SOIL INTERPRETATIONS

It is possible and often necessary to estimate soil hydraulic and other properties from field evaluated properties. All of the properties that might be estimated can be measured if time and money are available. 
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Saturated hydraulic conductivity: Potential rate at which water will move through a soil horizon under saturated flow. It does not describe the actual rate a horizon transmits water in its natural setting. Ks is estimated from texture, structure, consistence, and cementation.

Lab and field methods for measuring Ks will give reliable results if methods are used properly, but Ks is one of the most variable properties of the soil. Coefficients of variation for Ks can be more than 100%. For example, the figure at right gives data for 21 field measurements of Ks at 60 cm depth for a 600 m2 (6,500 ft2) area. The range was 0.06 to 5.8 cm/h; mean = 0.77 cm/h; CV = 202%. Thus, multiple measurements are needed for the measured value to be reliable. 

Because of the variability and expense of accurate measurement, Ks is often estimated from field observable soil properties. These estimates may be less exact but are much less expensive. Whether measurements or estimates are used depends on the facilities available, operator experience, and intensity of the project.

If the project is land application of municipal wastewater, the volume of waste applied relative to the land area to which it is applied is large and the risk of water contamination is high. Thus, the best data that can be collected are needed to minimize environmental risk. In addition, if the cost of the system is $500,000 - $1,000,000, a few hundred dollars for measurement of Ks is a small investment.

If the project is a $3,000 on-site wastewater management system, the volume of waste relative to the land area is usually small, the environmental risk is low, and Ks measurement may be considered to be cost prohibitive. Thus, Ks is commonly estimated from other soil properties.

Ks is a function of pore size distribution and tortuosity. Pores in the soil can be grouped into three types:

Packing pores – pores formed by packing of particles; pore size depends on particle-size distribution.

Intraped pores – pores formed by packing and arrangement of soil structural units (peds); size and presence depends on degree of structure formation, ped size, and other structural properties.

Biopores – pores formed by activities of flora and fauna in the soil (root and worm channels, etc.)

Intraped pores and biopores are normally larger than packing pores.
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Estimates of Ks are based on:

Texture – analog for size distribution of packing pores; clay – small particles = small pores; sand – large particles = large pores

Structure – estimate of amount of intraped pores; better structure development = more pores between peds; The greatest effect of structure is between unstructured and strongly structured clayey soils, Shape may also have an appreciable impact, i.e. water movement is much slower in soils with platy structure than in soils with blocky or prismatic structure

Consistence – firmer consistence suggests binding at grain contacts which interferes with water movement; cementation that fills or partially fills pores results in firmer consistence and affects water movement rate

Clay mineralogy – if the soil has potential for shrink-swell, pores that may be present when the soil is dry will close as the soil swells during wetting. Clay mineralogy has a major influence on shrink-swell and is difficult to estimate in the field. It is relatively easy to differentiate soils with high shrink-swell from those with low shrink swell from morphology. However, differentiation of soils with low shrink swell from those with intermediate shrink swell is more difficult. Often, accessory properties such as pH, vegetation; and location are used to infer this differentiation. 

Biological activity – creates coarse biopores but is seldom included in Ks estimates because level of biologic activity varies spatially and is difficult to estimate or evaluate.
Bulk density – measure of total porosity in the soil. A large proportion of the total porosity may not contribute to water flow because are too small to conduct water. Bulk density is difficult, if not impossible, to estimate in the field

Ks estimates have historically and continue to be based mostly on texture and clay mineralogy (shrink-swell potential). However, recent data have caused structure to receive more emphasis in these estimates, especially for soils with low shrink-swell such as those in most of Georgia.

Impact of structure on Ks. 

