd/ft was used in our analysis along with a 
storativity of 4x10-4 (values calculated from the test data). An image well was used to 
simulate the hydraulic effects of the no-flow boundary represented by the West-Boise-
Eagle fault. 
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Our results are presented in Figure 52 (page 134) which shows that at the end of a 90-day 
summer pumping season of continuous pumping, interference drawdowns in the range of 
14 to 17 feet are predicted for wells completed in the aquifer, one mile away from the 
Floating Feather Well and may be on the order of 9 feet up to four miles away. As 
discussed in the methods section above, this analysis is conservative and is likely to over-
estimate interference; the drawdown cone of depression from the pumping well would 
probably expand sufficiently to capture recharge equal to the pumping rate before 90 
days. When the pumping rate equals the rate of recharge capture, the drawdown caused 
solely by the pumping well stabilizes17. The Theis analysis assumes no recharge (water 
pumped by a well only comes from aquifer storage) and that a pumping water level 
always continues to draw down. In reality (and observed many times, in our experience) 
the drawdown in a well pumped continuously for 90 days in a hydrogeologic setting like 
that of the Floating Feather Well, typically levels off and remains relatively constant after 
a few weeks of pumping. 
 
We consider the predicted interferences to be only an approximation because the Pierce 
Gulch Sand Aquifer system is not uniform. The actual drawdown that would occur with 
summer-long pumping will vary from our predictions, depending on the actual properties 
of the aquifer between the Floating Feather Well and a given point of interest. We used a 
uniform transmissivity of 170,000 gpd/ft in the prediction while calculated 
transmissivities ranged from 80,000 to more than 800,000 gpd/ft for the wells completed 
over a 10 to 11 mile width of the Pierce Gulch Sand Aquifer in the Eagle-Star vicinity.  
Of course, monitoring of actual interference is preferred to theoretical predictions. That is 
why the data collected from the Vail well better represents aquifer performance than the 
predictions made based on the assumptions required by the Theis method. 

Conclusions from the Floating Feather Test 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. The Floating Feather and Crandlemire wells are both completed in the Pierce 
Gulch Sand Aquifer, which we estimate to be about 386 feet thick near these 
wells. We interpret the top of the aquifer to lie at depths of 111 to 113 feet below 
land surface while the bottom lies at around an elevation of 2100 feet amsl or 
about 500 feet bgl. 

 
2. The Floating Feather and Crandlemire wells are completed at similar depths with 

well screen tops at 183 and 176 ft bgl (respectively) and well screen bottoms at 
330 and 316 ft bgl (respectively). Both wells partially penetrate the upper-middle 
portion of the Pierce Gulch Sand Aquifer 

 

                                                 
17 The water level in the well can still change, however. Regional aquifer water level trends, interference 
from other wells, barometric effects and other factors can still cause water levels to rise or fall above the 
stabilized drawdown level. Drawdown represents the difference between the pre-pumping water level and 
the lowered water level caused by pumping. 
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3. The transmissivity of the Pierce Gulch Sand Aquifer is about 170,000 gpd/ft in 
the vicinity of the Floating Feather Well.   

 
4. We calculated a storativity value of 4x10-4 for the Pierce Gulch Sand Aquifer in 

the vicinity of the Floating Feather Well indicating that the aquifer is confined.  
 

5. The Pierce Gulch Sand Aquifer in the vicinity of the Floating Feather Well is 
highly productive with well yields of greater than 3,000 gpm possible from 
properly designed and completed wells. 

 
6. Interference effects from a single production well pumping at  2,400 gpm from 

this portion of the Pierce Gulch Sand Aquifer is predicted to cause drawdowns of 
about 14 to 17 feet at wells completed in the same aquifer at a distance of one 
mile, after 90 days of continuous pumping. Interference drawdown in wells four 
miles away are estimated be on the order of 9 feet, but are likely to be less based 
on the conservative nature of our analysis.  

 
7. A report prepared by Scanlan (1995) was likely directed toward design of a 

pumping plant for the newly constructed well, rather than for analysis of aquifer 
parameters. His report included “calculated” values for transmissivity and 
storativity. The report, however, did not include any analyses, straight-line plots 
or type curves to support the reported values. The Scanlan report did not include 
pretest data to allow for assessment of antecedent water level trends or the 
calculation of barometric corrections. The transmissivity values Scanlan presented 
were in range of (but smaller than) those calculate by HLI.  

 
8. The effects of pumping wells other than the Floating Feather Well were detected 

in all of the observation wells monitored during the test. In three of the 
observation wells, pumping in each well itself during the test caused drawdowns 
that were many times greater than that likely to have been caused by the pumping 
from the Floating Feather Well. These drawdowns obscured and masked Floating-
Feather-induced drawdowns, making meaningful analysis of the monitoring well 
data of no practical use. 

 
9. Collection of spot water-levels over a three-year period from two domestic wells 

(Vail and Miller) show no statistical change in water level since the Floating 
Feather Well began pumping at rates of 2,100 to 3,100 gpm. A seasonal variation 
in water levels of 8 to 10 feet with the highest levels occurring during summer 
and the lowest during winter suggests that irrigation water seeping down from the 
surface may be the cause of the variations. 

 
10. A better test of the Floating Feather Well is highly recommended as this well is 

screened over a relatively large portion of the aquifer (smaller partial penetration 
effects), is capable of pumping at 3,000 gpm or more, and is in a location with 
several significant and major wells known to be completed in the Pierce Gulch 
Sand Aquifer. Such a test would be best accomplished with coordination of all 
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major ground water pumpers within a few miles of the pumped well. It would be 
best to conduct the test outside of the irrigation season (during winter or very 
early spring) when water demand would be relatively low. Ideally, all significant 
groundwater pumping from the targeted Pierce Gulch Sand Aquifer would be 
curtailed before, during, and after the test to allow for collection and use of 
antecedent trend data to correct changes in water levels that are not caused by the 
pumping well. The test should be preceded by barometric and water level 
measurements during a non-pumping period to develop barometric efficiency 
corrections for the observation well data.  

 
11. Coordination with all interested parties is highly recommended for all future well 

tests. The ability to coordinate and conduct such a test grows more difficult with 
time as more and more wells go into production. For municipal wells that cannot 
have their pumping curtailed during the test, it may be possible to hold pumping 
constant and well monitored such that the effects caused by pumping these wells 
can be incorporated into the analysis of the test data. It may be possible for 
municipal water providers to use wells further from the pumping well and 
monitored observation wells. None of these measures, however, are as effective as 
simply having the adjacent wells turned off during the test. 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

128

 
Figure 46.  Well Locations for Floating Feather 51-Hour Test  
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Figure 47.  Semi-Log Theis Analysis for Floating Feather Well Floating Feather 51-
Hour Test 
Test Conducted: July 28-30, 1995 
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T = 114.6 Q W(u)/s   Where: 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of  pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
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Figure 48.  Recovery Analysis for Floating Feather Well After the Floating Feather 
51-Hour Test     
Test Conducted: July 28-30, 1995 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = effective radius of  pumping well (ft) 
 
spp = 0.2 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 
 
 
 
 

Floating Feather Well  
Screen = 183-330 ft 
T= 160,000 gpd/ft 
(no PP corrections) 
T= “320,000” gpd/ft  
(with PP corrections) 
S/S’ = “3.1” 
Kv/Kh=0.1 
b = 386 ft 
r = 1.5 ft 
Q = 1,500 gpm 
 
S/S’ of 3.1 suggests early recovery but 
is more likely due to incomplete 
recovery from pumping of Floating 
Feather and Crandlemire Irrigation 
wells from previous day.  
 
Partial penetration correction makes 
calculated T for whole-aquifer thickness 
about 2 times greater than for calculated 
value without PP correction –most 
likely too high because method 
designed for top or bottom penetration 
of aquifer and well completed in 
middle. 
 

Data 
corrected for 
partial-
penetration

Data not 
corrected for 
partial-
penetration 
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Figure 49.  Semi-Log Theis Analysis for the Crandlemire Irrigation Well during the 
Floating Feather 51-Hour Test 
Test Conducted: July 28-30, 1995 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961a and b). 

Crandlemire Irrigation Well  
Screen = 176-316 ft 
T = 170,000 gpd 

S = 3.7 x 10-4 
Kv/Kh=0.1 
Fault (no-flow) at 2 mi. 
b = 386 ft 
r = 65 ft 
Q = 1,500 gpm  
(at the Floating Feather Well) 
 
No match before 60 minutes because of 
pumping rate variations.  Approximate match 
60 to 3,100 minutes.  Water level variations 
apparently caused by local pumping (?).  
 
Derivative analysis shows fair to poor match 
indicating only fair to poor support for 
method. 
 
Semi-log Theis and Cooper-Jacob analysis 
(not shown) give similar results. 
 
Comparison or Theis, Theis (w/ Hantush PP 
corrections) and Cooper-Jacob (uncorrected) 
indicate partial penetration effects not 
significant. 

Derivative 
Data: + 
Curve: 
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Figure 50.  Recovery Analysis for the Crandlemire Irrigation Well during the 
Floating Feather 51-Hour Test 
Test Conducted: July 28-30, 1995 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935).  

Crandlemire Irrigation Well 
Screen = 176-316 ft 
T= 170,000 gpd/ft 
S/S’ = “3.5” 
Kv/Kh=0.1 
b = 386 ft 
r = 65 ft 
Q = 1,500 gpm 
 (at the Floating Feather Well) 
 
S/S’ of 3.5 suggests early recovery but is 
more likely due to incomplete recovery 
from pumping of Floating Feather and 
Crandlemire Irrigation wells from previous 
day’s pumping.  
 
Partial penetration correction apparently 
not needed in analysis, based on 
comparison of pumping drawdown 
analyses with and without partial 
penetration corrections. Calculated 
transmissivity appears to best represent 
value for whole-aquifer thickness.
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Figure 51.  Water Levels in the Vail and Miller Wells 6/15/95 – 4/1/98 
 

 

Data supplied by R. Dittus, UWID (9/2007) 

Trend: 
wl =0.0025t-56.946 
R2 = 5.8% 

Trend: 
wl = -0.0020t+95.37 
R2 = 4.2% 
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Figure 52.  HLI's Predicted Interference at End of Summer Pumping from the 
Floating Feather Well  
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SECTION FOUR: FOOTHILLS WELL TESTS 
CONDUCTED BY OTHERS 

 
In this section of the report, analyses from six well-tests are presented. Each of the four 
aquifers known to underlie the upland foothills that were discussed in the Hydrogeologic 
Overview sub-section of this report are represented by one or two well tests for each 
aquifer. These four aquifers are: the regional Pierce Gulch Sand Aquifer, the Willow 
Creek Aquifer, the Sandy Hill Aquifer and the mixed sediment/bedrock aquifer beneath 
Spring Valley lying beneath the area to the northeast of Eagle.  The regional Pierce Gulch 
Sand Aquifer is the only aquifer of the four that is found beneath the Valley and Foothills 
areas. The Pierce Gulch Sand Aquifer beneath the upland Foothills is an extension of the 
same aquifer that underlies the Valley. Because of the dip of the strata toward the 
southwest at approximately 100 feet per mile in the vicinity of Star, and steeper beneath 
parts of the foothills, the Pierce Gulch Sand Aquifer is found at higher elevations beneath 
the foothill area. However, because the ground surface is higher, the well completion 
depths are coincidentally in ranges similar to those of Valley wells. 
 
A series of upland-foothills test wells were drilled and tested under the direction of 
Scanlan Engineering (2003) and SPF Water Engineering (2004 a and b). The purpose of 
these wells was to characterize the hydrogeology and ground-water development-
potential in the area north of Eagle, specifically parts of Townships T5N/R1W, 
T5N/R1E, and T6N/R1E targeted by SunCor for its Avimor development. Each test well 
was drilled, logged and pump-tested with pumping periods ranging from 2½ hours to one 
day. Two of the wells in the eastern part of the project (SVR #1 and SVR #2) were 
completed in an area where the geologic section comprises pockets of tuffaceous 
sediments overlying volcanoclastic rocks which in turn overlie granitic bedrock. These 
rocks are capable of producing small amounts of ground water to small domestic wells 
but not much more. They produced relatively small amounts of water during testing 
(about 50 gpm). SVR #1 and SVR #2 are discussed as “eastern upland mixed-bedrock 
wells.” Scanlan informally named this water-bearing system as the “Spring Valley 
Aquifer.” 
 
Four test wells were completed in sand aquifers beneath the central upland project area 
on and near the M3 Eagle project area. Wells SVR #6 and SVR #10 tap a coarse-grained 
sand aquifer (informally named the “Willow Creek Aquifer” by Scanlan) which has water 
levels that are much deeper than those of wells SVR #7 and SVR #9 (completed in the 
Pierce Gulch Sand Aquifer). Wells SVR #6 and SVR #10 also report different water 
quality than that reported for SVR #7 and SVR #9; the latter pair having significantly 
higher concentrations of total dissolved solids, magnesium, bicarbonate, sulfate, and 
hardness, as well as lower concentrations of nitrate. The different geologic materials 
logged during drilling, different water levels within the aquifer and different ground-
water geochemistry indicate that the Willow Creek Aquifer is separate and distinct from 
the Pierce Gulch Sand Aquifer.  
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We believe the Willow Creek Aquifer is an outlier of the sand facies of the Terteling 
Springs Member of the Idaho Group of Formations. The coarser-grained sand facies of 
the Willow Creek Aquifer likely represent near-shore delta or fan deposits on the margin 
of the large lake or lakes that formerly occupied the Boise River and Snake River 
Valleys. The fine-grained clays (mudstone facies of the Terteling Springs) were deposited 
off shore while the deltaic sand was being deposited along the margins of the lake. When 
the lake drained, the Pierce Gulch Sand was deposited unconformably on top of the 
Terteling Springs mudstone. The result is a rapid lateral transition from near-shore sands 
to finer-grained, off-shore clays to unconformable Pierce Gulch Sand, over a very short 
distance. The mudstone lying between the Willow Creek Aquifer and the Pierce Gulch 
Sand Aquifer acts as a low-permeability barrier, cutting off direct hydraulic connection 
between the two aquifers. The two aquifers, along with geologic cross-sections showing 
the relationships of the geologic materials separating them, are presented in HLI (2007) 
along with additional discussion of the “hydraulic disconnect” between the two aquifers.  
 
Two other wells, SVR #3 and TPW#1, were also completed in the upland, foothills area, 
in a permeable but highly bounded aquifer informally called the “Sandy Hill Aquifer” by 
Scanlan (2004a). We believe the Sandy Hill Aquifer is also a sand-facies outlier of the 
Terteling Springs Member of the Idaho Group of Formations. The testing of TWP#1 
along with the use of SVR #3 as an observation well led Scanlan to conclude that short-
term potential yields of “several hundred” gpm or more would be possible from a 
properly designed and constructed production well. He also noted that elevated arsenic 
concentrations in the water along with poor water-level recovery after pumping would 
limit the Sandy Hill Aquifer for use as a significant supply aquifer, if treatment and 
artificial recharge were not applied. TPW#1 and SVR #3 are discussed as part of the 
Sandy Hill Aquifer section of this report.  
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Eastern Upland Mixed-Sediment/Bedrock Well SVR #1 Seven-and-One-
Half-Hour Test 

Overview and Previous Analysis 
 
SVR #1 was drilled by Stevens and Sons Well Drilling using the direct mud-rotary 
method during October and November of 2002. SVR #2 was drilled to a total depth of 
445 ft bgl and completed with borehole open to the aquifer between depths of 98 and 445 
ft bgl. The pretest water level was reported at 16.8 ft bgl which translates to an elevation 
of about 3,373 ft amsl. SVR #1 was pump tested on March 23, 2004 for a period of 7½ 
hours at a rate of 51 gpm. At the end of the test, the reported drawdown was 102 ft, for an 
end-of-test specific capacity of 0.5 gpm/ft. This well is located in Figure 53 (page 140) as 
a red diamond with a solid boundary. 
 
According to the Well Driller’s Report, SVR #1 was completed in a “very fine sand,” 
from depths of 98 to 140 ft bgl; “shale,” “sandstone,” and “gravel,” from depths of 140 to 
350; and “decomposed granite,” between 350 to 445 ft bgl. Scanlan Engineering (2003) 
characterized these geologic materials as “lakebed sediments and volcanoclastic 
sediments from surface to approximately 340 feet” bgl and “decomposed granite” from 
340 to 447 ft bgl. Scanlan Engineering informally named this unit the “Spring Valley 
Aquifer.” Based on information provided to Scanlan Engineering by the well driller, they 
believed that “most of the water was being produced from above the top of the granite.”  
 
Scanlan Engineering reported a transmissivity value of 1,500 to 2,000 gpd/ft for SVR #1. 
Details on the analysis were not included in Scanlan Engineering, although the semi-log 
plots of drawdown data suggest he used the Cooper-Jacob (1946) method of analysis for 
transmissivity. As with all pumping tests using only the pumping well for data collection, 
accurate values for storativity could not be (and were not) calculated for the SVR #1 test.  

HLI Analysis 
 
We initially analyzed the SVR #1 data for the effects of well-bore storage. A log-log, 
radial flow analysis indicated that well bore storage effects were insignificant so methods 
of analysis not incorporating these effects were deemed acceptable. Drawdown was 
analyzed using the Cooper-Jacob method. Although this method does not accommodate 
the effects of partial penetration, no information is readily available to assess the depth of 
the bottom of the aquifer and therefore the overall thickness of the aquifer. Consequently, 
the degree of partial penetration could not be calculated. For the purpose of our analysis, 
we assumed the open well bore represented near full-penetration of the aquifer.  
 
The Cooper-Jacob semi-log analysis for SVR#1 is presented in Figure 54 (page 141) 
while a semi-log Theis recovery analysis is presented in Figure 55 (page 142). A Cooper-
Jacob analysis based on the first five data points (dashed blue line) suggest a near-well-
bore aquifer transmissivity of about 340 gpd/ft.  However, the derivatives for this time 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

138

period do not match well with the type curve (which would be horizontal) suggesting that 
the five points may not describe a straight-line plot. After 40 minutes, the drawdown 
curve flattens out and describes a straight-line. The analysis based on the after-40-
minutes data indicates a transmissivity of 1,500 gpd/ft. The derivatives match the type 
curve and support the use of the Cooper-Jacob method.  
 
Since the difference in the slopes between the two lines is much greater than 2:1, the 
apparent change in slope is not likely to be the result of a positive (recharge) boundary. A 
recharge source (like a lake or river) directly coupled to the aquifer would cause the slope 
of the drawdown curve to halve. It is more likely that the steeper initial data plot resulted 
from lower permeabilities near the well bore and/or variations in the pumping rate during 
the first 5 minutes of the test. The flat derivative plot after 40 minutes indicate that 
significant leakage did not occur. 
 
The semi-log Theis recovery analysis (Figure 55, page 142) indicates a transmissivity of 
2,300 gpd/ft. The figure shows the data plot as a straight-line at t/t’ values of less than 20 
(equivalent to 23 minutes after pumping stopped). The data plot from this time period 
indicate the bulk transmissivity of the larger zone surrounding the well in a manner 
analogous to the second, flatter, straight-line plot shown in the Cooper-Jacob plot (Figure 
54). The two calculated transmissivities are in general agreement with each other, with a 
mean of 1,900 gpd/ft. The average of the values reported in Scanlan Engineering is 
slightly smaller at 1,700 gpd/ft, as shown in Table 3 (page 247).  
 
The mean transmissivity 1,900 gpd/ft is considerably smaller than any reported for the 
non-bedrock (sedimentary) aquifers discussed in this report. These low values would be 
typical for a thin, fine-grained sand aquifer, as reported by the well driller for the zone 
125 to 140 ft bgl, or for low-permeability sandstone as reported for deeper portions of the 
well. These low values indicate the aquifer (or aquifers, if the fine sand and the deeper 
sandstone represent separate aquifers) at this location cannot supply significant quantities 
of water beyond a limited domestic supply. 
 
Storativity cannot be calculated from the data. One or more observation wells are needed 
as a pumping well alone cannot give meaningful data for storativity analysis. We 
speculate, however, that the storativity for the mixed-sediment/bedrock aquifer in the 
vicinity of this well ranges from 10-3 to 10-5.  
 
The recovery analysis indicates an S/S’ of 1.0, indicating that no significant recharge was 
captured during the test. This lack of recharge supports the conclusion that the flattening 
of the drawdown curve that could appear to indicate a positive (“recharge”) boundary, 
was more likely the result of the cone of depression from the pumped well encountering a 
zone of higher transmissivity within the aquifer away from the well bore. Total recovery 
to pretest levels did not occur before data collection stopped. Water levels were only 
collected for 2.5 hours after pumping ceased, a period far too short to allow for full water 
level recovery. 
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Since the potential yield, transmissivities and probable recharge area supplying water to 
the aquifer in the vicinity of SVR #1 are all relatively small, a production well at this 
location (or for that matter, any part of the mixed-sediment/bedrock aquifer in the eastern 
portions of the project area) cannot support development of significant quantities of water 
for more than individual domestic use or at most, a small limited water system supporting 
a few homes. 
 

Well Interference and the Effects of Seasonal Pumping 
 
The low yield of SVR #1 makes simulation of seasonal pumping of little use to a regional 
water-supply analysis. A simulation was not done. 

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The actual (and potential) yield of SVR #1 is too small for consideration for 
regional water supply. At best, only a very limited system supplying only a few 
homes appears feasible. 

 
2. Previous analyses of aquifer transmissivity are consistent with those conducted as 

part of this study; values of 1,500 to 2,300 gpd/ft were calculated. The mean for 
our analyses was 1,900 gpd/ft. 

 
3. Aquifer storativity could not be accurately analyzed from the existing data as no 

observation wells were measured during the test. We estimate that the aquifer has 
storativities on the order of 10-3 to10-5. 

 
4. A well field completed in the mixed-sediment/bedrock of the Eastern Upland 

cannot supply significant quantities of sustainable ground water for a regional 
supply. As with the test well SVR #1, only a very limited system supplying only a 
few homes appears feasible. 

 
5. Volcanic and granitic bedrock can be considered a “no-flow boundary” for 

purposes of a regional supply-analysis, in comparison to the fluvial-lacustrine and 
alluvial sand and gravel aquifers in the region. 
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Figure 53.  Well Location for SVR Well #1 Seven-Hour Test 
 
 

 
 
 

Pumping Well Location Observation Well Location 

One Mile 

N

November 29, 2007 
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Figure 54.  Cooper-Jacob Analysis for SVR Well #1 Seven-And-One-Half-Hour Test 
Test Conducted: November 8, 2002 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

 
u = 1.87r2S/Tt   

t = time in days 
 
b = aquifer thickness in feet (ft), estimated from well log on Driller’s Report. 
r = effective radius of  pumping well (ft) 

 
Based on the analytical method of Cooper and Jacob (1946). No partial penetration 
corrections appear to be necessary for open bore-hole well. 

 

SVR Well #1 
Open hole = 98-400ft 
T = 1,500 gpd/ft 
S Not Calculable 
Kv/Kh= 1 
b =275 ft 
tc < 1 min 
r = 0.5 ft 
Q = 51 gpm 
 
Well bore storage analysis indicates 
no significant effects.  
 
Derivative analysis supports method 
after 40 minutes into test. Later 
straight-line plot suggests more 
permeable region away from well 
bore. 

Derivative 
Data: + 
Curve: 
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Figure 55.  Recovery Analysis for SVR Well #1  Seven-And-One-Half-Hour Test 
Test Conducted: November 8, 2002 
 

1. 10. 100. 1000.
0.

20.

40.

60.

80.

Time, t/t'

R
es

id
ua

l D
ra

w
do

w
n 

(ft
)

Obs. Wells
SVR 1

Aquifer Model
Confined

Solution
Theis (Recovery)

Parameters
T  = 2262. gal/day/ft
S/S' = 1.006

 
 
T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer thickness in feet (ft), estimated from well logs in the area 
r = effective radius of  pumping well (ft) 
 

Based on the analytical method of Theis (1935). No partial penetration corrections appear 
to be necessary for open bore-hole well. 
 

 

SVR Well #1 
Open hole = 98-400ft 
T= 2,300 gpd/ft 
S/S’ =1.0 
Kv/Kh= 1 
b =275 ft 
Q = 51 gpm 
 
S/S’ = 1.0 implies no recharge or 
discharge boundaries encountered 
during test. 
 
Transmissivity agrees with later-
time Cooper-Jacob analysis. 
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Eastern Upland Mixed-Sediment/Bedrock Well SVR #2 Two-and-One-
Half-Hour Test 

Overview and Previous Analysis 
 
SVR #2 was drilled by Stevens and Sons Well Drilling using the direct mud-rotary 
method during November of 2002. This well is located in Figure 56 (page 146) as a red 
diamond with a solid boundary. SVR #2 was drilled to a total depth of 840 ft bgl and 
completed with borehole open to the aquifer between depths of 300 and 840 ft bgl. 
According to the Well Driller’s Report it was completed in “clay,” “sandstone,” and 
“basalt” between 300 and 760 ft bgl and “decomposed granite” below 760 to 840 ft bgl. 
Scanlan Engineering (2003) informally named this unit the “Spring Valley Aquifer,” as 
they did with the aquifer tapped by SVR #1. SVR #2 was pump tested twice. The first 
test conducted on November 22, 2005 at 40 gpm for 5½ hours, produced water of poor 
quality (hard water high in sulfate with arsenic exceeding primary drinking water 
standards and iron and manganese exceeding secondary drinking water standards). The 
upper portion of the open borehole was cased off above 300 feet bgl with 6-inch casing 
and a second test was conducted on March 23, 2004 for a period of 2½ hours at a rate of 
50 gpm. The pretest water level of the second test was reported at 31 ft bgl which 
translates to an elevation of about 3,598 ft amsl, the highest of any of the wells discussed 
in this report. At the end of the second test, the reported drawdown was 159.9 ft, for an 
end-of-test specific capacity of 0.3 gpm/ft. 
 
Scanlan Engineering (2003) reported transmissivities ranging from 280 to 695 gpd/ft for 
the tests based on straight-line Cooper-Jacob plots. Details on their analysis were not 
provided in their report. As with all pumping tests using only the pumping well for data 
collection, accurate values for storativity could not be (and were not) calculated for the 
test.  

