Aquifer-Test Report for Test Well UE-20f

By Robert Graves
U.S. Geological Survey, Water Resources Division, Las Vegas, Nevada

INTRODUCTION

Numerous aquifer tests have been conducted in and around the Nevada Test Site. Many
of these tests have been completed in a fractured rock medium. Methods used to analyze these
aquifer tests have included the Theis and Cooper-Jacob solutions. Although both methods are
used to estimate aquifer characteristics in fracture media, the results may be qualified because
both methods were developed for porous rock media. Recently, GeoTrans Inc., working in
cooperation with the U.S. Department of Energy (DOE), evaluated time/drawdown data
collected in wells drilled for DOE in the Oasis Valley area (ER-EC wells, completed in fractured
volcanic rock) using a fractured-rock, double-porosity model (Moench, 1984). Based on this
evaluation, it was thought that analyzing aquifer-test results from these wells with a dual-
porosity solution would yield a better transmissivity estimate in these wells. Subsequently,
individuals from GeoTrans Inc. identified approximately 62 wells in the vicinity of the Nevada
Test Site with aquifer test data that could potentially be reevaluated with a fractured-rock,
double-porosity model. Transmissivity estimates from these aquifer tests will support ground-
water flow models being developed for DOE.

The U.S. Geological Survey (USGS) proposed to DOE to work in cooperation with
GeoTrans Inc. to review these aquifer tests for the availability of aquifer-test data that might be
suitable for reevaluation. Well UE-20f was one of the wells selected by the USGS for
reevaluation. Transmissivity in well UE-20f has been estimated to be 130 ft*d by Blankennagel
and Weir (1973, p. B12, table 3), from an aquifer test conducted on August 9 — 11, 1964. The
aquifer-test data from this test were reanalyzed using the Cooper-Jacob solution (Cooper and
Jacob, 1946) and Moench’s dual-porosity spherical-shaped block and slab-shaped block
solutions (Moench, 1984). Transmissivity estimates from each solution were compared.

TEST DESCRIPTION

Well UE-20f is located in Area 20 of the Nevada Test Site (fig. 1). On August 9, 1964, at
8:20 am (Pacific Daylight Savings Time, PDT) the USGS began a single-well aquifer test on
well UE-20f which lasted approximately 47 hours (pump off at 7:00 am, PDT, on August 11,
1964) (Blankennagel and Weir, 1965, p. 21). Average discharge during the test was 100 gallons
per minute.

Blankennagel and Weir, (1965, p. 22, footnote a/) reported that prior to the aquifer test,
well UE-20f was pumped on August 6-7, 1964, for approximately 885 minutes. The static water
level in the hole before pumping was 1,834.45 feet below land surface. The water level on
August 9, 1964, at 08:00 am was 1,867.20 feet below the measuring point. The pump was
started at 08:10 am but stopped after 7 minutes. Pumping was resumed at 08:20 am. The static
water level used to determine drawdown after the pump was restarted at 08:20 am was 1,879 feet
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below land surface (Blankennagel and Weir, 1965, p. 21, table 8). No adjustments to the
drawdown data due to recovery, barometric, tidal, or temperature effects were made.

On page 5, Blankennagel and Weir (1965) reported that:

Water levels were measured with a deep-well electrical line capable of detecting
relative changes in water level as small as 0.02 foot. The static-level measurements have
not been corrected to a steel tape secondary standard and should not be used for water-
level contouring.

A Reda submersible pump was used in the test on hole UE-20f. A positive
displacement check value was placed immediately above the pump. Discharge
measurements were made using Sparling water meters. In most tests the meter accuracy
was checked with a 44 gallon oil drum or a 10,000 gallon tank.
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TEST SITE

Well UE-20f is located at 37 ° 16” 17" N.; 116° 29’ 16” W., in Area 19 of the Nevada
Test Site (fig. 1).
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Figure 1 Location of well UE-20f on the Nevada Test Site.
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CONSTRUCTION

Well UE-20f is one of 19 exploratory wells drilled in the Pahute Mesa to collect data for
the evaluation of the subsurface geologic and hydrologic environment (Blankennagel and Weir,
1973, p. B1-B2). Well UE-20f was drilled to a depth of 13,686 feet below land surface. The
well is completed with 13 3/8-inch outside diameter casing from land surface to 755 feet below
land surface and with 9 5/8-inch outside diameter casing from land surface to 4,456 feet below
land surface. The well is open hole from 4,456 to 4,530 feet below land surface with a hole
diameter of 12 2/8-inch; from 4,530 to 13,670 feet below land surface with a hole diameter of 8
6/8-inch; and from 13,670 to 13,686 feet with a hole diameter of 6 1/8-inch. The major
production zones were reported to be in Rhyolite from 4,570 to 4,680 feet below land surface
(Blankennagel and Weir, 1965, p. 21). Blankennagel and Weir (1973, p. B12, table 3) report that
the most permeable zone in well UE-20f was cased off, however, they do not report an
approximate aquifer thickness. The saturated thickness of aquifer tested is about 9,230 feet.

