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Report on Ksat for NCSS 2007 Committee 4     May 23, 2007 

 

In the National Soil Survey Handbook (NSSH; section 618.50), saturated hydraulic 

conductivity (Ksat) is defined as “the amount of water that would move vertically through a unit 

area of saturated soil in unit time under unit hydraulic gradient.” Since measurements are 

difficult to make and are available for relatively few soils, estimates of saturated hydraulic 

conductivity are based on soil properties. Exhibit 618-9 in the handbook provides a guide for 

estimating Ksat from soil texture and bulk density with a guide for use with overriding 

conditions (USDA-NRCS, 2007). This guide is based on the work of Rawls and Brakensiek 

(1983). Also, water movement through lithic and paralithic materials can be estimated from a 

guide in Exhibit 618-10 of the handbook. In NASIS, entries are made for high, low, and 

representative values of Ksat for each horizon. There has been no validation of the handbook 

Ksat models and their accuracy is questionable. There is a need for a more accurate Ksat model 

that is applicable to all soil types (including organic soils) and that can estimate Ksat from 

readily available properties in Soil Survey. Also, there is a need to have the estimate of Ksat 

available as a “calculation” in NASIS.  Ksat algorithms can be programmed in NASIS (only at 

the national level) and made available to soil scientist through a dropdown menu.   

In 2005, the NCSS Committee 4 recommended that a new committee charge be 

identified, which was “to evaluate and recommend saturated hydraulic conductivity (Ks) 

methods and algorithms for use in soil surveys.” The committee indicated that NRCS has 

rudimentary methods to estimate Ksat (USDA-NRCS, 2007), and better models are needed. 

There were six aspects of Ksat the committee recommended that needed investigation (USDA-

NRCS, 2005). One of those aspects was to evaluate “algorithms for estimating Ks for the NASIS 
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data population where measurements are not available.” This is the aspect of Ksat that I am 

doing some work on. 

I am evaluating different Ksat models from the literature for possible use in a Ksat 

calculation (in NASIS) and possibly replace the Ksat estimation procedure (models) that is 

currently in the NSSH.  Table 1 lists the Ksat models under evaluation, which includes the Ksat 

model in the NSSH. The overall goal of the project is to evaluate established (from literature) 

Ksat models and develop a Ksat calculation in NASIS. Because certain models work better on 

some soils and not others, the Ksat calculation could be made up of several Ksat models. Ksat 

would be calculated for mineral as well as organic soils, and for lithic and paralithic bedrocks. 

The models would have input parameters that would be obtained or derived from properties that 

are available within NASIS.  Specific project objectives are to: 

1. Compare various Ksat models from the literature against each other and determine, in 

general, where they fail or don’t work, and look at consistency among the models across 

a wide range of soils. This will be accomplished by programming the Ksat models (Table 

1) into a NASIS report that exports the results along with the stored Ksat value and soil 

survey data into spreadsheets for statistical analyses. The report will be run on selected 

soil survey areas. Hopefully this will eliminate some of the Ksat models. Progress—

Fifteen Ksat models have been programmed into a NASIS report (Util – comparison of 

Ksat models; NSSC data site).  The programming is being checked for errors, and then 

analyses can begin. 

2. Compare the models against field measured Ksat data. There is measured Ksat data from 

Iowa covering a range of soils textures from clay to sand with corresponding pedon 

descriptions and lab data. The Iowa Ksat data was measured with an amoozameter (multi-



 3

directional Ksat). Measured versus predicted Ksat will be compared graphically and 

statistically. If other data sets become available, they will be used. Progress—Field Ksat 

data was collected in Iowa across a range of soil textures as part of an unrelated study 

(conducted in October/November, 2006). All corresponding lab data is expected to be 

completed by the end of June, 2007. An Excel database is currently being constructed for 

comparison of measured versus predicted Ksat values. 

3. Compare models to vertical Ksat data (cores) taken from literature studies.  A literature 

Ksat dataset was constructed in the 1990’s (Rawls et al., 1998) by NRCS. The database 

will be resurrected, verified, and new Ksat data added. Measured versus predicted Ksat 

will be compared graphically and statistically.  Progress—A database of measured Ksat 

from the literature is being developed. The original dataset that was constructed in the 

1990’s (Rawls et al., 1998) is the staring point for constructing this measured Ksat 

database.  

Ksat models for organic soils are lacking in the literature. If anybody knows of any models, 

please let me know, or any other additional Ksat models. My contact information is at the end of 

this document. Any comments or suggestions are welcome.
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Table 1. Saturated hydraulic conductivity models and associated input parameters. 

 
Ksat Model/soil type 

 
Input parameters† 

 
Nemes et al. (2005) Sand, clay, Db, OM 
Rawls and Brakensiek (1985) Sand, clay, porosity 
Jabro (1992) Sand, silt, Db 
Saxton et al. (1986) Sand, clay, saturated water content 
Campbell and Shiozawa (1994) Sand, clay 
Puckett et al. (1985) clay 
Dane and Puckett (1994) clay 
Schaap (1999, Rosetta) Sand, silt, clay, Db 
Schaap (1999, Rosetta) Sand, silt, clay, Db, 1/3 bar water, 15 bar water 
Barr (2001) Db, gravitational constant, fluid viscosity, 

hydraulic radius of pores, density of fluid, 
porosity 

Baumer et al. (1994) Very coarse, coarse, and medium sand; clay, silt, 
OM, CEC, Db, satiated water content, Dbovendry 

NSSH (Rawls et al., 1983) Db, texture class 
Vereecken et al. (1990) Sand, clay, Db, OM 
Wösten et al. (1999) Clay, Silt, topsoil (1,0), Db, OM,  
Wösten et al. (2001)/sandy soils Silt, Db, OM 
Wösten et al. (2001)/loam & clay 
soils 

Clay, Db, OM 

Chapuis (2004)/uniform sand & 
gravel soils 

Effective diameter, void ratio 

Boelter (1969)/peat soils Db 
† Db = Bulk density; OM = Organic matter; CEC = Cation exchange capacity  
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