From: Radke, Bill

To: Harden, Tasha

Subject: SBNWR Pump Test Report

Date: Thursday, October 22, 2020 8:52:20 PM
Attachments: Aquifer Test at SBNWR December 2002.pdf

Tasha; As we spoke about recently, attached is the aquifer (pump) test provided to DHS to
depict the anticipated impacts to the aquifer resulting from their proposed water withdrawal.
Thanks, Bill

William R. Radke; Project Leader

U.S. Fish and Wildlife Service

Buenos Aires, Leslie Canyon, & San Bernardino NWRs
Cell: 520-508-7180


mailto:bill_radke@fws.gov
mailto:Tasha_Harden@fws.gov

Aquifer Test
at
San Bernardino National Wildlife Refuge

December 2-5, 2002

James Broska
Hydrologist
Water Resources
US Fish and Wildlife Service
Region 2
Albuquerque, NM
January 27, 2003






Introduction

An aquifer test was performed at the San Bernardino National Wildlife Refuge
(Refuge) between December 2 and 5, 2002, The test was conducted by the US Fish and
Wildlife Service (Service) to determine hydraulic properties such as transmissivity and
storativity of a deep, confined aquifer that acts as the sole source of water to Refuge
ponds that are used as habitat for rare, endangered fish, A contractor was hired by the
Service to install a pump for water withdrawals and monitor the flow rate of the pumping
well. A Branch of Water Resources hydrologist monitored water-level responses in

nearby wells using electronic pressure transducers and manual tape downs,

Discussion

The San Bernardino National Wildlife Refuge is located in the San Bernardino
Valley of southeastern Arizona, which is considered part of the Basin and Range
province (Longsworth, 1991), Although the nature of the subsurface in San Bernardino
Valley is not known exactly, the general framework in the area of the Refuge consists of
an upper unit of basin-fill sediments and interbodded basalts overlying an intermediate
unit of lacustrine clays that act as a confining unit to the basin-fill sediments of the lower
unit (Longsworth, 1991), This lower unit is the confined aquifer this investigation
examined,

The existing infrastructure for water supply at the San Bernardino Refuge consists
of several wells drilled to support adjacent wetlands for federally-listed threatened and
endangered fish (see Figure 1). These wells are completed into the deep, confined
aquifer and all show artesian pressures at well heads ranging from about 3 feet of
pressure at the northernmost welt (Bunting) to about 36 feet of pressure at the
southernmost well (East Border) and also include about 18 feet of pressure at Oasis and
about 8 feet of pressure at Twin 2. The differences in pressure are directly related to the
various land surface elevations at the location of the well, Hydrographs of the vatious
wells since continuous logging began in early 2002 are shown in Figure 2. The graph is
carrected to well-casing benchmarks in which pressures at the wellhead were converted
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Figure 1. Map showing location of wells on San Bernardino National Wildlife Refuge
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to feet above mean sea level according to the NGVD of 1929 and illustrates the north fo
south trend of ground-water flow in the San Bernardino Valiey. Two things are
immediately discerned from an examination of the hydrographs. First, there are
relatively small changes in the water levels of ail the wells when looked at from an
annual perspective. In other words, there appears to be no seasonal changes in water
levels corresponding to an annual high or low, Secondly, there are many targe spikes in
well pressures in certain wells in both a positive and negative direction, The cause of
these pressure spikes is not yet ascertained and is currently under investigation, Also, it
should be noted that the hydrograph for well Twin 2 appears to be lower than would be
expected for the hydraulic gradient of the valley. This can be attributed to the fact that all
wells being measured are flowing at various flow rates to the endangered fishponds on
the Refuge property. Although all the wells are allowed to fiow, the flow rate of well
Twin 2 exceeds that of any other well and so the corresponding hydrograph reflects the
excessive decrease in the potentiometric surface at the Twin 2 well head. Examination of
well responses during the recovery period of the aquifer test show that pressures at the
Twin 2 wellhead can be lowered as much as 9 feet under flowing conditions in
comparison to the non-flowing conditions, |

Twin 2 was selected as the pumping site due to its central location on the refuge
as well as the fact that it was one of the most recently constructed wells being completed
in 1994, It was drilled to a total depth of 600 feet below land surface (BLS) and
completed with 6 inch plain-wall casing to 290 feet BLS with slotted casing from 290 to
590 feet BLS, The depths of the monitoring wells are not known for certain with the
exception of East Border, which has a total depth of 531 feet BLS, It is surmised that the
* monitoring wells have similar depths and screened intervals to that of Twin 2 and East
Border, For example, other wells at the refuge (not monitored) have total depths of 600
feet (North Well) and 583 feet (Twin 1-plugged to 439 feet BL.S),

