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ABSTRACT

The number of data points required to make a valid contour map

is a function of the type of data. Using fewer data points than the

maximum available to define a groundwater system has immediate eco-

nomic benefits. The concept was applied to a 395 square mile section

of Avra Valley, a single-aquifer, alluvial groundwater basin near

Tucson, Arizona to determine the minimum number of data points nec-

essary to produce a representative contour map.

The coefficients of variation of the volume between the ground-

water surface and a selected datum and the volumetric change between

the groundwater surfaces over a period of time are presented as indi-

cators of the relative accuracy of contour maps. The number of data

points ranged from 200, the maximum available, to three.

The relationship between the coefficients of variation and the

number of data points showed little advantage in using more than thirty

data points. The contour maps drawn from the maximum number and the

acceptable minimum number (31) of data points showed good correlation

for uniform groundwater level contour data and a poorer correlation for

non-uniform groundwater level change data.

Final acceptance of the minimum density groundwater contour maps

depends on the objectives of the study. Using fewer data points than

the maximum number available reduces costs, allows better scheduling of

the data collection program, and permits faster analysis of the data.
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CHAPTER 1

INTRODUCTION

Contour mapping is a method of representing a three-dimensional

surface in two dimensions. Any parameter that varies in space can be

represented by a contour map. For instance, contour maps can show

variations in temperature, rainfall, topography, water quality, or

groundwater levels. The accuracy of a contour map, or exactly how well

it defines the real system, is a concern of anyone making or inter-

preting a contour map.

The number of data points required to accurately draw a con-

tour map is not known. Generally, the philosophy has been that the

accuracy of a given map is a direct function of the number of data

points. The increased use of high-speed computers has tended to sub-

stantiate this philosophy, whether it is right or wrong. As labor

costs associated with the collection of basic data continue to rise and

as the availability of research funds continues to decrease, additional

consideration must be given to the actual worth of the data that is be-

ing collected and to projected expansions in basic data collection pro-

grams. This consideration is particularly needed in the field of water

resources, where months or even years are sometimes necessary to collect

supposedly "adequate" data to represent a given hydrologic variable.

Certain knowledge relating to the type of data that one is

working with is essential in determining how much data is necessary to

1
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accomplish a given purpose. For instance, if the objective of a project

is characterizing the rainfall patterns of various types of storms by a

contour map showing isohyets, or lines of equal rainfall, then different

data densities must be considered. Fewer data points would be required

to define a storm of large areal extent and rather uniform rainfall than

would be needed for a high-intensity, short-duration thunderstorm of

small areal extent and highly variable rainfall. Substantial research

has been done on the problems of contouring non-uniform data, but little

reported work has been done on the effect that different data densities

have on contour maps representing fairly uniform data.

The objectives of this study were to examine the effect differ-

ent data point densities have on contour maps representing the ground-

water conditions in an unconfined alluvial aquifer and to determine the

minimum number of data points required to make an acceptable contour

map for a given area. An attempt was made to develop a numerical param-

eter indicative of the relative accuracy of a groundwater contour map

using fewer data points than the maximum number available. The relative

accuracy of a contour map was referenced to the contour map made from

the maximum number of data points available. No attempt was made herein

to define the accuracy of the latter map, but it was assumed to be the

most accurate contour map obtainable from the given data.



CHAPTER 2

LITERATURE REVIEW

Only recently have attempts been made to define the accuracy

of groundwater contour maps. Previously an investigation of the con-

touring accuracy was severely limited by the time required to produce

contour maps and the variability in personal judgment that goes into

making a contour map. With the availability of computer programs for

contouring point data, the question of the accuracy of the contour maps

can be evaluated more easily now.

Initial work on describing the accuracy of groundwater contour

maps was done by the California State Department of Water Resources

and is discussed in a paper by Hanson (1970) entitled "Accuracy of

Ground Water Contour Maps." After establishing what he called the

Standard Map, which was the contour map made by using all available

data points, he superimposed a uniform grid onto the Standard Map,

thus locating grid intersections or nodes. Elevations interpolated

from the Standard Map at the grid intersections were selected as input

to draw test contour maps of varying data point spacings.

