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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
kilometer (km) 0.6214 mile
liter (1) 0.03531 cubic foot
meter (m) 3.281 foot
millimeter (mm) 0.03937 inch
square kilometer (km?) 0.3861 square mile

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F=9/5(°C) + 32.

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived from
a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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Water Levels in Wells J-11 and J-12, 1989-91,
Yucca Mountain Area, Nevada

By Michelle S. Boucher

Abstract

Water levels have been measured in the Yucca
Mountain area, Nevada, since 1981 in order to gain a
better understanding of the ground-water flow system
in the area. Water levels in wells J-11 and J-12 have
been periodically measured using calibrated reeled
steel tapes since 1989, however, calculation of water-
level altitude was not possible prior to 1993 due to
missing reference elevations. These elevations were
determined in 1993 by the U.S. Geological Survey.
During 1989-91, water-level altitudes for well J-11
ranged from 732.09 to 732.40 meters and the mean
water-level altitude was 732.19 meters. During
1989-91, water-level altitudes for well J-12 ranged
from 727.84 to 728.03 meters, and the mean water-
level altitude was 727.95 meters.

INTRODUCTION

The Yucca Mountain area is being evaluated by
the U.S. Department of Energy for suitability to store
high-level nuclear waste in a mined, underground

repository. A 150 km? area located about 150 km
northwest of Las Vegas in southern Nevada is being
studied extensively (fig. 1). Water levels in selected
wells have been measured periodically since 1981 to
gain a better understanding of the ground-water flow
system in the area. Water-level altitude data will be
used to determine the direction and rate of ground-
water flow, and also will be used to estimate hydraulic
characteristics of the flow system. In the Yucca Moun-
tain area, the water table is in air-fall and ash-flow tuffs
of Tertiary age. Saturated carbonate rocks of Paleozoic
age underlie the Tertiary volcanic rocks. The terminol-
ogy for stratigraphic units in this report follows Carr
(1988), Carr and others (1986), Byers and others
(1976), and Winograd and Thordarson (1975).

Water levels in two water-supply wells, J-11 and
J-12 (fig. 1), near Yucca Mountain have been periodi-
cally measured using calibrated steel tapes since 1989;
however, water-level altitudes above sea level have not
previously been reported because the altitudes of the
measuring points (MP) were not known. Measuring-

point altitude data are needed in order to calculate the
altitude of the water table above sea level.

This report presents water-level altitudes for
wells J-11 and J-12 during 1989-91, describes the
equipment and methods used to collect and calculate
water-level altitudes, and presents descriptions of the
wells.

This report is a companion and supplement to
reports about periodically measured water levels
(Robison and others, 1988; Gemmell, 1990; O'Brien,
1991) in the Yucca Mountain area. These companion
reports present water-level data for 11 additional wells
that are monitored periodically. Robison and others
(1988) described the details of how the manual water-
level measurements are made and corrected to compute
the altitude of the water level.

Water-level data were obtained as part of the
Yucca Mountain Project of the U.S. Department of
Energy. The Yucca Mountain Project is described by a
Site Characterization Plan (U.S. Department of Energy,
1988). The data in this study were collected by the
U.S. Geological Survey and its contractors in coopera-
tion with the U.S. Department of Energy under Inter-
agency Agreement DE-AI08-92NV10874.

NEVADA STATE COORDINATE SYSTEM

Nevada State Coordinates are used to identify the
location of the wells cited in this report. These coordi-
nates are for the central zone of Nevada and are based
on a Transverse Mercator Projection. The origin of this
projection for the central zone of Nevada is latitude
34°45' N., and the central meridian is longitude
116°40' W. The Nevada State Coordinates listed in the
“Well Data and Water Levels” section are in meters
north of the origin and in meters plus 152,400 east of
the central meridian. The Nevada State Coordinates
for the wells were determined by Holmes and Narver,
Inc., contractor to the U.S. Department of Energy for
surveying at the Nevada Test Site and Yucca Mountain
area. Latitude and longitude values of the wells were
calculated from the Nevada State Coordinates.