HLI Analysis 
 
The methods of analysis for the SVR #2 test data from the March 23, 2004 50-gpm test 
were selected after a radial flow analysis indicated that the effects of well-bore storage 
may have affected data from the first four minutes of pumping. In a well that is pumped 
at a low rate in comparison to the amount of water standing in the well bore, the removal 
of this water causes water levels that do not match the theoretical levels assumed in the 
Cooper-Jacob or Theis method for an infinitesimally-small-diameter well. The 
discrepancy occurs because the water standing in the well bore supplies a significant 
portion of the water removed during the initial stages of pumping, compared to the 
proportion of water supplied by the aquifer. After a long enough pumping period, the 
aquifer supplies most, if not all the water pumped and these “well-bore storage” effects 
become relatively small. For this reason, analyses of later-time data (if not affected by 
other factors such as hydraulic boundaries) using a method that does not take well-bore 
storage effects into account (such as the Theis method) can yield results similar to that of 
the Papadopoulos-Cooper method which does compensate for well-bore storage effects.  
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We used two methods to analyze the drawdown data: the Cooper-Jacob, semi-log 
straight-line method and the Papadopoulos-Cooper log-log method that incorporates well 
bore storage. Both yielded similar results for calculated transmissivity: 720 gpd/ft 
(Cooper-Jacob – Figure 57) and 840 gpd/ft (Papadopoulos-Cooper – not shown). Each 
method has limitations. The Cooper-Jacob method cannot by itself accommodate the 
effects of well-bore storage while the Papadopoulos-Cooper is sensitive to effective well 
bore diameter. Neither method can accommodate the effects of partial penetration but 
since there is no available geologic information to suggest that the 460 ft open borehole 
draws from an aquifer that is significantly thicker than 460 ft, we believe that a partial 
penetration correction is not necessary. Because the radial flow analysis indicated that the 
data from after the first 10 minutes of pumping were not significantly affected by well-
bore-storage effects, we believe that the Cooper-Jacob method is preferable to the 
Papadopoulos-Cooper method for analyzing and presenting the drawdown data. Also, the 
derivative analysis indicates a match to the type curve after 20 minutes of pumping. thus, 
the data from after 20 minutes are suitable for analysis by the Cooper-Jacob method. 
 
We have also used the Theis recovery method to analyze recovery data from the SVR #2 
test. Because well bore storage effects are only significant during the initial stages of 
recovery before the Theis recovery method yields a straight-line plot, well bore storage 
corrections are not needed in this method. The analysis (Figure 58, page 148) indicates a 
transmissivity of 270 gpd/ft.   
 
The mean of the three analyses indicates a transmissivity of 600 gpd/ft, to one significant 
figure. This mean is within the range of the transmissivities reported by Scanlan. We 
consider this transmissivity to be too small to allow the aquifer to be considered for 
possible regional supply.  Because of the averaging effect that occurs during well 
recovery, we consider the recovery analysis to better represent overall aquifer conditions. 
These very low values indicate that the aquifer at this location is only suitable for very 
development of small quantities of ground water for domestic or stock watering purposes 
and not the quantities needed for a regional supply. 
 
Storativity could not be calculated from the data from either of these well test analyses. 
One or more observation wells is needed as a pumping well alone cannot give meaningful 
data for storativity analysis. We estimate a storativity in the range of 10-3 to 10-5 for the 
mixed sediment/bedrock in the vicinity of these wells. (See discussion for SVR #1.) 
 
Since the calculated potential yields, transmissivities and assumed recharge area 
supplying water to the SVR #2 vicinity are all relatively small, wells in this aquifer are 
unlikely to yield more than a few ten’s of gallons per minute..  

Well Interference and the Effects of Seasonal Pumping 
 
The low yield of SVR #2 makes simulation of seasonal pumping of little use to a regional 
water-supply analysis. A simulation was not done. 
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Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The actual and potential yields of SVR #2 are too small for consideration for 
regional water supply. 

 
2. Calculated aquifer transmissivities ranged from 270 to 840 gpd/ft. These values 

are consistent with those presented in previous studies. We believe that the 
transmissivity of the aquifer near SVR#2 is on the order of 600 gpd/ft. 

 
3. Aquifer storativity could not be accurately analyzed from the existing data as no 

observation wells were measured during the test. We estimate that storativity is on 
the order of 10-3 to10-5. 

 
4. Mixed-bedrock aquifer wells in the Eastern Upland area are unlikely to supply 

significant water for a regional supply. 
 

5. Volcanic and granitic bedrock can be considered a “no-flow boundary” for 
purposes of a regional- supply analysis, in comparison to the sand and gravel 
aquifers in the region. 
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Figure 56.  Well Location for SVR Well #2 Two-and-a-Half-Hour Test 
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Figure 57.  Cooper-Jacob Analysis for SVR Well #2  Two-and-a-Half-Hour Test 
Test Conducted: December 19, 2002 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
  
u = 1.87r2S/Tt   

t = time in days 
 

b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 r = effective radius of  pumping well (ft) 

 
 

Based on the analytical method of Cooper and Jacob (1946) 
 

SVR Well #2 
Open hole = 300-
760ft T= 720 gpd/ft 
S Not Calculable 
Kv/Kh= 1 
b = 460 ft 
r = 0.25 ft 
tc < 1 min 
Q = 50 gpm 
 
Well bore storage analysis 
indicates significant effects 
through eight minutes of 
pumping. Straight-line semi-
log plot after eight minutes 
indicates data suitable for 
transmissivity analysis. 
 
Derivative analysis supports 
method after 20 minutes. 
 

Derivative 
Data: + 
Curve: 
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Figure 58.  Recovery Analysis for SVR Well #2  Two-and-a-Half-Hour Test 
Test Conducted: December 19, 2002 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer thickness in feet (ft), estimated from well logs in the area 
r = effective radius of pumping well (ft) 
 

Based on the analytical method of Theis (1935). 
 

SVR Well #2 
Open hole = 300-760ft 
T=270 gpd/ft 
S/S’ =1.0 
Kv/Kh = 1 
b =460 ft 
r = 0.25 ft 
Q = 50 gpm 
 
S/S’ = 1.0 implies no recharge or 
discharge boundaries encountered 
during test. 
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Willow Creek Aquifer Well SVR #6 Twenty-Four-Hour Test 

Overview and Previous Analysis 
 
SVR #6 was drilled by Adamson Pump and Drilling using the air-rotary method during 
January and February of 2004. This well is located in Figure 59 (page 153) as a red 
diamond with a solid boundary. SVR #6 was drilled to a total depth of 740 ft bgl. After 
the 8-inch casing was installed to a depth of 738 ft, a sand-and-cement mixture was 
placed from 730 to 740 ft bgl and the casing perforated with a star perforator between 
depths of 560 and 720 ft bgl. The pretest water level was reported at 450 ft bgl which 
translates to the lowest elevation (about 2,354 ft amsl) of any of the wells discussed in 
this report. SVR #6 was pump tested March 23, 2004. 
 
SVR #6 was completed in a sand portion of the Willow Creek Aquifer between 
elevations of 2,070 and 2,390 feet. Based on the geologic log prepared by Feast 
Geosciences and the water level and log reported on the Well Driller’s Report, the aquifer 
appears to be unconfined. A thick unsaturated zone of “dry” sand with some clay layers, 
overlies the water table at the SVR #6 well site and, according to the Well Driller’s 
Report, extends to ground surface. 
 
SVR #6 was pumped at an average rate of 358 gpm for 24 hours. During the test, water 
levels in the well dropped by 2.73 feet (from an initial level of 482 ft bgl) almost 
immediately. Over the next 2 ½ hours water levels rose and the drawdown actually 
reduced slightly to 2.71 ft suggesting well development (or errors in measurements). 
From 400 minutes through the end of the test drawdown water levels remained constant 
at 2.82 feet, resulting in an end-of-test specific capacity of 132 gpm/ft. Well development 
is also suggested by the constant drawdown for the last approximately 1,000 minutes of 
the test. An increase in drawdown would have been more typical. An increase in 
drawdown that might have occurred could have been offset by well development. Well 
development is the removal of drilling fluids and aquifer material near the well that 
should have taken place before the test. According to the driller, no development 
procedures were carried out prior to testing (Dave Adamson, personal communication, 
August 2007).  
 
Analysis of the drawdown data by SPF (2004b) indicated a transmissivity of almost 
2,000,000 gpd/ft with recovery data indicating 675,000 gpd/ft. In their report they 
summarized that transmissivity was “> 1,000,000 gpd/ft.” Details of the transmissivity 
analysis were not presented but equations on the drawdown plots indicate the Cooper-
Jacob (1946) method was used. As with all pumping tests using only the pumping well 
for data collection, accurate values for storativity could not be (and were not) calculated 
for the SVR #6 test.  
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HLI Analysis 
 
We have re-analyzed the SVR #6 pumping test data. Figure 60 (page 154) shows a semi-
log Theis (1935) analysis for unconfined-aquifer drawdown and recovery of SVR #6. The 
plot shows that several times during the test, drawdown decreased over time. Figure 60 
shows this decrease in drawdown over the periods 8 to 18 minutes, 20 to 70 minutes and 
80 to 200 minutes. During the period 40 to 1,440 minutes drawdown remained constant. 
It appears likely to us that the pumping rate may have been adjusted upward at the start of 
these intervals with subsequent well development causing the drawdown to decrease as 
the well developed. 
 
A rough match of the data was made using the semi-log Theis method, with Hantush 
(1961 a and b) corrections for partial penetration. Because the initial drawdowns were 
also relatively constant, no curve match is possible using early time data. The curve 
match is only approximate because the well developed during pumping, causing 
drawdowns associated with well loss to reduce while drawdowns associated with head 
loss in the aquifer (“formation loss”) increased.  
 
Figure 60 presents both a raw-data plot (upper curve) and plot of the data corrected for an 
estimated maximum well loss of 2.5 ft (lower curve) which was subtracted from all the 
water levels that were measured during pumping.  The estimated maximum well loss of 
2.5 ft was based on the observation that drawdown was 2.72 ft below the initial non-
pumping level almost instantaneously and remained near this level throughout the test 
and then rose almost immediately to 0.16 ft above, after pumping stopped and the water 
in the pump column drained, suggesting that most of the drawdown was the result of well 
loss. Based on the almost immediate drawdowns to 2.72 feet and almost immediate 
recovery to 0.16 ft, we believe that about 2.5 ft of the observed drawdown throughout the 
pumping portion of the test was the result of well loss.  
 
The Theis analysis using the well-loss corrected data indicated a transmissivity of about 
2,000,000 gpm/ft. A Theis curve could not be made to fit the raw data. Because the well 
was developing during the test, the curve match to the well-loss corrected data can only 
be considered approximate. As such, we believe that the transmissivity is greater than 
1,000,000 gpd/ft but we cannot say by how much more. 
 
The derivative analysis generally supports the use of the Theis method to calculate 
transmissivity. As shown on the figure, the calculated derivatives are close to the type 
curve except for the data collected between 200 and 500 minutes. The changes in 
drawdowns that occurred during this time period and the corresponding changes in 
derivatives suggest pumping rate adjustments or inaccuracies in water level 
measurements. 
 
A Cooper-Jacob analysis (not shown) was also attempted using the drawdown data. 
However, because the drawdowns were constant throughout the last 1,000 minutes of the 
test, a meaningful straight-line plot could not be constructed.  
 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

151

No hydraulic boundaries were observed in the pumping test data. A boundary would have 
shown up as a change in slope in the data plot. Because the overall drawdown was so 
small, especially after well loss effects were removed, it is possible that boundary effects 
may have occurred but could not be detected within the resolution of the water level 
measurements. A test at a much higher discharge-rate and of longer duration might allow 
such effects to be measurable.  
 
The semi-log Theis recovery method (Figure 61, page 155) indicates a transmissivity 
value of 650,000 gpd/ft using uncorrected data and 1,000,000 gpd/ft using data corrected 
for partial penetration using the method of Butler (1957).  
 
We believe that neither the drawdown analyses nor the recovery analyses are very 
accurate. The test was performed on a well that was neither properly developed nor 
pumped at a high-enough rate to stress the aquifer sufficiently to generate good data. 
Considering the quality of the test data and the large variation in our analytical results, 
our best estimate of aquifer transmissivity is on the order of 1,000,000+ gpd/ft. Better 
testing would be needed to refine this estimate. SPF indicated similar transmissivity 
values.  
  
The projection of the recovery line (“residual drawdown”) shown in Figure 61 appears to 
project through a t/t’ of 5.1. Any value greater than 1.0 indicates “early” recovery, 
typically a source of recharge. No recharge source is likely, however, since the aquifer is 
too deep to connect to any nearby body of surface water or to allow for pump-test 
discharge water to infiltrate to the aquifer during the test and be “recycled.” It should also 
be noted that full recovery was not actually measured as the data were not collected 
sufficiently long after pumping shut down. It is not known what might have caused this 
projection of “early” recovery. It may be a relic of poor measurement technique, such as 
a data logger shift that was not corrected through the use of accurate hand measurements. 
(A data-logger shift-error or a hand-measurement error of only 0.1 feet would change the 
apparent “early” recovery into an apparent “late” recovery.  Since such a small error is 
entirely possible, little stock should be placed in the “early” recovery).  
 
Storativity could not be calculated from this well test. One or more observation wells are 
needed to generate meaningful data for storativity analysis. Based on the fact that the 
water levels define the top of the Willow Creek Aquifer, we believe that this aquifer is 
unconfined; during pumping, the upper portions of the aquifer would dewater. Based on 
the unconfined nature of the aquifer, a long term pumping storativity is estimated to be on 
the order of 10-2 to 10-1 and possibly higher. 

Well Interference and the Effects of Seasonal Pumping 
 
The Willow Creek Aquifer (in which SVR #6 is completed) appears to us to be highly 
transmissive but bounded in lateral extent. The contact of a clay layer to the south and 
west defines the southern boundary of the aquifer. Low-permeability bedrock to the north 
and east defines the northeast boundary of the aquifer. The bounded aquifer is therefore 
very limited in extent and appears to be disconnected from any significant source of 
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ground-water-underflow (“recharge”) from the Pierce Gulch Sand Aquifer. Infiltration of 
direct precipitation and intermittent stream flow appears to be the only obvious sources of 
direct recharge to this aquifer. We believe these sources of recharge to be relatively small 
in quantity, a conclusion supported by SPF (2004b) who estimated total annual average 
recharge to the Willow Creek Aquifer to be about 4.5 cfs (about 2,000 gpm). Because of 
the physical limits to the aquifer and small amounts of recharge, seasonal and long-term 
pumping may be limited by recharge and not by interference effects to other wells outside 
the area. No simplified analytical modeling would give meaningful results and therefore 
no such analyses were conducted.   

Conclusions 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. SVR #6 is completed in the highly-transmissive Willow Creek Aquifer that is 
bounded in lateral extent by clay in the south and west, and bedrock in the north 
and east.  

 
2. The hydraulic effects of the bounded aquifer were not observed in the pumping-

test data, probably because the test put insufficient stress on the aquifer (pumping 
rate too low) and was too short in duration. 

 
3. The Willow Creek Aquifer is deep and is composed of medium-to-coarse-

grained-sand and occasional gravels, with water levels that are deep (450 ft bgl or 
more) beneath the M3 project area. 

 
4. The lower elevation of the aquifer, the greater depth to water in the aquifer, and a 

distinctly different groundwater geochemistry, indicate the Willow Creek Aquifer 
is different and distinct from the Pierce Gulch Sand Aquifer tapped by upland 
wells SVR #7, SVR #9, and wells in the Boise River Valley in the Eagle and Star 
vicinity. 

 
5. Our best estimate of transmissivity of the Willow Creek Aquifer near SVR #6, 

based on the available data, is 1,000,000+ gpd/ft. 
 

6. Although the Willow Creek Aquifer is relatively deep, test data and Well Driller’s 
Reports indicate that the top of the aquifer is defined by a water table, making the 
aquifer unconfined. 

 
7. No meaningful storativity calculations were possible from the existing data. The 

unconfined nature of the aquifer indicates representative values of 10-2 to 10-1 or 
more are likely. 
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Figure 59.  Well Location for SVR Well #6 Twenty-Four-Hour Test 
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Figure 60.  Semi-log Theis Analysis for SVR Well #6  Twenty-Four-Hour Test 
Test Conducted: March 23, 2004 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of  pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer saturated thickness in feet (ft), estimated from log on Well Driller’s Report.  
 

Unconfined drawdown correction: 
s' = s - s2/2b where 
s’ = corrected drawdown (ft) 
s = measured drawdown (ft) 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935) with unconfined drawdown correction 
from Cooper-Jacob (1946) and partial penetration correction of Hantush (1961a and b). 

SVR Well #6 
Screen = 560-720 ft 
T > 1,000,000 gpd/ft 
S = Not Calculable 
Kv/Kh= 0.1 
b = 290 ft 
r = 0.5 ft 
Q = 358 gpm 
 
Results only approximate because the 
well developed during testing, 
affecting drawdown plot. Curve match 
only intersects very early and very-
late-time data. An estimated maximum 
well loss of 2.5 feet was subtracted 
from raw data based on almost 
instantaneous initial drawdown of 2.5 
ft. (See text for details). 
 
Derivative type curve fit only 
approximate indicating transmissivity 
analysis is only approximate. 
 
Partial penetration corrections applied 
(Hantush, 1961a and b). 

Raw Data 

Well-Loss 
Corrected Data 
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Figure 61.  Recovery Analysis for SVR Well #6  Twenty-Four-Hour Test 
Test Conducted: March 23, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer saturated thickness in feet (ft), estimated from log on Well Driller’s Report.  
r = effective radius of  pumping well (ft) 
 
spp = 0.62 s observed   where: 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Theis (1935). 
Partial penetration corrections from Butler (1957). 

SVR Well #6 
Screen = 560-720 ft 
T=650,000 gpd/ft 
(no PP corrections) 
T=1,000,000 gpd/ft  
(with PP corrections) 
S/S’ = “5.1” 
Kv/Kh= 0.1 
b = 290 ft 
r = 0.5 ft 
Q = 358 gpm 
 
High value of S/S’ is likely incorrect 
as no significant nearby recharge 
source is likely. Data logger 
transducer may have shifted 
downward during test giving apparent 
“early recovery.” 
 
Partial penetration correction makes 
calculated T for whole-aquifer 
thickness about 50-percent larger than 
value calculated without PP 
correction. 

Raw Data 

Butler-
corrected 
Data 
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Willow Creek Aquifer Well SVR #10 Twenty-Four-Hour Test 

Overview and Previous Analysis 
 
SVR #10 was drilled by Adamson Pump and Drilling using the mud-rotary drilling 
method during June and July of 2004. SVR #10 was drilled to a total depth of 1,005 ft bgl 
and completed with stainless steel well screen open to the aquifer between depths of 630 
and 640 ft bgl. This well is located in Figure 62 (page 160) as a red diamond with a solid 
boundary. The pretest water level was the deepest measured for any well discussed in this 
report at 482 feet below ground surface. SVR #10 was pump tested August 19, 2004. At 
the end of the test, the drawdown was 59.9 ft, resulting in an end-of-test specific capacity 
of 0.92 gpm/ft 
 
SVR #10 is completed in a deep sand aquifer which lies between elevations of 2,200 and 
2,390 feet. As with SVR #6, the water table appears to define the top of the aquifer, 
making the aquifer unconfined. Based on our interpretation of the Well Driller’s Report, 
an unsaturated zone of “dry” sand overlies the water table in the Willow Creek Aquifer 
and appears to extend to the ground surface. 
 
SVR #10 was pumped at an average rate of 55 gpm for 24 hours. During the test, water 
levels in the well dropped to within 0.1 foot of full drawdown of 59.9 feet within 8 
minutes of pumping and remained at this level for the remainder of the 24-hour test 
period. If not for the effects of well-bore storage, we believe that the drop in pumping 
water levels to almost full drawdown would have occurred even sooner in the test. As 
with SVR #6, most of the 59.8 feet of drawdown is believed to be due to frictional well 
loss. Even though pumping at 55 gpm would not typically cause such a large well loss, it 
appears that unplanned and apparently uncorrectable partial exposure of the well screen 
during well construction lead to the large well losses.  
 
The drilling and installation of SVR #10 was problematical. SPF (2004b) indicates that 
the initial borehole for SVR #10 was abandoned as a test well after the drill bit and 
several hundred feet of drive pipe were left in the hole and the well casing “broke or 
buckled at 520 ft.” SPF (2004b) does not indicate whether the bore hole was completed 
as a water level monitoring point or abandoned. They do indicate that “it may be possible 
to use the well for measuring water levels but for all intents and purposes the original 
well was lost,” suggesting that it was not abandoned.  
 
A second borehole was then started 25 feet away from the original borehole that resulted 
in a well completion that was also different from that originally planned. According to 
SPF (2004b), the original intent was to expose both top and bottom screen sections to the 
aquifer. However, the screen assembly “became stuck during installation” and was 
installed with the upper portion of the screen still within the 8-in casing and the lower 
portion of the screen exposed to a zone “consisting primarily of clay” and not the original 
sand zone targeted through geophysical logging. We believe that it is likely that most of 
the water produced during pumping had to flow from the overlying clean sand through 
the clay zone (or the filled annulus surrounding the well casing) and therefore caused a 
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significant lowering of head (water level) during the test. Therefore, any calculated 
transmissivities are likely to be erroneous. 
 
SPF did not calculate a transmissivity from the drawdown or recovery data. As with all 
pumping-well-only tests, storativity could not be (and was not) calculated from the SVR 
#10 test data.  

HLI Analysis 
 
Our reanalysis of the SVR #10 test data was problematical because the well was 
misconstructed, as discussed above. Figure 63 (page 161) presents a Cooper-Jacob plot 
which indicates a transmissivity value of about 300,000 gpd/ft.  This transmissivity value 
is based on the relatively flat line shown on Figure 63 for data obtained after 10 minutes 
of pumping. Because the plot is so flat, a more accurate assessment could not be made. 
The mid-to-late-time data (after 10 minutes) were used in the analysis because the early-
time data did not plot as a straight line. Even if they had plotted as a straight line, the 
transmissivity value of 700 gpd/ft indicated by this early-time plot would be 
unrealistically small for the more than 100 feet of “clean sand” and “sand and gravel” 
aquifer, as indicated in the Well Driller’s Report. In actuality, the transmissivity for the 
Willow Creek Aquifer near SVR #10 is likely in excess of 300,000 gpd/ft, but not as 
large as that at SVR #6. The Driller’s Report for SVR #10 indicates a significant part of 
the coarse grained-sand and gravel portion of the deposit lies above the saturated zone 
(and is therefore dry). It also indicates that the saturated portion of the sand aquifer is 
relatively finer at SVR #10 than it is at SVR #6. Therefore, the transmissivity in this area 
is very likely to be significantly less than it is at SVR #6, both because of lower 
permeability (from the relatively finer-grained deposits) and thinner aquifer (saturated 
portion of the entire deposit) thickness. The smaller saturated thickness at SVR #6 
(compared to SVR #10) is probably because SVR #6 is located on the up-thrown side of 
the fault (shown on Figure 62) while SVR #10 is on the down-dropped side. 
 
The recovery analysis presented in Figure 64 (page 162) yielded no meaningful results. 
The data show a steep initial recovery curve (t/t’ < 150) followed by a flat line at “full 
recovery.” Such a curve yields no data that can be meaningfully analyzed. The two lines 
are likely the result of the flawed well construction discussed above. 
 
Because there were no observation wells for this test, storativity could not be calculated. 
One or more observation wells are needed to generate meaningful data for storativity 
analysis. As with SVR #6, we believe that the Willow Creek Aquifer in the vicinity of 
SVR #10 is unconfined. Based on the unconfined nature of the aquifer, we estimate a 
long-term storativity on the order of 10-2 to 10-1 and possibly larger. 

Well Interference and the Effects of Seasonal Pumping 
 
As with SVR #6, no analyses for well interference and long-term pumping impacts were 
conducted for SVR #10.   
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Conclusions 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. SVR #10 is completed in the highly-transmissive and highly bounded Willow 
Creek Aquifer. The aquifer is bounded in lateral extent by clay in the south and 
west, and bedrock in the north and east. No boundary effects are apparent in the 
limited pumping-test data. 

 
2. The hydraulic effects of the bounded aquifer were not observed in the pumping-

test data, probably because: a) the well was misconstructed, b) the test did not 
sufficiently stress the aquifer (pumping rate too low), and c) the test was too short 
in duration. 

 
3. Calculated transmissivity for the deep aquifer near SVR #10 is greater than 

300,000 gpd/ft; a very high value. Misconstruction of SVR #10 that resulted in a 
highly inefficient well, makes a more exact analysis of transmissivity in the 
vicinity of SVR #10, problematic. Because the aquifer at SVR #10 is thinner and 
composed of finer-grained materials, we believe the transmissivity is likely to be 
much smaller at SVR #10 than it is at SVR #6. 

 
4. Although the coarse-grained sand aquifer is relatively deep, Well Driller’s 

Reports indicate that the top of the aquifer is defined by a water table making the 
aquifer unconfined. 

 
5. No meaningful storativity calculations were possible from the existing data. The 

unconfined nature of the aquifer indicates representative values of 10-2 to 10-1 or 
more are likely. 
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Figure 62.  Well Location for SVR Well #10 Twenty-Four-Hour Test 
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Figure 63.  Cooper-Jacob Analysis for SVR Well #10 Twenty-Four-Hour Test 
Test Conducted: August 19, 2004 
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Parameters
T = 1.224E+5 gal/day/ft
S = 5.679E-307

 
T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer saturated thickness in feet (ft), estimated from log on Well Driller’s Report. 
 
Unconfined drawdown correction: 

s' = s - s2/2b where 
s’ = corrected drawdown (ft) 
s = measured drawdown (ft) 
b = aquifer saturated thickness (ft) 

 
Based on the analytical method of Cooper and Jacob (1946). 

SVR Well #10 
Depth = 640 ft 
T≈ 300,000? gpd/ft 
S Not Calculable 

Kv/Kh= 0.1 
b = 190 ft 
tc < 1 min 
r = 0.5 ft 
Q = 55 gpm 
 
T value only approximate. 
Early time data appears to 
represent lower zone screened in a 
clayey sand. Late-time data (after 
ten minutes) appears to represent 
leakage from upper zone where 
screen is cased off. Water appears 
to flow from upper zone to well 
through annular space along 
casing. See text for details. 
 
Derivative type curve fit poor for 
early time, good for late time 
approximate indicating Cooper-
Jacob analysis is only 
approximate. 

T~ 700 gpd/ft  

T ≈ 300,000? gpd/ft  
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Figure 64.  Recovery Analysis for SVR Well #10  Twenty-Four-Hour Test 
Test Conducted: August 19, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer saturated thickness in feet (ft), estimated from log on Well Driller’s Report  
r = effective radius of pumping well (ft) 
 

Based on the analytical method of Theis (1935). 

SVR Well #10 
Depth = 640 ft 
T= no realistic value  
S/S’ = no realistic value 

Kv/Kh= 0.1 
b = 190 ft 
r = 0.5 ft 
Q = 55 gpm 
 
Test invalid: 
Early recovery curve is too steep and 
indicates a T of less than 300 gpd/ft. 
Late recovery (after 10 minutes) 
curve is flat and indicates infinite 
transmissivity. S/S’ indicates 
“extremely early” recovery and 
therefore very large recharge 
boundary. These behaviors suggest 
flow from upper (cased-off) zone to 
lower zone. See text for details. 
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Upland Pierce Gulch Sand Aquifer Well SVR #7 Twenty-Two-Hour 
Test 

Overview and Previous Analysis 
 
Well SVR #7 was drilled and tested in Big Gulch, within the upland project area. 
Adamson Pump and Drilling performed the work using the direct mud-rotary drilling 
method during March and April of 2004. This well is located in Figure 65 (page 169) as a 
red diamond with a solid boundary. SVR #7 was drilled to a total depth of 815 ft bgl and 
completed with a combination of torch-cut perforations in the well casing (340-350 ft 
bgl) and a louvered, steel-pipe, well-screen ((280-340 ft bgl). As shown in Table 3 (page 
247), SVR #7 is completed in the middle portion of the Pierce Gulch Sand Aquifer which 
lies between elevations of 2,276 ft amsl and 2,536 ft amsl. According to the well driller 
(D. Adamson, personal communication, October 2007) the well was not developed prior 
to testing. The reported pretest-water-level was 160.54 ft bgl, equivalent to an elevation 
of about 2,555 ft amsl. SVR #7 was pump tested August 19, 2004. At the end of the test 
the maximum drawdown was 31.04 ft for an end-of-test specific capacity of 16.1 gpm/ft. 
The “Big Gulch stock well,” a 4-in well used for observation 845 ft from the pumped 
well, had an end-of-test drawdown of 0.54 ft.  This well is located in Figure 65 as a green 
diamond with a dashed boundary. 
 
