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ESTIMATIONS OF AQUIFER CHARACTERISTICS USING DRILLERS' LOGS

Kandy G. Kisser and Jill S. Haimson
Arizona Department of Water Resources

99 East Virginia, Phoenix, Arizona 85004

Abstract

In an effort to utilize the lithologic information contained within the thousands
of drillers' logs on file with the Arizona Department of Water Resources (DWR), a com-
puter program was developed to analyze the logs for basic aquifer characteristics.
These characteristics, estimations of specific yield, hydraulic conductivity and trans -
missivity, are calculated for each well log by comparing drillers' descriptions of
alluvial sediments to standardized drillers' terms for which predetermined specific
yield values have been assigned. These values approximate conditions in alluvial ba-
sins in Arizona. This information and identified hydrostratigraphic units are then
coded for computer input. The computer program then calculates estimated aquifer char-
acteristics for the total depth of the saturated sediments and hydrostratigraphic units.

When a sufficient density of acceptable drillers' logs exist in the area being
studied, the logs are used to approximate the extent and depth of the hydrostratigraph -
ic units present. Thus the gross morphology of features, such as large clay bodies,
which can have a significant effect on a hydrologic system, can be evaluated.

This program has proven to be valuable by providing a preliminary overview of the
geohydrologic systems of alluvial basins and for calculating initial estimates of
aquifer characteristics for use in DWR computer modeling studies.

Introduction

The Arizona Department of Water Resources is currently involved in a two -year
study to determine aquifer characteristics of alluvial fill basins within the state by
analyzing the lithologic information reported in drillers' logs. Using a computer pro-
gram developed by DWR specifically for this study, estimations of specific yield (SY),
hydraulic conductivity (K) and transmissivity (T) are calculated for each log. Hydro-
logic maps are then prepared showing relative areal distributions of these character-
istics for use in groundwater modeling studies.

The United States Geological Survey (USGS), which is sponsoring this study, will
be the primary recipient of this information. The data will be incorporated into their
ongoing four -year investigation of Basin and Range aquifer systems in south- centrai
Arizona and parts of adjacent states. The study area, which encompasses 84,000 mi ,

is one part of the National Regional Aquifer -System Analysis (RASA) Program being con-
ducted or planned by the USGS. (Anderson, 1980)

Purpose and Scope

The primary purpose of this investigation was to develop a computer program which
could analyze the lithologic information contained within drillers' logs. This will
provide the USGS with areal distributions of estimated aquifer characteristics for use
as initial input into their digital groundwater models of alluvial basins. Use of this
program has provided contributions in the form of updating and expanding the current
understanding of these geohydrologic systems.

Methodology

The computer program calculates values of specific yield, hydraulic conductivity
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and transmissivity for each well log selected. Each driller description reported in a
log is assigned a standardized call which represents a group of drillers' terms with
predetermined specific yield values (Table 1). The specific yield values were taken
primarily from Water -Supply Paper 1469, Ground -Water Conditions and Storage Capacity in
the San Joaquin Valley California, (Davis et. al, 1959) and adapted to alluvial settings
in Arizona for use in the computer program. The hydraulic conductivity values were
then established for each term, enabling the program to calculate for each well log
the three aquifer parameters mentioned above. (Long and Erb, 1980)

For example, the following well log (Fig. 1) with a reported depth to water of 50
feet and a total saturated interval of 850 feet has computer- generated values of 14.4%
for specific yield, 699.3 gals /day /ft2 for hydraulic conductivity and 594,405 gals /day
ft. for transmissivity.

Depth /Description of Sediments Code SY K A selection process was establi-
shed so that the two most informative

0 -20 Topsoil SOIL 5 2 o logs per square mile could be chosen
20 -77 Sand WASA 25 150 0 from the estimated 30,000 well recorda
77 -135 Sand, clay and gravel SCGR 10 10 C on file within the study area. All

135 -250 Sand and gravel SAGR 25 150 0 selected logs were then grouped and
250 -425 Clay and fine sand HSCL 5 2 0 assigned to their appropriate basins.
425 -670 Sand and gravel SAGR 25 150o Once the DWR files were screened and
670 -900 Gravelly clay GRCL 5 2 o the data base established, logs from

the USGS well schedule files were coll-
ected and added to the DWR logs in an
attempt to create the most comprehen-

Calculating Specific Yield, SY: sive data base possible. The logs

(27' x 25)+(58' x 10)+(115' x 25)+(175' x 5)+(245' x 25)+(230' x 5) = 14.4%
850'

Calculating Hydraulic Conductivity, K:
27' x 1500)+ 58' x 100)+ 115' x 1500 +(175' x 20)+(245' x 1500 + 230' x 20) = 699.3

850 gal /day /ft2

Calculating Transmissivity, T:
699.3 gala /day /ft x 850 ft = 594,405 gals /day /ft.