Pumping was initiated at 14:10 on December 2, 2002, The pumping rate was held
constant af 330 gallons per minute (GPM) for 4320 minutes, ending at 14:10 on
December 5, 2002. The pump was installed by Elbrock Water Systems to a depth of 342
feet below top of casing with the flow rate being monitored with an impeller type flow
meter. Discharge waters were routed into Black Draw located approximately 200 feet






east of the pumping well. Wells monitored for water level responses at various distances
from the pumped well include: East Border at 2,375 feet, Qasis at 1,885 feet, Twin 1 at
224 feet, and Bunting at 5,370 feet,

Well responses' at the 4 wells were monitored using either electronic pressure
transducers or a hand-held electric tape, A composite hydrograph of the 4 wells
monitored during the aquifer test is shown in Figure 3, This figure shows water levels
adjusted to mean sea level, Individual hydrographs for each monitoring well during the
aquifer test are included in Appendix A. These fi gures have been adjusted to show waier
level displacement in individual wells from the effects of pumping,

Well responses were analyzed using the Theis and Cooper-Jacob methods for
confined aquifers, For a full treatise on both methods, the reader is referred to an
indusiry standard text on well hydraulics: Analysis and Evaluation of Pumping Test Data,
by Kruseman and de Ridder, 1991, Both methods assume unsteady-state flow and relate

that the “rate of decline of head, multiplied by the storativity and summed over the area
of influence, equals discharge,” (Kruseman and de Ridder, 1991). However, both
methods vary slightly in implementation and as such may provide different estimates of
transmissivity and storativity.

The Theis method uses a curve-matching technique in which observed well
drawdowns are plotted using log-log paper and superimposed over a Theis Well Function
Type Curve, Because the Theis Type Curve has been normalized to log-log paper using
dimensionless drawdown and time axes, the tesulting two curves (observed drawdown
and Theis Type Curve) will be of the same shape. The offset in the horizontal and
vertical directions relate to the aquifer constanis of transmissivity and storativity,

The Jacob-Cooper straight-line method uses a technique in which observed
drawdown data are plotted on semi-log paper with time plotted along the log axis where a
straight line is extended through the data until it intercepts the time-axis, The slope of the
line directly relates fo the aquifer constants of transmissivity and storativity.

Both methods wete utilized through the software program AQTESOLY (Duffield,
1996). AQTESOLYV contains within its program the necessary equations and Type
Curves to allow easy analysis of drawdown data. Although the program defaults to an
automatic solution of the imported data, the hydrologist conducting the analysis has the
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option to override this feature and conduct manual analysis. The author of this report
used this feature exclusively and manually matched the Theis Type Curve to observed
data as well as manually plotted straight-lines when using the Cooper-Jacob method.
This method was preferred because the hydrologist was able to use his experience and
judgment of the hydrogeologic framework when determining if an automatic solution
was questionable, This proved to be the case often when using AQTESOLYV., However,
the internal mechanisms of the program for the generation of Type Curves and the
solution of pertinent equations are sound and made plotting the data easy and time
efficient.

Table 1 lists the results of enalyzing the 4 observation wells monitored during the
aquifer test. It can be seen that estimates for transmissivity for the refuge as a whole
range from 1,777 to 3,250 feet squared per day (f*day), and that storativity ranges from
1.1x10%to 1.9 x 10%,

Table 1: Hydraulic parameters calculated for various wells during aquifer test,

Well Name  Transmissivity  Transmlssivity Teansmissivity Storativity  Storativily

Thels Theis Cooper-Jacob Thels Cooper-Jacob
Drawdown, Recovery, Drawdown,  Drawdown  Drawdown
in (t}/dny in ft*/day in f}/day

East Border 2,519 2,439 3,250 TIx10° 73x107
Twin 1 1,777 1,807 1,806 22x 107 1.9x 167
Oasis 2,192 1,961 2,957 5.0x 107 36x 07
Bunting 1,996 33x 107
Average 2,121 2,069 2,671 54x 107 4.3 x 107