The Well Driller’s Reports for SVR #7 indicate a water level that is slightly above the 
sand layer at the top of the aquifer suggesting a semi-confined to confined aquifer. 
During pumping significant enough to cause the water level near the pumping well to 
drop below the confining layer, we expect the aquifer would behave as an unconfined 
aquifer in the affected area. 
 
SPF (2004b) reports that a 22.75-hour test was started on April 21, 2004, beginning as a 
stepped-rate test with rates of 300, 400 and 500 gpm. After the final increase to 500 gpm 
at 55 minutes into the test, water levels in the well dropped to 31.17 ft bgl and then rose 
slightly throughout the remainder of the test. We suspect that this rise was caused by the 
well continuing to develop as the well was pumped for the first time after only minor pre-
test development. (SPF indicated that the well was air-lifted for two hours at rates far less 
than the pumping rate during the test.) This development makes test data analysis an 
approximation at best. Analysis of the drawdown data by SPF indicated a transmissivity 
of 270,000 gpd/ft with recovery data indicating 370,000 gpd/ft.  A previously un-named 
well (referred to in our reanalysis as the “Big Gulch stock well”) indicated a 
transmissivity of 240,000 gpd/ft for drawdown data and 307,000 gpd/ft for recovery data. 
No storativity value was given or discussed, even though an observation well was used to 
assess aquifer properties. 

HLI Analysis 
 
HLI reanalyzed the pumping test data from SVR #7 collected by SPF (2004b). Figure 66 
(page 170) shows a Theis (1935) analysis for step-rate drawdown and recovery of SVR 
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#7. Because the curve is so flat and the drawdown actually declines during the later parts 
of the test, well development during the test is indicated. We have estimated a 
transmissivity of about 150,000 gpd/ft but because of well development, we consider this 
value to be only an estimate. This analysis does not include corrections for well loss 
which are likely to have been large, possibly in excess of 25 feet, as the well recovered to 
a “negative” residual drawdown (water level higher than before testing started) during the 
first minute of recovery. After three minutes of recovery, the residual drawdown was 1.6 
ft indicating that most of the 31 ft of drawdown during pumping was caused by well loss. 
However, because of well development, we have not conducted an analysis with this well 
loss removed.  
 
The derivative analysis generally does not support the use of the Theis method to 
calculate transmissivity. As shown on the figure, the calculated derivatives vary 
considerably with many negative values (caused by well development) that cannot be 
shown on a log-log plot. The results of the analysis, therefore, are only approximate. 
 
A Cooper-Jacob (1946) analysis was not possible because a straight line through the data 
associated with any one of the pumping steps would have a negative slope, invalidating 
the method.  
 
A Theis recovery analysis is shown in Figure 67 (page 171). The variations in levels 
above and below the straight line indicate that this analysis is also approximate, but 
possibly more likely to be representative than is the drawdown analysis because well 
development does not affect recovery analyses. We estimate a transmissivity of 300,000 
gpd/ft from the recovery data. We have not applied partial penetration corrections to this 
analysis because the degree of penetration is not accurately known because of the well 
construction that includes both louvered well “screen” and torch-cut perforations. Partial 
penetration corrections would indicate a transmissivity larger than the 300,000 gpd/ft 
calculated above. 
 
The Big Gulch stock well was used in the test to calculate aquifer transmissivity and 
storativity but the lack of any geologic, as-built construction details and/or Well Driller’s 
Reports limits its value. Nothing is known about the geology of the drilled section 
penetrated by this well. (A search was made of IDWR files, but no Well Driller’s Reports 
could be found.) Figure 68 (page 172) shows a Theis plot for the Big Gulch Stock Well.  
 
A straight-line plot with a slope of one on a radial flow analysis (not shown) appeared to 
indicate that well-bore storage affected drawdown during the entire test. This type of 
response from a 4-in well in what should be a highly transmissive aquifer may suggest 
that the open-hole well was partially plugged with low-permeability material. The 4-inch 
pipe probably accumulated sand in-fill and pipe-scale over long periods of use which 
may have caused the observed effect. The low permeability material would slow the 
movement of water from out of the well into the aquifer in response to pumping. If the 
well was partially plugged, the results of the analysis are likely to be inaccurate. A 
comparison (not shown) of the results of the Theis analysis with the results generated 
using the Papadopoulos-Cooper (1967) method (a method that corrects for well-bore 
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storage effects) indicated no measurable difference. The apparent straight line on the 
radial flow analysis does not appear to be caused by well bore storage. Flow restriction or 
blockage in the well or well screen appears to be more likely.   
 
Only an approximate match could be made using the Theis (or Papadopoulos-Cooper) 
methods. This may be because of partial plugging of the well or it may be because of 
careless water level monitoring. It was noted in the test data sheet that a “static” water 
level was not measured prior to the start of pumping. This may explain in part the poor 
curve match if initial water level indicated in the SPF report lead to incorrect drawdown 
calculations subsequently used in our analysis. It may also be that the observation well is 
completed in a portion of the aquifer slightly different from that of the pumped well. 
Finer-grained aquifer materials or partial completion in a zone coupled to the aquifer but 
partially separated by silt or clay layers may help explain the delayed and atypical 
response of the observation well. Our analysis indicates an approximate transmissivity of 
about 180,000 gpd/ft. 
 
Figure 69 (page 173) shows recovery of the observation well after pumping stopped. The 
variation of the data from the straight line plot is similar to that observed in the pumping 
well. The drawdown curve indicates a transmissivity of 290,000 gpd/ft, a value that is 
similar to that indicated by the pumping well recovery data.  
 
The drawdown data for the observation well (Figure 68) allow for only an approximation 
of the short-term storativity. The poorly fitting type curve indicates a storativity on the 
order of 1x10-2, a value that indicates an unconfined aquifer.  With heavy pumping over 
the long term, we believe the water level in the aquifer could drop below the overlying 
confining bed and cause the upper portions of the aquifer to dewater possibly causing the 
storativity to become greater than 10-2. These values are also considered approximations 
because: 1) the lack of well-construction information adds uncertainty, 2) the observation 
well may be partially plugged, 3) the observation well is completed higher in the aquifer 
than the pumping well and 4) clay layers lying stratigraphically between the elevations of 
the pumping and observation wells may have affected the short-term drawdown response 
in the observation well.  
 
It should be noted that the stress on the aquifer at SVR #7 was not as large as would be 
desired. The well was only pumped at 500 gpm with most of the drawdown in the 
pumping well likely caused by well loss. (The well was completed with perforated casing 
and a louvered well “screen” with a smaller percentage of open area to the aquifer 
compared to a wire-wound screen. The smaller open area allows far less water to pass 
into the well and with considerably more well loss than that which would occur with a 
wire-wound screen.) Because well loss was so high and the test of limited duration (22 
hours), drawdown stress within the aquifer was small. Consequently, only the pumping 
well and a nearby observation well were measured during the test. A larger pumping rate 
and a longer test would have allowed for better characterization of the aquifer through the 
use of more distal observation wells. 
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Well Interference and the Effects of Seasonal Pumping 
 
SVR #7 is completed into the regional Pierce Gulch Sand Aquifer, as are the Kling 
Irrigation well and most other production wells in the vicinity of the Cities of Eagle and 
Star. Currently, no large-bore production wells are completed within this aquifer near 
SVR #7. Production wells are planned, however, in the general vicinity of the SVR #7 
site so we simulated the distance-drawdown effects of a hypothetical well.  
 
To compensate for any uncertainty in the results of our analyses, we have used a range of 
values for transmissivity, along with two different storativity values, in a simulation to 
predict interference effects in the aquifer at distances to almost 4 miles from a 
hypothetical production well at this location. In this simulation, the Theis method was 
used to generate a drawdown curve as a function of distance from a hypothetical well at 
the SVR #7 site pumping at 1,000 gpm which is a likely future pumping rate for a well in 
this area. The Theis method was selected as it is generally conservative (tending to over-
estimate drawdown) as it does not consider leakage from overlying zones or the capture 
of recharge. The following transmissivities were used in three separate simulations:  
500,000 gpd/ft (possible upper end), 300,000 gpd/ft (observed recovery test results) and 
150,000 gpd/ft (results of pumping well drawdown analysis). We used the storativity 
calculated from the test data (1x10-2) and a value calculated from other Pierce Gulch 
Sand Aquifer tests (3x10-4) in separate simulations. An image well was used to simulate 
the hydraulic effects of the no-flow boundary represented by the edge of the aquifer as 
shown by the “green line” on Figure 65.  
 
Our results are presented in Figure 70 (page 174) which shows that at the end of 90-days 
of continuous pumping, interference drawdowns in the range of 1 to 5 feet are predicted 
for wells completed in the aquifer at a distance of one mile away from the SVR #7 site 
and may be on the order of ½ to 1½ feet at a distance of four miles away. As discussed in 
the methods section above, this analysis is conservative and is likely to over-estimate 
interference because, we believe, the drawdown cone of depression from the pumping 
well would probably expand sufficiently to capture recharge equal to the pumping rate 
before 90 days, such that the pumping water level in the well would cease to draw down. 
The Theis analysis assumes no recharge (water pumped by a well only comes from 
aquifer storage) and that the pumping water level in a well will always continue to draw 
down. In reality (and observed many times, in our experience) the rate of drawdown in a 
well pumped for 90 days in an environment like that of the Pierce Gulch Sand Aquifer, 
typically declines or becomes unmeasurable before 90 days. 
 
We consider the predicted interferences to be only an approximation because the Pierce 
Gulch Sand Aquifer system is not uniform. The actual drawdown that would occur with 
summer-long pumping will vary from our predictions, depending on the actual properties 
of the aquifer between the SVR #7 site and a given point of interest. We used a range of 
transmissivities and storativities to address the uncertainty of the properties of the aquifer 
at this, and other, locations within the Pierce Gulch Sand Aquifer. The prediction gives 
general guidelines for the amount of interference that could be caused by a large supply 
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well constructed near SVR #7, on other wells completed in the Pierce Gulch Sand 
Aquifer, near the M3 Eagle site. 

Conclusions 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. Based on elevation, water levels in wells, geophysics and geology, the sand 
aquifer beneath the upland area is a part of the same regional Pierce Gulch Sand 
Aquifer tapped by the production wells in the Boise River Valley in the Eagle-
Star vicinity. 

 
2. SVR #7 is completed in a highly-permeable portion of the aquifer. Our analysis of 

test data indicate a transmissivity of about 300,000 gpd/ft. the actual value may be 
higher as inefficient well construction and uncertainty in the data make an 
accurate analysis impossible. 

 
3. Our analysis indicates a storativity of 1x10-2 representative of an unconfined 

aquifer.  The lithologic log on the Driller’s Report, though, suggests a semi-
confined aquifer. Longer-term pumping (several weeks or more) at high discharge 
rates (several thousand gpm) might eventually dewater  the upper portions of the 
aquifer near pumping centers causing the storativity to appear greater than 1x10-2, 
possibly to 0.20 or more. 

 
4. A simulation of a hypothetical well pumping continuously at 1,000 gpm for 90 

days indicated that interference drawdowns in wells completed one mile away 
would be on the order of 1 to 5 feet. At a distance of 4 miles, interference 
drawdowns on the order of ½ to1½ foot are predicted. 

 
5. Long-term designated observation wells should be constructed near future 

production wells and monitored during testing and long-term production in order 
to provide data to better quantify the behavior of the aquifer system in response to 
prolonged pumping over time. 

 
6. The hydraulic characteristics of the aquifer are not well known beneath this 

portion of the project area; the SVR #7 well test conducted in this area had several 
issues that compromise the test results and therefore an improved understanding 
of the aquifer. The test was of short duration, the well was poorly constructed 
with perforated casing and a louvered well screen (and therefore, highly 
inefficient) and the test was conducted before the well was properly developed.  

 
7. Ideally, future aquifer tests should be conducted on wells that are properly 

completed in a significant portion of the aquifer and which are fully penetrating. 
In lieu of that, completing development of SVR #7 followed by a quality-
controlled and well-orchestrated proper pumping test of two to seven days or 
more, at as high a rate as possible (900 gpm or more), monitoring all nearby 
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wells, could help to clarify aquifer properties in a portion of the Pierce Gulch 
Sand Aquifer that appears to be very transmissive.  



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

169

 
Figure 65.  Well Locations for SVR Well #7 Twenty-Two-Hour Test 
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Figure 66.  Theis Analysis for SVR Well  #7 Twenty-Two-Hour Step-Rate Test 
Test Conducted: April 21, 2004 
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T  = 1.514E+5 gal/day/ft
S  = 1.561E-20
Kz/Kr = 0.1
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
Variations from “smooth,” semi-log curve the result of Aqtesolv® generating type curve 
based on variations in reported pumping rate. Poor match during early time suggests 
flawed data. 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961a and b). 
 

SVR Well #7  
Screen 280-350 ft 
T≈ 150,000? gpd/ft 
S Not Calculable 
Kv/Kh= 0.1  
b = 260 ft 
r = 0.33 ft 
Q = 300, 400 and 500 gpm 
 
Curve match is only approximate. 
Curve too flat and actually declines 
during all three pumping stages (rates) 
such that good match not possible.  
Decline indicates development of well 
during pumping and therefore 
indicates an incorrect transmissivity 
value.  
Partial penetration correction of 
Hantush (1961) applied. 
 
Derivative type curve fit poor 
indicating transmissivity analysis is 
very approximate. 
 
No well loss correction applied. 

300 gpm 
400 gpm 

500 gpm 
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Figure 67.  Recovery Analysis for SVR Well  #7 Twenty-Two-Hour Test 
Test Conducted: April 21, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
r = effective radius of pumping well (ft) 
 

Based on the analytical method of Theis (1935) 
 

SVR Well #7  
Screen 280-350 ft 
T≈ 300,000 gpd/ft 
S/S’ = 0.85 
Kv/Kh= 0.1 
b = 260 ft 
r = 0.33 ft 
Q = 300, 400 and 500 
gpm 
 
Only late recovery time data (t/t’ 
less than 10, equivalent to 2 hours 
and 20 minutes after pump shut off) 
plot as straight line. S/S’ less than 
1.0 suggests “late” recovery / no-
flow boundary. Test too short for 
edge of aquifer to theoretically 
affect data, based on comparison of 
drawdown type curve generated with 
and without boundary. 
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Figure 68.  Theis Analysis for Big Gulch Stock Well SVR#7 Twenty-Two-Hour Test 
Test Conducted: April 21, 2004 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

Big Gulch Stock Well  
Depth = 180 ft. 
T≈ 180,000 gpd/ft 
S ≈  1x10-2 
Kv/Kh= 0.1 
b = 260 ft 
r = 845 ft 
Q = 300, 400 and 500 gpm 
 (at SVR #7) 
 
Curve match is poor. Analytical 
results only approximate. Drawdown 
measurements are probably incorrect 
as original data collection assumed an 
unmeasured pretest water level. Radial 
flow analysis (not shown) suggested 
well-bore storage effects. However, 
Papadopoulos-Cooper method that 
incorporate well-bore storage yielded 
similar result to Theis. Well log is not 
available. Video of well indicates well 
completion in the top portion of the 
tested aquifer.  
 
Derivative type curve fit poor 
indicating transmissivity analysis is 
only approximate. 
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Figure 69.  Recovery Analysis for Big Gulch Stock Well SVR#7 Twenty-Two-Hour 
Test 
Test Conducted: April 21, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935). 

Big Gulch Stock Well  
Depth = 180 ft. 
T= 290,000 gpd/ft 
S/S’ = invalid 
Kv/Kh= 0.1 
b = 260 ft 
r = 845 ft 
Q = 300, 400 and 500 gpm 
 (at SVR #7) 
 
Straight-line match may be valid (for 
T) but projection of line to residual 
drawdown = 0 (that indicates S/S’) is 
invalid because pretest water level was 
not measured. Recovery plot is likely 
transposed downward by an unknown 
amount. Therefore, possible boundary 
and recharge effects are not indicated.  
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Figure 70.  HLI’s Predicted Drawdown Interference at the End of Summer 
Pumping from a Production Well at the SVR#7 Location  
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Pierce Gulch Sand Aquifer Well  SVR #9 Three-Hour Test 

Overview and Previous Analysis 
 
Well SVR #9 was drilled and tested in Little Gulch, by Stevens and Sons Well Drilling 
under the direction of Scanlan Engineering using the mud-rotary drilling method, during 
June of 2004. This well is located in Figure 71 (page 178) as a red diamond with a solid 
boundary. SVR #9 was drilled to a total depth of 806 ft bgl and completed with a 6-in 
stainless steel, well-screen open to the aquifer between 235 and 263 ft bgl. The lower 
portion of the borehole between 806 and 265 ft bgl was backfilled with bentonite chips. 
SVR #9 is completed within part of the Pierce Gulch Sand Aquifer which lies between 
elevations of 2,556and 2,483ft amsl beneath the site, as shown in Table 3 (page 247). 
According to Well Driller’s Report (Appendix A), the upper portions of the Pierce Gulch 
Sand at this location are unsaturated (“dry”) indicating that the aquifer is unconfined with 
the upper surface of the aquifer being defined by water table conditions. The pretest 
water level was 197.33 ft bgl, equivalent to an elevation of about 2,556 ft amsl. SVR #9 
was pump tested June 23, 2004, for a period of 3.3 hours at a rate of 43 gpm. At the end 
of the test, the maximum drawdown was 13.8 ft, for an end-of-test specific capacity of 
3.1 gpm/ft.  A nearby well (Little Gulch Stock well) was not measured during the test.   
 
Data from the SVR #9 pumping test are presented in SPF (2004b). Within the first 10 
minutes of pumping, the water level in the well drew down to about 13.7 feet where it 
remained (with minor fluctuations) for the remainder of the test. Drawdown was 
relatively flat during the test and at some times even appeared to decrease. It is not 
known whether the apparent decrease was the result of pumping rate variations, errors in 
measurement, or well development. Because of the quick rise of the drawdown curve, we 
believe it is likely that a significant portion (10 feet or more) of the total drawdown was 
the result of well loss. 
 
SPF did not calculate a meaningful transmissivity from the drawdown or recovery data. 
Their report presented blank log-log graph sheets for Theis analysis and blank semi-log 
graph sheets for Cooper-Jacob analysis with none of the data plotted. In the text they 
indicated an estimated range of 4,500 to 20,000 gpd/ft for transmissivity of the aquifer in 
the vicinity of SVR #9 but called their estimate “uncertain.”  As with all single-well 
pumping tests, storativity could not be calculated.  

HLI Analysis 
 
The pumping test data for the SVR #9 pumping tests were re-analyzed by HLI. A 
Cooper-Jacob straight-line analysis for SVR #9 is presented in Figure 72 (page 179). An 
approximate transmissivity of 120,000 gpd/ft was calculated. The Theis analysis 
presented in Figure 73 (page 180) also indicates a transmissivity of 120,000 gpd/ft.  
 
A comparison of calculated transmissivities using the Theis method with and without 
partial penetration corrections of Hantush (196a and b) indicated only a five percent 
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difference, suggesting that partial penetration effects are small at this well. The low 
significance of partial penetration corrections is supported by a comparison of the well 
screen length and the thickness of the aquifer: The well is open to the middle 30 feet of 
the 73-foot thick sand aquifer pierced by the well, a condition where partial penetration 
effects would be relatively small according to Walton (1962). Thus, Cooper-Jacob 
analysis using data with Butler (1957) corrections were not made; only raw data were 
analyzed.  
 
In both the Theis and Cooper-Jacob analyses, the data plots are relatively flat making the 
analytical results approximate. The relatively poor match of the derivative type curves 
and the derivative data in both analyses also indicate the results are only approximate. 
The lower transmissivity values for SVR #9 (in comparison to SVR #7) suggest the 
aquifer is thinner and/or less permeable at SVR #9 than it is near SVR #7. A thinner, less-
permeable aquifer is also indicated by the geologist’s logs (based on analysis of drill 
cuttings by Feast Geosciences and supported by an uncalibrated, analog down-hole, 
single point resistivity geophysical log) for these wells.  
 
The lack of measurements from the nearby Little Gulch stock well during this test makes 
a meaningful calculation of storativity impossible. However, based on the geologic logs 
and the unconfined nature of the aquifer and the analysis of SVR #7, we estimate a 
storativity of about 0.20 or more.  

Well Interference and the Effects of Seasonal Pumping 
 
SVR #9 is completed near the edge of the regional Pierce Gulch Sand Aquifer. The 
aquifer is thinner at this location than it is at all other locations for well-tests reviewed in 
this report. This location is also close to the perceived edge of the aquifer, as indicated by 
the green line in Figure 69. The edge of the aquifer would act as a no-flow boundary 
during pumping, increasing the drawdown in a pumping well by as much as two times 
that which would occur without such a no-flow boundary. In addition, the water level is 
relatively low, resulting in a limited amount of available drawdown for pumping. 
 
For the reasons above, placement of a production well near SVR #9 is not recommended. 
For this reason a simulation of distance-drawdown interference for a properly designed 
and completed production well was not specifically undertaken for this well site.  

Conclusions 
 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

1. Based on elevation, water levels, geophysics and geology of the SVR#9 well, the 
sand aquifer beneath the SVR #9 site appears to be the bottom portion of the 
Pierce Gulch Sand Aquifer. 

 
2. SVR #9 is completed near the edge of the highly-permeable Pierce Gulch Sand 

Aquifer with a transmissivity of about 120,000 gpd/ft.  
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3. The top of the aquifer appears to be defined by the water table in the vicinity of 

SVR #9. The Pierce Gulch Sand above the water table at this location is 
unsaturated (“dry”). The aquifer is therefore unconfined with an estimated 
storativity of 0.20 or higher.  

 
4. The hydraulic characteristics of the aquifer are not well known beneath this 

portion of the project area; the well test conducted in SVR #9 had several issues 
that compromised the test results and therefore the understanding of the aquifer. 
The test was of short duration, the well was poorly developed prior to testing, and 
the pumping rate of only 43 gpm, is not considered high enough to adequately 
stress the aquifer. The low pumping rate resulted in a test-data plot that was 
relatively flat, making analyses only approximate.  
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Figure 71.  Well Location for SVR Well #9 Three-Hour Test 
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Figure 72.  Cooper-Jacob Analysis for SVR Well #9 Three -Hour Test 
Test Conducted: June 23, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

 
tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 

 
u = 1.87r2S/Tt   

t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 

 
Unconfined drawdown correction: 

s' = s - s2/2b where 
s’ = corrected drawdown (ft) 
s = measured drawdown (ft) 
 

 
Based on the analytical method of Cooper and Jacob (1946). 
 
 
 

SVR Well #9 
Screen = 235-263 ft 
T ≈ 120,000 gpd/ft 
S Not Calculable 
Kv/Kh= 0.1 
b = 73 ft 
tc < 1 min 
r = 0.5 ft 
Q = 43 gpm 
 
Line fit only approximate as data are 
variable. Probable well development during 
test likely caused drawdown plot that is 
misleading.  
 
Derivative type curve fit only approximate 
indicating transmissivity analysis is only 
approximate. 
 
No usable recovery data.  The test was 
incomplete and poorly conducted. 
 
Partial penetration corrections not critical. 
See text for details. 
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Figure 73.  Theis Analysis for SVR Well #9 Three-Hour Test 
Test Conducted: June 23, 2004 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer saturated thickness in feet (ft), estimated from log on Well Driller’s Report 
 
Unconfined drawdown correction: 

s' = s - s2/2b where 
s’ = corrected drawdown (ft) 
s = measured drawdown (ft) 

 
Solid Line represents “type curve” where T and S best match observed drawdown 
Based on the analytical method of Theis (1935) with unconfined drawdown correction 
from Cooper-Jacob (1946) and with partial penetration corrections of Hantush (1961a 
and b).

SVR Well #9 
Screen = 235-263 ft 
T ≈ 120,000 gpd/ft 
S Not Calculable 
Kv/Kh= 0.1 
b = 73 ft 
r = 0.5 ft 
Q = 43 gpm 
 
Curve fit only approximate as well 
developed during test causing drawdown 
curve that is too flat: Transmissivity only 
approximate. No usable recovery data.   
 
Derivative type-curve fit is poor and does 
not support the analysis.  Indicated results 
are only approximate. 
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Sandy Hill Aquifer Well TPW #1 Seventy-One-Hour Test 

Overview and Previous Analysis 
Based on the results of a short-term, relatively-low-rate pumping-test on a small-diameter 
well, SPF (2004a) installed a test/production well (TPW #1) in a bounded upland aquifer 
located in the foothills upland northeast of Eagle. The aquifer, consisting of fine-to-
coarse-grained sand, was informally called the Sandy Hill Aquifer by Scanlan (2003). It 
was apparently the hope of the land developer that the Sandy Hill Aquifer could be used 
as a regional water supply for the Avimor planned community, now under construction. 
Two wells, TPW #1 and SVR #8 were completed and tested in the Sandy Hill Aquifer to 
better characterize the ability of the aquifer to supply significant quantities of water on a 
sustainable basis from this upland area. A third well that identified the presence and 
initial characteristics of the Sandy Hill Aquifer, SVR #3, was also used in the testing 
program. These wells are located in Figure 74 (page  188) with the pumping well (TPW 
#1) as a red diamond with a solid boundary and the two observation wells (SVR #3 and 
SVR #8) as labeled green diamonds with dashed boundaries. 
 
TPW #1 was completed by Riverside, Inc., using reverse-circulation, mud-rotary drilling 
methods during March, 2004. Its finished casing is 16-inches in diameter, completed to a 
depth of 292 feet with 0.040-inch-opening well screens from 238 to 290 feet below 
ground, and had a reported pretest water level of 177.84 ft bgl which equates to an 
elevation of about 3,422 ft amsl. TPW #1 was pump tested on April 14-17, 2004 for 71 
hours at a rate of 2,050 gpm. At the end of the test, a total drawdown of 16.81 ft was 
reported for an end-of-test specific capacity of 122 gpm/ft.  
 