Abstract 1
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Figure 1. Location of wells J-11 and J-12.
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DATA-COLLECTION SYSTEM

Periodic water-level data are collected at Yucca
Mountain by means of manual measurements made
using reeled steel tapes or multiconductor cable units.
Periodic measurements during 1989-91 were made
using two specially constructed reeled steel tapes that
are 7.9 mm wide and 792 m long, designated as
Chain #1 and Chain #2. Also used was a 2,800-ft ref-
erence steel tape, which is a reeled steel tape 6.4 mm
wide and 853 m long. Detailed descriptions of
Chain #2 and the reference steel tape are given by
O'Brien (1991). Chain #1 has the same physical char-
acteristics as Chain #2. Periodic measurements are
subject to various corrections that are listed in the fol-
lowing sections.

Corrections and Adjustments to Manual
Measurements

Various factors affect the accuracy of manual
water-level measurements and are considered in the
process of determining the water-level altitude. All
measurements in this report indicate the corrected
water-level altitude. Corrections made for steel-tape
water-level measurements include mechanical stretch
and thermal expansion of the tape. Measurements are
not corrected for borehole deviation from vertical as
gyroscopic surveys have never been run in wells J-11
and J-12. Measurements are adjusted to sea level
datum. The correction factors applied to steel-tape
measurements for each well are summarized in table 1.

Mechanical Stretch

Mechanical stretch is associated with the weight
of the steel tape and attached plumb bob. The calcu-
lated adjustment for the steel tapes used during
1989-91 (Chains #1 and #2), based on stretch coeffi-
cients and an approximate weight of 0.45 kg for
the plumb bob, were -0.02376 m for well J-11 and
-0.02141 m for well J-12 (table 1).

The correction for mechanical stretch of the tape
is given by:

C = (L*WS)/2 + PLS - KLS (1)

where
C is the correction, in meters;
L is the average depth to water in the well,
in meters;
W is the unit weight of the tape, in kilograms per
meter;

S is the stretch coefficient, in meters per

meter-kilogram;

P is the weight of the plumb bob, in kilograms;
and

K isreference tension during manufacture,
in kilograms.

Values for the variables in equation (1) are given in
table 2 for each tape. Values for W were determined at
a calibration laboratory at the NTS, and values for S
were determined by the U.S. Geological Survey and
are believed to be accurate to 7 percent. Values for K
were provided by the manufacturer at the time of pur-
chase.

Thermal Expansion

Thermal expansion of a steel tape responds to
temperature changes. The calculated correction for
thermal expansion for steel tapes is based on manufac-
turer specifications for thermal-expansion coefficients
and on average hole temperature calculated from tem-
perature profiles in wells at Yucca Mountain (Sass and
Lachenbruch, 1982). The correction factors are
+0.01842 m for well J-11 and +0.01317 m for well J-12
(table 1).

Correction for thermal expansion of the tape is
given by:

E=(D-R)TL, 2)

where

E is the correction, in meters;

D is the assumed average air temperature in the
well, in degrees Celsius;

R is the reference temperature during manufac-
ture, in degrees Celsius;

T is the thermal expansion coefficient, in meters
per meter-degree Celsius; and

L is the apparent length of the tape, in meters.

The tape corrections, which include mechanical
stretch and thermal expansion and average air temper-
ature in the well, are given in table 1. The tape-
dependent variables for equation 2 are defined for each
tape in table 2.

Water-Level Altitude

Water-level altitude is calculated by subtracting
the true depth to water (after applied corrections) from
the altitude of the reference point, which generally is a
metal tag on the well casing. The MP for the wells, at
the top of the well access tube, is at some distance
above the reference point, and the height of the MP is

DATA-COLLECTION SYSTEM 3



Table 1. Corrections applicable to steel tapes used for measuring water levels, 1989-91, at wells J-11 and J-12, near
Yucca Mountain, Nevada

Assumed Correction for 2,800-ft reference Correction for Chaln #1 and

average air steel tape (meters) Chaln #2 (meters) Measu A'";;"’e
Well  temperature ing reference
number In well Mechanical  Thermal Total' Mechanical  Thermal Total' point point
(degrees stretch expension stretch expansion (meters) (meters)
Celslus)
J-11 25.0 -0.04188 0.01842 -0.02346 -0.02376 0.01842 -0.00534 0.55 1,049.45
J-12 25.0 -0.03525 0.01317 -0.02207 -0.02141 0.01317 0.00824 0.53 954.54

ITotal correction may not equal sum of mechanical stretch and thermal expansion due to rounding.

