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10 Locating Hot Spots 

Chapters 4 through 9 have discussed sampling designs for estimating average 
concentrations or toral amounts of pollutants in environmenlal !Mdia. Suppose, 
however, that the objective of sampling is not to estimate an average but tO 
determine whether "hot spots," or highly contaminated local areas are present. 
For example, it may be known or suspected that hazardous chemical wastes 
have been buried in a land fill but its e"act location is unknown. This chapter 
provides methods for answering the followinz questions when a square, 
rectangular, or triangular systematic sampling grid is used in an attempr to find 
hot spots: 

What grid spacing is needed to hit a hot spot with specified confidence? 
For a given grid spacing, what is the probability of hitting a hot spot of 

specified size? 
What is the probability that a hot spot exists when no hot spots were 

found by sampling on a grid? 

This discussion is based on an approach developed by Singer (1972, 1975) for 
locating geologic deposits by sampling on a square, rectangular, or triangular 
grid. He developed a computer program (ELIPGRID) that was used by Zirschky 
and. Gilbert (1984) to develop nomograph& for answering the preceding three 
questions. These nomographs are given in Figures 10.3, 10.4, and 10.5. We 
concentrate here on single hot spots. Some approaches for finding multiple hot 
spots are discussed by Gilbert (198Z) and Holoway er al. (1981). 

The methods in this chapter require the following assumptions: 

1. The target (hot spot) is circular or elliptical. For subsurface targets this 
applies to the projection of the target to the surface (Fig. 10.1). 

2. Samples or measurements are taken on a square, rectangular, or triangular 
grid (Fig. 10.2). 

·· 3, The distance between grid points is much larger than the area sampled, 
• measured, or cored at grid points-that ia, a very small proportion of the 
. area being studied can actually be measured. 
4. The definition of ''hot spot" is clur and unambiguous. This definition 

implies that the types of measurement and the levels of contamination that 
constitute a hot spot are clearly defined. 
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120 Locating Hot Spote 

:' SUBSURFACE POCKET OF 
-.CONTAMINATION OF 
.:· A CONCENTRATION DEEMED 

IMPORTANT TO DETECT 

Figure 10.1 Hypothetical subsurface pocket of contamination (after Gilbert, ~ 
HIB2, Fig. 1), 

5. There are no measurement misclassification errors-that is, no errors ar~ 

made in deciding when a hot spot has been hit. 

Parkhurst (1984) compared triangular and square grids when the objective is 
to obtain an unbiased estimate of the density of waste clusters in a hazardous 
waste site. He showed that the triangular grid was more likely to provide more 
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Figure 10.2 Grid configurations for finding hot spots (after Zirschky and Gilbert, 
1984, Fig. 1). 



Determining Grid Spacing 121 

infonnation than the square grid. He also concluded that if the waste clusters 
are expected to follow an unknown but regular pattern, the wells should be 
drilled at randomly selected locations. But for randomly located clu.sters, a 
triangular or square grid is preferred. 

10.1 DETERMINING GRID SPACING 
The grid spacing required to find a hot spot of prespecified size and shape with 
specified confidence may be detennined from the following procedure: 

1. Specify L, the length of the semiml)jor axis of lhe smallest hot spot important 
to detect (see Fig. 10.1). L is one half the length of the Ions axis of the 
ellipse. 

2. Specify the expected shape (S) of the elliptical target, where 

S , length of shon axis of the elHpse 
length of long axis of the ellipse 

Note that 0 < S s; 1 and that S = 1 for a circle. If S is not known in 
advance, a conservative approach is to assume a rather skinny elliptical 
shape, perhaps S ... 0.5, to give a smaller spacing between grid points than 
if a circular or "fatter'' ellipse is assumed. That is, we sample on a finer 
grid to compensate for lack of knowledge about the target shape. 

3. Specify an acceptable probability ({3) of not finding the hot spot. The value 
(3 is known as the "consumer's risk." To illustrate, we may be willing to 
accept a 100(3% .. 20% chance of not flnding a small bot spot, say one for 
which L = 5 em. But if L is much larger, say L "" 5 m, a probability of 
only (3 .. 0.01 (1 chance in 100) may be required. 

4. Tum to Figures 10.3, 10.4, or 10.5 for a square, rectangular, or triangular 
grid, respectively. These nomographs give the relationship between (3 and 
the ratio LIG, wher~ G is the spacing between grid lines (Fig. 10.2). Using 
the curve corresponding to the shape (S) of interest, find UG on the horizontal 
axis that corresponds to the prespecified (3. Then solve LIG for G, the 
required grid spacing. The total number of grid points (sampling locations) 
can then be found because the dimensions of the land area to be sampled 
are known. 

For elliptical targets (S < 1) the curves in Figures 10.3, 10.4, and 10.5 are 
average curves over all possible orientations of the target relative to the grid. 
Singer (197S, Fig. 1) illustrates how the orientation affects the probability of 
not hitting the target. If the orientation is known, Singer's (1972) program will 
give the curves for that specific orientation. 