Average values for the estimates of transmissivity for all wells are also listed on Table 1
and represent the bulk hydrogeology of the subsurface of the refuge as a whole, Average
values of transmissivity for individual wells are as follows: 2,736 ft*/day for East Border,
1,797 f/day for Twin 1, 2,370 ft¥/day for Oasis, and 1,996 f*/day for Bunting. The
variation in estimates for hydraulic parameters among the 4 wells monitored can be
directly attributed to the heterogeneity of the aquifer materials being tested,

Heterogeneity refers to the spatial variation of hydrautic conductivity within a geologic






formation (Freeze and Cherry, 1979), In other words, a body of earth materials has
natural variations in its physical structure due to irregularities from the layering of
sediments and rocks during deposition and from the variability of secondary erosional
forces afler deposition. These conditions directly affect storativity and hydraulic
conductivity, and thus transmissivity of an aquifer, Transmissivity is calculated as the
product of hydraulic conductivity of an aquifer multiplied by its thickness (Freeze and
Cherry, 1979). Since the exact thickness of the aquifer is not known in the area of the
San Bernardino Refuge, only values of transmissivity are reported. Storativity (a
dimensionless parameter) is defined as “the volume of water that an aquifer releases from
storage per unit surface area of an aquifer pet unit decline in hydraulic head” (Freeze and
Cherry, 1979). Another way of stating this is that storativity of a confined aquifer is a
concept that represents the amount of water released from an aquifer’s rock matrix with a
decline in hydraulic head, This is water derived from a release in pressure, not from
actual draining of pore spaces, which is the case in unconfined, water-table aquifers,
These two parametets are important in hydrogeologic investigations in order to
understand how an aquifer will react to stresses such as development by large scale
pumping. By using average values of the two parameters estimated from the Theis and
Coopet-Jacob methods, manageré can estimate the change in the potentiometric surface
of the confined aquifer at the Refuge due to development adjacent to the Refuge. These
estimates should be very accurate provided that the values of transmissivity and
storativity derived from this investigation for the aquifer in the area of the Refuge
represent the entire confined aquifer of the San Bernardino Valley.






Summary

An aquifer test was conducted on an artesian aquifer at the San Bemnardino
National Wildlife Refuge on December 2-5, 2002, Hydraulic parameters were estimated
from analyzing water level responses from 4 nearby monitor wells located within the
Refuge boundaries. Estimates of transmissivity calculated from water level drawdowns
range from 1,777 to 3,250 (ft"/day), while storativity estimates range from 1.1x 10° to
1.9x 104, The average estimates caloulated for the 4 monitor wells from the two
methods outlined show an average value for transmissivity of 2,095 (ft*/day) and 5.4 x
10* for storativity from the Theis analysis (averaged from the drawdown and recovery
meﬁhods), and an average value for transmissivity of 2,671 (f%day) and 4.3 x 10 for
storativity from the Cooper-Jacob analysis. Spatially, the analysis shows higher
estimates toward the southern end of the refuge with the East Border well showing the
highest cstimates of both hydraulic parameters, Although these esiimates may appear to
have a wide variation to the unaccustomed eye, the range of values is well within

expected limits for the given geology of the area.
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_1 20202\Twin1_T.aqt
Date: 03/12/03 Time: 16:17:11
| WELL DATA
Pumping Wells Observation Wells
[ Well Name X (ft) Y (ft)_I Well Name X {ft) Y (ft)
Twin 2 0 0 = Twin 1 224 0
SOLUTION
Aquifer Model: Confined Solution Method: Thels
T =1776.8 #Z/day §  =0.0002236
Kz/Kr =1, b = 300, ft
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WELL TEST ANALYSIS

Data Set: C:\Arizona\San_Bemardino\AquiferTesU20202\Twin1_JO.a£1t

Date; 03/12/03

Time: 16:16;52

Saturated Thickness; 300. f

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

WELL DATA

Pumping Wells . Observation Wells
| Well Name X (ft Y (f) j [Well Name X(f Y (ft)
e |
| Twin 2 ] 0 0 | i=Twini 224 0
SOLUTION

Aquifer Model; Confined

T = 1806.5 ft%/day

Solution Method: Cooper-Jacob
§ =0.0001927
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WELL TEST ANALYSIS
Data Set: C:\Aﬁzona\San__Bemardlno\AquiferTest_120202\Twin1_REC.aqt
Date: 03/12/03 Time: 16:17:00
AQUIFER DATA
Saturated Thickness: 300. ft Anisolropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells Cbservation Wells
Well Name Xy | Y{#) . Well Name X (ft) Y (ft)
Twin2 0 ] 0 = Twin 1 224 0
SOLUTION

