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COMPUTERIZED DEPTH INTERVAL DETERMINATION OF GROUNDWATER CHARACTERISTICS
FROM WELL DRILLER LOGS

by
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Frequently groundwater modeling efforts are frustrated by sparce information des-
cribing even the most fundamental of required aquifer parameters - transmissivity and
specific yield.

Although aquifer tests can provide reliable estimates of transmissivity, the num-
ber of available tests is often inadequate to describe its areal distribution over an
entire modeled area. Specific capacity data provides a less reliable method of deter-
mining transmissivity, but is usually available in greater numbers than aquifer tests.
However, in some cases, it too may not reach to the edges of the modeled area or be
available with sufficient density to smooth out the scatter in calculated transmis-
sivities.

In modeling basins with groundwater declines, the aquifer parameter having the
greatest influence on verification accuracy is often the specific yield. There are,
however, few methods available to estimate this parameter in unconfined aquifers, es-
pecially its areal distribution with depth.

The Arizona Water Commission driller log program was developed primarily in an
attempt to supplment the estimates of transmissivity and specific yield obtained from
more traditional methods. As such it is intended to provide additional data in areas
with sparce or conflicting values, extend coverage to areas undefined by other methods,
and to gain some insight into the vertical distribution of aquifer parameters. The
procedure builds on the theory that transmissivity and specific yield are functions of
the materials comprising the aquifer. Fine grained materials tend to be both low in
hydraulic conductivity and specific yield, while coarser grained materials tend to
have higher hydraulic conductivity and specific yield. Well driller logs provide a
readily available and, in most areas, a relatively large source of data describing the
lithology of aquifers. However, in recognition of the inherent low reliability of each
individual driller log, the procedure is intended to be used primarily where a suffi-
cient number of logs can be analyzed to establish a trend or some agreement among re-
sults over large areas, and further, that these data be used as first approximations
of the parameters for use in calibrating models.

The driller log program utilizes the relationship between drillers terms and spe-
cific yield described in the U.S. Geological Survey publication "Groundwater Conditions
and Storage Capacity in the San Joaquin Valley, California" Water -Supply Paper 1469.
While the values chosen for specific yield in that paper can be expected to be different
in alluvial basins in other geographical areas, it is believed teat they provide a
reasonable and perhaps conservative estimate that can be used in the absence of a de-
finite investigation of relationships in the basin under study.

Aquifer transmissivity is determined under the assumption that hydraulic conducti-
vity can be related to aquifer material types similar to the manner in which specific
yield is related to aquifer material types. The procedure is based on assigning a
hydraulic conductivity to each of the major categories of materials identified in
Water -Supply Paper 1469 plus one category added by the authors (Table 1). The magni-
tude of the assigned hydraulic conductivity values can be arrived at by correlating
transmissivities determined from aquifer tests and transmissivities calculated by the
driller log program from the tested wells driller logs. In basins with few or no aqui-
fer tests with which to correlate, the hydraulic conductivity can be assigned within
the theoretical limits for the predominate type of material represented by each of the
six major categories of WSP -1469. Transmissivities are calculated in the program by
multiplying the depth interval represented by each driller call times the hydraulic
conductivity associated with the material type described by the driller. Transmissivi-
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ties are then summed vertically for each of the driller calls to obtain total transmis-
sivity for the depth interval desired. Figure 1 demonstrates an example for this pro-
cedure.

The driller log program also calculates total groundwater in storage by simply
multiplying the specific yield associated with the driller call, divided by 100, times
the depth interval call. The resulting number represents feet of water in storage for
a unit area surrounding the well. It can also be expressed as acre -feet per acre of
groundwater in storage.

The program also has provisions for calculation of potential well yield at vary-
ing depths of well penetration based on the Theis equation. Transmissivity calculated
by the subject procedure and user supplied values for horsepower, well diameter, and
efficiency provide input to the equation. This provision of the procedure, however,
has not yet been fully tested.

To meet groundwater modeling requirements the driller log program has been struc-
tured to allow determination of aquifer parameter values at different depths or depth
intervals below the surface. For example, from figure 1, at user specified depth in-
tervals of 200 and 400 feet from the surface, the program would calculate total trans -
missivities of 338,400 and 180,100 g /d /f respectively, and total groundwater in storage
of 78 and 43 acre -feet per acre, respectively.

To facilitate computer input, the driller log descriptions from WSP 1469 were re-
duced to 42 computer codes which represent unique material types as shown in table 2.
These codes are recognized by the driller log program which assigns corresponding spe-
cific yield and hydraulic conductivity values to each of the codes used as input.

Currently, the Water Commission has a contract with the USGS Southwest Aluvial
Basin /Regional Aquifer System Assessment Project to collect driller logs for most of
the alluvial basins in the south and central portions of Arizona and estimate transmis-
sivity and specific yield values using the driller log program. This information, in
conjunction with available field data, will be used as input in the USGS modeling ef-
forts in these basins.