After a test contour map was made, the interpolated elevations

at all grid intersections were compared to the corresponding values on

the Standard Map. The mean and standard deviation of the differences

between corresponding points on the two maps were calculated along with

other statistical parameters. Ideally, statements relating the

3



accuracy of the various test maps could then be based on the values of

the various parameters.

Tests were conducted in California on a groundwater basin of

780 square miles. The Standard Map for the basin was drawn from 445

randomly located data points. To avoid boundary effects, an interior

area of 411 square miles was selected as the analysis area. This area

contained 1728 grid intersections which were used to make comparisons

between the various maps.

Spacings between input points of one, four, and six miles were

analyzed, with three tests each on the four and six mile spacings.

Tests were also made on a six mile triangular grid and a semi-random

grid. The semi-random grid was determined by dividing the area into

squares six miles on a side and then randomly selecting a grid inter-

section within each square.

Table 1 gives the test spacing, the number of input data points,

and the mean and the standard deviation of the differences between the

test maps and the Standard Map. The data presented in Table 1 indicate

that the mean and the standard deviation of the differences increase as

the grid spacing increases, but no definitive relationships between the

variables were proposed. The number of tests conducted was insufficient

to draw any conclusions, but the tests supported the belief that the

more observations there are, the more accurately the surface will be

defined.

Once the required accuracy of a groundwater contour map can be

determined from the objectives of the study, the amount of data that



Table 1. Measures of Dispersion of Differences Between Standard Map
and Test. Adapted from Hanson (1970)

Spacing
(Miles)

Number of
Data Points

Mean of
Differences

(Feet)

Standard
Deviation of
Differences

1 84-6 0.092 0 .775

4 56 1 .149 4.289
4 48 0.967 4.461
L. 49 1.093 4.510

6 30 1.634 6.769
6 25 1.021 6.332
6 25 1.449 6.446

6 * 23 o.459 7.551
6 ** 30 0.947 6.666

* Semi-random

** Triangular Grid

5
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must be collected to define the groundwater system can be specified.

The number of data points then determines the grid spacing for the study

area.



CHAPTER 3

PROCEDURE

A study area was selected where adequate data were available

and in a form that could be analyzed on a digital computer. Part of a

groundwater basin, known locally as Avra Valley, has been under study

for approximately twenty years by the Soils, Water and Engineering De-

partment (formerly Agricultural Engineering Department), The University

of Arizona, Tucson, Arizona (Figure 1). In the section of Avra Valley

used,which has an area of 395 square miles, the field technician for

the Department annually measures the depth to water in approximately

200 water wells. In the past, available time and economics governed

the number of water wells measured rather than the results of any

analysis.

Avra Valley is primarily an agricultural area where approxi-

mately 35,000 acres of crops are grown annually. With no surface water

supplies available, all of the water used for irrigation is withdrawn

from the groundwater reservoir. Pumpage in excess of recharge over the

last two decades has caused the water levels to drop more than 100 feet

in some parts of the valley.

The groundwater information maps for Avra Valley prepared each

year by the Soils, Water, and Engineering Department were used as ref-

erence maps. The maps were made utilizing all available data points

7
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Groundwater basin

   City limits

-----= interstate highway

Figure 1. Location Map of Avra Valley Groundwater Basin
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in the valley, and all were drawn with the aid of a computer program.

This computer program, as well as others used by the Department, was

available for the study. Complementary computer programs were written

as needed.

Selection of Data Densit

A method was sought which would select different data densities

from the set of all available data points. Several methods were con-

sidered. One was a purely random selection of a specified number of

data points. This selection procedure was quite fast and easy; however,

it was abandoned for the following reason. Avra Valley, like most

groundwater basins, has a greater concentration of wells in highly pro-

ductive zones of the aquifer and there are relatively few wells that

lie on or near the fringe of the groundwater basin. Therefore, the use

of a random selection process led to the unwarranted deletion of fringe

data points and an unnecessarily high density in the productive zones.