Table 2. Mechanical-stretch and thermal-expansion equation variable values for steel tapes used in the vicinity of
Yucca Mountain

Variable 2,800-t reference steel tape Chain #1 and Chaln #2
Unit weight of the tape, W (kilogram/meter) 2.08 x 10 2.59 x 10”2
Stretch coefficient, S [meter/(meter-kilogram)] 248 x 10 1.66 x 1075
Weight of plumb bob, P (kilogram) 0.45 0.45
Reference tension during manufacture, K (kilogram) 9.07 9.07
Reference temperature during manufacture, R (degree Celsius) 20 20
Thermal expansion coefficient, T [meter/(meter-degree Celsius)] 1.16 x 103 1.16 x 103

subtracted from the apparent depth to water when cal-
culating the true depth to water. Reference-point and
MP values for wells J-11 and J-12 are listed in table 1,
and are described in the individual well sections.
Water-level altitudes in this report are based on a sur-
vey of selected water-level monitoring network refer-
ence points in 1993 by the U.S. Geological Survey.

Preclslon and Accuracy

An analysis of precision and accuracy was con-
ducted for manual water-level measurements, which
includes all periodic measurements, obtained during
1988-90 (Boucher, 1994). The precision of the
2,800-ft reference steel tape, based on 31 measure-
ments, was 0.026 ft. The precision of Chain #2, based
on 341 measurements, was 0.014 ft. The precision of
Chain #1 has not been calculated, but is considered
consistent with the precision of Chain #2. Ninety-
seven percent of all measurements obtained with the
steel tapes (not including Chain #1) were precise to
within 0.05 ft during 1988-90.

The accuracy of the computed water-level alti-
tude is a function of the accuracy of the: (1) Water-
level measurement, (2) borehole correction, (3) height
of the measuring point, (4) altitude of the reference

point, and (5) the precision of the 2,800-ft reference
steel tape. Accuracy of the borehole-correction factors
is unavailable because borehole-deviation surveys
have not been run in wells J-11 and J-12. The unknown
accuracy of the borehole corrections poses a problem in
the calculation of overall accuracy values. The overall
accuracy of measurements taken with the steel tapes is
estimated to be 0.36 ft, neglecting the accuracy of the
borehole-correction factor (Boucher, 1994).

Quality Assurance

Data in this report will be used to evaluate the
suitability of the Yucca Mountain site for a high-level
nuclear-waste repository. Confidence in the reliability
of water-level data is necessary so the data may be used
with confidence to assess the expected performance of
the repository. A quality-assurance program has been
implemented to support the reliability of the data.

On-Site Procedures

The quality-assurance program requires that
water-level measurements be obtained by methods
described in formal technical procedures. The techni-

4 Water Leveis In Wells J-11 and J-12, 1989-91, Yucca Mountain Area, Nevada



cal procedures include tests and adjustments done dur-
ing the measuring operation to ensure that the
equipment is operating properly and that expected pre-
cision and accuracy are attained. For example, the pro-
cedure for measuring water-level with a steel tape
specifies how to use the tape, when to calibrate it
against the reference steel tape, and how to maintain
the records of the calibrations.

Data are recorded in logbooks in the field. Data
recorded include: Time and date of the visit; names of
operators making the visit; identification of specific
equipment used; and correction factors, if any, applied
to the data at the well site. In addition, the entry in the
logbooks may include comments concerning factors
that may be relevant to the collected data, such as dis-
cussion of problems with equipment or weather condi-
tions during the water-level measurement.