Fig. 1. Calculating estimates of specific yield, hydraulic conductivity and transmi-
ssivity from drillers' logs.

were then coded and entered into computer files so that aquifer characteristics could
be calculated for each basin using the DWR Driller Log Program. Appropriate hydrologic
maps were then prepared.

In addition to examining the most informative drillers' logs, each basin is also
studied by reviewing the published information dealing with the geohydrologic condi-
tions and stratigraphy of its alluvial sediments. Once the conditions are understood,
the logs are reexamined and compared to the published data.

If a particular basins alluvium has within it distinct and extensive hydrostrati-
graphic units (Maxey, 1964), they are identified and flagged when each log is coded.
This optional data entry procedure allows for additional geohydrologic input which in-
creases the value of the data file and provides a means for further interpretation of
the existing conditions. The additional data can be essential since the program not
only calculates aquifer characteristics for the saturated column of sediments on a
whole -log basis, but it also has the ability to calculate aquifer characteristics for
each saturated hydrostratigraphic unit identified. With this information, hydrologic
maps can be prepared for the different units within the basins, facilitating model
development, data input and interpretation of the results when layered digital models
are used. This also results in a better understanding of the gross morphology of sub-
surface features within the alluvium and its effect on the overall geohydrologic system.

Results and Limitations

The Driller Log Program is able to calculate computer- generated values for specific
yield, hydraulic conductivity and transmissivity. When these values are used to pro-
duce hydrologic maps, they show relative areal distributions of the aquifer character-
istics within the basin. However, these are not absolute values, they should be com-
pared with available field test results and calibrated before being used as data input
to a digital model study.

As in all studies of this nature, the accuracy of the results are limited by the
quality, quantity and distribution of the original data. Despite these limitations,
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this method has proven to be an informative tool in understanding the geohydrologic
conditions in Arizona's alluvial basins.

Conclusions

The DWR Driller Log Program has enabled this Department to develop a standardized,
uniform method of analyzing the large number of drillers' logs available. The ability
to calculate the three basic aquifer characteristics, specific yield, hydraulic conduc-
tivity and transmissivity, has proven to be a valuable asset when establishing a pre-
liminary overview of a geohydrologic system and as a supplement to field test data.

Table 1

CODE SY K STANDARDIZED DRILLERS' TERMS

HARK 0. 0. Hard Rock
LIST 0. 0. Limestone
FRLS 3. 2. Fractured Limestone
CEMT 3. 2. Cement
CLAY 3. 2. Clay, Pure
DEGR 3. 2. Decomposed Granite
HAPN 3. 2. Hardpan
MALA 3. 2. Malapai
SHAL 3. 2. Shale
SHEL 3. 2. Shell
VOLC 3. 2. Volcanics
CALI 5. 20. Caliche
CMGR 5. 20. Cemented Gravel
CMSA 5. 20. Cemented Sand
CNGL 5. 20. Conglomerate
DRGR 5. 20. Dry, Gravel, Below the Water Table
GRCL 5. 20. Gravelly Clay
HASA 5. 20. Hard Sand
HSCL 5. 20. Hard Sand and Clay
HSYC 5. 20. Hard Sandy Clay
SAHP 5. 20. Sandy Hardpan
SILT 5. 20. Silt
SOIL 5. 20. Soil
SAST 5. 20. Sandstone
VASH 5. 20. Volcanic Ash
CMSG 10. 100. Cemented Sand and Gravel
CNGE 10. 100. Conglomerate, Gravel and Sand
CLGR 10. 100. Clay and Gravel
HAGR 10. 100. Hard Gravel
QKSA 10. 100. Quicksand
SAND 10. 100. Sand
SACL 10. 100. Sand and Clay
SCGR 10. 100. Sand, Clay and Gravel
SAHR 10. 100. Sand and Hard Rock
SASO 10. 100. Sand and Soil
VSYC 10. 100. Sandy Clay
SFSS 10. 100. Soft Sandstone
FISA 15. 400. Fine Sand
SISG 15. 400. Silty Sand and Gravel
BOUL 25. 1500. Boulders
SAGR 25. 1500. Sand and Gravel
SABO 25. 1500. Sand and Boulders
WAGR 25. 1500. Water Gravel
WASA 25. 1500. Water Sand
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