Exploration/observation well SVR #8 was drilled and completed on April 12, 2004 
approximately 1,000 feet east of TPW #1by Adamson Pump and Drilling using the air-
rotary method. According to the Well Driller’s Report, it is 6-inches in diameter, drilled 
to a depth of 141 feet, and completed with 0.040-inch slot well screens from 136 to 141 ft 
bgl, and had a reported pretest water level of 62 ft bgl.  SPF reports that SVR #8 had 
about 0.7 ft of drawdown at the end of the test.  
 
A third well, SVR #3, an observation well used during testing, is located approximately 
150 feet west of TPW #1. According to the Well Driller’s Report included in SPF (2003), 
SVR #3 was drilled by Stevens and Sons Well Drilling using direct mud rotary methods 
during November and December, 2002. It is 6-inches in diameter, was drilled to a depth 
of 970 feet, completed to a depth of 240 feet with 0.030 to 0.040-inch slot well screen 
from 165 to 240 ft bgl, and had a reported pretest water level of about 175 ft bgl which 
equates to an elevation of about 3,425 ft amsl.  There is no indication on the Well 
Driller’s Report whether the borehole below the well screen was backfilled or sealed. 
SPF reports that SVR #3 had about 0.9 ft of drawdown at the end of the test.  
 
All three wells are completed in the Sandy Hill Aquifer. This aquifer apparently consists 
of fine-to-coarse-grained sand filling a small closed basin surrounded by volcanic rocks 
and granitic bedrock. The aquifer is unconfined with the upper surface of the aquifer 
defined by the water table; sediments above the water table are unsaturated (“dry”). The 
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lateral extents of the aquifer have not been delineated but as observed in the responses of 
the wells during testing (discussed below), the aquifer appears to be highly bounded 
hydraulically by bedrock and may be considered to be a “bathtub aquifer18.” According to 
SPF, recharge from the underflow of ground water to the Sandy Hill Aquifer appears to 
be insignificant. 
 
Pretest development of each well was apparently minimal. SPF (2004a) provides no 
details on development of TPW #1 and states that SVR #8 underwent one half hour of 
air-lift pumping prior to its use as an observation well. SPF (2003) indicates that SVR #3 
was bailed and then pumped at 50 gpm for an unspecified time period.  
 
A 71-hour pumping test was conducted over the period April 14 -17, 2004.  Initially 
planned as a constant rate test, TPW #1 was pumped at 600 gpm for the first 8 minutes.  
After 8 minutes (and continued until the end of the 71 hour test), the rate was increased to 
a reported 2,050 gpm effectively resulting in a step-rate test. Water levels were measured 
in the pumping well and the two observation wells using electric probes and Stevens 
water-level float-and-cable chart-recorders. The drawdown in the pumping well at the 
end of the test was approximately 17 feet. The maximum drawdown in SRV #3 was 
about 0.9 feet with 0.6 feet observed in SVR #8. None of the wells completely recovered 
40 hours after pumping ceased.  
 
As shown in Table 3 (page 247), both TPW #1 and SVR #3 appear to be completed in the 
Sandy Hill Aquifer (as indicated by SPF) which lies between elevations of 3308 and 3425 
feet amsl. SVR #8 was also apparently completed in the Sandy Hill Aquifer but since the 
data derived from this well yielded no meaningful analysis, it is not include in Table 3 
nor discussed further in this report. A portion of the discharge flow from a local spring 
called the “Hillside Spring” by SPF, was occasionally measured during the test. The 
measured flow from this spring has been interpreted by SPF as being the sustainable yield 
of the aquifer although their reasoning behind this interpretation is not clear. 
 
Barometric data were also collected, apparently with the intent of adjusting observation 
well data for changes in air pressure that, in turn, cause changes in well water levels that 
are unrelated to actual changes in water levels (potentiometric pressure levels) in the 
aquifer19. The relationship between changes in atmospheric pressure and the water level 
changes these induce in a well is termed “barometric efficiency,” or “BE” for short. SPF 
estimated a BE of 58% for SVR #8, a value that is relatively high for a well completed in 
what appears to be an unconfined aquifer, based on SPF’s review of the geologist’s log 
included in SPF (2004a). Normally, barometric and water level data are collected for 
calculation of BE during a time period when water levels in the aquifer are not affected 
by well pumping. SPF does not make clear which data were used to generate their BE 
calculation. Their only indication of water level and barometric data being collected 

                                                 
18 A “bathtub” aquifer is an aquifer surrounded by low-flow to almost impermeable bedrock with recharge 
only occurring through the infiltration of local precipitation. 
 
19 For a more detailed discussion of barometric effects and their corrections, please see the barometric 
efficiency discussion in Section Five on page 184 of this report. 
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when the well was not being pumped (or not recovering from being pumped) is found on 
a graph in their report that plots water level and barometric pressure collected over an 18-
minute period, a period far too short, in our opinion, to generate sufficient data to 
calculate BE. No analysis was presented for BE corrections for SVR #3.  SPF applied the 
58%-barometric efficiency correction derived for SVR #8 to the data from SVR #3, based 
on the assumption that the BE’s in these two wells would be approximately the same. 
 
Straight-line plot analyses of the drawdown and recovery data from TPW #1 by SPF 
indicated a transmissivity of 361,000 gpd/ft. No storativity value was given or discussed. 
No analyses were presented for the observation wells (SVR #3 and SVR #8), although 
drawdown graphs of raw and corrected data were included in the report. 
 
No analyses of boundaries were presented, although the changes in slope associated with 
boundaries are observable in the drawdown plots included in the SPF report. Instead, SPF 
used an average straight-line projection through the various data points (with and without 
boundary effects) to calculate transmissivity. SPF acknowledges the boundaries of the 
aquifer in their discussion of the limitations of the Sandy Hill Aquifer as a production 
aquifer; they state that high capacity wells (pumping at 2,000 gpm) would only be 
feasible with an artificial source of recharge, as they estimate a long-term average 
recharge rate to the Sandy Hill Aquifer on the order of 60 gpm (95 ac/ft annually). HLI 
believes that this estimate, although small for regional water supply, may even be 
optimistic, as discussed below in the HLI Analysis section, below. 

HLI Analysis 
 
Two Cooper-Jacob (1946) straight-line analyses for TPW #1 are presented in Figure 75 
(page 189). The upper curve shows raw data while the lower curve shows data corrected 
for the effects of partial penetration using the approximates of Butler (1957). The semi-
log plots shows drawdown in four distinct stages. The first occurs over the first 8 minutes 
of the test when the initial pumping rate was a reported 600 gpm. Fluctuating water levels 
suggest that the pumping rate varied and/or there were problems in measuring water 
levels. No meaningful analysis can be made with the observations reported for this first 
stage. 
 
Between 10 and approximately 40 minutes (when the pumping rate was increased to a 
reported 2,000 gpm), the data plot in a relatively straight line, indicating the aquifer 
transmissivity in the vicinity of the pumping well. The Cooper-Jacob analysis for the raw 
data indicates a transmissivity of about 200,000 gpd/ft while the analysis using the 
Butler-corrected data indicates a transmissivity of 300,000 gpd/ft. From about 40 to 600 
minutes the data plot on a straight line of flatter slope, indicating either that the 
drawdown cone of depression in the aquifer encountered a more permeable zone that in 
effect acted as a positive (recharge) boundary, or (less likely in our opinion, see below) 
that the aquifer dewatered through the process of “delayed yield.” After this time (600 
minutes) the rate of drawdown increased resulting in a steeper slope which indicates 
either that one or more no-flow boundaries were encountered by the drawdown cone of 
depression or (less likely, in our opinion) that the delayed yield portion of the test had 
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ended. The no-flow boundaries are highly likely to be the lateral edge of the aquifer 
where the sand contacts the bedrock that surrounds the aquifer. 
 
The derivative analysis for the Cooper-Jacob plot shows that the derivatives did not 
match the type curve well. Several straights-line periods can be observed but the 
derivatives vary from the type curve because the slope of the data plot is not constant. In 
short, the derivative analysis support the use of the Cooper-Jacob method for the data 
collected from about 15 to 40 minutes. 

We explored the possibility of delayed yield by analyzing the raw data following the 
method of Moench (1997). Figure 76 (page 190) shows our best match of the Moench 
type-curve to the raw data, which indicated a transmissivity of 300,000 gpd/ft. This value 
is similar to the transmissivity value calculated above using the Cooper-Jacob method, 
even though the data do not match well with the type curve for the period from 8 to 60 
minutes, the period that appeared best for the Cooper-Jacob analysis. Figure 76 indicates 
that the plotted derivatives generally match the derivative type-curve, generally 
supporting the method. However, the observation well located 150 feet away (SVR #3) 
could not be matched to a Moench type-curve (see below), suggesting that the delayed 
yield did not occur. A delayed-yield response, if real, should have been observable in two 
wells so close to each other. The changes in slope of the straight-lines on the semi-log 
plot may better be explained by boundary effects. 
 
A comparison of transmissivity indicated by the Moench method (which includes 
corrections for partial penetration) and the Cooper-Jacob method with partial penetration 
corrections of Butler (1957) shows similar results. 
 
The recovery data were analyzed using the Theis (1935) straight-line recovery method 
(Figure 77, page 191) which indicates a transmissivity of 300,000 gpd/ft. The plot also 
shows an S/S’ ratio of 0.5 which indicates that the well would recover “late,” if at all. The 
last data point (t/t’ = 1.67) indicates a residual drawdown of 0.92 feet after 40 hours of 
recovery. Projection of the straight line shows a residual drawdown of about 0.6 feet 
where it crosses the t/t’ of 1 (equal to an infinitely long recovery period). The residual 
drawdown of 0.6 feet represents the water that was pumped from the aquifer that was not 
recharged during the recovery period. This residual and the small S/S’ ratio support the 
conceptual model that one or more no-flow boundaries were encountered by the cone of 
depression during the test. Partial penetration corrections were not applied in this 
analysis. 
 
Drawdowns in SVR #3 were analyzed using the Moench method, as shown in Figure 78 
(page 192). The curve fit is poor as is the derivative analysis, suggesting that the method 
is unlikely to model the response of the aquifer during pumping. Neither a Theis curve 
nor a straight-line Cooper-Jacob plot could be constructed to match the data. The 
drawdown of 0.05 feet measured at 1 minute into the test apparently rose to around 0.3 
feet sometime between the first measurement at (at 1 minute) and the second 
measurement (at 52 minutes). Since it appeared to remain at this level for the next 3 
hours neither a straight-line on a semi-log plot nor a Theis curve on a log-log plot could 
be fit through both the first two points (1 minute and 52 minutes) and the data collected 
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from 56 through 423 minutes. It is possible that the water level data are in error but we 
can make no corrections or adjustments that can be justified based on our understanding 
of the test. The data from this well appear to be flawed and likely to lead to invalid 
analyses. 
 
Residual drawdown data from SVR #3 were analyzed using the Theis recovery method 
(Figure 79, page 193). This analysis indicated an aquifer transmissivity of around 
1,000,000 gpd/ft. which is much higher than that calculated using pumping-well data. 
The higher value may indicate that portions of the Sandy Hill Aquifer do indeed have 
higher transmissivity (as was indicated by the flattened drawdown curve in Figure 75). 
There is likely to be some inherent error in the analysis, however, as the data plotted in 
Figure 79 were not corrected for barometric effects. (Since no meaningful barometric 
efficiency data were collected for this well, we had no basis to make such a correction). 
In addition, since the drawdown during pumping data could not be analyzed in a 
meaningful way using the Cooper-Jacob, Theis or Moench methods, the recovery 
analysis is also suspect.  
 
Figure 79 also shows the lack of water level recovery similar to that observed in the 
pumping well. SVR #3 had recovery water levels that were about 0.72 ft below the 
pretest levels at a t/t’ of about 2.0 (equivalent to a recovery period of about a day and a 
half after pumping stopped). The apparent “residual drawdown” after this time then 
started to increase (water levels fell) after this time (possibly the result of changes in 
barometric pressure). Because of the lack of a barometric efficiency correction 
coefficient, no exact quantification of the removal of water from storage within the 
aquifer could be made. It does appear, however, that water was removed and that 
boundaries to the aquifer caused a “late” recovery. 
 
We attempted to analyze data from a second observation well monitored during the test, 
SVR #8, using Theis, Cooper-Jacob and Theis recovery methods. No meaningful 
analyses could be made; the data plots do not make anything approximating a straight 
line on a semi-log plot nor could a meaningful fit be made for a Theis-type curve on a 
log-log plot. Consequently, no meaningful analyses for transmissivity were possible and 
plots are not included in this report. 
 
Even though observation well data were collected from SVR #3 and SVR #8, no 
meaningful analysis for storativity was possible. No meaningful type curves could be 
generated to match the drawdown plots for either observation well. Therefore no 
calculated storativity was possible. Based on the fact that the Sandy Hill Aquifer appears 
to be unconfined (based on apparent delayed yield observed in the drawdown data from 
the pumping well and on our review of the Well Driller’s Report), we estimate storativity 
could range from 0.02 to 0.3, values typical of an unconfined aquifer. 

Well Interference, the Effects of Seasonal Pumping and Sustainable Yield 
 
The Sandy Hill Aquifer, as characterized by SPF, is highly bounded with the exact 
positions of the boundaries unmapped and unknown at this time. Since production wells 
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developed in the Sandy Hill Aquifer would, then, only have measurable interference 
effects on wells also completed within the aquifer (where none other than TPW #1, now 
exist), no well interference or seasonal pumping effects were calculated.  
 
SPF (2004a) suggested that the discharge from the Hillside Spring was an indicator of 
long-term sustainable yield. They indicated an average discharge of 60 gpm (95 ac-ft/yr) 
as the minimum that a well (or wells) completed in the Sandy Hill Aquifer could sustain 
over the long term without artificial recharge and that actual long-term yield would be “in 
excess” of this amount. Our calculations suggest that the sustainable yield could actually 
be less than 95 ac-ft/yr, as described below. 
 
The sustainable yield will always be less than the total recharge to a groundwater system 
because not all recharge can be practically captured. From a practical and economical 
point of view, too many wells would be needed to capture every drop. Therefore, the total 
recharge to the Sandy Hill Aquifer defines the absolute maximum that could be sustained 
over the long term20. Sustainable yield will be less than this value. 
 
Recharge to the Sandy Hill Aquifer is very limited.  If recharge to the Sandy Hill Aquifer 
is solely through the infiltration of direct precipitation, then the capture area would be 
equal to the area (in map view) of the aquifer. SPF (2004a) estimated the area of the 
Sandy Hill Aquifer to be 175 acres. Their report also indicates that rainfall in this area is 
on the order of 21 in/yr and that recharge in the Boise Foot Hills ranges from 2 to 8 
percent of precipitation. Using their values results in a total recharge to the Sandy Hill 
Aquifer of 4 to 15 gpm averaged annually. Even to equal the 60 gpm estimated by SPF as 
a minimum sustainable yield, the area recharging the Sandy Hill Aquifer would have to 
be 4 to 15 times greater than that estimated by SPF and 100 percent of recharge would 
have to be captured by a well or wells in the aquifer. Only if intermittent streams supplied 
4 to 15 times the water locally recharged and all of the recharged water were extracted 
through production pumping would the SPF minimum be possible over the long term.  
These rough calculations suggest that the long-term sustainable yield without artificial 
recharge could be less than 60 gpm. They also suggest that the direct recharge area 
supporting the spring discharge may be larger than speculated by SPF and/or that other 
sources of ground water (such as bedrock underflow) recharge the aquifer and/or 
infiltrated stream flow from more distal areas recharges the Sandy Hill Aquifer. 

Conclusions 
Based on the overview and analysis presented above, we draw the following conclusions: 
 

                                                 
20 In many situations, pumping can cause the capture zone for a well or well field to expand to capture more 
recharge than that which naturally occurs under non-pumping conditions. Therefore, calculated natural 
recharge does not typically indicate the maximum yield that is possible from a ground-water system, as 
indicated in Bredehoeft and others (1982). The Sandy Hill Aquifer is highly bounded, however, and little 
additional capture appears likely under pumping conditions. Therefore, pumping is unlikely increase the 
potential sustainable yield over non-pumping conditions in this aquifer. 
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1. TPW #1, SVR #3 and SVR #8 appear to be completed in the highly-transmissive 
and highly bounded Sandy Hill Aquifer. The aquifer appears to be bounded in 
lateral extent by low-permeability bedrock on all sides. 

 
2. Calculated transmissivity for the Sandy Hill Aquifer near TPW #1 is on the order 

of 300,000 gpd/ft. Local, higher transmissivity zones may exist within the aquifer. 
 

3. HLI’s review of the Well Driller’s Reports and SPF (2004a) indicate that the 
Sandy Hill Aquifer is unconfined with its top defined by a water table. 

 
4. No meaningful storativity calculations were possible from the existing data. 

Based on the apparent unconfined nature of the aquifer, we estimate that values of 
approximately 0.02 to 0.2 or more are likely. 

 
5. Natural recharge to the Sandy Hill Aquifer appears to be limited to the infiltration 

of local precipitation. The total amount of recharge to the aquifer cannot be 
quantified at this time as the lateral extent of the aquifer (and therefore the 
potential recharge area to the aquifer) is not known. 

 
6. The long-term sustainable-yield from the Sandy Hill Aquifer is not known and 

cannot be calculated until the amount of natural recharge has been quantified. SPF 
estimated a yield “in excess of” 60 gpm (95 ac-ft/yr) based on what they believe 
to be the average discharge rate for the “Hillside Spring” which they indicate as a 
discharge point for the aquifer. Our calculations suggest that the sustainability of 
the aquifer may be less than this rate but we cannot accurately quantify the long-
term sustainable-yield based on the existing information. 

 
7. Longer-term and more highly controlled aquifer testing is needed to characterize 

the Sandy Hill Aquifer and environs. 
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Figure 74.  Well Locations for TPW Well #1 Seventy-One-Hour Test 
 
 

 
 
 

Pumping Well Location Observation Well Location 
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N

November 29, 2007 

 

 

 

Hillside Spring 
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 Derivative 
Data: + 
Curve: 

 
Figure 75.  Cooper-Jacob Analysis for TPW #1 Seventy-One-Hour Step-Rate Test 
Test Conducted: April 14-17, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that method may be valid 
 

u = 1.87r2S/Tt   
t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 

 
Unconfined drawdown correction: 

s' = s - s2/2b where 
s’ = corrected drawdown (ft) 
s = measured drawdown (ft) 

 
spp = 0.2 s observed   where: 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946), Partial penetration 
corrections from Butler (1957). 

TPW #1 
Screen = 238-290 ft 
T=200,000 gpd/ft 
(no PP corrections) 
T=300,000 gpd/ft  
(with PP corrections) 
S Not Calculable 
Kv/Kh= 0.1 
b =114 ft 
tc < 1 min 
r = 1 ft 
Q = 2,050 gpm 
 
Approximate match for t= 8 to 40 
minutes only. Pumping for first 8 
minutes at 600 gpm. After 40 
minutes, two or more boundaries or 
delayed yield indicated. First 
boundary is “recharge” (higher T 
zone) second is “no-flow” (edge of 
aquifer?). More boundaries would 
likely be indicated with longer 
pumping.  
Poor delayed yield match for obs 
well SVR#3 support boundaries. 
 
Partial penetration correction makes 
calculated T about 50 percent 
without PP correction.   
 
Poor derivative type curve fit does 
not support method.  Therefore T 
values only approximate.  

Raw Data 

Partial 
Penetration 
Corrected 
Data
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 Derivative 
Data: + 
Curve: 

 
Figure 76.  Semi-log Moench Analysis for TPW #1 Seventy-One-Hour Test 
Test Conducted: April 14-17, 2004 
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Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, sw and α best match observed 
drawdown 
 
Based on the analytical method of Moench (1997). 

TPW #1 
Screen = 238-290 ft 
T=300,000 gpd/ft 
S= Not calculable  
Sy = Not calculable 
Kv/Kh=0.1 
sw = -0.375  
α= 0.04 min-1 
Q = 732 gpm (average) 
b =114 ft 
r = 1 ft 
Q = 2,050 gpm 
 
 
Fair match for derivatives suggest 
method may be valid. However, 
observation well 150 ft away (SVR#3) 
did not generate data that could be 
matched suggesting boundaries may 
be more likely explanation for 
flattening then steepening of 
drawdown curve. 

Raw 
Data 
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Figure 77.  Recovery Analysis for TPW #1 Seventy-One-Hour Test 
Test Conducted: April 14-17, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from well logs in the area 
r = effective radius of pumping well (ft) 
 

Based on the analytical method of Theis (1935). 
 

TPW #1 
Screen = 238-290 ft 
T=300,000 gpd/ft 
S/S’ = 0.5 
Kv/Kh= 0.1 
b =114 ft 
r = 1 ft 
Q = 2,050 gpm 
 
S S/S’ = 0.5 indicates strongly 
bounded system (delayed/ 
incomplete recovery).   
 
Longer duration test needed.   
 

Raw 
Data
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 Derivative 
Data: + 
Curve: 

 
 
Figure 78.  Semi-log Moench Analysis for SVR#3 Seventy-One-Hour Test 
Test Conducted: April 14-17, 2004 
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Where: 
 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
S = Storativity (unitless)  
Sy = Specific Yield (unitless)  
sw = Wellbore skin factor (unitless) 
t = time in days 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
α = “empirical fitting parameter for non-instantaneous drainage” (min-1) from curve adjustments 

 
Solid Line represents “type curve” where T, S, Sy, Kv/Kh, sw and α best match observed 
drawdown 
 
Based on the analytical method of Moench (1997). 

SVR #3 
Screen = 175-240 ft 
T = Invalid 
S = Invalid 
Sy = Invalid 
sw = Invalid  
α = Invalid 
ß = Invalid 
Kv/Kh = 0.1 
b = 114 ft 
r = 150 ft 
Q = 2,050 gpm 
(at TPW#1) 
 
 
No match for derivatives indicates 
method is invalid. No match possible 
for early-time data (<100 min, 
especially at t=1 min). 
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Figure 79.  Recovery Analysis for SVR #3  Seventy-One-Hour Test 
Test Conducted: April 14-17, 2004 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer thickness in feet (ft), estimated from well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935). 

SVR #3 
Screen = 175-240 ft 
T ≈ 1,000,000? gpd/ft 
S/S’ = 0.1 
Kv/Kh= 0.1 
b =114 ft 
r = 150 ft 
Q = 2,050 gpm 
(at TPW#1) 
 
S/S’ = 0.1 indicates highly bounded 
system (delayed/ incomplete 
recovery).   
 
T value unrealistically high: data are 
variable. End of recovery (t/t’ < 3) 
indicates probable unaccounted for 
trend. T value likely invalid. 
 
Poorly conducted test makes 
interpretations highly approximate. 

Barometrically 
influenced 
response? 
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SECTION FIVE: ANALYSIS OF KLING IRRIGATION 
WELL AND AQUIFER TEST CONDUCTED BY HLI 

Overview 

An irrigation well located on the M3 Eagle property near the mouth of Big Gulch was 
inspected, re-developed and partially rehabilitated before a well-and-aquifer test was 
conducted to better assess the properties of the aquifer along the southwestern boundaries 
of the M3 project area. This 16-inch diameter well is located on the former Kling 
property in Township 5 North, Range 1East, in the southeast quarter of the southeast 
quarter of Section 28 (Figure 77). This well, known as the “Kling Irrigation well” was 
selected because it had reportedly been pumped at near 1,000 gallons per minute, is 
finished to a depth of 408 feet (70 feet into the regional Pierce Gulch Sand Aquifer), and 
is located near the Farmer’s Union Ditch21 which facilitated the removal of pumped water 
during the test. The well required rehabilitation before testing was possible, as is 
discussed below. Even after rehabilitation and redevelopment, the well was not as 
efficient as we would have hoped because the well screens remained partially plugged; 
however, the well did provide data that allowed for an improved understanding of the 
regional aquifer system beneath the M3 site and demonstrated that a supply well capable 
of a sustained production of more than 1,000 gpm (and probably 2,000 gpm or more) is 
possible from the southwest portion of the M3 Eagle property. 
 
The aquifer test was conducted over the period January 8 through 18, 2007. Water level 
data were collected before, during and after a 3,000 minute pumping period that began at 
09:50 hrs on January 9 and ended at 11:50 hrs, January 11, 2007. The data were collected 
from seven locations using electronic data loggers calibrated and backed up by hand 
measurements. Three of these locations had multi-completion wells (piezometer nests) 
monitoring two to five depth zones at each location for a total of 15 discrete data 
collection points. Post-pumping water level recovery data were collected until the 
afternoon of January 18, 2007, 9 days beyond the pumping period. Water quality samples 
collected near the end of the pumping period were submitted for geochemical analyses. 
During pumping, representatives of HLI were on-site continuously around the clock to 
collect hand data, monitor pumping discharge and work with the pumping contractor. In 
addition, representatives of the Farmers Union Ditch Co. made periodic visits to the site 
to inspect the canal receiving water pumped during the test.  
 
The monitored wells consisted of the Kling Irrigation well (the pumping well) and six 
observation wells. The well locations are shown in Figure 80 (page 219). Each of these 
wells was located spatially using GPS instruments. The distances from the pumped well 
to each observation well were calculated to within 25 feet using these GPS coordinates. 
The three wells with multi-depth completions were M3-TW#1 (five zones), M3-TW#2 

                                                 
21 As noted previously, the “Farmers Union Ditch” has been used in numerous reports and on many maps, 
as the “Farmers Union Canal.” We use the name preferred by the owners of the Farmers Union Ditch in 
this report. 
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(two zones) and M3-TW#3 (four zones), all designed and installed under the supervision 
of HLI as part of the M3 Eagle Hydrogeologic Characterization project. Each TW-series 
well consisted of multiple-completion piezometers22; 2-inches in diameter, with well 
screens ranging from 10 to 50 ft in length, coupled to the aquifer with graded-silica sand, 
and sealed with bentonite grout between completion zones and from the uppermost 
completion zone to land surface. Three additional wells were also monitored: SVR#7, 
SVR#9 and the “Flack Corral” well. In total, water level data were collected from 15 
discrete points ranging from 1,050 to 20,600 feet from the pumping well. Details about 
these wells are presented in Table 1 (page 217). In addition, atmospheric pressure was 
measured at two on-site stations during the test through the use of Solinst Barologgers.  
Data from two stations provided redundancy in case of Barologger failure (which did not 
occur). All electronic data were collected at one-minute intervals to facilitate test 
synchronization and data analysis. The collected data have been archived and are 
included on a CD attached to this report. 
 
During the test, pumping caused water levels to change in only two wells: the pumped 
well and M3-TW#1, located 1,050 feet to the southwest of the pumped well. The change 
in water level (drawdown) in the Kling Irrigation well at the end of pumping was 93.70 
feet for an end-of-test specific capacity of 9.6 gpm/ft. We estimate that about 40 to 45 
feet of this drawdown may have been caused by well loss from the partially plugged well 
(as is discussed below). The mean of drawdowns measured in the four zones that 
responded to testing at M3-TW#1 (Zones 1 through 4) at the end of the 3,000-minute test 
was 8.97 feet. None of the other wells monitored during the test indicated a drawdown-
response from the pumping at the Kling Irrigation well. They were apparently too far 
from the pumping well to respond. 