Office Processing and Review

The original logbooks and records are main-
tained throughout a calendar year at the onsite opera-
tions headquarters at the Nevada Test Site. Photo-
copies are periodically transmitted to the office of the
project chief in Denver, Colo. The records are
reviewed for completeness and accuracy, and to ensure
that proper technical procedures were followed. Any
needed adjustments not done during on-site operations
are made in the Denver office. At the end of the calen-
dar year, after data reviews have been conducted and
any needed adjustments have been made, the original
logbooks and related records are transferred to a Yucca
Mountain Project data archive in Denver.

WELL DATA AND WATER LEVELS

Information and data for wells J-11 and J-12 are
included in the following sections. References or
information sources, well specifications, periodic
water-level measurement data, and hydrographs of
water-level altitude are presented for each well. The
well specifications include location, land-surface alti-
tude, start and completion dates of drilling, drilling
method, depth drilled, bit diameter below water level,
casing extending below water level, description of
access tubes for measuring water levels, description
and altitude of reference point, and description and
height of MP above reference point. Mean-annual
water-level altitudes for 1989-91 are calculated.

Well J-11

1. References or information sources: Young, R.A.,
1972; Fenix & Scisson, Inc. 1987.

2. Well specifications:

a. Location:
Nevada State Central Zone Coordinates (m):
N 740,968; E 611,764.
Latitude and longitude: 36°47'06" N.;
116°17'06" W.
Site ID: 364706116170601.

b. Land-surface altitude: 1,049.45 m (surveyed by
U.S. Geological Survey, 1993).

c. Date drilling started: June 4, 1957.

d. Date drilling completed: July 19, 1957.
e. Drilling method: Cable-tool.

f. Total drilled depth: 405 m.

Bit diameter below water level: 400 mm

Casing extending below water level: 308-mm
inside-diameter casing extends from land surface
to 404.5 m.

i. Description of access for measuring water levels,
including tubes or piezometers: 308-mm inside-
diameter casing; the casing is perforated from
328.3 to 334.4 m and from 379.2 to 396.2 m.
The well produces water from the basalt of Kiwi
Mesa and from the welded-tuff aquifer, located
within the Topopah Spring Member of the Paint-
brush Tuff.

j- Description and altitude of reference point: Chis-
eled “X” in concrete pad near well, altitude
1,049.45 m (surveyed by U.S. Geological
Survey, 1993).

k. Description and height of MP above reference
point: Top of casing, even with top of concrete
block, 0.55 m above the reference point.

3. Water-level altitudes:

Mean water-level altitude for 1989-91 at well J-11
was 732.19 m. The mean altitude was 732.17 m for
1989, 732.21 m for 1990, and 732.20 m for 1991.
Water-level altitudes ranged from 732.09 to 732.40 m
during 1989-91. Water-level altitudes are listed in
table 3 and shown in figure 2.

WELL DATA AND WATER LEVELS 5



Table 3. Measured water-level altitude and yearly mean
water-level altitudes, 1989-91, for well J-11 near
Yucca Mountain, Nevada

[Method: C1, Chain #1; C2, Chain #2; R, reference steel tape]

Water-level aititude

Date (meters) Method
01/30/89 732.17 Cc2
06/12/89 732.18 c2
12/08/89 732.16 Cc2
02/12/90 732.25 Cc2
07/10/90 732.14 C2
07/20/90 732.20 C2
07/27/90 732.16 c2
07/31/90 732.19 Cc2
08/09/90 732.17 C2
08/15/90 732.22 c2
08/21/90 732.17 c2
08/27/90 732.15 C2
09/14/90 732.21 Cc2
10/19/90 732.25 C2
11/19/90 732.31 Cc2
12/13/90 732.29 Cc2
01/24/91 732.23 c2
02/28/91 732.40 Cc2
03/27/91 732.23 Cl1
04/19/91 732.19 C1
05/07/91 732.18 C1
06/10/91 732.17 Cl1
07/23/91 732.18 Cl1
08/22/91 732.18 C1
09/16/91 732.14 Cl
10/31/91 732.09 Cl
11/26/91 732.21 C1
12/16/91 732.17 R

1989 mean: 732.17m

1990 mean: 73221 m

1991 mean: 73220 m
1989-91 mean: 732.19 m

Well J-12

6

1.