Another method considered was to select data points based on

their location, production capability, and ease of measurement. This

method would probably be superior to any considered, but since produc-

tion capability and ease of measurement are not now available on com-

puter cards for all data points, the procedure did not readily lend

itself to selection by a computer program.

The third method considered, and the one chosen, was to select

the data points based only on their location. The selection was easily

made by a computer program, and the method assured all areas of the

groundwater basin some representation. The procedure was to impose a
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square grid pattern over the entire groundwater basin thus defining a

node at each grid intersection. A square with dimensions equivalent to

the nodal spacing was centered on a node. All the data points contained

in that square were considered for selection as representative of that

particular node.

Once the data points within a square had been identified then

the closest data point to the node was selected. If no data points

were contained within that square, then no data point was assigned to

represent the node.

Different data densities were easily obtained by simply chang-

ing the variable in the computer program that controlled the size of

the grid. To maximize the number of nodes within the boundaries of the

groundwater basin, the computer program was written to place a node in

the center of a rectangle which exactly enclosed all the data points in

the groundwater basin.

Data Sets Analyzed 

Different data densities were used in the analysis of two types

of data. One set of data consisted of groundwater level data, classi-

fied as uniform data, which was used to make a groundwater level contour

map. This contour map is the one most frequently made for the study of

a groundwater basin. Lines of equal water level elevation above some

selected datum, usually mean sea level, are shown on a map of the

groundwater basin.

The second set of data consisted of groundwater level change

data, classed as non-uniform data, for the period 1965 to 1971. This
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data was used to make a contour map called the groundwater level change

map, showing lines of equal water level change over the six year period.

Map Accuracy Parameter 

A numerical parameter was sought which could be attached to a

particular contour map to make an easier comparison of relative map

accuracy. For the groundwater level contour data, the enclosed volume

between the surface of the water table and a selected datum was assumed

to be one indicator of relative accuracy.

Although any arbitrary datum might be acceptable in determining

the enclosed volume, a plane was selected which was sloped in approxi-

mately the same direction and at the same angle as the water table.

The calculated volume then represented the volume of saturated sediments

in the groundwater basin above that datum.

For the groundwater level change data, the change in the volume

of saturated sediments between the beginning and the end of the time

period was the volume parameter assumed to be indicative of the relative

accuracy of the contour map. In Avra Valley where the groundwater level

is falling continuously, the net groundwater level change is negative,

and thus the change in the volume of saturated sediments is called the

volume of dewatered sediments.

Determination of Saturated or Dewatered Volumes

For both the groundwater level contour data and the groundwater

level change data, a procedure was needed which could accurately and

easily provide the respective volume of saturated or dewatered sedi-

ments. Two procedures were applicable for the determination of these
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volumes, both of which employ an area times depth relationship. One

was the planimeter method whereby the area between adjacent contour

lines on a contour map is measured and multiplied by the average value

of the two contour lines which bound the area to obtain tl,e volume for

that particular segment. The planimeter method was rejected for one

primary reason. To evaluate the volume parameter associated with a

given contour map, it is first necessary to have the contour map drawn.

If the contour map has not been drawn correctly, then considerable

error will result in the volume computations. In addition, there is

no easy and efficient numerical way by which the computer could deter-

mine the area between adjacent contour lines.

The other procedure available involved the use of Thiessen

polygons in determining the volume parameter. While this procedure

has the advantage that no contour map is required for the computations,

it does require that the area of the Thiessen polygon for each data

point be known. A computer program which calculates the area of

Thiessen polygons is available (Diskin, 1970) and has been used by the

Soils, Water, and Engineering Department for several years with satis-

factory results. Two factors which led to the use of the Thiessen poly-

gon method were the ease and accuracy by which the volume could be

calculated and the objectivity the method presented in not requiring

that a contour map be used.