	Horizon
	Depth

cm
	Structure
	Sand

%
	Clay

%
	Ks
cm/h

	
	
	
	
	
	

	Piedmont

	Bt
	18-67
	Moderate subangular blocky
	24
	57
	8

	C1
	182-217
	Massive
	63
	6
	4

	C2
	402-437
	Massive
	63
	6
	6

	
	
	
	
	
	

	Piedmont

	Bt1
	20-46
	Moderate subangular blocky
	28
	48
	2.3

	Bt3
	79-112
	Moderate subangular blocky
	20
	43
	0.5

	BC
	185-884
	Weak subangular blocky
	33
	33
	<0.1

	C
	269-328
	massive
	66
	6
	1.6

	

	Coastal Plain

	Bt
	30-60
	Moderate subangular blocky
	61
	30
	6.5

	Btv
	60-93
	Moderate subangular blocky
	63
	26
	4.6

	BC1
	93-125
	Weak subangular blocky
	57
	33
	0.9

	BC2
	125-180
	Weak subangular blocky
	42
	44
	0.2


Note that the horizon(s) with lowest Ks are not necessarily those with the highest clay content. BC and C horizons have low Ks because of weak or massive structure. Also, coarse pores in these horizons are often filled with clay and Fe translocated from overlying horizons or formed in place.

Classes of hydraulic conductivity
Very high - >36 cm/hr; horizons with cos, s, lcos, or ls texture and very friable consistence.

High - 3.6 - 36 cm/hr; horizons with fs, vfs, lfs, lvfs textures and friable consistence or other textures with <20% clay and very friable or friable consistence; or with moderate or strong granular or prismatic structure.

Moderate - 0.4-3.6 cm/hr; horizons with s or ls textures or other textures with <20% clay and firm or very firm consistence; or with 20 to 35% clay and moderate or strong structure (except platy).

Moderately low - 0.04-0.4 cm/hr; horizons with s or ls textures and that are cemented; or with 20 to 35% clay and weak structure; or with >35% clay with moderate or strong structure (except platy) and no shrink-swell features.

Low - <0.04 cm/hr; cemented horizons except those with s or ls textures; or horizons with >35% clay with weak structure and/or with shrink-swell features.

	Ks Class
	Texture
	Structure
	Consistence

	
	
	
	

	Very high
	cos, s, lcos, ls
	
	very friable

	High
	cos, s, lcos, ls
	
	friable

	
	fs, vfs, lfs, lvfs
	
	very friable or friable

	
	<20% clay
	moderate or strong granular or prismatic 
	or
	very friable or friable

	Moderate
	<20% clay
	
	firm or very firm

	
	20-35% clay
	moderate or strong, except platy
	

	Moderately low
	s or ls (all sand sizes)
	
	cemented

	
	20-35% clay
	massive or weak
	

	
	>35% clay
	moderate or strong, except platy, and no shrink-swell features
	

	Low
	all but s or ls
	
	cemented

	
	>35% clay
	massive or weak or moderate or strong with shrink-swell features
	


Often two Ks are estimated and reported as properties of the "soil" rather than a particular horizon. These are Ks of the surface horizon or infiltration rate and the Ks of the most limiting layer in the soil (permeability of the soil).

Available water holding capacity: Approximately, the water held between "field capacity" (10 to 33 kPa) and "permanent wilting point" (1500 kPa). The estimate made is for the “soil”, i.e. how much water is the soil capable of holding for use by plants. A depth (volume) of water held is estimated for a depth (volume) of a horizon, and the water depths are summed over the depth of soil. Estimates are based primarily on horizon texture including coarse fragments. Other soil properties including structure, organic C, and bulk density, affect water retention, but the effects of these on water holding are difficult to estimate and the relationships of these properties to water holding is not as well developed as that for texture. The following table may be used as a guide for estimating available water (depth/depth) based on texture.

	cm water/cm soil
	Textures

	0.05
	sands, loamy sands (except lvfs)

	0.10
	loamy very fine sand, coarse sandy loam

	0.15
	other sandy loams, sandy clay loam, clay loam, loam, silty clay, sandy clay, clay

	0.20
	silt loam, silty clay loam, silt


So that the water holding capacity of different soils can be directly compared, an arbitrary limit of 150 cm is used as the depth of rooting and water extraction. Deeper horizons or parts of horizons are not considered. Soil thickness only becomes a factor if the soil is <150 cm to rock or soil horizons that limit root growth. Classes are determined by summing estimates of available water for each horizon or part of horizon within 150 cm of the soil surface. 