To date the Water Commission has completed two groundwater modeling studies uti-
lizing transmissivity and specific yield values from the driller log program. The
Harquahala Plains groundwater basin, the first to be modeled using the program, had
been initially attempted using hydraulic parameters based on specific capacity data and
geologic interpretation. Results with this method of parameter estimation were poor
with average calculated vs measured head differencies by node of approximately 96 feet
at the end of a 22 year verification period. Using the driller log program with data
from approximately 50 wells, average head differencies were decreased to 48 ft on the
first attempt. The improvement is attributed as much to the distribution of values
provided by the program as to the absolute values estimated.

In the Lower Hassayampa groundwater basin 120 driller logs were used for estimates,
including logs in an area of confined aquifer conditions. Because of the knowledge
gained from previous work in the area, the confined or semi -confined conditions were
recognized early in the study and specific yield values were reduced accordingly from
those values calculated by the program. However, the estimated transmissivity values
provided by the program over the unconfined area changed little over the course of
calibration and verifying the model. Initial calibration error using the driller log
program data was 25 feet over a 12 year period.

The largest effort to date using the driller log program has been a modeling effort
currently in progress by the Water Commission in the Salt River Valley groundwater
basin. Approximately 2,000 driller logs were used in the analysis for this basin. In

addition to the driller log analysis a field testing program was initiated to provide
measured transmissivity values for calibration of the results from the driller log
program. One hundred and sixty wells tested during the summer of 1979 and recovery
analyses were done on each to obtain a transmissivity estimate. These results were
compared to a driller log analysis for each well and statistical methods were used to
analyze the relationship between field transmissivity data and driller log estimates.

The final values used in the Salt River Valley for the major aquifer material types
are those shown under the hydraulic conductivity column in figure 1. Graphic analysis
by well, of driller log estimated transmissivity compared to the field test estimates
resulted in considerable scatter. However, areal plots of the driller log estimated
transmissivity data revealed better agreement and successfully identified the major
zones of high, medium, and low transmissivity indicated by the field data. The driller
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log data has been used in the Salt River Valley model to estimate transmissivity in ar-
eas where aquifer test and specific capacity data were unavailable, to provide a gener-
al estimate of the areal change in transmissivity with depth, and to provide an initial
estimate of specific yield over the entire modeled area.

In summary, the driller log program has been usefully applied in the three afore-
mentioned groundwater modeling studies to obtain initial estimates of specific yield
and estimates of transmissivity, particularly in areas where no other sources of inform-
ation are available.

The literature describes computerized techniques to evaluate aquifer parameters
which have been developed by others and from which reasonable results have also been
obtained. In providing a standardized quantitative evaluation of geologic information
from driller logs, often regarded as useless for such purposes, the program can provide
the hydrologist with a useful tool in areas where other sources of information describ-
ing aquifer parameters are limited.

Table 1

CATE7ORY SPECIFIC YIELD MATERIAL

1 0 Crystalline bedrock (fresh)

2 3 Clay and related very fine grained deposits

3 5 Silt: gravelly cla"; sandy clay; sandstone;

conglomerate; and related deposits

4 10 Tight sand; clay & gravel: sand & clay; etc.

5 15 Fine sand; silty sand and gravel

6 25 Sand; medium to coarse grained, loose, and

well sorted: gravel; sand and gravel: and

related

Figure 1

Driller Log
Description

course gravelly

Specific Yield

deposits

Hydraulic
Conductivity

Transmissivity

-100 Silt 0 0 0

-200 Silt 5 8 800

-300 Gravel,clay, & sand 10 75 7500

-400 Course sand 25 1500 150000

-500 Fine sand 15 300 30000

-600 Clay 3 1 100

-700 Gravel 25 1500 150000
338,400 g /d /f
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Table 2

COMPUTER CODE FOR DRILLER LOG FILE

SPECIFIC YIELD CODE DRILLER LOG UNIT

0 HARK Hard rock

3 CEMT Cement

3 CLAY Clay, pure

3 DEGR Decomposed granite

3 HAPN Hardpan

3 MALA Malapai

3 SHAL Shale

3 SNEL Shell

3 VOLC Volcanics

5 CALI Caliche

5 CMGR Cemented gravel

5 CMSA Cemented sand

5 CNGL Conglomerate

5 DRGR Dry gravel, below the water table

5 GRCL Gravelly clay

5 HASA Hard sand

5 HSCL Hard sand and clay

5 HSYC Hard sandy clay

5 SAHP Sandy hardpan

5 SILT Silt

5 SOIL Soil

5 SAST Sandstone

5 VASH Volcanic ash

10 CMSG Cemented sand and gravel

10 CNGS Conglomerate, gravel and sand

10 CLLR Clay and gravel

10 HAGR Hard gravel

10 QKSA Quicksand

10 SAND Sand

10 SACL Sand and clay

10 SCGR Sand, clay and gravel

10 SAHR Sand and hard rock

10 SASO Sand and soil

10 VSYC Sandy clay

10 SFSS Soft sandstone

15 FISA Fine sand

15 SISG Silty sand and gravel

25 BOUL Boulders

25 SAGR Sand and gravel

25 SABO Sand and boulders

25 WAGR Water gravel

25 WASA Water sand
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