Well UE-20f

Land Surface

13-3/8-inch diameter casing 0 - 755 feet
Annulus diameter unknown

radius, r, of well casing = 0.56 feet

9-5/8-inch diameter casing O - 4,456 feet
Annulus diameter unknown
radius, r, of well casing = 0.40 feet

V¥ [Water Level ~ 1,879 feet below land surface

Casing Depth = 4,456 feet below land surface

|

:12-2/8-inch open hole 4,456 - 4,530 feet
!radius, r, of open hole = 0.51 feet

i

18-6/8-inch open hole 4,530 - 13,670 feet
Iradius, r, of open hole = 0.36 feet

I
:6-1/8-inch open hole 13,670 - 13,686 feet

!radius, r, of open hole = 0.36 feet

|
:13,686 feet

(figure not to scale)

Figure 2 Construction of well UE-20f.
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Orkild and Jenkins, (1978, p. 69 - 70) present a detailed description of rock type and stratigraphic

HYDROGEOLOGIC CHARACTERISTICS

units for well UE-20f (table 1).

Table 1 Rock type in well UE-20f from 0 to 13,686 feet below land surface (adapted from Orkild and

Jenkins (1978, p. 69 - 70)

Depth Interval, in feet
below land surface Rock Type
0-110 Partially to moderately welded ash-flow tuff
110 - 130 Partially welded ash-flow tuff
130 - 150 Vitric bedded tuff
150 - 300 Partially to moderately welded ash-flow tuff
300 - 348 Vitric bedded tuff
348 - 600 Partially to densely welded ash-flow tuff
600 - 620 Vitric bedded tuff
620 - 1,930 Nonwelded to moderately welded ash-flow tuff
1,930 - 2,610 Zeolitized bedded tuff
2,610 - 2,725 Moderately to densely welded ash-flow tuff
2,725 -2,741 Zeolitized bedded tuff
2,741 - 2,954 Moderately to densely welded ash-flow tuff
2,954 - 3,036 Zeolitized bedded tuff
3,036 - 3,160 Rhyolitic lava flow
3,160 - 3,210 Rhyolitic lava flow (vitrophyre)
3,210 - 3,390 Rhyolitic lava flow
3,390 - 3,490 Rhyolitic lava flow (vitrophyre)
3,490 - 3,590 Rhyolitic lava flow
3,590 - 3,630 Rhyolitic lava flow (vitrophyre)
3,630 - 4,068 Zeolitized partially welded ash-flow tuff
4,068 - 4,350 Zeolitized bedded tuff
4,350 - 4,590 Rhyolitic lava flow
4,590 - 4,660 Rhyolitic lava flow (vitrophyre)
4,660 - 4,730 Zeolitized bedded tuff
4,730 - 5,380 Rhyolitic lava flow
5,380 - 6,004 Zeolitized partially welded ash-flow tuff
6,004 - 8,248 Nonwelded to partially welded ash-flow tuff
8,248 - 8,635 Rhyolitic lava flow (phenocryst rich)
8,635 - 9,185 Rhyolitic lava flow (phenocryst poor)
9,185 - 9,740 Rhyolitic lava flow (phenocryst poor)
9,740 - 10,232 Partially welded ash-flow tuff
10,232 - 10,352 Bedded tuff
10,352 - 10,887 Welded ash-fall (?) tuff
10,887 - 11,082 Densely welded ash-flow tuff
11,082 - 11,547 Nonwelded to partially welded ash-flow tuff
11,547 - 11,974 Densely welded ash-flow tuff
11,974 - 12,004 Zeolitized bedded tuff
12,004 - 13,686 Rhyolitic lava flow
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COOPER-JACOB ANALYSIS

The Cooper-Jacob method (Cooper and Jacob, 1946), commonly referred to as the
straight-line method, is a simplification of the Theis (1935) solution for flow to a fully
penetrating well in a confined aquifer. Using the Cooper-Jacob method, a transmissivity was
estimated to be 33 ft¥/d by fitting a straight line to late-time drawdown data (fig. 3). Lohman
(1979, p. 22) states that the Cooper-Jacob method is only valid when the well function of u is
less than or equal to 0.01 (u =r2 S/4 T t, where r = distance to observation well, S = aquifer
storage, T = aquifer transmissivity and t = time of pumpage). Assuming an r of 1 foot and S of
0.001, the criteria of a value of u less than or equal to 0.01 was met after the first second of

pumping.
Well UE-20f, August 9-11, 1964 data.
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Figure 3 Measured and straight-line approximation drawdowns for August 9 — 11, 1964, aquifer
test conducted at well UE-20f.
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CONCLUSIONS

Transmissivity could only be reliably estimated around well UE-20f with the Cooper-
Jacob solution. Estimate of transmissivity determined for this report using the Cooper-Jacob
solution was 30 ft?/d. Constraining the Moench solution with reasonable values of S, Ss, K, Ss',
and Sf gave poor and unreasonable matches to the drawdown data. Figure 4 shows the best
match using the Moench solution. The Root Mean Square error for this match was 44 feet. The
best estimate of transmissivity for the available data in well UE-20f is considered to be 33 ft/d.
To explain the poor match of the Moench solution to the drawdown data there could have been
an error recording the zero time water level, and drawdown could be greater than actually
recorded. An offset in the drawdown record would not affect transmissivity estimates with the
Cooper-Jacob solution.