Aquifer Model: Confined
T =1807.3 ft%/day

Solution Method: Theis (Recovery)

S'=8.19%4
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WELL TEST ANALYSIS
Data Set: C:\Arlzona\San_Bemardino\AqquerTest_120202\Oasis_T.aqt
Date: 03/12/03 Time: 16:16:44
WELL DATA
Pumping Wells Observation Wells
Well Name X () Y (ft) Well Name X (ft) Y {ft}
Twin 2 0 0 + Qasls 1885 0
SOLUTION
Aquifer Model; Confined Solution Method: Theis
T  =21921 ft%/day S =0.0005019

Kz/Kr = 1. b =300, ft






6' 1 T T TT7FT11 T T T T T TT11 H T T TTTT

? 4.8

s [

p

I L

a

o 36 -

o L

m L

o L

" i

t 24 B

(L

f

( 8

) 1.2 j

Or 1 I A A L,,L,,I,;ili ]
10. 100, 1000, 1.E+04
Adjusted Time {min)
WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_120202\Qasis_JC.aqt
Date: 03/12/03 Time: 16:16:22
AQUIFER DATA
Saturated Thickness: 300. ft Anlsotropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells __Observation Wells N
Well Name X (ft) Y(ft) | [Well Name X (ft) Y (ft)
Twin 2 0 0 | {+ Oasis 1886 0
SOLUTION

Aquifer Model: Confined Solution Method: Cooper-Jacob
T = 2956.7 ft%/day $ = 0.0003606
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WELL TEST ANALYSIS

Data Set: C:\Arizona\San_Bernardino\AquiferTest_120202\0asis_Rec.aqt

Date; 03/12/03

Time: 16:16:36

Saturated Thickness: 300. ft

AQUIFER DATA
Anisotropy Ratlo (Kz/Kr}: 1.

WELL DATA
Pumping Wells Observation Wells
Well Name X (ft) Y (ft) Well Name X (ft) Y (ft)
Twin 2 0 0 | + Oasis 1885 0
SOLUTION

Aquifer Model: Confined
T =1961.2 ft%/day

Solution Method: Theis (Recovery)

8'=2.487
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_120202\EastBorder_T.aqt
Date; 03/12/03 Time: 16:16:10
~ WELL DATA
j " Pumping Wells Observation Wells .
Well Name X () Y (ft) Well Name [ X{ft) Y (ft)
1 Twin 2 i Q 0 - EastBorder | 23756 0
SOLUTION
¢ Aquifer Model: Confined Salution Method: Theis
| T =2518.6 ft%/day s  =0001122
Kz/Kr=1, b = 300. ft
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_1 20202\EastBorder_JC.aqt
Date: 03/12/03 Time; 16:15:45
AQUIFER DATA
Saturated Thickness: 300. ft Anisotropy Ratlo (Kz/Kr): 1.
WELL DATA
Pumping Wells _ Observation Wells
Well Name X/ | Y 'Well Name X (ft) Y (ft)
i Twin 2 0 | 0 | « EastBorder 2375 0
SOLUTION
Aquifer Modet; Confined Solution Method: Gooper-Jacob
T = 3250,1 #t%iday $ = 0.0007261
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San__Bemardlno\AqulferTest 120202\Bunting_T.agt
i Date: 03/12/03 - Time: 15:48:38
WELL DATA
~ , Pumping Wells Observation Wells
'Well Name B x@m Y Well Name X (ft Y (ft)
[ Twin2 1o | 0 [+Bunting [ 8370 0
SOLUTION "
Aquifer Model: Confined ' Solution Method: Thels
Y7 =1995.9 fteiday s  =0,0003335
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WELL TEST ANALYSIS
Data Set: C:\Arizona\San_Bernardino\AquiferTest_1 20202\EastBorder_REC.aqt
Date: 03/12/03 Time: 16:15:58
AQUIFER DATA
Saturated Thickness: 300, f Anisotropy Ratio (Kz/Kr): 1.
WELL DATA
Pumping Wells Observation Wells
Weil Name XMy ] Y(f) Well Name X (ft) Y () |
Twin 2 0 0 '+ EastBorder 2375 0 |
SOLUTION

Aquifer Model: Confined

Solution Method: Theis (Recovery)

T =2438.9 ft%/day ' = 2.271