Pumping Test Procedure 

The test consisted of three parts:  
 

1. pretest water level data collection  
2. constant-discharge drawdown test, and  
3. water-level recovery after pumping stopped.  
 

The pretest data were collected to quantify the changes in water level that are caused by 
changes in atmospheric pressure and to quantify any antecedent water level trends that 
could have affected the data. We analyzed the data to develop equations to quantify the 
relationship between changes in water levels caused by changes in barometric pressure. 
                                                 
22 Strictly speaking, a piezometer by definition is only open to a single point in an aquifer and not over an 
interval of many feet. Because the small-diameter PVC tubes have screen lengths of 10 to 50 feet, they 
should technically be termed “wells.” However, to help distinguish them from the larger-diameter boring in 
which they are completed (such as well M3-TW #1 which has 5 small-diameter PVC tubes in the one well 
boring), we use the term “piezometers” to denote the difference. The effect of the longer screens is to 
“average” the aquifer heads or water levels present over the length of the screen as opposed to a piezometer 
which indicates the head at a single point. The difference between the point measurement of a piezometer 
and the average measurement indicated by the small-diameter PVC well with a screen 10 to 50 ft in length 
is small and therefore largely academic.    
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These equations were later used to adjust the water level data collected before, during and 
after pumping to remove the barometric “signal” from the water level data, leaving only 
water level changes caused by pumping.  
 
The drawdown test consisted of pumping the Kling Irrigation well at a constant 900 gpm 
and measuring water levels in the pumped and all observation wells. Layne of Idaho, Inc. 
installed the line-shaft turbine test pump, the orifice weir used to measure flow, and all 
appurtenances associated with pumping the well. They also supplied and operated the 
truck-mounted diesel drive engine with right-angle drive that powered the pump. Water 
levels were measured in the pumping well through a dedicated water level sounding tube. 
Electronic data were collected using a Solinst™ data logger. Hand measurements were 
taken with a calibrated Powers™ well sounder and a steel tape. One sounding tube was 
used for both the hand measurements and the data logger after it was discovered that 
pump lubricating oil had seeped into a second tube originally planned for hand 
measurements. The electronic data logger collected data to the nearest 0.1 foot while 
hand data were measured to the nearest 0.01 foot. During pump shutdown, the rapidly-
rising water level (“shut off surge”) caused the data logger to shift upward in the 
sounding tube and the hand data were used to correct the electronic data by adding a 
constant 4.95 ft, the apparent amount of shift to the recovery data. The pumping rate was 
measured with a 10-inch diameter circular orifice weir and a 7-inch plate. A height of 
19.5 inches of water above the center of the weir indicated a flow of 900 gpm. The 
pumping rate was measured and recorded every time a hand water level was measured. In 
addition, personnel from Layne checked the flow rate at least once every hour during the 
latter parts of the test and made slight discharge adjustments when necessary. The 
smoothness and continuity of the plotted electronic-drawdown-data verified that the 
pumping rate was maintained at a near-constant 900 gpm.  
 
Water-level recovery data were collected after pumping stopped. These data were used to 
compare and support the analyses of the pumping drawdown-data. The recovery data 
were collected in all seven wells for the full test period (through the afternoon of January 
18) with the exception of the pumped well (Kling Irrigation). The data logger for this 
well recorded water levels until 8:00 AM on January 12, 2007, when it was removed to 
allow Layne to remove the pump and pump column. The data collected during the test are 
included on the CD included with this report.  

Analysis - Methods 

 
The data from the test were analyzed to calculate the coefficients of transmissivity and 
storativity after extensive preprocessing. These values were then used to calculate 
theoretical drawdowns to verify the measured results at the observation wells and to 
estimate the well loss that occurred at the pumping well. Because the calculated-
theoretical drawdowns are in close agreement with the observed drawdowns at the 
observation wells, we believe the calculated transmissivity and storativity values are 
supported. We attribute the difference between the calculated and observed drawdown at 
the pumping well almost entirely to well loss alone. 
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All data were preprocessed in MS Excel®. Spreadsheets were used initially to convert raw 
logger data into depth of water above the logger, then to depth to water, and eventually to 
barometrically-corrected drawdowns. Excel was also used to generate data plots and 
some figures.  
 
The computer program Aqtesolv® 4.50.002 Professional software (HydroSOLVE, Inc., 
2008) was then used to calculate the aquifer coefficients of transmissivity and storativity 
from the corrected data. Several methods were used to calculate transmissivity and 
storativity. Details on these methods are included in Appendix B. The Theis (1935) 
curve-matching method with corrections for partial penetration by Hantush (1961a and b) 
was used on logarithmic plots that included both pumping drawdowns and recovery 
(“residual drawdown”). Aqtesolv® generated a “type curve” that combines drawdown and 
recovery that we manually manipulated to obtain a best-fit match. This match indicated 
the transmissivity and storativity values used to generate the best-fit curve and therefore 
the best possible representative values for the test data23. The known geometry of the 
aquifer, details of well construction, along with pumping and drawdown data, were 
considered as additional input for these analyses. In addition, we used Aqtesolv® to 
generate type curves for data matching, both with and without the hydraulic effects of an 
inferred structural fault located about 1,500 ft northeast of the pumping well, identified 
by magnetometer survey (Wood, 2007). Comparison of the analytical results with and 
without a no-flow boundary (potentially caused by this fault - shown in Figure 77) 
allowed us to better assess the effects of pumping the Kling Irrigation well, as discussed 
below. 
 
The Theis method applied to pumping well data can yield different results depending on 
the effective well radius used in the analysis and the amount of well loss that occurs 
during pumping. Neither of these was directly measured during the test. In some cases, 
the semi-log Cooper-Jacob method of analysis would be superior to the Theis/Hantush 
method because well loss and effective well diameter do not affect the calculations for 
transmissivity in the Cooper-Jacob method. However, in the case of the Kling Irrigation 
well, our calculations show that the effects of partial penetration strongly affect the 
calculated results. The pumping well only penetrates the upper 1/3 of the aquifer, as 
indicated by down-hole geophysical surveys in nearby M3-TW #1. (Even this amount of 
partial penetration may be too high if portions of the partially plugged well screen did not 
produce significant quantities of water during pumping.) Since Aqtesolv® has no built-in 
corrections for partial penetration for the semi-log methods, we believe that using the 
Theis method with Hantush corrections for partial penetration, coupled with sensitivity 
analyses for effective well radius and well loss, gives results that can be more 
representative of actual aquifer conditions than a Cooper-Jacob where partial penetration 
effects and/or aquifer anisotropy effects are significantly large. Our comparison of the 
Theis results with and without Hantush corrections indicated the relative effects of partial 
penetration. Therefore, we have applied the method of Butler (1957) to correct the raw 

                                                 
23 Except for the pumped well. Storativity cannot be accurately calculated from the pumped well data 
because the effective radius (“r”) of the pumped well cannot be known and storativity is highly sensitive to 
“r.” Only observation well data can accurately indicate storativity. 
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data used in the pumped-well Cooper-Jacob analysis. These corrections are less accurate 
than the corrections of Hantush used in the Theis analysis. Nonetheless, they help to 
define the range of likely results. A discussion of these analyses for well loss, effective 
well diameter and partial penetration is included as part of the analyses for the pumped 
well. 
 
The Theis (1935) straight-line, residual-drawdown, recovery method was used to analyze 
the response of each well after cessation of pumping. In this method the residual 
drawdown (drawdown remaining after pumping stops) is plotted against the ratio of time 
since pumping stopped divided by the time since pumping started (t/t’), on a semi-log 
plot. This method generates a straight line on a semi-logarithmic plot that is used to 
calculate the transmissivity. It also quantifies a storativity ratio that indicates whether the 
well is recovering “early” (indicating a source of recharge to the well) or “late” 
(indicating a hydraulic barrier to flow in the aquifer that delays water level recovery). 
The Theis semi-log, straight-line recovery method (like the Cooper-Jacob method), does 
not take into account the effects of partial penetration. Therefore, as discussed above, we 
have conducted two recovery analyses for the pumped well: one using raw data and one 
with data corrected for the effects of partial penetration using the Butler (1957) method. 
Because the observation wells are sufficiently far from the pumped well, partial 
penetration would typically be insignificant for these wells.  
 
Because of the presence of thin, discontinuous clay and clayey-sand layers within the 
aquifer beneath the pumped well and within the aquifer at other locations, we attempted 
to analyze the data using the “leaky aquitard method” of Neuman and Witherspoon 
(1969) and the “ratio method” of Neuman and Witherspoon (1972). The analyses were 
performed in an attempt to better understand the system and to investigate whether the 
pumped well and the observation wells are completed in one aquifer or whether the 
system consists of two or more separate aquifers that are hydraulically connected through 
one or more leaky aquitards. (The Neuman-Witherspoon model assumes an aquifer 
overlain by a leaky aquitard which in turn is overlain by an aquifer. Pumping from the 
deeper aquifer eventually causes water to move from the overlying aquifer, to the 
pumped aquifer, via the leaky aquitard.) 
 
At first glance, the vertical piezometer nest at TW-#1 appears almost ideal for either of 
the Neuman and Witherspoon methods. The well and aquifer setup for the Kling 
Irrigation test consisted of a pumped well completed in the upper portion of an aquifer 
with many discontinuous and/or leaky zones with observation wells screened at discrete 
points or zones at varying depths within the single aquifer. Unfortunately (for application 
of the Neuman-Witherspoon method), all piezometers are completed in permeable zones; 
none of the zones between the Zone 1 and Zone 4 piezometers appear to be proper 
aquitards, as required by the Neuman and Witherspoon methods. The geophysical log of 
M3-TW #1 (in Appendix A) shows that the clay zones are thin and variable. The 
discontinuous nature of the clay and sandy-clay zones was demonstrated by the responses 
of the Zone1 through Zone 4 piezometers; during the test, the deeper zones - much deeper 
than the pumped well - responded first, but the shallower zones (including the zone 
comparable to that of the pumped well) eventually responded more than the deeper zones. 
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(In addition, the shallowest piezometer (Zone 5) did not react at all to pumping and the 
aquitard between the Zone 4 and Zone 5 piezometers was not monitored.)  
 
The initial response in the deeper zones could not have been the result of the drawdown 
cone of depression moving horizontally outward from the pumped well through the 
pumped aquifer, then vertically through a leaky aquitard, and eventually horizontally 
through the deep zone; such a response would have been indicative of Neuman-
Witherspoon type conditions. Instead, the drawdown signal reached the deeper aquifer 
first at the M3 TW #1 site, apparently through a hydraulic pathway more tortuous than 
that assumed in the Neuman-Witherspoon model. Since a Neuman-Witherspoon type 
response was not observed, and the geophysical and geological logging do not indicate 
continuous aquitards, the Neuman-Witherspoon method could not be realistically applied; 
the minimum set-up of a well or piezometer in the pumped aquifer and a well or 
piezometer in the aquitard was not available for analysis. We believe that the model 
aquifer system assumed in the two Neuman and Witherspoon methods is inconsistent 
with the actual hydrogeology of the system.  

Analysis - Preprocessing 

Before the data could be analyzed with Aqtesolv®, the raw data had to be preprocessed. 
To preprocess the data we: 1) converted raw data to depth to water data, 2) calculated 
barometric efficiency of the aquifer at each well, 3) removed the barometric “signal” 
from the depth to water data, and 4) generated barometrically-corrected drawdown data. 
Each process is discussed below. 

Raw Depth to Water 
The general procedure used to preprocess the collected data is as follows: The first step 
was to convert the pressures recorded by the non-vented data loggers to water level 
standing above the logger by subtracting the barometric pressure recorded at the same 
time period as the water level logger. The next step was to convert the water level above 
the logger to a depth to water (dtw) by comparing the logger level to hand measurements 
which were recorded as depth below a datum (the top of the steel monument housing the 
well) along with the height of the monument above ground surface (casing “stick up”). In 
cases where a number of hand measurements were obtained, an average calibration was 
calculated that minimized the potential error. The compilation of the hand and logger 
measurements generated an average depth of the logger below ground level from which 
the water level above the logger was subtracted to generate a series of depth-to-water 
data. The depth-to-water plots for all of the wells monitored during the test are included 
in Appendix C, as Figures C-1 through C-7. In all cases except for the lower 4 zones of 
M3-TW#1 and the pumped well, the plots show water levels that closely mimicked 
atmospheric pressure, demonstrating the need to correct for the effects of atmospheric 
pressure change, or barometric signal. 
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Barometric Efficiency  
 
The next step was to remove the barometric signal. This signal is the amount of water 
level change in a well that is caused solely by changes in atmospheric pressure. The ratio 
of the change in water level and change in atmospheric pressure is termed the 
”barometric efficiency” (BE). In a well with 100-percent barometric efficiency, an 
atmospheric pressure change equivalent to 1.0 foot of water24 causes the water level to 
change in the well by 1.0 foot. In a well with a BE of 50-percent, the change would only 
be 0.50 feet. These changes in water level only occur because the well is open to the 
atmosphere and therefore is not a real change that would occur in the aquifer were there 
no well. A well sealed from the atmosphere would not show barometric effects nor need 
BE corrections as the changes in atmospheric pressure would load equally over the entire 
aquifer. 
 
Barometric Efficiency was calculated using data when the only significant changes in 
water level would likely be from changes in atmospheric pressure following the method 
outline in the Ground Water Manual (US Department of the Interior, 1981). The pretest 
measurement period was used for this calculation. No significant pumping was occurring 
near any of the wells measured during the test and building high-pressure provided a 
significant change in atmospheric pressure for comparison of atmospheric pressure 
changes with changes in water levels. The BE for each well was calculated by plotting 
atmospheric pressure on the X-axis (horizontal) against the corresponding water level 
measured at the same time on the Y-axis (vertical). The points generated a “scatter” plot. 
A “best-fit” straight line was then calculated (using MS Excel) with the slope of the line 
indicating the BE and the R2 indicating the statistical correlation of the best-fit line. The 
BE plots for all of the wells monitored during the test are shown in Appendix C Figures 
C-8 through C-16. 

Water Levels Corrected for Barometric Efficiency  
 
After the BE was calculated for each well, the water level data were corrected for BE 
effects. This correction was accomplished by multiplying the change in atmospheric 
pressure by the BE and subtracting the result from the water level data for each minute of 
data collection after pumping began.  Subtraction was used to compensate for this inverse 
relationship because the water level goes up when the atmospheric pressure goes down 
and vice versa. The end result is a water level plot that is nearly free of water level 
changes caused by changes in atmospheric pressure. 
 
The BE corrections are not perfect, however. The data loggers collect data by converting 
pressure on a diaphragm to a digital signal. The increments between steps in the recorded 
digital signal are a function of the range of the data logger. In high-range (300 foot) data 
loggers (such as that needed in a pumping well) the steps are 0.1 ft while in low-range 
(more sensitive) data loggers (such as used in many of the observation wells for this test) 
                                                 
24 Atmospheric pressure can be measured in any unit of pressure. Typical units are millibars and inches of 
mercury but feet of water can also be used. The use of feet of water simplifies data logger corrections and 
corrections for barometric efficiency (BE) for our purposes here. 
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the range is 0.01 ft. Since the total change in atmospheric pressure during the pretest 
period was about 1 ft of water, the higher-range loggers generated a number of water 
levels that were the same even when the atmospheric pressure changed. They also 
generated different levels when the pressure was near the middle of the range between 
0.1 ft increments (digital “flutter”). This situation generated “noise” in the data that made 
calculation of BE impossible for the pumping well25 because the changes in atmospheric 
pressure during the measurement period were relatively minute. In addition, a small 
seasonal trend in the water levels and the rhythmic effects of “earth tides” added an 
additional increment of noise to the data from the other observation wells; noise that 
could have masked water level changes of a few hundredths of a foot that might 
otherwise have been attributable to pumping at the Kling Irrigation well. Based on the 
comparison of actual and theoretical drawdowns (discussed below) this masking was 
relatively academic and insignificant to the results and does not appear to be an issue.  

BE Corrected Drawdowns 
“True” water level drawdowns were calculated after the data were corrected for BE. 
Drawdown is the difference in the water level in the well caused solely by pumping. It 
was calculated by subtracting the depth to water just before pumping started from the 
depth to water after pumping started. In most cases, digital noise in the data required an 
averaging of the levels recorded from the 30 minutes before pumping started to represent 
the pre-pumped level. These drawdowns provided the data that were then used for 
analysis for the aquifer coefficients (properties of the porous-media matrix of the aquifer) 
of transmissivity and storativity. The plots of drawdowns corrected for BE (along with 
the measured atmospheric pressure) for all of the wells monitored during the test are 
shown in Appendix D Figures D-1 through D-16. 

Analyses –Results  

Water Levels 
Appendix C Figures C-1 through C-7 show the actual water levels reported in all the 15 
observation wells monitored during the test. The hydrographs for the pumped well and 
Zones 1-4 at M3-TW#1 show the classic response of a sharply lowering water level 
shortly after the commencement of pumping with a gradual flattening of the drawdown 
curve over time. When pumping stopped, a similar, but inverted, residual-drawdown 
curve was displayed as water level “recovered.” The barometric pressure (plotted at a 
different scale) shows a general rise and then fall during the test. Because the relative 
drawdown effects caused by the pumping well are so much greater than the changes in 
water level caused by barometric effects, the barometric “signal” is effectively “masked” 
and not readily observed in the plots for Zones 1-4 or the pumping well.  
 
All of the remaining observation wells show water level changes that are very similar to 
the plot of atmospheric (barometric) pressure. In these wells (Appendix C Figures C-3 

                                                 
25 Data from late summer were also used in an attempt to calculate BE for the Kling irrigation well. 
However, during this time period, the atmospheric pressure did not appreciably change and pumping in the 
area generated small water level changes that helped to mask meaningful BE calculations. 
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through C-7) the scale ranges for water levels and barometric pressure are similar but 
inverted to better represent the cause-and-effect relationship. None of the other 
observation wells showed any measureable influence from the pumping of the Kling 
irrigation well.  In other words, no drawdown curves typical of pumping followed by 
recovery (comparable to a reduced version of the curve observed for the data plot for the 
pumping well) are observable. Almost all of the changes in water levels measured in 
these wells appear to be directly attributable to atmospheric causes. 
 
Many of the plots show what appear to be multiple, parallel curves for the same well; 
there appears to be two or even three water levels for any given time. These multiple 
levels are an artifact of the “digital flutter” of the recorded levels and the compression of 
many days worth of data collected at one-minute increments, into a plot only a few inches 
long. If the time scale were spread out, there would only be one level for each 1-minute 
increment. The spacing between the parallel lines indicates the resolution or digital step 
between levels recorded by the data logger as it converts the analog pressure (which can 
be of any value) in the data logger to digital values (which are in multiples of the digital 
step or conversion resolution). A running average of the recorded levels could eliminate 
the apparent multiple curves; however, since none of these wells indicated drawdown 
from the pumping of the Kling Irrigation well, we chose to plot the original, non-
averaged data instead. 

Barometric Efficiency 
 
The calculated barometric efficiencies (BE) for all measured wells are included in Table 
1 (page 217). These BE values, derived from plots on the figures presented in Appendix 
C (Figures C-8 through C-16), show the atmospheric pressure versus water level plots, 
the best-fit lines, the calculated BE and the degree of correlation (R2). Most of the 
measured wells exhibit very high BE’s (greater than 80-percent efficient). Only Zones 3 
and 4 of M3-TW#1 had lower efficiencies of 52 percent. The BE in the pumped well 
could not be calculated with the existing data and was assumed to be comparable to that 
of the TW #1 Zone 4 well completed in the same zone. The barometric efficiencies 
indicate that almost all of the short-term water level changes that occur in the absence of 
nearby pumping wells are caused by changes in barometric pressure. The calculated high 
barometric efficiencies indicate a rigid aquifer framework whereby changes in the weight 
of the atmosphere are not readily transmitted to the ground water within the aquifer 
because the aquifer framework does not compress or easily distort.  The atmospheric 
pressure changes are only transmitted to the surface of the water exposed in the well.  In a 
well with low BE, the atmosphere effectively compresses the water in both the well and 
the aquifer, cancelling out change in water level caused by changes in barometric 
pressure.  The relatively high BE values calculated for the M3 Eagle-area wells appear to 
confirm our conclusion that these sand aquifers are somewhat cemented and, certainly 
more so than the Driller’s Reports for area wells would indicate. 
 
Barometric efficiency could not be calculated for the pumping well (see Appendix C 
Figure C-9). There was too much “noise” in the data for a meaningful BE to be 
calculated.  A BE correction of 50% was assumed based on the BE’s calculated for M3-
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TW#1 Zones 3 and 4 (52%). These piezometers are completed in the same portion (upper 
100 feet) of the aquifer as the pumping well and likely have similar BE’s. 

Drawdowns After Barometric Effects are Removed  
 
Figure D-1 (in Appendix D) shows the BE corrected drawdown and water level recovery 
in the Kling Irrigation well. The hydrograph shows that pumping at 900 gpm caused 
more than 45 feet of drawdown during the first two minutes of pumping. Drawdown 
continued to increase but at a predicable, logarithmically declining rate (i.e., a flattening 
curve) throughout the duration of the test, on the arithmetic plot. When plotted semi-
logarithmically (Figure 78, page 192), the drawdown becomes a straight line after five 
minutes into the test.   The straight line relationship remains at a constant slope through 
the duration of pumping. The lack of slope change after five minutes indicates that no 
significant hydraulic boundaries affected the response in the pumping well after five 
minutes of pumping. At the end of 3,000 minutes of pumping (50 hours), the total 
drawdown in the pumped well was 93.7 feet for a calculated fifty-hour specific capacity 
of 9.6 gpm/ft of drawdown. 
 
After pumping was stopped, the residual drawdown in the Kling Irrigation well decreased 
significantly to about 32 feet within the first minute, a recovery of over 60 feet. This large 
recovery in a short period of time after pumping stopped is comparable to the 45 feet of 
drawdown observed during the first two minutes of pumping. These large values suggest 
that about half of the observed drawdown at the end of the test likely resulted from 
frictional well loss across the louvered openings, clogged openings, and a poorly 
developed well.  We estimate that the well loss during pumping was about 45 to 50 feet 
resulting in an actual drawdown in the aquifer, just outside the well, on the order of about 
40 to 50 feet.  After the pumping stopped and well loss was no longer a factor, the water 
level rose in the Kling Irrigation well and continued following a predictable residual 
drawdown curve typical of a recovering well.  
 
It should be noted that the BE-corrected drawdown plot in Figure D-1 includes a 
correction based on the hand-measured water levels which showed a 4.95 ft discrepancy 
after the pump was shut off. We believe that the sudden rise in water levels, by this 
amount, resulted from the shutdown of the pump caused the electronic data logger to be 
pushed upward in its monitoring tube and to become lodged 4.95 ft higher in the tube 
where it remained until it was removed at the end of the test. Before pump shutdown, 
hand-measured water levels showed very good agreement with the electronically 
acquired measurements as shown in the linear time series plot, Appendix C Figure C-1. 
For this reason, we have added 4.95 feet to the data logger readings after pump shut down 
to correct for the shift of the data logger. 
 
Figures D-2 through D-6 (in Appendix D) show the BE corrected drawdown in Zones 1-4 
in M3-TW #1 along with the composite water level drawdowns of these four zones. 
These figures show a typical drawdown curve during pumping and the inverted recovery 
curve after pumping stopped. The figures also show that the barometric correction has 
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removed the “signal” caused by the changes in atmospheric pressure that occurred during 
the test.  
 
Water levels in Zones 3 and 4 of TW #1 (completed in the upper part of the Pierce Gulch 
Sand Aquifer), drew down by 10.7 ft and almost 12 ft, respectively, while the deeper 
piezometers, Zones 1 and 2, completed nearer to the bottom of the aquifer, responded 
much less,  6.5 ft and 6.7 ft, respectively.  
 
The M3-TW #1 Zone 5 piezometer (Figure D-7) showed no response to pumping. Since 
the deeper wells at this site responded, the lack of response cannot be the result of 
distance. More likely, the clay layers overlying the Pierce Gulch Sand Aquifer are 
continuous in this area and act as a hydraulic barrier to limit short-term effects of 
pumping in the shallow unnamed alluvial aquifer that overlies the overlying Pierce Gulch 
Sand Aquifer.  
 
The remaining curves for wells M3-TW#2 (all zones), M3-TW #3 (all zones), SVR #7, 
SVR #9 and Flack Corral (Figures D-8 through D-16) show no observable drawdown, 
only water levels staying within a range of about 0.1 to 0.2 feet of the pretest level, 
throughout the period of the test. Wells M3-TW #2, M3-TW #3, SVR #7, SVR #9 and 
Flack Corral appear to be too far from the pumped well to have responded at the rate and 
duration of the 50-hour test. 

Heterogeneity of the Pierce Gulch Sand Aquifer  
 
The timing and magnitude of the drawdowns measured in the various zones at TW #1 
suggest ground-water flow paths that are different from those that would be expected in a 
homogeneous, isotropic aquifer. Figure 82 (page 221) shows the semi-logarithmic 
drawdown during pumping in all four piezometers plus the composite of the four 
piezometers. The figure shows the effects of heterogeneity within the aquifer.  For 
example, the shallowest zone (Zone 4) responded after 30 minutes of pumping while the 
deepest zone (Zone 1) responded in less than 10 minutes. Yet by the end of the test, Zone 
4 had almost twice as much drawdown than did Zone 1.  
 
The larger response in the upper zones (3 and 4) and the smaller response in the lower 
zones (1 and 2) indicate that the Pierce Gulch Sand Aquifer is not homogeneous. In other 
words, permeability of the upper zone differs from that of the lower zone. Since the Kling 
Irrigation well and the Zone 3 and 4 piezometers are completed in the upper part of the 
Pierce Gulch Sand Aquifer, it would seem normal for the larger response to occur in the 
upper portion of the aquifer. However, since the distance between the pumping well and 
TW #1 is more than two times the thickness of the aquifer, flow gradients toward the 
Kling Irrigation well (under pumping) would be effectively horizontal, such that the 
upper and bottom portions of the aquifer would experience comparable drawdowns in a 
homogeneous aquifer. Drawdowns in the upper portions of the aquifer that were almost 
two times larger than those near the bottom indicate that that aquifer is not homogeneous. 
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The timing of the responses also indicates heterogeneity within the Pierce Gulch Sand 
Aquifer. Drawdown in the deeper zones (1 and 2) of the Pierce Gulch Sand Aquifer 
began 10 to 12 minutes after pumping began while drawdowns in the shallower zones (3 
and 4) began 20 to 30 minutes into the test. The earlier response at the bottom of the 
aquifer (when pumping occurred within the top of the aquifer) also suggests a non-
homogeneous system with smaller storativity in the bottom portions of the aquifer and 
larger storativity in the upper portion of the aquifer. This possible relationship is 
supported by the smaller BE’s for the upper zone wells (3 and 4) and the larger BE’s for 
the lower zone wells (1 and 2). The smaller BE’s likely occurs because the upper part of 
the aquifer is less cemented and therefore more deformable while the bottom of the 
aquifer is more cemented and less deformable. We have observed a higher degree of 
cementation at the bottom of the Pierce Gulch Sand Aquifer at many locations throughout 
the greater project area, based on our review of drill cuttings and observations made 
during drilling.  
 
