
This standard guideline is the third in a series of standards 
that enhances the probabilistic characterization and 
understanding of the behavior of a key groundwater 
parameter, the saturated hydraulic conductivity.  The 
geostatistical estimation and block-averaging of the 
saturated hydraulic conductivity find numerous 
applications in applied groundwater hydrology.  
Noteworthy are the characterization of the spatial 
distribution of saturated hydraulic conductivity and the 
specification of averaged values of saturated hydraulic 
conductivity over volumes of aquifer, or “blocks,” for 
the purpose of groundwater flow model calibration.  The 
geostatistical approach takes advantage of this spatial 
statistical structure, providing relatively simple results, 
and makes it easy to implement in the field when required 
conditions are met.  

This standard, along with ASCE/EWRI 50-08 and ASCE/
EWRI 51-08, will be useful to environmental engineers, 
water resources engineers, and anyone who uses hydraulics 
in engineering.
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FOREWORD

calibration. The geostatistical approach used in this 
standard guideline takes into account the spatial 
statistical variability and correlation inherent to the 
saturated hydraulic conductivity. In this respect, this 
approach is advantageous relative to deterministic 
methods that circumvent the spatial structure of the 
saturated hydraulic conductivity in the search for 
its interpolated or block-averaged values. The geosta-
tistical approach takes advantage of this spatial 
statistical structure leading to relatively simple 
results with promise for practical use with ease of 
implementation when required conditions are met in 
the fi eld.

The formulas in this standard guideline involving 
the saturated hydraulic conductivity require that all 
values be expressed in the same system of units, be it 
the International System of Units (SI) (for example, 
m/day) or the common system of units in the United 
States (for example, ft/day).

The provisions of this document are written in 
permissive language and, as such, offer the user a 
series of options or instructions but do not prescribe a 
specifi c course of action. Signifi cant judgment is left 
to the user of this document.

ASCE does not endorse commercial spreadsheets 
or numerical software cited in this standard guideline. 
Any such registered products are cited in this standard 
guideline to illustrate one possible way of calculating 
statistical parameters and special numerical functions 
that appear as part of this standard guideline’s 
methodology. It is left to the users’ discretion to 
choose and verify the accuracy of whichever compu-
tational techniques they apply in the calculations 
needed to implement this standard guideline’s 
methodology.

This standard guideline has been prepared in 
accordance with recognized engineering principles 
and should not be used without the user’s competent 
knowledge for a given application. The publication of 
this standard by ASCE is not intended to warrant that 
the information contained herein is suitable for any 
general or specifi c use, and ASCE takes no position 
respecting the validity of patent rights. The users are 
advised that the determination of patent rights or risk 
of infringement is entirely their own responsibility.

The Board of Direction approved revisions to the 
American Society of Civil Engineers’ (ASCE’s) Rules 
for Standards Committees to govern the writing and 
maintenance of standards developed by ASCE. All 
such standards are developed by a consensus stan-
dards process managed by the ASCE Codes and 
Standards Committee (CSC). The consensus process 
includes balloting by a balanced standards committee 
and reviewing during a public comment period. All 
standards are updated or reaffi rmed by the same 
process at intervals of fi ve to ten years.

This is a standard guideline for the geostatistical 
interpolation and block-averaging of saturated 
hydraulic conductivity in statistically homogeneous 
and isotropic aquifers. It represents the consensus of 
the Standards Committee on Fitting of Hydraulic 
Conductivity Using Statistical Spatial Estimation 
(called KSTAT) of the Standards Development 
Council (SDC) of the Environmental and Water 
Resources Institute (EWRI) of the American Society 
of Civil Engineers. This standard guideline is the third 
in an expected series of standards that seeks to 
enhance the probabilistic characterization and under-
standing of the behavior of a key groundwater 
parameter, the saturated hydraulic conductivity. The 
KSTAT Standards Committee published two compan-
ion standard guidelines, ASCE/EWRI Standard 50-08 
(ASCE 2008a) and ASCE/EWRI Standard 51-08 
(ASCE 2008b). The former addressed the optimal 
fi tting of saturated hydraulic conductivity (K) with 
skewed probability density functions. The latter dealt 
with the estimation of the effective saturated hydraulic 
conductivity, a parameter that relates the average 
specifi c discharge to the average hydraulic gradient. 
The fi rst two standard guidelines contain foundational 
material relevant to this third standard guideline that 
the reader might fi nd helpful to consult.