Well UE-20f, August 9-11, 1964 data.
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Figure 4 Measured and case (2) simulated drawdowns for August 9 — 11, 1964, aquifer test
conducted at well UE-20f.

UE_20f_AquiferTestReport vs3.doc, 6/11/09, 7:16 AM Page 7 of 9



REFERENCES

Blankennagel, R. K., and Weir Jr., J. E., 1965, Water production and pumping test data for exploratory
holes, Pahute Mesa, Nevada Test Site: U. S. Geological Survey Technical Letter: Special
Studies 1-40, 27 p.

Blankennagel, R. K., and Weir Jr., J. E., 1973, Geohydrology of the eastern part of Pahute Mesa,
Nevada Test Site, Nye County, Nevada; Hydrology of Nuclear Test Sites: U. S. Geological
Survey Geological Survey Professional Paper 712-B, 35 p.

Cooper, H. H. and Jacob, C. E., 1946, A generalized graphical method for evaluating formation
constants and summarizing well field history: American Geophysical Union Transactions, v.
27,526-534 p.

Duffield, G. M., 2000, AQTESOLYV for windows, User’s Guide: HydroSOLVE, Inc. 164 p.

Lohman, S. W., 1979, Ground-water hydraulics: U. S. Geological Survey Professional Paper 708, 70p.

Moench, A. F., 1984, Double-porosity models for a fissured groundwater reservoir with fracture skin:
Water Resources Research, v. 20, no. 7, p. 831-846.

Orkild, P. P., and Jenkins, E. C., 1978, Report of exploration progress, Pahute Mesa, October 1, 1969,
to December 31, 1976: U.S. Geological Survey, Special Studies 1-23-18, USGS-474-239, 98 p.

Theis, C. V., 1935, The relation between the lowering of the piezometric surface and the rate and

duration of discharge of a well using ground water storage: Transaction of American
Geophysical Union, v. 16, 519-524 p.

UE_20f_AquiferTestReport vs3.doc, 6/11/09, 7:16 AM Page 8 of 9



APPENDIX A -TIME/WATER LEVEL/DRAWDOWN RECORDS

Well UE-20f, August 9 - 11, 1964, time/drawdown data.
Source of data, (Blankennagel and Weir, 1965, page 21, table 8).

DEPTHTO ELAPSED TIME,| DRAWDOWN, IN

DATE TIME WATER, IN FEET| IN MINUTES FEET
08/09/64 08:20:00 1879.00 0.00 0.00
08/09/64 08:21:30 1882.90 1.50 3.90
08/09/64 08:22:00 1883.00 2.00 4.00
08/09/64 08:22:30 1883.00 2.50 4.00
08/09/64 08:23:00 1884.80 3.00 5.80
08/09/64 08:23:30 1885.30 3.50 6.30
08/09/64 08:24:00 1887.20 4.00 8.20
08/09/64 08:25:00 1889.20 5.00 10.20
08/09/64 08:26:00 1890.60 6.00 11.60
08/09/64 08:27:00 1892.20 7.00 13.20
08/09/64 08:28:00 1893.50 8.00 14.50
08/09/64 08:29:00 1895.00 9.00 16.00
08/09/64 08:30:30 1896.60 10.50 17.60
08/09/64 08:32:00 1898.60 12.00 19.60
08/09/64 08:34:00 1900.50 14.00 21.50
08/09/64 08:36:00 1902.40 16.00 23.40
08/09/64 08:38:00 1904.00 18.00 25.00
08/09/64 08:40:00 1905.60 20.00 26.60
08/09/64 08:45:00 1909.30 25.00 30.30
08/09/64 08:50:00 1912.30 30.00 33.30
08/09/64 08:55:00 1915.40 35.00 36.40
08/09/64 09:00:00 1917.90 40.00 38.90
08/09/64 09:05:00 1920.20 45.00 41.20
08/09/64 09:10:00 1922.40 50.00 43.40
08/09/64 09:15:00 1924.40 55.00 45.40
08/09/64 09:20:00 1926.40 60.00 47.40
08/09/64 16:00:00 2003.60 460.00 124.60
08/09/64 20:00:00 2026.00 700.00 147.00
08/10/64 07:30:00 2055.80 1390.00 176.80
08/10/64 17:15:00 2075.20 1975.00 196.20
08/11/64 04:20:00 2087.20 2640.00 208.20
08/11/64 05:00:00 2087.70 2680.00 208.70
08/11/64 05:30:00 2088.20 2710.00 209.20
08/11/64 06:00:00 2088.50 2740.00 209.50
08/11/64 06:30:00 2088.90 2770.00 209.90
08/11/64 07:00:00 2089.40 2800.00 210.40
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