A composite response based on an average (mean) of the drawdowns in Zones 1-4 is 
shown in Figure D-2. We believe this plot best approximates the drawdown that would 
likely have occurred in one observation well open over the entire interval represented by 
the four separate wells (equivalent to a well open between depths of 352 to 556 ft bgl). 
The composite drawdown at the end of the pumping period was a little less than 9.0 feet. 
By combining the drawdowns in this manner, the apparent effects inhomogeneity are 
reduced (but not eliminated), allowing for a more representative analysis of aquifer 
properties. 
 
The shape of the drawdown curves also illustrates the effects of heterogeneity within the 
aquifer. The semi-log slope of the drawdown curves in the shallower Zones (3 and 4) 
began to flatten after 1,000 minutes of pumping and continued to do so through the end 
of pumping. However, the slope of the drawdown curves in the deeper Zones (1 and 2) 
continually steepened throughout the test. None of these four zones exhibited a straight-
line relationship, as would be expected in a homogeneous aquifer. Conventional analyses 
for a uniform, homogeneous isotropic aquifer would indicate that the upper part of the 
aquifer was subject to recharge (so called “positive boundaries”) while the lower part of 
the aquifer appears to have “no-flow hydraulic boundaries” such as a fault or lower-
permeability region within the expanding cone of depression caused by the pumping 
well. Recharge to the upper zones (3 and 4) could occur as flow from the lower-
permeability lower zones moving upward as the upward flow gradient became larger. 
The composite hydrograph of the four zones demonstrates a straight-line plot after about 
1,000 minutes of pumping suggesting that the net, combined effect approximates a more 
uniform aquifer with no outside source of recharge and no indicated boundaries.  
 
A no-flow hydraulic boundary could, in theory, have affected responses in the lower part 
of the aquifer.  A steepening drawdown curve can be an indicator of a bounded system 
where the drawdown cone of depression intersects the no-flow boundary during pumping. 
A potential no-flow boundary may exist in the pumped aquifer. A structural geologic 
(“normal”) fault has been inferred from magnetometer geophysical surveys. The fault lies 
about 1,500 ft northeast of the pumped well with the down-dropped block on the 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

207

southwest side of the fault (Figure 80, page 219). Such a fault could place low-
permeability material adjacent to the fault at the depths of the lower zones, as has 
occurred with similar faults at other locations throughout this northern margin of the 
Snake River Plain. However, because the composite plot of the of the four M3-TW #1 
piezometers demonstrates a response typical of a single well completed throughout the 
entire section of a homogeneous aquifer, we believe it is more likely that heterogeneity 
within the aquifer directs some vertical flow from the deep parts of the aquifer (and 
therefore appearing as if the bottom had no-flow or “negative” boundaries) transferring 
water to upper zones (and thereby acting as an apparent source of recharge or a “positive 
boundary”). In combination, there would be no net inflow or outflow of water to the 
aquifer (except through pumping) as suggested by the straight-line composite semi-log 
plot of the mean of the levels in all four responding wells. 
 
The difference between the responses of the deeper zones (1 and 2) and the upper zones 
(3 and 4) of the aquifer cannot be explained by incomplete well development. The upper 
zones are not plugged by low-permeability, undeveloped aquifer materials that could 
generate a “skin-effect” that would delay responses to changes in water levels caused by 
pumping or the cessation of pumping. All five zones within well M3-TW #1 were 
developed using the same techniques of swabbing, air-lift pumping and injection of 
Aqua-Clear tm (a mud-dispersing agent) to breakdown drilling mud. All five piezometers 
produced 20 gpm of clear, sand-and-mud-free water under air-lift pumping after 
development was completed.  
 

Aquifer Coefficients 
 
Based on our analyses, a transmissivity of 39,000 gpd/ft and a storativity of about 0.001 
(or 1x10-3) appear to best represent the aquifer in the region of the Kling Irrigation well. 
Figures 83 through 95 (pages 222 through 234) show the results of both Theis (1935) 
analyses of pumping and recovery as well as Theis (1935) straight-line recovery plots for 
the five wells that responded to pumping (Kling Irrigation well, Zones 1-4 in M3-TW #1, 
and the composite of  Zones 1-4). The results of our analyses are summarized in Table 3 
(page 247). The transmissivity indicated by M3-TW #1, however, appears to be on the 
order of 120,000 gpd/ft. Details of these analyses are presented below. 
 
Pumped-Well Analysis for Transmissivity 
 
Our analysis for the pumping well (below) suggests to us that the T for the aquifer at this 
location is on the order of 39,000 gpd/ft.  The upper curve in Figure 83 (page 222) shows 
a Theis analysis for the pumped well uncorrected for well loss. The type curve used in the 
analysis includes the partial penetration corrections of Hantush (1961a and b) and the 
hydraulic effects of the fault (no-flow boundary) located 1,500 ft to the northeast shown 
in Figure 80 (page 219). The analysis indicates a transmissivity of 29,000 gpd/ft. A Theis 
analysis without the Hantush corrections (not shown) indicated a transmissivity of about 
20,000 gpd/ft. Comparison of the two methods suggests that not correcting for partial-
penetration generates a transmissivity that is about 70 percent of actual value. 
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The drawdown data points fall below the type curve for times less than 4 minutes. An 
analysis using the equation of Cooper and Papadopoulos (1967) indicates that well bore 
storage affected the pumping water levels during the first five minutes of pumping, 
causing the measured water levels to fall below the type.  
 
The lower curve in Figure 83 shows our analysis for transmissivity using data corrected 
for maximum estimated likely well loss. In this analysis, the data have been “corrected” 
by the removal of 40 ft of drawdown that we have interpreted to represent well loss that 
appears likely to have occurred. This estimate of 40 feet for well loss is based on the 
amount of drawdown that occurred at the very beginning of the test after the water stored 
in the well casing had been removed (and well loss established) and the amount of water 
level recovery that occurred during the first minute after pumping was stopped (and well 
loss ceased). By the second minute of pumping, a drawdown of 45.86 ft was recorded and 
the pumping rate adjusted to 900 gpm. Well loss at this time had to be less than the total 
drawdown of 45 feet. At the end of the first minute of recovery after pumped had been 
stopped, the water level in the well recovered by about 62 ft. During the second minute it 
recovered only 3.7 feet, indicating that well loss (which would cease within seconds of 
the end of pumping) made up a large percentage of the recovery that occurred during the 
first minute of recovery. Based on these observations, we estimate that well loss was on 
the order of 40 ft or less. By subtracting 40 ft from the raw data we have calculated the 
transmissivity that would be indicated by a similar well without this well loss. The 
analysis corrected for well loss indicates a transmissivity of 37,000 gpd/ft, or about 28-
percent larger than the analysis without this correction.  
 
Figure 84 (page 223) shows two Cooper-Jacob (1946) analyses for the pumping well. The 
upper curve shows data uncorrected for the effects of partial penetration while the lower 
curve shows our analysis using data corrected using the method of Butler (1957) to 
correct for partial penetration. The analysis using the uncorrected data indicates a 
transmissivity of 20,000 gpm/ft while the analysis using the corrected data indicates a 
transmissivity of 36,000 gpm/ft. 
 
Figure 85 (page 224) shows two plots of the recovery data and our analysis using the 
Theis (1935) straight-line recovery method. The upper plot (which does not include 
corrections for partial penetration) indicates a transmissivity of 27,000 gpd/ft. The lower 
plot based on data corrected using the Butler (1957) method, indicates a transmissivity of 
45,000 gpd/ft.  
 
In our opinion, a transmissivity around 39,000 gpd/ft best represents the actual 
transmissivity of the full thickness of the aquifer in the vicinity of the Kling Irrigation 
well. This value is the average (mean) of the value indicted by the two drawdown 
analyses corrected for partial penetration and well loss, and the recovery analysis 
corrected for partial penetration, rounded to two significant figures. 
 
Storativity cannot be directly calculated from the pumped well but the recovery method 
indicated a ratio of S/S’ of 1.2. When this value is greater than 1.0, a source of recharge 
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or the effects of an adjacent higher transmissivity zone (effectively acting as a source of 
recharge) is indicated. A nearby recharge source directly coupled to the aquifer such as a 
river or lake is not likely with the deep confined Pierce Gulch Sand Aquifer, since no 
such surface water source is located within many miles of the Kling Irrigation well. The 
Farmers Union Ditch is not a source of surface water in this area. Water levels in shallow 
domestic wells near the Farmers Union Ditch did not significantly change when flow 
ceased at the end of the 2006 irrigation season, indicating that leakage from the ditch is 
insignificant in this area. In addition, the ditch was dry before the test began. No recharge 
boundary was noted in the drawdown data for the pumping well indicating that the water 
discharged to the ditch was not “short circuiting” back to the pumping well. Also, no 
recharge was noted in the shallowest monitored well (Zone 5 in M3-TW #1). 
 
The S/S’ greater than 1.0 may have occurred because much of the aquifer adjacent to the 
Kling Irrigation well has much larger transmissivities (as shown in Figure 98, page 251). 
These higher-transmissivity regions, if encountered by the expanding cone of depression 
of the pumping well, would likely show up as a positive recharge boundary as seen in the 
test data.  
 
 
M3-TW #1 Analyses 
 
Two types of composite analyses for the four observation wells (piezometers) at M3-TW 
#1 are shown in Figures 86 and 87 (pages 225 and 226). Figure 86 presents a single plot 
of the mean of the drawdowns measured in Zones 1-4. In this plot, the drawdowns for 
each 1-minute time interval, from each of the four responding piezometers, were added 
with the sum divided by 4 to generate a mean drawdown for each time interval which was 
then analyzed using the log-log Theis (1935) method. Figure 87 shows the individual 
plots for each Zone (1-4) in a log-log Theis analysis with one best-fit match to the type 
curve, as calculated by Aqtesolv®. Typically, a composite analysis indicates time divided 
by the square of the distance on the x-axis – a method that allows comparison and 
analyses of wells at varying distances. These four piezometers represent a special case, 
however, because all four piezometers lie at the same distance from the pumped well. 
Therefore, a plot of time along the t (time)-axis (instead of t/r2, as needed when the wells 
lie at different distances from the pumped well) is appropriate.   
 
The Theis analysis of the averaged data (Figure 86) indicates a transmissivity of 120,000 
gpd/ft, based on a “best-fit” type-curve match calculated by Aqtesolv® biased toward the 
first 100 minutes of the test. After this time, drawdown rose above the type curve 
indicating that heterogeneities within the aquifer and/or boundaries were affecting the 
drawdowns measured in the piezometers. The fit of the early time data is most likely to 
indicate the properties of the portion of the aquifer defined by the radial distance between 
the pumping and observations wells. The initial drawdown is caused by the passing of the 
leading edge (“front”) of the cone of depression as it expands outward past the distance 
defined by the observation well. Therefore, data from this time are more likely to be 
representative of this near-well region of the aquifer than data from later times which 
represent the interaction of the “front” of the cone of depression as it expands outward 
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into portions of the aquifer further away (Butler, 1998). The best-fit, type-curve for the 
four-well-Theis analysis (Figure 87) indicates a transmissivity of 110,000 gpd/ft. As with 
the averaged-data plot, the best-fit curve match is biased toward the first 100 minutes of 
the test before boundaries or heterogeneities affected the data. The results of these two 
analyses are basically the same, with a mean (to two significant figures) of 120,000 
gpd/ft. Calculated storativity values are 1.1x10-3 and 1.0x10-3, respectively, or an average 
rounded to one significant figure, of about 1x10-3.  
 
Individual well data plots for Zones 1-4 for drawdown and recovery are shown in Figures 
88-95 (pages 227 through 234).  The individual values for the four zones vary, with low-
end values of 87,000 and 92,000 gpd/ft for Zones 1 and 2 (respectively) and high-end 
values of 150,000 gpd/ft and 140,000 gpd/ft for Zones 3 and 4 (respectively). All four 
Theis analyses incorporate a no-flow (fault) boundary 1,500 ft from the pumped well. 
The plots for Zones 1 and 2 match the type curve. The derivatives fit the type cures 
supporting the applicability of the method. Theis curves for the shallower piezometers (3 
and 4) only matched for the first 60 to 100 minutes into the test. After this time, the 
drawdowns increased significantly above the type curves, indicating either a bounded 
system or zones of much lower permeability acting as “discharge (no-flow) boundaries.” 
The derivatives only match the type curve through about 30 to 40 minutes indicating that 
the Theis method is not valid after this time because of the boundary effects. The mean of 
these drawdown analyses was 120,000 gpd/ft, to two significant figures. 
 
The apparent effects of low-permeability zones or no-flow boundaries within the aquifer 
are observed in the recovery analyses. These analyses indicate much lower 
transmissivities (compared with the drawdown analyses) ranging from a low of 24,000 
gpd/ft for the shallowest piezometer (Zone 4) to 42,000 gpd/ft and 43,000 gpd/ft 
respectively for the deepest piezometers (Zones 1 and 2). These recovery analyses would 
typically indicate the “bulk” transmissivity of the aquifer, incorporating the 
heterogeneous nature of the aquifer with zones of higher and lower transmissivity. In 
contrast, the ratios of S/S’ are greater than 1.0 for the shallow piezometers (Zones 3 and 
4) suggesting a “recharge” source. At the same time, the pumping drawdowns greater 
than those predicted by the Theis type curve based on the early-time data suggest the 
opposite: a bounded system that would have S/S’ ratios of less than 1.0. These apparent 
contradictions support the conclusion that the aquifer system is heterogeneous and does 
not match well with the simplified models envisioned for the analytical methods of 
analysis. The mean of these recovery analyses was 35,000 gpd/ft, to two significant 
figures. 
 
The discrepancy between the drawdown and recovery analyses is significant. We believe 
that the effects of aquifer heterogeneity have affected the responses in the various depth-
zones monitored at M3-TW #1. Because of the relatively good match between the mean 
of the pumping well analyses and the mean of the recovery analyses of the M3-TW #1 
piezometers, we believe the recovery results may be more representative of the aquifer in 
the vicinity of the Kling Irrigation well.  
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Other Observation Well Analyses 
 
The lack of measurable drawdowns in the other observation wells - M3-TW#2 (all 
zones), M3-TW #3 (all zones), SVR #7, SVR #9 and Flack Corral precluded analyses for 
transmissivity and storativity; no Aqtesolv® analyses were conducted. 
 
Summary of Results 
 
In summary, the Pierce Gulch Sand Aquifer in the region of the Kling Irrigation well is 
heterogeneous, with zones of higher and lower permeability. The representative 
transmissivity for the full thickness of the Pierce Gulch Sand Aquifer near the Kling 
Irrigation well is on the order of 39,000 gpd/ft. The storativity of the aquifer is around 
1x10-3.  

Verification of Aquifer Coefficients 
 
The values for transmissivity and storativity derived from the test analyses were verified 
by comparing measured drawdowns with calculated drawdowns at the various wells 
monitored during the test. Small difference between the calculated and measured values 
of drawdown verified the analytical results. In our analysis we calculated theoretical 
drawdowns for three time intervals during the test (360, 1,440 and 3,000 minutes) using 
the Theis (1935) equation at distances of up to 22,000 feet which includes the various 
distances of all the measured wells. These curves are plotted on Figure 96 (page 235) 
along with actual measured drawdowns for the seven well sites. The analysis uses the 
aquifer coefficients calculated for the regions near the Kling Irrigation well (mean 
transmissivity of 39,000 gpd/ft and mean storativity of 1x10-3). 
 
The graph shows that the theoretical and actual values agree well in all of the 
observations wells. In other words, using the aquifer coefficients derived from the Kling 
test to model the expected affect to the other wells monitored during this test, tells us that, 
except for the pumped well and M3-TW #1, we should not expect any effects because the 
other wells are located too far from the pumping center to show any measurable response 
at any of the three time intervals; theoretical and actual levels are all close to zero. Only 
the closest observation well, M3-TW #1 is theoretically close enough to show a response. 
The actual values for the composite draw downs of Zones 1-4 and calculated values 
match with a mean error of 0.39 feet, or about 6 percent. 
 
The actual and the calculated theoretical drawdowns for the pumped well differ by about 
46 feet. We believe that much of this 46 feet difference is attributable to well loss caused 
by the frictional loss in head from turbulent flow through the inefficient well construction 
and the partially-clogged well screen. This value of 46 ft is relatively close to the 
estimated well loss of 40 ft used our analyses above. The nearly instantaneous decline in 
water level just after pumping started and the almost immediate rise in water level just 
after pumping stopped support this conclusion.  
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The calculated drawdowns for the average drawdown at a distance comparable to M3-
TW #1 only match the measured data when the values derived from the pumping well 
analysis are used in the prediction. When the higher transmissivity values derived from 
the analyses of M3-TW#1 data are used, a smaller drawdown is calculated. Since the 
Aqtesolv® analyses used to generate a curve match required the use of a fault acting as a 
no-flow boundary, and because other subsurface geophysical mapping by HLI suggests a 
buried fault trace, it appears likely that such a fault may be present in the vicinity of the 
Kling well and that it may control ground water movement in the aquifer to some extent. 

Comparison with Other Regional Aquifer Tests 
 
The results of the pumping test analyses indicate that the Pierce Gulch Sand Aquifer in 
the vicinity of the Kling Irrigation well may be significantly lower in transmissivity than 
it is at other locations both to the south and northeast. The calculated value of 39,000 
gpd/ft is about 13 percent of the value calculated for a previous test of SVR #7 
(transmissivity of about 300,000 gpd/ft or more), 9,900 feet to the northeast and about 20 
percent of those calculated for some of the large production wells recently drilled in the 
Valley about 3 miles to the south and east, in the Eagle and Star area (Figure 98, page 
251). However, we believe that the actual value for the aquifer in the vicinity of the Kling 
Irrigation well may be higher than the calculated 39,000 gpd/ft based on of uncertainty in 
the test data resulting from the construction of the Kling Irrigation well. 
 
There is an element of uncertainty in the results of the Kling Irrigation aquifer test for 
two reasons. The first is the relative position of the well in the aquifer. The second is the 
degree of plugging of the well screen in the Kling Irrigation well. Table 1 shows that the 
intake for the Kling Irrigation well is open between elevations of 2,207 and 2,417 ft amsl 
while the regional aquifer at nearby M3-TW #1 lies at 2,012 to 2,287 ft amsl, as revealed 
in careful geological and geophysical logging. Since the wells are located about 1,050 
feet from each other and because the Pierce Gulch Sand Aquifer is believed to slope at 
about 100 feet per mile to the southwest at this location, the aquifer should only be about 
20 feet higher at the Kling well than it is at TW #1. Yet the Well Driller’s Report for the 
Kling Irrigation well indicates it is completed in about the top 100 feet of what should be 
the Pierce Gulch Sand Aquifer and about 100 feet of some overlying zone.  
 
This well construction suggests that the driller may have been unable to place the well 
screen assembly where he had originally planned. We speculate that the borehole began 
to collapse before the screen was installed and that, rather then pull the too-high screen, 
re-drill the hole and reinstall the screen (and bear the costs of these activities), the driller 
decided to leave the screen at a position 100 feet higher than planned. The partially-open 
borehole may also help to explain why the deeper zones of the aquifer at M3 TW #1 
responded so quickly to pumping; the cone of depression produced by the pumping well 
did not have to pass downward through the shallow zones before it could move out 
laterally through the deep zones. Rather, the partially open borehole acted as a conduit 
connecting deeper portions of the aquifer to the shallower portions, allowing the cone of 
depression to pass simultaneously outward through all zones of the aquifer. 
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This unusually high placement of the well screens, coupled with the observed down-hole 
plugging in the well screens (observed through camera inspection that revealed that the 
louvered well screen is plugged at many locations), casts some uncertainty that the 
calculated transmissivity accurately represents a true value for the Pierce Gulch Sand 
Aquifer at this location. Normally a pumping well completed in only part of the aquifer 
(partial penetration) can be addressed when the observation well is sufficiently far from 
the pumped well (as is M3-TW#1). As discussed above however, the heterogeneity of the 
aquifer makes partial penetration effects difficult to accurately address. A better way to 
accurately know the overall aquifer coefficients in the area of the Kling Irrigation well 
would be to conduct a test with a new well that is properly designed and completed to tap 
the entire thickness of the aquifer. Such a well would give better representative values of 
transmissivity for the Pierce Gulch Sand Aquifer. Even with the inefficient well 
construction of the Kling Irrigation well, the derived storativity value appears typical of 
other short-term tests conducted on wells completed in the Pierce Gulch Sand Aquifer. 

Well Interference and the Effects of Seasonal Pumping 
 
Well interference effects from continuous pumping of the Kling well, or any supply well 
at this location, are calculated (and anticipated) to be small as the following analysis 
demonstrates. Two different values for transmissivity and storativity were used in two 
simulations to predict inference effects of a hypothetical well completed in the Pierce 
Gulch Sand Aquifer, at distances of almost 4 miles from the pumping well (Figure 97, 
page 236). In these simulations, the Theis method was used to generate a drawdown 
curve as a function of distance from pumping the general region of Kling Irrigation well 
for a properly designed and constructed replacement well at 1,000 gpm.  In addition, an 
image well was placed to the north of the line representing the no-flow boundary to 
simulate its effects. The use of a no-flow boundary may be conservative as this portion of 
the aquifer is believed to be unconfined and, as such, may actually act more like a 
positive (recharge) boundary in how it affects water level changes caused by pumping. 
The mean calculated transmissivity of 39,000 gpd/ft and mean calculated storativity of 
1x10-3 were used as one end point in the analysis. These values assume the results of the 
Kling well test accurately represent the Pierce Gulch Sand Aquifer near the Kling 
Irrigation well area.  
 
A second endpoint was used to bracket the predicted interference drawdowns. Since other 
tests in the greater M3-Eagle area have indicated much larger values (such as the SVR #7 
test which indicated a transmissivity of 300,000 gpd/ft), we have conducted our analysis 
using a transmissivity of 200,000 gpd/ft, a value that better represents the mean (to one 
significant figure of the Pierce Gulch Sand Aquifer tests.  
 
The two curves represent a worst-case (Kling Irrigation test values) and a better-case 
(mean values) believed to be more representative of actual overall aquifer conditions. The 
actual interference-drawdown that would occur is likely to fall between the two curves 
shown in Figure 97. 
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The analysis shows that at the end of a 90-day summer pumping season, where the new 
well would be pumped continuously at a discharge rate of 1,000 gpm, interference draw 
downs in the range of 4 to 14 feet are predicted for wells completed in the Pierce Gulch 
Sand Aquifer one mile away from the well site and on the order of 3 to 12 feet up to 2 
miles away. These analyses are conservative and are likely to over-estimate the actual 
interference that would occur under such conditions.  In our view, the drawdown cone of 
depression from the pumping well would probably expand sufficiently to capture 
recharge (flow within the aquifer) before 90 days of continuous pumping. When the 
amount of captured recharge equals the pumping rate, drawdown caused by pumping in 
the well remains constant (and therefore “stabilizes” 26). The Theis analytical method 
assumes no recharge, that water pumped by a well only comes from aquifer storage and 
that a pumping-well water-level never stabilizes. In reality (and observed many times, in 
our experience) the pumping induced drawdown in a well pumped for 90 days in a 
regional aquifer like that underlying the M3 Eagle area, typically “stabilizes” before 90 
days. In addition, the portions of the aquifer away from the pumped well and toward the 
edge of the aquifer (near the green line on Figure 80) are unconfined. These regions 
would partially dewater under long-term pumping, supplying more water to the pumped 
well, in effect allowing for a much larger storage coefficient and therefore less drawdown 
than that calculated in this analysis. 

Conclusions 
 
Based on the overview and analysis presented above, we make the following conclusions: 
 

1. The Kling Irrigation well is completed in the upper 109 feet of the Pierce Gulch 
Sand Aquifer which is about 275 feet thick at this location.  

 
2. The already small open-area of the well screen in the Kling Irrigation well is 

significantly and irreversibly clogged, is subject to sand production, and is not 
suitable for long-term use as a regional supply well The Kling Irrigation well is 
poorly documented, poorly designed, and poorly constructed of marginal 
materials. Since the well was completed 19 years ago, a general deterioration of 
the well allowed by the marginal materials and caused partly by the inefficient 
design, has resulted in reduced well efficiency and yield. The proportion of water 
derived from various parts of the screen (and therefore the aquifer) is not known. 
The partial clogging of the well screen renders this analysis, and any future 
analysis, for aquifer coefficients uncertain. 

 
3. The results of the Kling Irrigation well test indicate that high-capacity wells 

capable of yields of 1,000 to 2,000 or more are feasible on the M3 Eagle property. 
Indeed, high yield wells, (for example the Kling Irrigation well itself, albeit 
flawed), already exist on the property.  We estimate that yields of 2,000 gpm or 

                                                 
26 The pumping-induced drawdown in the aquifer remains constant but the water level in the well can still 
vary under the influence of regional water-level trends, changes in barometric pressure, changes in well 
loss caused by development or changes in the well screen and/or filter pack, and pumping in other wells. 
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more could be achieved from properly constructed fully penetrating wells on the 
M3 Eagle property. 

 
4. Analyses of the pumped well data indicate the transmissivity of the Pierce Gulch 

Sand Aquifer near the Kling Irrigation well site may be on the order of 39,000 
gpd/ft.  

 
5. The transmissivity values derived from the analysis of the Kling Irrigation well 

aquifer test data are believed to be lower than actual.  Because of problems related 
to well construction that may have led to erroneously small values for 
transmissivity (through incorrect partial penetration corrections), and because of 
much higher transmissivity values reported northeast and south of the Kling 
Irrigation well (300,000gpd/ft and more), we believe that the aquifer in the 
vicinity of the Kling Irrigation well either a) shares the higher transmissivities 
calculated for the aquifer from adjacent wells or b) that the Kling Irrigation well is 
completed into an anomalous and localized lower-permeability portion of the 
aquifer. 

 
6. The mean storativity of the aquifer in the vicinity of the Kling well is calculated 

to be 1x10-3.  
 

7. Well interference effects from high-yield pumping wells in the vicinity of the 
Kling Irrigation well (or from the Kling Irrigation well itself), are calculated to be 
relatively small.  Using a lower-end transmissivity indicated from the test of 
39,000 gpd/ft and an upper-end transmissivity of 200,000 gpd/ft, the storativity 
calculated during the test (1x10-3), and an image well to simulate the no-flow 
boundary of the edge of the aquifer, two simulations were conducted to predict 
impacts from summer-long pumping at 1,000 gpm from a properly designed 
production well, on wells completed in the Pierce Gulch Sand Aquifer. The 
simulation indicated interference drawdowns on the order of 4 to 14 feet, at a 
distance of one mile from the well, and 3 to 12 feet, two miles from the well. 
Because these predictions bracket the likely range of aquifer parameters, the 
actual interference is likely to fall between these end-points of the ranges. 

 
8. A properly designed and constructed high capacity well (1,000 to 2,000 gpm) and 

a pumping test lasting at least a week or more would be needed to better 
characterize the nature of the aquifer beneath the M3 site. 