The geostatistical estimation and block-averaging 
of the saturated hydraulic conductivity fi nd numerous 
applications in applied groundwater hydrology. 
Noteworthy are the characterization of the spatial 
distribution of saturated hydraulic conductivity and 
the specifi cation of averaged values of saturated 
hydraulic conductivity over volumes of aquifer, or 
“blocks,” for the purpose of groundwater fl ow model 
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1

STANDARD GUIDELINE FOR THE GEOSTATISTICAL 
ESTIMATION AND BLOCK-AVERAGING OF 
HOMOGENEOUS AND ISOTROPIC SATURATED 
HYDRAULIC CONDUCTIVITY

 q K Jw w0 0 0= − �  (1-1)

where the negative sign indicates that the specifi c 
discharge is in the direction of decreasing hydraulic 
head. Another possible application of the calculated 
K̃0 is the estimation of the magnitude of the (advec-
tive) fl ux of mass m0w in the direction w (a positive 
quantity in Eq. 1-2) of a dissolved chemical with 
concentration C0 at location 0, which equals the 
product of q0w and the concentration C0:

 m K J Cw w0 0 0 0= �  (1-2)

1.2 BLOCK-AVERAGING OF THE 
SATURATED HYDRAULIC CONDUCTIVITY

A second purpose of this guideline is to describe a 
procedure for estimating the block-averaged saturated 
hydraulic conductivity given measurements of 
hydraulic conductivity at n locations in the same 
aquifer (that is, given K1, K2, K3,  .  .  .  , Kn). The 
block-averaged saturated hydraulic conductivity is 
determined within a volume of aquifer, according to 
Eq. 3-1 in Section 3.2. The (unknown) block-averaged 
hydraulic conductivity and its estimate are denoted by 
KV and K̄V, respectively. Figure 1-1 shows a rectangu-
lar block or volume of aquifer with vertices A, B, C, 
and D, over which an estimate of the block-averaged 
hydraulic conductivity is desired. Applications of 
block-averaged hydraulic conductivity are frequent in 
the numerical simulation of groundwater fl ow and 
solute transport. In the former case, consider two 
adjacent cells in a fi nite-difference grid used in a 
numerical simulation of groundwater fl ow, as shown 
in Fig. 1-2. Cells 1 and 2 feature block-averaged 
saturated hydraulic conductivities KV1 and KV2, 
respectively.

It is known from groundwater theory (Fetter 
2001, p. 106) that the groundwater discharge (q12) 
between the two cells shown in Fig. 1-2 is given by 
Eq. 1-1 written in fi nite-difference form:

 q K b
h h

d
H12

1 2

12

= −
 (1-3)

in which b is the width of the cells perpendicular to 
the direction of fl ow on the plane of Fig. 1-2; h1 and 

1.0 SCOPE

This standard guideline outlines procedures for the 
geostatistical estimation and block-averaging of 
homogeneous and isotropic saturated hydraulic 
conductivity. The procedures are described in the 
following sections, and are applicable to 1-, 2-, and 
3-dimensional data sets of saturated hydraulic 
conductivity.

1.1 GEOSTATISTICAL ESTIMATION OF THE 
SATURATED HYDRAULIC CONDUCTIVITY

One purpose of this guideline is to describe a proce-
dure for interpolating (or estimating) the (unknown) 
value of saturated hydraulic conductivity (K*) at an 
arbitrary location in an aquifer given a sample of 
saturated hydraulic conductivity measurements K1, K2, 
K3,  .  .  .  , Kn made at n locations in the same aquifer. 
The saturated hydraulic conductivity is treated as a 
spatially correlated random fi eld (denoted by K*). 
Figure 1-1 depicts the pertinent situation in this 
instance. The saturated hydraulic conductivity is 
estimated at a location 0 (which, in the 3-dimensional 
case, would be referenced by Cartesian coordinates x0, 
y0, z0) using measurements K1, K2, K3,  .  .  .  , Kn at 
various locations in an aquifer as illustrated in Fig. 1-1 
(where n = 15 for the sake of argument). K̃0 and K *

0 
denote the estimated (or interpolated) value and the 
unknown actual value of the saturated hydraulic 
conductivity at location 0, respectively. The measure-
ments of saturated hydraulic conductivity are assumed 
to be made with the same instrument or method that 
yields estimates of K* that are representative over the 
domain of infl uence of the measuring device or 
methodology. In the case of pumping tests, the domain 
of infl uence may extend hundreds of meters or farther 
from the pumping well. The area of infl uence of slug 
tests, on the other hand, extends only a few meters 
(say, fewer than 10 m) from the test well. The mea-
surements could be made on sediment or rock samples 
using permeameters deployed in a laboratory. One key 
application of K̃0 is the estimation of the specifi c 
discharge at location 0 in the coordinal direction w, 
q0w, via Darcy’s law for a given value of the hydraulic 
gradient at 0 in the direction w, J0w (ASCE 2008b).
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