As the surface area of the groundwater basin was a constant,

the value of the volume parameter represented a weighted average of

the depth of saturated sediments or the change in water level over a

period of time. When the maximum number of data points was used to
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evaluate the volume parameter, it was a unique value since all possible

points in the population had been sampled and there could be no varia-

bility about that value. On the other extreme, if only one data point

were used to evaluate the volume parameter, the variability in the vol-

ume parameter should be the largest since this is where maximum varia-

bility in the data occurs. Therefore, an envelope curve connecting

the two extremes would indicate the variability in the volume parameter

as a function of the number of data points. The curve may be linear as

proposed in Figure 2, or may have some other characteristic.

Coefficient of Variation

The coefficient of variation of the volume parameter was used

to show the relationship between the volume parameter and the number

of data points. The coefficient of variation is a measure of the rela-

tive variation or dispersion of the sample to the total volume (Kuehl,

1971). The coefficient of variation (C.V.) is determined by the

equation
1

C.V. = n2 s;
V

where	 n is the number of data points in the sample,

s is the standard deviation of the individual volumes
associated with each data point, and

V is the total volume for this set of data points.

The coefficient of variation is a dimensionless number and is usually

multiplied by 100 to represent per cent variation.

Either a significant change in slope in the coefficient of

variation curve or an acceptable level of variability was assumed to
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indicate the minimum number of data points one would use to make a

satisfactory contour map. Once the minimum number of data points was

determined, the approximate data spacing was specified and the final

data set could then be generated.

Finally, a groundwater contour map made from the selected data

spacing was visually compared to the reference map to determine its

acceptability and the effect that the reduced density had on the con-

tour accuracy. The comparison made was subjective and no attempt was

made to objectively evaluate the two different contour maps.



CHAPTER 4

PRESENTATION OF RESULTS

In addition to the maximum data density available, six differ-

ent data densities for the groundwater level change data were estab-

lished by the described computer program. Grid dimensions ranged from

a minimum of three miles between nodes to fifteen miles between nodes.

The extreme spacing of a fifteen mile grid was evaluated to substantiate

the expected variation in the volume parameter that was proposed

(Figure 2).

Groundwater Level Change Data

Ten replications for each of the six data sets were analyzed

to better estimate the coefficient of variation for the particular

data density. The different replications were obtained by moving the

grid pattern in steps of one-tenth the node spacing in a diagonal di-

rection. For each set of data densities generated, the total dewatered

volume was calculated using Thiessen polygons and the variance of the

individual volumes associated with each data point was also determined.

From this data, the coefficient of variation was determined for each

replication.

Table 2 gives the number of data points, the dewatered volume,

the standard deviation of the individual volumes associated with each

data point, and the calculated coefficient of variation for each of the

16



Table 2. Data for Determining the Coefficient of Variation
for a Node Spacing of Six Miles

Number of
Data Points

Dewatered Volume	 of
(Acre-feet)

Standard Deviation	 Coefficient of
Individual Volumes	 Variation

(Acre-feet)	 (Per Cent)

17 6.132 x lo
6

2.27 x 10
5 15.3

17 5.997 2.24 15.4

18 6.193 2.58 17.7

15 4.505 2.93 25.2

15 4.624 3.09 25.9

18 6.054 2.50 17.5

18 5.350 1.95 15.5

18 5.340 1.94 15.4

18 5.488 2.30 17.8

18 5.759 2.35 17.3

Mean Values

18 5.54 x 106 4110 18.3

Standard Deviation

0.60 x 106

17
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ten replications for a node spacing of six miles. The mean and stan-

dard deviation of the dewatered volumes and the mean of the coefficients

of variation are also given in Table 2. These values are used to esti-

mate the average dewatered volume and its standard deviation and the

average coefficient of variation for a node spacing of six miles.

Table 3 shows the effect that node spacing has on the number

of data points, the average volume of dewatered sediments for the 1965

to 1971 period, the standard deviation of the replicated volumes, and

the average coefficient of variation. Also given in Table 3 is the

number of replications for each density as well as the results for the

maximum density of data points. The coefficient of variation can be

interpreted in the following way. For a node spacing of six miles,

68 per cent of the samples taken from the populatjon can be expected

to result in a dewatered volume within plus or minus 18.3 per cent of

the average.