 
9. The barometric efficiencies of wells completed in the lower portion of the Pierce 

Gulch Sand Aquifer in the M3 Eagle vicinity are high, typically greater than 80 
percent. The barometric efficiency in the upper portions is lower, but still 
relatively high. The high barometric efficiency suggests that the aquifer is 
partially cemented in its upper portions and highly cemented in its lower portions. 

 
10. The value of the Kling Irrigation well test is limited because of poor design and/or 

construction of the pumping well and the relatively short duration of the test. The 
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test, however, does indicate the high productivity of the Pierce Gulch Sand 
Aquifer and the relatively small interference effects that a properly-designed-and-
constructed, high-capacity production-well would have at this location. When a 
high-capacity production-well is constructed at this location, we believe it would 
be valuable to test it through at least one week of pumping while using the M3 
TW #1 through #4 test wells along with SVR #7 and SVR #9 for monitoring. All 
wells monitored during the test should have barometric efficiency calculated and 
pretest and post test data collected to allow for the removal of water level changes 
not caused by the pumping well. 
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Table 1.  Data for Wells Monitored During Kling Irrigation Well Test 
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Table 2.  Summary of Kling Irrigation Test Aquifer Analyses 
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Figure 80.  Well Locations for Kling Irrigation Two Day Test  
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Figure 81.  Kling Irrigation Well Barometric Efficiency Corrected Drawdown 
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Figure 82.  M3 TW#1 Barometric Efficiency Corrected Drawdown 
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Figure 83.  Theis Analysis for Pumping Well – Kling Irrigation 2-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = effective radius of pumping well (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935) with partial penetration corrections of 
Hantush (1961 a and b). 

 

Kling Irrigation Well 
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T= 29,000 gpd/ft (raw data) 

T= 37,000 gpd/ft (well loss removed) 
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Good data fit after five minutes of 
pumping. Theis model appears 
representative. Analysis with estimated 
maximum well loss is 24 percent larger 
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includes Hantush partial penetration 
corrections. Analyses without (not 
shown) indicate T values 30 percent 
smaller. Analysis with fault (no-flow 
boundary) at 1,500 ft. 
 
Derivative analysis supports method 
after 8 minutes. Decrease in derivatives 
after 1,000 minute suggest influence of 
zones of higher transmissivity. The 
corresponding flattening of the 
drawdown curve cannot be seen on a 
log-log plot because of the compression 
of the vertical scale. 

Well-Loss-
Corrected Data 

Raw data
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Figure 84.  Cooper-Jacob Analysis for Pumping Well – Kling Irrigation 2-Day Test 
Test Conducted: January 9-11, 2007 
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Parameters
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, 
 in feet (ft) 
 

tc = critical time where “u assumption” is met (where u = 0.05) such that  
method may be valid 

 
u = 1.87r2S/Tt   

t = time in days 
r = effective radius of pumping well (ft) 

 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 
spp = 0.58 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Cooper and Jacob (1946). 
Partial penetration corrections from Butler (1957). 

Kling Irrigation Well 
Screen = 198-408 ft 
T= 20,000 gpd/ft 
(raw data) 
T=36,000 gpd/ft  
(with PP corrections) 
S = Not Calculable 
Kv/Kh=0.1 
b ≈ 240 ft 
tc < 1 min 
r = 0.67 ft 
Q = 900 gpm 
 
Partial penetration correction 
makes calculated T for whole-
aquifer thickness about 75 percent 
greater than calculated value 
without PP correction. 
Transmissivity with PP correction 
agrees well with Theis analysis 
using well loss correction. 
 
Derivative analysis supports 
method after 8 minutes. Decrease 
in derivatives after 1,000 minute 
suggest influence of zones of 
higher transmissivity. The 
corresponding slight flattening of 
the drawdown curve can be seen.  

Raw data 

PP-corrected 
data 
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Figure 85.  Recovery Analysis for Pumping Well – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from well logs in the area 
r = effective radius of pumping well (ft) 
 
spp = 0.58 s observed   where: 
 

spp = Drawdown corrected for partial penetration 
s observed  = observed drawdown 

 
Based on the analytical method of Theis (1935). 
Partial penetration corrections from Butler (1957). 

Kling Irrigation Well 
Screen = 198-408 ft 
T=27,000 gpd/ft 
(uncorrected data) 
T=45,000 gpd/ft  
(with PP corrections) 
S/S’ =1.2 
Kv/Kh = 0.1 
b ≈ 240 ft 
r = 0.67 ft 
Q = 900 gpm 
 
Good recovery data fit. Theis recovery 
model appears representative. S/S’ 
ratio of greater than 1 (“early” 
recovery) implies a recharge source; in 
this case, more transmissive portions 
of the aquifer are likely. 
 
Partial penetration correction makes 
calculated T for whole-aquifer 
thickness about 2/3 greater than 
calculated value without PP correction. 
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Figure 86.  Theis Analysis for TW#1 Mean – Kling Irrigation 2-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
 

Test Well #1  
Mean of Zones 1 - 4 
Screens = 353-556 ft 
T= 140,000 gpd/ft 
S= 1.1x10-3 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Fit biased toward first 80 min of 
pumping. Good fit for first 80 minutes of 
test – Model with average (mean) of 
drawdowns in four wells gives reasonable 
approximation of aquifer behavior. 
Unaccounted for boundary effects after 
100 minutes. 
 
Model includes no-flow boundary (fault) 
at 1,500 ft from pumping well. 
 
Derivative type curve fit only 
approximate through 40 minutes 
indicating transmissivity analysis is only 
approximate. 
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Figure 87.  Theis Analysis for TW#1 Composite – Kling Irrigation 2-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details 
b = aquifer thickness in feet (ft), estimated from geophysical and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 
 

Test Well #1  
Best fit for Zones 1 - 4 
Screens = 353-556 ft 
Tave = 110,000 gpd/ft 
Save = 1.0x10-3 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Fit biased toward first 100 min of 
pumping. Only approximate fit – 
Model with best-fit for all four wells 
gives approximation of aquifer 
behavior. Unaccounted for boundary 
effects after 100 minutes. 
Model includes no-flow boundary 
(fault) at 1,500 ft from pumping well 
to achieve best fit. 
O Zone 1     Zone 2 
∆ Zone 3    +  Zone 4 
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Figure 88.  Theis Analysis for TW#1 Zone 1 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

Test Well #1 Zone 1 
Screen = 514-556 ft 
T=87,000 gpd/ft 
S=1.0x10-3 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Best fit with no-flow boundary 
1,500 ft to northeast of pumping 
well. 
 
Derivative analysis supports 
method. Good fit throughout 
entire test period. 
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Figure 89.  Recovery Analysis for TW#1 Zone 1 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 

 

1. 10. 100. 1000.
0.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Time, t/t'

R
es

id
ua

l D
ra

w
do

w
n 

(ft
)

Obs. Wells
M3 TW#1 Zone 1

Aquifer Model
Confined

Solution
Theis (Recovery)

Parameters
T  = 4.233E+4 gal/day/ft
S/S' = 1.03

 
 
T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method Theis (1935). 
 

Test Well #1 Zone 1 
Screen = 514-556 ft 
T= 42,000 gpd/ft 
S/S’ = 1.0 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
S/S’ = 1 indicates normal recovery. 
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Figure 90.  Theis Analysis for TW#1 Zone 2 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

Test Well #1 Zone 2 
Screen = 467-507 ft 
T=93,000 gpd/ft 
S=7.2x10-4 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Best fit with no-flow boundary 
1,500 ft to northeast of pumping 
well 
 
Derivative analysis supports 
method. Reasonable fit throughout 
entire test period. 
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Figure 91.  Recovery Analysis for TW#1 Zone 2 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935). 
 

Test Well #1 Zone 2  
Screen = 467-507 ft 
T= 43,000 gpd/ft 
S/S’ = 1.0 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
S/S’ = 1 indicates normal 
recovery. 
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Figure 92.  Theis Analysis for TW#1 Zone 3 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
 

1. 10. 100. 1000. 1.0E+4 1.0E+5
1.0E-4

0.001

0.01

0.1

1.

10.

100.

Time (min)

D
ra

w
do

w
n 

(ft
)

Obs. Wells
M3 TW#1 Zone 3

Aquifer Model
Confined

Solution
Theis

Parameters
T  = 1.674E+5 gal/day/ft
S  = 0.001012
Kz/Kr = 0.1
b  = 275. ft

 
 
T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown. 
 
Based on the analytical method of Theis (1935). 

Test Well #1 Zone 3 
Screen = 395-425 ft 
T=150,000 gpd/ft 
S=1x10-3 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Poor fit after 60 minutes. Multiple 
boundaries / variations in 
transmissivity suggested. Modeled 
with no-flow boundary at 1,500 ft. 
Theis model only approximates 
aquifer. 
 
Derivative type curve fit good for 
first 40 minutes, only.  Method not 
valid after 40 minutes.  
 

Deviation 
from 
Theis 
curve 
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Figure 93.  Recovery Analysis for TW#1 Zone 3– Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 264Q/Δs   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Vertical to horizontal ratio of permeability (unitless), estimated from well logs in the area 
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935). 

Test Well #1 Zone 3  
Screen = 395-425 ft 
T= 30,000 gpd/ft 
S/S’ = 1.1 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Appears to be good recovery data 
fit. Theis recovery model appears 
representative. S/S’ ratio of greater 
than 1 (“early” recovery) implies a 
recharge source; in this case, more 
transmissive portions of the 
aquifer are the likely source. 
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Figure 94.  Theis Analysis for TW#1 Zone 4 – Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 114.6 Q W(u)/s   Where: 

T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
W(u) = “well function” (defined below)  
 

W(u) = 1.87r2S/Tt   Where: 
S = storativity (unitless)  
r = distance from the pumping well, in feet (ft) 
t = time in days 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
 

Solid Line represents “type curve” where T and S best match observed drawdown 
 
Based on the analytical method of Theis (1935). 

Test Well #1 Zone 4 
Screen = 353-383 ft 
T = 140,000 gpd/ft 
S = 3x10-3 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Poor fit after 100 minutes. 
Multiple boundaries / variations 
in transmissivity suggested. 
Modeled with no-flow boundary 
at 1,500 ft. Theis model only 
approximates aquifer. 
 
Derivative type curve fit good for 
first 40 minutes, only.  Method 
not valid after 40 minutes.  
 

Deviation 
from 
Theis 
curve 
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Figure 95.  Recovery Analysis for TW#1 Zone 4– Kling Irrigation Two-Day Test 
Test Conducted: January 9-11, 2007 
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T = 264Q/Δs   Where: 
T = Transmissivity in gallons per day per foot (gpd/ft) 
Q = Pumping rate in gallons per minute (gpm) and 
Δs = Change in drawdown of water level over one log cycle of time, in feet (ft) 
 

t = time since pumping started (minutes) 
t’ = time since pumping stopped (minutes) 
 
S/S’ = storativity ratio (unitless) where: 

S/S’ < 1 indicates no-flow boundary (“late” recovery) 
S/S’ = 1indicates  no recharge or discharge boundaries (“normal” recovery) 
S/S’ >1 indicates recharge boundary (“early” recovery) 

 
Kv/Kh = Bulk vertical to horizontal ratio of hydraulic conductivity (unitless), see text for details  
b = aquifer thickness in feet (ft), estimated from geophysical logs and well logs in the area 
r = distance from pumping well (ft) 
 

Based on the analytical method of Theis (1935). 
 

Test Well #1 Zone 4  
Screen = 353-383 ft 
T= 24,000 gpd/ft 
S/S’ = 1.2 
Kv/Kh = 0.1 
b = 240 ft 
r = 1,050 ft 
Q = 900 gpm 
(at Kling Irrigation well) 
 
Appears to be good recovery 
data fit. Theis recovery model 
appears representative. S/S’ 
ratio of greater than 1 (“early” 
recovery) implies a recharge 
source; in this case, more 
transmissive portions of the 
aquifer are the likely source. 
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Figure 96.  Verification of Kling Irrigation Well Test Using Average T and S 
Calculated from Test  
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Figure 97.  HLI's Predicted Interference at End of Summer Pumping from a 
Hypothetical Well at the Kling Irrigation Well Site 
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SECTION SIX: SUMMARY OF REGIONAL AQUIFER 
CHARACTERISTICS 

  
Hydro Logic, Inc. analyzed sixteen separate well tests conducted within the greater M3-
Eagle-Star area. Ten of the tests were conducted on the regional Pierce Gulch Sand 
Aquifer. One test was conducted on a shallow, unnamed aquifer overlying the Pierce 
Gulch Sand Aquifer in the Boise River Valley. Five tests were conducted on other minor 
aquifers; two of these were conducted on wells completed in undifferentiated 
sediment/mixed-bedrock aquifers that underlie the uplands northeast of Eagle, two were 
conducted on a sand aquifer of limited extent (informally called the Willow Creek 
Aquifer) located beneath the foothills north of Eagle, and one was conducted on a sand 
and gravel aquifer of very limited extent (informally called the Sandy Hill Aquifer) 
located beneath the foothills northeast of Eagle. The tests were conducted over the past 
16 years by various entities and analyzed originally using a variety of techniques. In this 
study, HLI re-evaluated these tests using a unified and consistent approach. We combined 
our more-than-25-years of practical well and aquifer test experience with the multi-
method computer program Aqtesolv® Pro, to generate a regional understanding of the 
aquifer parameters of transmissivity and storativity. We have also developed a series of 
conclusions and recommendations on the state of current and future aquifer testing in the 
region. The results of these analyses are presented in Table 3 (page 247) and Figure 98 
(page 251). Based on the analyses and separate conclusions developed for each well and 
well test discussed above, we reach the following general conclusions on the Pierce 
Gulch Sand Aquifer and other aquifers present beneath the study area. Sections One 
through Five of the main body of the report should be consulted for information 
supporting these conclusions: 

Conclusions: 

 
1. The Boise River Valley in the Eagle-Star vicinity and portions of the Foothill 

Uplands to the north of Eagle which include the proposed M3 Eagle planned 
community development are underlain by a highly productive regional aquifer 
system consisting of stratified and partially cemented sand, silt and clay. The 
aquifer, named the Pierce Gulch Sand Aquifer (Hydro Logic, Inc., 2007), is 
typically 250 to over 300 feet thick. At some locations, however, the combined, 
water-bearing portions of the aquifer are over 500 feet thick. 

 
2. Geophysical logging of thirteen wells in the greater project area (Hydro Logic, 

Inc., 2007) shows that the bottom of the Pierce Gulch Sand Aquifer slopes to 
the southwest at about 100 ft per mile in the Eagle-Star vicinity. The aquifer 
deepening to the southwest is consistent with the geologic history and paleo-
topography of the area whereby large sand deltas and beaches were formed 
from rivers and streams flowing from the uplands to the north and east of what 
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is now Eagle, into a lake that stood in the present Boise River / Snake River 
Valley. The stratigraphy was tipped to the southeast mainly by basin down-
warping and crustal uplift along the mountain front together with the deepening 
lake bed to the southeast; all imparting a southeastward “dip” to the sediments 
that now serve as the areas aquifers. 

 
3. For the sake of understanding regional water supply, the previous conceptual 

model of a “lower confined aquifer” and an “upper confined aquifer” is better 
replaced by a conceptual model of a single regional aquifer, the Pierce Gulch 
Sand Aquifer.  Based on borehole geophysical analyses and pumping test 
responses, the Pierce Gulch Sand Aquifer beneath the eastern edge of the study 
area beneath Lexington Hills lies between depths of about 100 feet bgl and 400 
feet bgl. Further to the west in the Star vicinity, the Pierce Gulch Sand Aquifer 
lies between depths of about 400 and 700 feet bgl. Beneath the eastern portion 
of the M3 site, the Pierce Gulch Sand Aquifer rises to land surface while 
beneath the southwestern edge of the M3 site, it lies between 300 and 600 feet 
bgl. The difference in aquifer depths is the result of the dip of the aquifer which 
slopes at about 100 feet per mile to the southwest. Previous workers in the area 
were incorrect when they characterized the geologic section as “deep confined” 
aquifers (below 250 feet bgl) and “intermediate confined” (150 to 250 feet bgl) 
based strictly on depth and did not recognize that the aquifer supplying the City 
of Star wells was the same aquifer supplying the Eaglefield wells, and the 
Lexington Hills wells of the Eagle area.  

 
4. The results of our analyses for transmissivity of the Pierce Gulch Sand Aquifer 

ranged from a low of around 40,000 gpd/ft to as high as 800,000 gpd/ft, 
depending on location. The average (mean) of all meaningful transmissivity 
values for the Pierce Gulch Sand Aquifer listed in Table 3 is 210,000 gpd/ft 
(rounded to two significant figures). 

 
5. The effects of partial penetration were not evaluated by previous investigators; 

partial penetration corrections were not incorporated into their analyses. 
Consequently, many of the previously-calculated transmissivities represented 
only a portion of the full thickness of the Pierce Gulch Sand Aquifer.  When the 
full thickness of the aquifer is considered in a partial penetration analysis, some 
of the calculated transmissivities are two to five times larger than values 
previously reported. 

 
6. None of the previous investigators who conducted aquifer tests in the project 

area quantified the effects of delayed yield or leakage in their analyses. 
Consequently, some of the transmissivity values calculated by previous workers 
overestimated transmissivities when the flattening of a drawdown plot was 
misinterpreted as a higher transmissivity effect and not a delayed yield or 
leakage effect. 

 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

239

7. Previous workers did not evaluate the derivatives of the drawdown plots or the 
critical time when certain analytical methods (Cooper-Jacob) were valid. The 
derivative and critical time analyses indicated that some of the past analyses 
were invalid.  

 
8. The Pierce Gulch Sand Aquifer beneath the upland area to the north has 

transmissivities that are comparable to those calculated from pumping tests of 
wells completed in the Pierce Gulch Sand Aquifer in the Eagle-Star area.  

 
9. The Pierce Gulch Sand Aquifer is confined beneath the western parts of the 

study area but unconfined along the eastern margins (such as northeast Eagle or 
portions of the M3 property. Wells beneath the Lexington Hills area of northeast 
Eagle demonstrated relatively large storativities of 0.01 to 0.03 when pumped 
for an extended period. In some situations, the observed water level effects of 
delayed yield in relatively deep wells indicate that the Pierce Gulch Sand 
Aquifer is in hydraulic communication with the water table in this area. 

 
10. Clay layers within and above the regional Pierce Gulch Sand Aquifer cause 

confined-aquifer responses to short-term pumping, but do not eliminate 
hydraulic connection to the upper water-bearing zones under longer-term 
pumping. 

 
11. Production wells completed in the Pierce Gulch Sand Aquifer where it exists 

beneath the foothill uplands have the potential for yields from 1,000 gpm to 
above 2,000 gpm, as transmissivities and available drawdowns are similar to 
those for wells completed in the Valley. 

 
12. Shallow aquifer(s) do overlie the Pierce Gulch Sand Aquifer at many locations 

beneath the Eagle-Star vicinity. Many domestic wells produce water from these 
overlying aquifers. The geologic deposits that comprise this shallow un-named 
aquifer in the lowland areas are unsaturated (“dry”) beneath the upland foothills 
beneath much of M3 property. 

 
13. A low-yield, mixed sediment and bedrock aquifer (not hydraulically or 

physically connected to the Pierce Gulch Sand Aquifer) underlies the 
northeastern portions of the study area. Transmissivities in this region are very 
low, generally 2,500 gpd/ft or less. Well yields are also small making this 
region unsuitable for development of a regional supply other than through a 
limited number of individual domestic water wells. This low-yield aquifer is not 
hydraulically connected to the Pierce Gulch Sand Aquifer. 

 
14. A highly permeable, but isolated and bounded, sand unit with limited recharge, 

informally called the Willow Creek Aquifer, lies beneath the central part of the 
Upland. The southwestern boundary of this aquifer consists of a thick 
monotonous clay and mudstone unit (mudstone facies of the Terteling Springs 
Member) that also underlie the Pierce Gulch Sand Aquifer. The northeastern 
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boundary consists of low-permeability granitic bedrock and volcanic rocks. The 
Willow Creek Aquifer extends to, and couples with, high-permeability aquifers 
beneath the Payette Valley near Emmett. The Willow Creek Aquifer is not 
directly connected to the Pierce Gulch Sand Aquifer. 

 
15. Potential well yields from the Willow Creek Aquifer are high but we expect that 

long term production could be severely constrained by small amounts of 
recharge and a bounded system that would significantly increase water-level 
drawdowns and large pumping lifts of 500 to 600 feet (and possibly more).  
Under longer-term pumping, the water table could conceivably be sufficiently 
lowered such that the ground water gradient would be reversed causing ground 
water in the Emmett area to move southeastwards through the Willow Creek 
Aquifer as a source of recharge. 

 
16. We are not aware of available test data for the upland area northwest of the 

proposed M3 project site. To the best of our knowledge, no test data are 
available within the public domain from wells in this area. Consequently, no 
pumping test analyses are presented in this report for wells to the immediate 
northwest of the M3 Eagle site. 

 
17. Another highly permeable, isolated and bounded sand unit with limited 

recharge, informally called the Sandy Hill Aquifer, has been reported on by SPF 
Water Engineering.  This aquifer apparently lies beneath the foothills upland to 
the northeast of Eagle and is not hydraulically connected to the Pierce Gulch 
Sand Aquifer. This aquifer appears to be a large pocket of sand sitting on top of 
low-permeability bedrock; a stranded outlier of the sand facies of the Terteling 
Springs Member. Short-term, potential well yields from the Sandy Hill Aquifer 
appear to be high but long-term production would be severely limited by small 
amounts of natural recharge to the aquifer which SPF estimated to be about 60 
gpm (based on the flow of a measured spring). SPF also asserts that artificial 
recharge would be needed for sustainable, long-term, high-volume use of the 
Sandy Hill Aquifer. 

 
18. Available test data from all of the aquifers in the area are generally of uneven 

quality. The results and conclusion of previously issued consultant’s reports of 
short-to-long-term testing reviewed in this report have technical limitations. In 
some cases, information on observation wells was incomplete (well logs were 
not available and no video or geophysical logging was conducted to confirm 
well construction and/or the current condition of the wells). In some cases, 
water level measurements had poor resolution. In other cases, the tests were 
conducted during a time of year when competing water users either pumped 
wells causing water-level interference or reduced value.  

 
19. Construction of additional high-capacity wells in the Pierce Gulch Sand Aquifer 

appears feasible throughout much of the Eagle-Star M3 project area. These high 
capacity wells will cause drawdowns that will affect other wells. There are more 
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than 1,600 wells in the greater Eagle-Star-M3 area (as of August 2007), many of 
them poorly constructed. Development of additional municipal ground-water 
supplies, and associated watertable drawdowns, may require some existing 
wells to be deepened and/or replaced. 

 
20. Development of additional wells and full development of existing municipal 

water rights will cause artesian pressures to decline over time throughout the 
Star-Eagle area. This decline of artesian pressures may cause some wells that 
flow at ground surface (or above) to cease doing so. Wells currently relying on 
artesian flowing conditions to provide water supplies may require pumps to 
produce water for use in the future. 

 
21. The potential for development of ground water from the eastern part of the 

study area (east of the West-Boise-Eagle Fault and the Willow Creek Aquifer) 
is very limited and only low-yield wells are possible. 

 
22. Subject to water quality concerns and very large pumping lifts, regional scale 

groundwater production may be possible from the Willow Creek Aquifer if 
pumping can reverse the very flat ground water flow gradient in the aquifer to 
induce flow from aquifers in the Payette River Valley. Pumping lifts of 600 to 
700 feet may be required.  

  

Recommendations: 

 
Based on the conclusion presented above and details within the main body of this report, 
we offer the following recommendations: 
 
1) Two major, regional pumping tests should be conducted.  
 
We do not believe that these tests are necessary at this time (July 2008) to demonstrate 
that additional water is available from the Pierce Gulch Sand Aquifer. The large 
withdrawals that have been occurring over the past years along with the relative stability 
of water levels in the Eagle-Star-M3 area already have demonstrated that an overdraft 
situation has not occurred. Rather, these tests would help to better define aquifer 
properties, help to quantify the hydraulic interconnectedness across the aquifer, and asses 
the potential for mutual interference between the numerous supply wells in the area to 
better manage the ground-water resource in the future. We believe that all water right 
applications should be obliged to provide the data needed to understand and manage the 
resource.  Properly designed and conducted pumping tests are part of the process that 
provides these data. We believe that all applicants for withdrawal of significant quantities 
of ground water be required to provide the rigorous and defensible aquifer-test data that 
would be generated following the recommendations below. All ground-water users in the 
region, present and future, would benefit were these recommendations to be followed and 
become standard procedure.  
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Following are our general recommendation for two aquifer tests: 
 

a) Both tests should be undertaken during late winter or early spring before irrigation 
pumping or canal flow has begun and when municipal demand is relatively low. 

 
b) One test should be conducted in the Valley near Eagle and the other should be 

conducted beneath the M3 project area. 
 

c) All major water suppliers in the area should be contacted and coordinated to 
optimize data and minimize potential interference effects and uncertainties in the 
data. 

 
d) Wells should be selected for the test based on location, position within the 

aquifer, well construction, availability of sound geologic and as-built construction 
information, ability to remove discharged water, and access. Observation wells 
should be selected strategically to allow for monitoring throughout the system 
with minimal interference from other water users.  If wells cannot be kept from 
pumping, these wells should be manipulated to be held at a constant discharge 
throughout the test period. 

 
e) The tests should be conducted using as large a pumping rate as is practical to 

generate as large a drawdown as possible to reduce the potential for the effects to 
be masked in more distal wells. Target rates of 2 to 6 cfs (approximately 900 to 
2,700 gpm) or more, if possible, should be considered.  Although the pumping 
rate should not theoretically affect the timing of the growth of the cone of 
depression, as a practical matter, water-levels are much more difficult to 
accurately measure when pumping rates are small. 

 
f) Pumping for at least one week (and up to a month, if possible) is recommended, 

to allow for long-term storativity effects to become apparent and for delayed yield 
to become delineated (should it occur).  

 
g) Upland wells completed in the Pierce Gulch Sand Aquifer should be included for 

observation as part of the Valley test. Valley wells should be included for 
observation as part of an upland well test. 

 
h) Pre-pumping water levels along with barometric pressure should be measured 

changes in all monitored wells for at least a week during a period with both 
minimal regional water pumping and significant changes in atmospheric pressure, 
to develop a “barometric efficiency” correction so the effects of changing 
atmospheric pressure can be quantified.  

 
i) Pre-pumping water levels along with barometric pressure should be measured, to 

determine antecedent water level trends for at least a week, in all wells.  
Depending on the time of year, there will be either a rising trend or a declining 
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trend.  Data analysis will likely be more accurate if the testing is accomplished 
during a single trend and preferably when the trend is relatively constant.   

 
j) At least a week of water level recovery data collection is recommended in order to 

assess aquifer properties based on recovery.  
 

k) All measured wells should be surveyed or have GPS locations and elevations to 
within a few feet or better. 

 
l) Data from the tests should be made available to all test participants and the Idaho 

Department of Water Resources. 
 

m) The information from these tests (which grows increasingly harder to accomplish 
with each passing year) will allow for better future management of the water 
resources in the M3-Eagle-Star vicinity. 