EXAMPLE 10.1 
Suppose a square grid is used and we want to take no more than a 
100/3% ~ 10% chance of not hitting a circular target of radius 
L = 100 em or larger. Using the curve in Figure 10.3 for S = 1, 
we find L/G = 0.56 corresponds to {3 == 0.10. Solving for G yields 
G "" UO.S6 .. 100 cm/O.S6 ;;;;; 180 em. Hence, if cores are taken 
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Agure 10.3 Curves relating L/G to consumer's risk, (J, for different target 
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1984, Fig. 3). 
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Probability of Not Hitting a Hot Spot 125 

on a square grid with spacing of 180 em, we are assured the 
probability is only 0.10 (1 chance in 10) of not hitting a circular 
target that is 100 or more em in radius. 

10.2 SIZE OF HOT SPOT LIKELY TO 
BE HIT 

Figures 10.2, 10.3, and 10.4 can also be used to find the maximum size hot 
spot that can be located for a given cost and consumer's risk. Suppose, for 
example, we can afford to take measurements at no more than 25 locations on 
a square grid system. What size elliptical target (characterized by L) can we 
expect to find with confidence 1 - {3 (the probablllty of hitting a target at least 
once)? The general procedure is to specify (3, G, and S, then use the curves to 
solve for L. 

EXAMPLE 10.2 

Suppose our budget allows taking measurements at n "" 2S locations 
on a square grid pattern. Suppose also that a grid spacing of G = 
200 em covers the area of interest. What size circular target can we 
be at least 90% confident of detecting-that is, for which the 
probability of not hitting the target is {3 ""' 0.10 or less? Using S "" 
1 in Figure 10.3, we find LIG = 0.56 for {3 ""' 0.10. Hence, L "" 
(200 ern} (0.56) ~ 112 em. Therefore, we estimate that a circle 
with a radius of 112 em or larger has no more than a 10% chance 
of not being hit when using a square grid spacing of 200 em. If the 
circular target has a radius L less than 112 em, the probability of 
not locating it will exceed 0.10. Conversely, if L > 112 em, the 
probability of not locating it will be less than 0.10. If we require 
only a SO% chance of hitting the target (i.e. , fJ ""' 0.50), the curve 
for S .,. 1 gives UG "" 0.4 or L : (200 em) (0.4) :; 80 em. 

By computing L as in Example 10.2 for different value& of {3 and G, we can 
generate curves that give the probability of hitting a circular or elliptical target 
of any size. These curves for grid spacings of 100, 200, and 300 distance units 
for two target shapes, S = 1 and 0.5, are given in Figure 10.6. 

For example, suppose the target is circular (S "" 1) and the grid spacing is 
G "" 100 units, Then the probability ~ that we do not hit a circular target of 
radius L = 50 unitS (same. units as G) is about 0.2. If the target is smaller, 
say L ""' 20 units, then {3 is larger, about 0. 87 . 

10.3 PROBABILITY OF NOT HITTING 
A HOT SPOT 

Figures 10.3-10.5 can also be used to estimate the consumer's risk (3 of not 
hiuing a hot spot of given size and shape when using a specified grid size. 
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EXAMPLE 10.3 

What is the average probability of not finding an elliptical hot spot 
that is twice as long as it is wide and for which the semimajor axis 
(L) is 40% as long as the spacing G between grid points? Suppose 
a rectangular sampling grid is used. Using S "" 0.5 and LIG "" 0.40 
in Figure 10.4, we find f' to be 0. 87. Hence, there is about an 87% 
chance that this size and shape target would not be found by sampling 
at the grid points. The actual ~ could be somewhat smaller or larger 
than 0. 87, depending on the orientation of the target relative to the 
grid. 

10.4 TAKING PRIOR INFORMATION 
INTO ACCOUNT 

Thus far we have assumed that a hot spot does actually exist. In practice, no 
such assurance may be warranted. Now we consider how prior infonnation 
about the probability that a hot spot exists can be used to obtain a more realistic 
estimate of ~. Let 

A "" event that a hot spot of size L or larger exists 

B "" event that a hot spot of size L or larger is hit 
by taking measurements on a grid. 

Then the law of conditional probabilities (see, e.g., Pisz, 1963, p. 20) says 
that 

where 

and 

P(A, B) 
P(BIA) "" P(A) 

"" probability that a hot spot of size L 
or larger is hit, given such a 
hot spot exists 

P(A, B) ... probability that a hot spot of size L 
or larger exists and is discovered 
by sampling on a grid 

P(A) = probability that a hot spot of size L 
or larger exists 

10.1 

Whenever there ls doubt whether a hot spot of size L or larger exists, then 
P(A, B) is of interest. Fr:om Eq. 10.1 we have 

P(A, B) ""P(BIA)P(A) 10.2 

Now P(B!A) is just 1 - f'. Hence, P(A, B) can be estimated by using Figures 
10.3-10.5 and by specifying a value for P(A), In many situations a hot spot of 
size Lor larger wil1 be known to exisl so that P(A) 7" 1 and P(A, B) "" P(BiA). 
Then if a square grid is used, Figure 10.3 gives the final result. In other 