For all the data densities shown in Table 3, the average volume

of dewatered sediments was relatively uniform. However, the coefficient

of variation significantly increases as the number of data points de-

creases. When the coefficient of variation is plotted against the num-

ber of data points an abrupt change in the slope of the curve occurs at

approximately 30 data points (Figure 3).

Figure 3 thus gives some indication of the value of increasing

the number of data points to increase the accuracy of the volume of

dewatered sediments obtained. By increasing the number of data points

five-fold from 40 to 200, the coefficient of variation is only reduced

a little over three per cent.
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Groundwater Level Contour Data

Ideally, the groundwater level contour data representing the

volume of saturated sediments would also be related to the number of

data points much like the groundwater level change data. To examine

this argument, the coefficient of variation was determined for the

maximum density of groundwater level contour data as well as for sev-

eral different data densities. Based on the relationship between the

coefficient of variation for the dewatered volume and the number of

data points illustrated in Figure 3, only the analysis of the three,

four, and eight mile node spacings was deemed necessary if a similar

relationship between the coefficient of variation and the number of

data points did exist. Due to economic constraints, only five replica-

tions of the three data densities were evaluated. Table 4 gives th ,-

node spacing, the number of data points for each node spacing, the num-

ber of replications for each spacing, the average volume of saturated

sediments, the standard deviation of the replicated volumes, and the

corresponding average coefficient of variation.

As in Table 3, the data in Table 4 show that the volume of

saturated sediments for all the densities is fairly uniform, while the

coefficient of variation increases as the number of data points de-

creases. When the coefficient of variation for the volume of satur-

ated sediments is plotted against the number of data points, Figure 4,

the curve is very similar to that for the coefficient of variation for

the data representing dewatered volume, Figure 3. The significant link

between Figures 3 and 4 is the fact that both curves break sharply at

approximately 30 data points.
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Values of the coefficient of variation for both the volume of

saturated sediments and the volume of dewatered sediments show that

no significant increase in the accuracy of the respective volumes was

obtained once the number of data points exceeded 30. Thus, a node

spacing of four miles was selected for final analysis since this spac-

ing was needed to generate 31 data points.

Comparison of Groundwater Contour Map s

Figure 5 shows the location of all available data points in

the section of the groundwater basin studied. This set of data points

will be referred to as the maximum density for the remainder of the

discussion. Figure 6 shows the location of the selected data points in

the basin with respect to the actual nodes determined by the four mile

grid spacing. This selected set of data points, referred to as the

minimum density, includes only those data points selected by the com-

puter program.

For the 1971 groundwater level contour data, the two contour

maps representing the maximum and minimum data densities were compared

to determine the effect that the reduced density had on the location

and shape of the contours. The maximum density contour map had been

prepared previously by the Department of Soils, Water, and Engineering,

and the minimum density contour map was drawn utilizing the Department's

contouring computer program.

Figure 7 is a 1971 groundwater level contour map for the maxi-

mum data density. The contour interval for the map is 50 feet, with
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Figure 5. Location of All Available Data Points in the Groundwater Basin
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Figure 6. Location of Selected Data Points and Nodes Determined By a
Four Mile Grid Spacing
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the lowest elevation of 1,400 feet above mean sea level in the north-

west corner of the basin. The highest elevation is 2,000 feet on the

southern edge of the groundwater basin.

Generally speaking, groundwater flow is from south to north

with a westerly component as the flow leaves the basin in the northwest

corner. Most of the intensive agricultural development is located in

the broad central portion of the basin where the flow gradient is on

the order of ten feet per mile. Outside of this agricultural area, the

gradient is usually 30 to 1.1.0 feet per mile. Several small closed con

tours in the agricultural area indicate that the groundwater surface

in that area varies by as much as 50 feet locally because of regions

of heavy pumpage adjacent to areas of lesser plmpage.