 
2) A long-term water-level monitoring network should be established for the Eagle-
Star-M3 area  
 
Monitoring can be the key to understanding the long-term performance of a ground-water 
system. It can also be a tool to detect changes before they become too large and therefore, 
more difficult to mange. The key to a properly designed, constructed and managed 
monitoring system is in part the selection (and possible construction, if necessary) of 
wells capable of indicating the water level in the target aquifer for a sufficiently long time 
(assured access).  
 
The details of our recommendations are listed below: 
 

a) The monitoring network should consist of designated wells that are non-pumping, 
of known (and verified) well construction and sealed with full-depth annular 
grouts into a single discrete aquifer zone.  The wells should be preserved by long-
term access agreements and, ideally, should be on publicly-owned land for 
monitoring in perpetuity.  If existing wells are to be used, camera inspection of 
the inside wall of the well should be used to verify the details of well construction 
and the current condition of the well. 

 
b) The wells should be strategically placed to measure water levels at many points 

within the Pierce Gulch Sand Aquifer and overlying water bearing zones. 
 

c) All wells should be equipped with electronic data logging equipment backed by 
hand measurements to track water level changes. 

 
d) The monitoring well network should be funded by local development and 

operated by a single entity with data made available to all interested parties. 
 



Reanalysis of 16 Aquifer Tests  Hydro Logic Inc., 
Eagle-Star-M3 Eagle  Boise, Idaho 

244

e) M3 Eagle, United Water Idaho and others have installed monitoring wells that 
should be incorporated into the monitoring well network. M3 Eagle is currently 
monitoring water levels in 24 wells in the upland (foothills) area.  While it is 
neither practical nor cost-effective to continue monitoring all of these wells in 
perpetuity, the monitoring wells that are known to generate high-quality data 
should be preserved.  Great effort has been expended to ensure, to the extent 
possible, that the test wells sited and drilled by M3 Eagle will be in locations that 
will not be impacted by development.  Monitoring of different wells over time, as 
wells are abandoned, is not the same as a single well record over a great length of 
time. 

 
3) Pumping tests of all future supply wells should be conducted with the intent of 
generating data for both evaluation of well performance and for providing a better 
understanding of the characteristics of the aquifer 
 
Each new supply well installed in the region presents an opportunity to generate 
additional information that will assist in the long-term management of the ground-water 
resources of the area. The IDEQ requires testing that will provide information on the 
performance of the newly installed well. With some modifications to the test, a 
significant amount of additional information can be generated to assist the long-term 
understanding and management of the aquifer system. We believe the additional effort of 
extending a “well test” into an “aquifer test” is highly worthwhile and recommend that all 
new major supply wells be required to provide this information as part of the IDWR 
permitting process. 
 
The details on this testing are presented below:  
 

a) Tests should be conducted with water level data collected before during and after 
the test to better assess the effects of antecedent trends, barometric effects and 
interference from other pumping wells. 

 
b) Observation wells completed in the same depth interval of the aquifer, with a 

complete understanding of well construction and subsurface geology should be 
used whenever possible for analysis of aquifer parameters. 

 
c) The pumping well and observation well(s) should be allowed to fully recover 

from previous pumping (to the extent possible) before the test is initiated. 
Flowing artesian wells should be capped with measured shut-in pressure and 
allowed to stabilize before starting the test. 

 
d) Test reports should include accurate maps of well location and well details 

(including well logs) to support the data used in the analysis.  Whenever possible, 
camera surveys of observation wells should be used to verify the details of well 
construction and current condition of the well to increase confidence in what is 
being measured. 
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e) Derivative and critical time analyses should accompany all data analysis plots to 
show when the data support the chosen method of analysis. 

 
f) An understanding of the Pierce Gulch Sand Aquifer should be incorporated into 

the analysis to reflect the effects of aquifer boundaries, partial penetration, 
delayed yield, and potential effects from other pumping wells in the area. 

 
1. Pumping tests should be conducted under the direction of a qualified 

hydrogeologist and not under the direction of a well driller, pump operator, or 
other unqualified personnel. Data should be field plotted as the test progresses to 
verify the test has been conducted sufficiently long to adequately characterize the 
well and aquifer behavior. Water levels should be measured carefully, using a 
combination of hand measurements with calibrated well sounders and electronic 
data loggers. 
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Table 3 - Summary of Aquifer and Well Test Parameters
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" to Mat'l type based
- =agl Depth Elev Depth Elev "b" Well Analysis S on Hydraulic Comments

Map of Well Locations 1 ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft gpd/ft ft2/day ft/day cm/sec Conductivity*

Valley Wells 
Eagle 7-Day Test - Pierce Gulch Sand Aquifer

Eaglefield Well #2 (pumping) 3 2514 -8.61 2523 1580 20.91 345 2169 181 2333 498 - Cooper-Jacob 200,000 800,000 110,000 - 2.2E+02 7.8E-02 coarse sand Match only valid: 20 to 80 minutes. Correction Includes PP (Butler) adjustment.
4 425 2089 679 1835 Semi-Log Theis*** 850,000 1,000,000 130,000 - 2.6E+02 9.2E-02 coarse sand Match 20-80 min. Hantush PP correction. Correction for well-loss increases T by18%.
5 Theis Butler PP corr. 200,000 760,000 100,000 - 2.0E+02 7.1E-02 coarse sand Butler PP corrections yield similar results to Hantush supporting their validity
6 Theis Recovery 200,000 800,000 107,000 - 2.1E+02 7.6E-02 coarse sand No well loss to affect plot. Correction Includes PP (Butler) adjustment

Legacy #1 7 2513 -16.25 2529 2.73 282 2231 175 2338 500 1605 Theis/Hantush no match 100,000 13,000 1.0E-02 2.6E+01 9.2E-03 clean sand Trend correction needed for match before 500 min. No match after 500 min.
 (observation) 8 352 2161 675 1838 Hantush-Jacob no match 100,000 13,000 1.0E-02 2.6E+01 9.2E-03 clean sand Leakage factor r/B = 4.6x10-4

UWID State and Linder #1A 9 2519 -12.83 2532 5.67 280 2239 210 2310 525 2405 Theis (early-time) 500,000 500,000 67,000 2.3E-03 1.3E+02 4.5E-02 clean sand Theis gives average of near (pumping) and far (obs well) values.
 (observation) 11 370 2149 735 1785 Butler (at obs well) 84,000 84,000 11,000 3.7E-03 2.1E+01 7.4E-03 clean sand Butler method only gives approx. results as model does not strictly apply

UWID State and Linder #1B 10 2519 -12.53 2532 5.49 400 2119 210 2310 525 2405 Theis (early-time) 400,000 400,000 50,000 1.3E-03 9.5E+01 3.4E-02 clean sand Theis gives average of near (pumping) and far (obs well) values.
 (observation) 12 490 2029 735 1785 Butler (at obs well) 84,000 84,000 11,000 1.3E-03 2.1E+01 7.4E-03 clean sand Butler method only gives approx. results as model does not strictly apply

Ricks Irrigation Well 13 2526 7.23 2519 1.09 234 2292 260 2266 416 3340 Theis/Hantush no match no match - - - - - Derivative analysis indicates no data match to type curve.
 (observation) 395 2131 676 1850

Holladay means 187,000 187,000 25,000 5.0E-03 Mean based on 8 separate analyses
SPF means 110,000 110,000 15,000 5.0E-03 Mean based on 24 separate analyses. SPF did not specify a mean.

Test summary ranges: PGSA near Eaglefield: Mean T = 460,000gpd/ft with a range of 200,000 to 800,000 gpd/ft, from UWID State and Linder: T = 80,000 to 400,000 gpd/ft, from Legacy T  = 100,000? gpd/ft, S = 2x10 -3 Analytical models only approximate assumptions required; therefore results only approximate.
Pumping projections for individual wells will need PP corrections.

Lexington Hills 30-Day Test - Pierce Gulch Sand Aquifer
Lexington Hills Well #1 (pumping) 17 2645 71.00 2574 732 81.00 215 2430 75 2570 326 - Cooper-Jacob 15,000 50,000 6,700 - 2.1E+01 7.3E-03 clean sand Early-time data, Includes PP (Butler) corrections. Delayed yield indicated

18 385 2260 401 2244 Moench 80,000 80,000 10,700 - 3.3E+01 1.2E-02 clean sand Good match to delayed-yield curve.
CH2M average 170,000 170,000 22,700 - 7.0E+01 2.5E-02 clean sand CH2 average T too high. Delayed yield portion analyzed. Early time better

Holgate Well (observation) 19 2645 65.58 2579 3.85 ? ? 89 2556 306 900 Theis (early time) 120,000 120,000 16,000 5.0E-04 5.2E+01 1.8E-02 clean sand Only data for t<80 min match. Delayed yield indicated.
20 171 2474 395 2250 Moench 96,000 96,000 13,000 1.2E-02 4.2E+01 1.5E-02 clean sand Good match to delayed-yield curve.

CH2M averages 100,000 100,000 13,000 1.3E-02 4.2E+01 1.5E-02 clean sand Good agreement with Moench.

Carson Well (observation) 21 2630 62.48 2568 2.47 ? ? 75 2555 305 1300 Theis (early time) Analysis Likely Invalid - - - - - Well may be too shallow to properly indicate aquifer parameters
22 90 2540 380 2250 Moench 77,000 77,000 10,000 3.5E-02 3.3E+01 1.2E-02 clean sand Good match to delayed-yield curve.

CH2M averages 110,000 110,000 15,000 2.6E-02 4.9E+01 1.7E-02 clean sand Average includes early time data does not considering delayed yield.

Eagle Hills Golf Course Well 23 2610 55.59 2554 1.05 ? ? 78 2532 302 2500 Theis (early time) 420,000 420,000 56,000 5.0E-03 1.9E+02 6.6E-02 coarse sand Largest value in area. Poor derivative match. Results may be invalid
 (observation) 24 175 2435 385 2230 Moench 400,000 400,000 53,000 8.0E-03 1.8E+02 6.2E-02 coarse sand Good match to delayed-yield curve.

CH2M averages 280,000 280,000 37,000 1.2E-02 1.2E+02 4.3E-02 clean sand Analyses do not take into account delayed yield.

Floating Feather Irrigation Well 25 2670 86.80 2583 2.00 ? ? 75 2595 315 5100 Semi-Log Theis Analysis Likely Invalid - - - - - Poor data resolution. No derivative match. No analysis possible
 (observation) 270 2400 390 2280 CH2M averages - - - - - - Not presented in report.

Test summary: PGSA average near Lexington Hills #1 T = 160,000 gpd/ft, S = 3x10 -3  (short-term pumping) and Sy = 0.02 (long-term pumping). Four-well mean 160,000 1.8E-02 Analytical results indicate delayed-yield (unconfined) aquifer with high-rate, long-term pumping.

Rivervine 6-Hour Test  - Shallow Aquifer Overlying the Pierce Gulch Sand Aquifer
Rivervine (pumping) 28 2500 -1.75 2502 350 22.73 72 2428 4 2496 116 - Cooper-Jacob 43,000 43,000 5,700 - 4.9E+01 1.7E-02 clean sand Log suggests unconfined aquifer. Only upper portion of aquifer tested

29 118 2382 120 2380 Theis/Hantush 48,000 48,000 6,400 - 5.5E+01 2.0E-02 clean sand Recharge boundary indicated: river? canal? pond? delayed yield?

6-In Observation 30 2500 -2.25 2502 4.85 65 2435 4 2496 116 283 Cooper-Jacob 37,000 37,000 4,900 2.2E-04 4.2E+01 1.5E-02 clean sand Obs well data better than pumping well data. No  PP correction needed.
31 75 2425 120 2380 Theis 36,000 36,000 4,800 2.5E-04 4.1E+01 1.5E-02 clean sand Sensitivity analysis indicates PP correction not needed.

Redwood Creek 8-hour Test - Pierce Gulch Sand Aquifer
Redwood Creek Well (pumping) 33 2545 -4.70 2550 2100 96.00 298 2247 295 2250 350 - Cooper-Jacob 50,000 140,000 18,700 - 5.3E+01 1.9E-02 clean sand Includes PP (Butler) corrections. 

34 401 2144 411 1900 Theis/Hantush 140,000 150,000 20,100 - 5.7E+01 2.0E-02 coarse sand Includes PP (Hantush) correction. Well loss correction increased T by 7%.
Scanlan 55,000 55,000 7,400 - 2.1E+01 7.5E-03 clean sand No PP correction leads to under-estimate for T

Ricks Well (Observation) 35 2545 -12.00 2557 4.40 ? ? 260 2285 385 2500 Theis/Hantush 140,000 140,000 19,000 1.8E-04 4.9E+01 1.7E-02 coarse sand Obs well analyses agrees with Theis/corrected C-J analysis for pumped well.
(not same well as "Ricks Irrigation") 284 2261 404 1900 Scanlan 154,000 154,000 21,000 2.0E-04 5.5E+01 1.9E-02 coarse sand Reasonable agreement.

Test summary: PGSA average near Floating Feather T = 170,000 gpd/ft, S = 4x10 -4 .

T (raw data)   T (corrected data)
Hydraulic 

Conductivity
Analytical Results****

Water Level
top/bottom

Entire Aquifer**Screen
top/bottom

Table 3
Hydro Logic, Inc.

Boise, Idaho



Table 3 - Summary of Aquifer and Well Test Parameters (continued)
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" Mat'l type
- =agl Depth Elev Depth Elev "b" Well Analysis Stest based on Comments

ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft ft2/day ft/day cm/sec permeability*

Floating Feather 51-hour Test - Pierce Gulch Sand Aquifer

Floating Feather (pumping) 47 2599 44.20 2555 1500 30.16 183 2416 113 2486 386 - Semi-Log Theis 140,000 160,000 21,000 - 5.4E+01 1.9E-02 clean sand Mean T = 160,000 gpd/ft from est. likley max. well loss of 0 to 10 ft
48 330 2269 499 2100 Theis Recovery 160,000 320,000 43,000 - 1.1E+02 3.9E-02 clean sand "Corrected" likley to be incorrect because well in middle of aquifer

Scanlan averages 150,000 150,000 20,000 5.2E+01 1.8E-02 clean sand Agreement with new analyses. 

Crandlemire Irrigation (observation) 49 2599 45.30 2554 11.60 176 2423 111 2488 388 65 Semi-Log Theis 170,000 170,000 23,000 3.7E-04 5.9E+01 2.1E-02 clean sand Obs well data likely better than pumping well data. No  PP correction needed.
50 316 2283 499 2100 Theis Recovery 170,000 170,000 23,000 - 5.9E+01 2.1E-02 clean sand Likely good T value. No PP correction needed.

Scanlan averages 150,000 150,000 20,000 1.0E-04 5.2E+01 1.8E-02 clean sand Reasonable agreement.

Valley Single Well Tests - Pierce Gulch Sand Aquifer

Star #1 8-Hour Test 38 2512 -40.60 2553 800 29.39 452 2060 350 2126 310 - Cooper-Jacob 50,000 120,000 16,000 - 5.2E+01 1.8E-02 clean sand Includes PP (Butler) correction.
39 550 1962 660 1816 Theis/Hantush 100,000 120,000 16,000 - 5.2E+01 1.8E-02 clean sand Includes correction for estimated max. likely well loss.

Star #3 24-Hour Test 41 2476 -31.19 2507 3008 176.02 544 1932 390 2086 310 - Cooper-Jacob 100,000 180,000 24,100 - 7.8E+01 2.7E-02 clean sand  PP (Butler) correction indicates 90% larger T.
42 643 1833 700 1776 Theis/Hantush 100,000 140,000 18,700 - 6.0E+01 2.1E-02 clean sand Includes correction for estimated max. likely well loss

LDS Eagle 4-Hour Test 44 2610 28.6 2581 95 17.52 397 2213 90 2520 380 - Cooper-Jacob 60,000 90,000 12,000 - 3.2E+01 1.1E-02 clean sand Development obscures true response. Includes PP (Butler) correction.
45 465 2145 470 2140 Theis/Hantush 70,000 70,000 9,400 - 2.5E+01 8.7E-03 clean sand Poor match. Sensitivity analysis indicates PP affects result by 80%

BSU averages 37,000 37,000 4,900 - 1.3E+01 4.6E-03 clean sand No PP corrections or recognition of well development effects.

Upland Wells - Pierce Gulch Sand, Willow Creek, Sandy Hill and Eastern-Upland Aquifers

Pierce Gulch Aquifer Wells

SVR  #7 22-Hour Test- Pierce Gulch Sand Aquifer

SVR #7 (pumping) 66 2710 160.54 2549 500 31.04 280 2430 180 2530 260 - Theis Step 150,000 150,000 20,000 - 7.7E+01 2.7E-02 clean sand Decline in PWL during test. Well developing. Analysis invalid.
67 350 2360 440 2270 Theis Recovery 150,000 150,000 20,000 - 7.7E+01 2.7E-02 coarse sand Recovery better match than pumping. Max DD at 60 min, then decline.

SPF averages 370,000 370,000 49,000 1.9E+02 6.7E-02 coarse sand

Big Gulch Stock Well 68 2698 150.00 2548 0.54 ? ? 170 2528 230 845 Theis/Hantush 180,000 180,000 24,000 1.0E-02 1.0E+02 3.7E-02 coarse sand No log for obs well.  Better match than pumping data.
69 180 2518 400 2298 Theis Recovery 180,000 290,000 39,000 - 1.7E+02 6.0E-02 coarse sand General agreement with pumping well recovery.

SPF averages 270,000 270,000 36,000 - 1.6E+02 5.5E-02 coarse sand

SVR Well #9  3.3-Hour Test 

72 2753 197.33 2556 43 14.00 235 2518 197 2556 73 - Cooper-Jacob 120,000 120,000 16,000 - 2.2E+02 7.7E-02 coarse sand Log suggests unconfined aquifer
73 263 2490 270 2483 Theis/Hantush 120,000 120,000 16,000 - 2.2E+02 7.7E-02 coarse sand Test too short. Development makes results questionable.

SPF averages 13,000? 13,000? - - - - - No analysis presented in SPF, only range of results.

Kling Irrigation Well 50-Hour Test- Pierce Gulch Sand Aquifer

Kling Irrigation (pumping) 83 2614 95.42 2519 900 94.39 198 2416 341 2273 240 - Theis/Hantush 29,000 37,000 4,900 - 2.0E+01 7.2E-03 clean sand Includes correction for est. well loss and  PP (Hantush).
84 408 2206 581 2033 Cooper-Jacob 20,000 36,000 4,800 - 2.0E+01 7.1E-03 clean sand Includes PP (Butler) corrections. Partially plugged screen. 
85 Theis Recovery 27,000 45,000 6,000 - 2.5E+01 8.8E-03 silty sand Includes PP (Butler) corrections. 

M3-TW #1 (composite: Zones 1-4) 86 2606 90.23 2516 8.95 353 2253 350 2253 240 1050 Theis (mean of 4 zones) 140,000 140,000 18,700 1.1E-03 7.8E+01 2.8E-02 clean sand Composite (mean of 4 zones) averages anomalies in separate obs wells 
87 556 2050 590 2013 Theis 4-well plot 110,000 110,000 15,000 1.0E-03 6.3E+01 2.2E-02 clean sand Best fit of 4 plots for 4 zones. General agreement with mean plot

M3-TW #1 Individual Zones 1-4 88,90,92,94 Mean of Theis Drawdown 120,000 120,000 16,000 1.4E-03 6.7E+01 2.4E-02 clean sand In range of composite and single mean plot analyses
89,91,93,95 Mean of Theis Recovery 35,000 35,000 4,700 - 2.0E+01 6.9E-03 clean sand Recovery is consistent with pumped well analysis.

Test summary: PGSA average near Kling irrigation well: T = 39,000 gpd/ft, S =0.0009.  Higher average T of 110,000 to 140,000 gpd/ft in larger region of aquifer as indicated by obs wells at M3-TW #1. 
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Table 3 - Summary of Aquifer and Well Test Parameters (continued)
Well Test Fig. Well Q Max. Dist. 

Well No. Elev. DTW Elev. DD Thickness "r" Mat'l type
- =agl Depth Elev Depth Elev "b" Well Analysis Stest based on Comments

ft amsl ft ft amsl gpm ft ft ft ft ft ft ft gpd/ft ft2/day ft/day cm/sec permeability*

Willow Creek Aquifer Wells
SVR Well #6  24-Hour Test 60 2816 450.18 2366 358 2.82 560 2256 450 2366 290 - Semi-Log Theis 1,000,000+ 1,000,000+ 100,000+ - >300 >E-01 coarse sand Development during pumping: Indicated T likely too high.

61 720 2096 740 2076 Theis Recovery 650,000 1,000,000 134,000 - 4.6E+02 1.6E-01 coarse sand Better match than  pumping analysis. Includes PP (Butler) correction.
SPF averages 1,300,000 1,300,000 170,000 - 5.9E+02 2.1E-01 coarse sand SPF best estimate for aquifer is 1,000,000+ gpd/ft.

SVR Well #10  24-Hour Test 63 2870 482.08 2388 55 59.90 630 2240 480 2390 190 - Cooper-Jacob 300,000+ 300,000+ 7,000 - 4E+01+ 1.E-02+ clean sand Meter problems. Screen flaw. Flat DD. Analysis not accurate.
64 640 2230 670 2200 Theis Recovery - - - - - - - No meaningful analysis possible. Poor test

SPF averages - - - - - - -

Eastern Upland Mixed Sediment/Bedrock Wells

SVR Well #1  7.5-Hour Test 54 3390 16.80 3373 51 102.00 125 3265 125 3265 275 - Cooper-Jacob 1,500 1,500 200 - 7.3E-01 2.6E-04 Bedrock/sediment Low yield aquifer.
55 400 2990 400 2990 Theis Recovery 2,300 2,300 310 - 1.1E+00 4.0E-04 Bedrock/sediment

Scanlan averages 1,700 1,700 230 8.4E-01 3.0E-04 Bedrock/sediment

SVR Well #2  2.5-Hour Test 57 3630 32.10 3598 50 159.90 300 3330 300 3330 460 - Cooper-Jacob 720 720 96 - 2.1E-01 7.4E-05 Bedrock/sediment Low yield aquifer.
58 760 2870 760 2870 Theis Recovery 270 270 40 - 8.7E-02 3.1E-05 Bedrock/sediment

Scanlan averages 350 350 47 1.0E-01 3.6E-05 Bedrock/sediment

Eastern Upland Sandy Hill Aquifer 71-Hour Test

TPW #1 (pumping) 75 3600 177.84 3422 2050 16.81 238 3362 178 3422 114 - Cooper-Jacob 200,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Includes PP (Butler) corrections. Highly bounded aquifer.
76 290 3310 292 3308 Moench 300,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Reasonable match.
77 Theis Recovery 300,000 300,000 40,000 - 3.5E+02 1.2E-01 coarse sand Incomplete recovery suggests highly bounded aquifer.

SVR #3 (observation) 78 3600 175.38 3425 159.90 175 3425 175 3425 105 150 Moench - - - - - - - No fit. Invalid analysis.
79 240 3360 280 3320 Theis Recovery 1,000,000? 1,000,000? 134,000 - 1.3E+03 4.5E-01 coarse sand Liely invalid analysis. Straight-line plot poor. Highly bounded system. 

*Hydraulic conductivity (permeability) range from Freeze and Cherry (1979) - silty sand: k 5x10-4 to 5x10-3,  clean sand: 5x10-3 to 5x10-2, coarse sand 5x10-2 to 5x10-1, gravel: 5x10-1 to 5x100+  Ver: 7/8/2008

** Top of aquifer estimated from Well Driller's Reports may be inaccurate. Aquifer bottom depths estimated from geophysical contours are considered more accurate.
*** All Theis (1935) analyses of drawdown data include Hantush (1961a and b) corrections for Partial Penetration, even if not stated in this table. See text for further explanation.
**** If T for raw data = T for corrected data, then no correction applied.

Analytical Results**** Hydraulic 
ConductivityT

Water Level Screen Entire Aquifer**
top/bottom top/bottom
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Transmissivity and Storativity based on 
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Location map for aquifer transmissivity values 
calculated from pump tests in the vicinity of the 
proposed M3 Eagle Development. The tests were 
conducted by various workers but all tests were 
reanalyzed by HLI with results presented here. 
See text of report for details. 
 
Wells were surveyed using a GPS system.   
Base map is (1:62,500 scale) USGS 15 minute 
map 
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APPENDIX A – Well Information 
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M3 Eagle - Kling Irrigation Well 
T. 5 N., R. 1 W., Section 28, SE¼, SE¼ 

Latitude 43º 44’ 15.81” Longitude 116º 27’ 13.03” 
Well completed August 1989  

WELL DRILLED AND 
CONSTRUCTED BY 

PETE COPE 
AUGUST 14, 1989 

©2008 Hydro Logic, Inc.  This instrument is 
the property of Hydro Logic, Inc.  Any 
reproduction, reuse, or modification of this 
instrument or its contents without the 
specific written permission of Hydro Logic, Inc. 
is strictly prohibited. 

Hydro Logic, Inc. 
Boise, Idaho OPEN BOREHOLE BELOW? CAVING OR BRIDGE?



 





 





 





 



APPENDIX B – Pumping Test Methods of Analyses 
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Details on the Method of Butler, J. J., Jr, 1988.  (From Aqtesolv®) 
 Schematic Diagram: 

 
 
Assumptions: 
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Equations: 
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Details on the Method of Cooper, H.H. and C.E. Jacob, 1946.  (From Aqtesolv®) 
 Schematic Diagram: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Assumptions: 
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Equations: 
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Details on the Method of Hantush, M.S. 1961a and b (From Aqtesolv®) 
 
Schematic Diagram: 
 

 
 
Assumptions: 
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Equations: 
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Details on the Method of Moench, A.F. (From Aqtesolv®) 
 
Schematic Diagram: 

 
 
Assumptions: 
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Equations: 
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Details on the Method of Neuman, S.P., 1974. (From Aqtesolv®) 
Schematic Diagram: 

 
Assumptions: 
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Equations: 
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Details on the Method of Neuman, S.P., and Witherspoon, P. 1972. (From 
Aqtesolv®)  
 
Schematic Diagram: 
 

 
 
Assumptions: 
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Equations: 
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Details on the Method of Papadopulos, I.S. and H.H. Cooper, 1967. (From 
Aqtesolv®) 
 
Schematic Diagram: 

 
 
Assumptions: 
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Equations: 
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Details on the Method of Theis, C.V., 1935. (Pumping) (From Aqtesolv®) 
 
Schematic Diagram: 

 
Assumptions:  
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Equations: 
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 Details on the Method of Theis, C.V., 1935. (Straight-Line Recovery) (From 
Aqtesolv®) 
 
Schematic Diagram: 

 
 
Assumptions:  
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Equations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX C – Kling Irrigation Well Test Data: Water Levels 
and Barometric Efficiency 
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APPENDIX D – Kling Irrigation Pumping Test: Barometric 
Efficiency Corrected Drawdowns 
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