References or information sources: Young, R.A.,
1972; Fenix & Scisson, Inc. 1987.

2. Well specifications:

a.

Location: Nevada State Central Zone Coordi-
nates (m): N 733,508; E 581,012

Latitude and longitude: 36°45'54" N.;
116°2324" W,

Site ID: 364554116232401

. Land-surface altitude: 953.54 m (survey by

U.S.Geological Survey, 1993).

. Date drilling started: August 4, 1957.
. Date drilling completed: October 9, 1957;

well was deepened in August 1968.

. Drilling method: Cable-tool (1957);

unknown 1968.

Total drilled depth: 271 m (1957); 347 m after
the deepening in 1968.

. Bit diameter below water level: 400-mm to

271 m, 298-mm to 347 m.

. Casing extending below water level: 308-mm

inside-diameter casing extending from land
surface to 271 m.

Description of access for measuring water levels,
including tubes or piezometers: 308-mm inside-
diameter casing; the casing is perforated between
241-264 m,; the hole is open from 271 m to

347 m; access tube is 54-mm outside-diameter.
The well produces water from the welded-tuff
aquifer, located within the Topopah Spring
Member of the Paintbrush Tuff.

Description and altitude of reference point: Top
of well collar, 954.54 m (surveyed by U.S. Geo-
logical Survey, 1993).

. Description and height of MP above reference

point: Top of the 54-mm outside-diameter
access tube, 0.53 m above the reference point.

3. Water-level altitudes:

Mean water-level altitude for 1989-91 at well J-12
was 727.95 m. The mean altitude was 727.95 m for
1989, 727.94 m for 1990, and 727.95 m for 1991.
Water-level altitudes ranged from 727.84 to 728.03 m
during 1989-91. Water-level altitudes are listed in
table 4 and shown in figure 3.

Water Levels In Wells J-11 and J-12, 198991, Yucca Mountaln Area, Nevada
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Figure 2. Water-level altitude, 1989-91, for well J-11 near Yucca Mountain, Nevada.
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Table 4. Measured water-level altitude and yearly mean
water-level altitudes, 1989-91, for well J-12 near
Yucca Mountain, Nevada --Continued

Table 4. Measured water-level altitude and yearly mean
water-level altitudes, 1989-91, for well J-12 near
Yucca Mountain, Nevada

[Method: C1, Chain #1; C2, Chain #2; R, reference steel tape] [Method: C1, Chain #1; C2, Chain #2; R, reference steel tape]
Water-level altitud Water-level altitude
Date S meter) Method Date (meters) Method

08/28/89 728.00 C2 12/13/90 7271.99 C2
10/02/89 728.03 c2

11/16/89 727.94 2 02/25/91 727.88 Cc2
12/22/89 727.84 2 04/24/91 727.94 cl1

05/14/91 727.96 Cl1

01/25/90 727.89 c2 06/10/91 727.94 C1
02/08/90 72791 Cc2 07/23/91 727.92 Cl1
03/09/90 727.99 Cc2 08/21/91 727.93 C1
04/17/90 727.98 c2 09/12/91 727.94 C1
05/30/90 727.95 Cc2 10/25/91 721.97 Cl1
06/18/90 727.89 Cc2 11/2191 727.98 C1
07/10/90 727.90 Cc2 12/17/91 728.01 R
08/20/90 727.94 c2 1989 mean: 727195 m
09/14/90 727.94 c2 1990 mean; 727.94 m

10/29/90 727.98 c2 1991 mean: 727.95m

11/27/90 727.90 o)) 1989-91 mean: 72795 m
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Figure 3. Water-level altitude, 1989-91, for well J-12 near Yucca Mountain, Nevada.
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