Figure 8 also shows a 1971 groundwater level contour map for

the basin, this one drawn from the minimum data density. Basically,

the general character and pattern of groundwater contours have been

retained. In the northern and southern portions of the basin, there

is very good agreement in regard to the relative position of the con-

tour lines. In the central portion of the basin, the minimum density

map does not show the extreme variations in the groundwater surface as

completely, and the gradient has decreased from ten feet per mile for

the maximum density to less than six feet per mile for the minimum

density.

There are several other apparent differences between the two

contour maps, although nothing striking. The elevation of the lowest

contour is 50 feet higher than that shown on the 
maximum density map

in Figure 7, but this was caused by the deletion of fringe wells by
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the selection process and can be easily corrected. The deletion of

some fringe data also affects the near-boundary ends of various contour

lines throughout the basin.

For the groundwater level change data, both the maximum and

minimum data density contour maps were prepared especially for this

study, since the Department of Soils, Water, and Engineering had no

change map on file for the 1965-1971 period. Again, the contour maps

were made utilizing the Department's contouring programs. Figure 9 is

the maximum density groundwater level change map and Figure 10 is the

change map representing the minimum data density.

Although both contour maps have a ten foot contour interval,

upon first inspection the similarity between maps stops there. Sev-

eral contour lines in the northwestern and southern portions of the

basin which represent the same water level changes are in good agree-

ment between the two contour maps. Elsewhere, however, the maximum

density contour map shows much more detail than does the minimum den-

sity contour map.

Closer comparison reveals that areas with a decline of 30 feet

or greater on the maximum density contour map are almost entirely with-

in the areas bounded by the 30 foot decline contour on the minimum

density contour map. Many of the local pumping depression cones and

water level recovery areas indicated on the maximum density map are not

seen on the minimum density map, but the minimum density map does give

a complete description of the general trends of the water level 
changes

from 1965 to 1971.
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Figure 10. 1965-1971 Groundwater Level Change Map Based On Minimum 
Data

Point Density



CHAPTER 5

DISCUSSION AND CONCLUSIONS

The acceptability of the minimum density groundwater contour

maps cannot be determined only by the evaluation of a given volume

parameter or even the comparison to a given reference map. The final

acceptance of the minimum density maps must depend greatly on the re-

quired objectives of the overall data collection program.

If the goal of a particular program is to measure the volume

of saturated sediments or volume of dewatered sediments, then the min-

imum density proposed herein would certainly be acceptable. However,

if the data were being collected to conduct a feasibility study or to

construct a model of some sort, then the maximum density would be re-

quired. In fact, most engineers or hydrologists developing sophisti-

cated models feel that the maximum amount of data available now is

insufficient for their needs.

Further examination of the minimum density concept for use by

planners is warranted. Decisions based on information generated from

the minimum density data might have different values, costs, etc.

associated with them than would similar decisions based on all avail-

able data.

Therefore, the need or requirement for a clear statement of

the objectives of a data collection program cannot be overemphasized.
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This need was recognized by the State of California Department of

Water Resources (Peters, 1969) when they defined the required levels

of study in the major groundwater basins in California.

One important aspect of the data used to make the groundwater

contour maps must be fully considered before any final statement on the

accuracy of a given map can be made. This is the assumption that the

field data obtained is free of error and that it represents a true

measure of the groundwater conditions at a given point in time. In

regard to the data collected, Peters (1970) states, "Also good pro-

fessional practice is assumed by those making measurements so that ex-

traneous effects, such as transient cones due to recent pumping, do

not affect measurement." Often it is not possible to judge the valid-

ity or worth of measurements in the field because the effects could be

local or areal and may not be ascertainable until after further

analysis.

For example, some of the depression cones and recovery areas

shown in the maximum density groundwater level change map, Figure 
7,

are associated with a single data point. Careful data 
reduction can

eliminate many of the errors or anomalies, but errors often 
do not

show up until a map is made.

The ease with which anamolous measurements can remain 
in the

data and cause the local depression cones or recovery areas is pointed

out dramatically by comparing hydrographs of two 
adjacent wells

(Figure 11). The east well is approximately one mile from 
the west

well. In 1952, the water levels at both wells were practically 
the
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1970

Figure 11. Hydrographs of Two Adjacent Wells in the
Groundwater Basin
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same. The water levels declined at a fairly uniform rate until 1964

when the west well showed a decline of over 20 feet in a one year

period while the water level at the east well rose slightly. Thus any

groundwater contour map that included both of these data points would

have a large anomaly in the area, and in no way can additional data

eliminate the anomaly.

Certain advantages are associated with the minimum density

contour maps, particularly as related to groundwater study. First,

there is the significant saving in the amount of money required to

conduct a given study. The field technician for the Soils, Water, and

Engineering Department indicated that the time required to make a num-

ber of measurements would be independent of the distance between wells

(Spence, 1972). However, this would only apply if the distances were

on the order of several miles. Therefore, excluding travel time to

and from a remote groundwater basin, the labor costs associated with

the collection of groundwater data should be linearly related to the

number of measurements. If the number of data points needed can be

reduced by 75 per cent, then a 75 per cent savings in labor costs

could be expected.

The second major advantage, perhaps the most important, con-

cerns the actual time required to collect the needed information.

Minimizing the time lag between the beginning and end of the data

collection decreases the probability of some natural phenomenon af-

fecting the data collected. For instance, in an area of shallow

groundwater, rainfall and the related runoff can greatly affect the
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water level in a few days time. Being able to collect the data in a

shorter time period may actually increase the worth of the data such

that this advantage alone will outweigh all disadvantages.

The possibility of including data points which have anomalous

data still exists in the selection procedure used to define the mini-

mum density. Ideally, only the data points which indicate the true

groundwater conditions should be measured. This is particularly true

when data points exhibit composite heads due to the influence of a

multi-aquifer system. The advantage of measuring fewer data points

is that the data can be analyzed rapidly and the data points can be

remeasured when necessary to correct or substantiate an anomalous

measurement.

A shorter period of data collection also allows better

scheduling when the measurements must be made at a time of minimal

local and areal drawdowns. This is particularly advantageous in

basins where there is no legislation to control the pumping periods

and data must be collected whenever possible.

Recommendations

More research must be done, both in defining the objectives of

data collection programs and evaluating the data density required to

meet a particular objective. Two aspects of the minimum density con-

cept need additional research before any final guidelines on the data

density required for a stated objective can be given: 1) different

configurations to generate the final node spacings and 2) additional

numerical techniques to compare two contour maps.
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One nodal configuration that appears promising is the tri-

angular arrangement since the number of nodes surrounding a central

node could be maximized. It should result in greater ease and accu-

racy in drawing the final contour maps because interpolation lines

between data points never intersect (Diskin and Davis, 1970). Other

ways to compare two contour maps are needed to better relate the in-

formation obtained from one contour map to that Obtained from a con-

tour map made from different data density. The use of the coefficient

of variation of a volume parameter is only an index of the accuracy of

a given contour map. Other methods are needed to show the distribution

of the error in space.

At this time it would be unwise to recommend that the current

level of all data collection programs be reduced. More research is

needed to be able to suggest worthwhile guidelines one could use in

establishing a required data density. However, in instances where the

level of data collection is believed to be too intense, the use of the

minimum density concept is suggested with a return to the intense 
level

every three to five years to further evaluate the applicability of using

fewer data points.

For investigations where detailed groundwater contour maps 
are

not required, a data density with approximately four miles 
between

points is suggested with additional data points added near 
the fringes

if the extended control is necessary. A recommendations of 
a five

mile spacing between data points was made by Hanson (1972) 
for a

reconnaisance level study of a groundwater basin in California.
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Conclusions

The possibility of using fewer data points to describe a

given groundwater situation has great potential. The concept of a

minimum density, or even a density less than the maximum, is being

evaluated by the Soils, Water, and Engineering Department in Avra Val-

ley and adjacent valleys to determine the desirability of measuring

fewer than the maximum number of data points available. For ground-

water basin studies where the need for detailed contour maps is not

essential, then the concept of the minimum density presented herein

and the procedures used to define this minimum density are probably

applicable.
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