Classes of Available Water Holding Capacity

	Very low
	<7.5 cm water

	Low
	7.5-15 cm water

	Moderate
	15-22.5 cm water

	High
	22.5-30 cm water

	Very high
	>30 cm water


Example:

 

	Horizon
	Depth, cm
	Texture
	

	Ap
	0-20
	lfs
	

	BA
	20-60
	scl
	

	Bt1
	60-110
	c
	

	Bt2
	110-140
	gr c
	

	BC
	140-188
	gr scl
	


 

	Horizon
	Thickness,

Cm
	Available Water,

cm/cm
	Available

Water,

Cm (thickness X cm/cm avail. Water)

	Ap
	20
	0.05
	1.0

	BA
	40
	0.15
	6.0

	Bt1
	50
	0.15
	7.5

	Bt2
	30
	0.15
	4.5

	BC
	10

(150 cm depth limit)
	0.15
	1.5

	 
	
	
	

	SUM, cm 
	
	
	20.5


 

AVAILABLE WATER HOLDING CAPACITY CLASS = Moderate

 

Seasonal Saturation:

Soil Wetness Class is inferred from the depth to horizons with matrix color or redox depletions with value of 5 or more and chroma of 2 or less. Presence of a soil matrix or redox depletions with value of 5 or more and chroma of 2 or less indicates that the horizon is seasonally saturated with water. Seasonal saturation of a horizon influenced by climate, slope, hydraulic conductivity, and landscape position. Wetness influences plant growth and many other chemical and biological reactions within the soil. Seasonal saturation also affects interpretations for many urban uses of soils. 
	Class
	Depth to matrix or redox depletions with value ≥ 5 and chroma (2 (cm)

	1
	>150

	2
	100-150

	3
	50-100

	4
	25-50

	5
	<25


 

Soil Drainage Class: related to soil wetness class and is more commonly used. Drainage classes are better referred to as “Agricultural Drainage Classes” since they were developed to indicate if the soil needed drainage in order to produce crops. Definitions are not rigid in order to allow local flexibility in assigning classes.

Excessively drained - water is removed from the soil very rapidly; low water holding capacity; high hydraulic conductivity; not suited for crops without irrigation.

Somewhat excessively drained - water is removed from the soil rapidly; low water holding capacity; high hydraulic conductivity; limited crops without irrigation.

Well drained - water is removed from the soil readily but not rapidly; water is available to plants during most of growing season in humid climates; mottles related to wetness deeper than 100 cm; wetness classes 1 and 2

Moderately well drained - water is removed from the soil relatively slowly during periods of the year; commonly have impervious layer within 1 m or periodically receive high rainfall; wetness class 3

Somewhat poorly drained - soil is wet at a shallow depth for significant periods during growing season; wetness restricts growth of mesophytic crops; wetness class 4

Poorly drained - soil is wet at shallow depths for long periods; most mesophytic crops cannot be grown unless the soil is drained; wetness class 5

Very poorly drained - free water at or near the surface during much of growing season; soils are commonly level or depressed

Seasonal saturation has a major impact on soil behavior and appropriate use of soil for many applications. Seasonal saturation induces anaerobic conditions which may impact growth and survival of crops as well as native plant species. The major implication of seasonal saturation for many urban interpretations is that you “cannot put more water into a full bucket”, i.e. if the soil is saturated, additional water cannot be added. Thus, if additional water such as wastewater is added to the soil when it is saturated, it will not infiltrate. 

If subsoil horizons are saturated and there is sufficient gradient, there is a potential that the water in the soil and added wastewater will move downslope and surface at a lower position as a seep or spring and/or move into the stream. The environmental hazard from throughflow depends on time and distance of transport. If the travel path is long, wastewater may be renovated before it surfaces or enters the surface water. However, throughflow is a complex process and renovation of wastewater during the process is not usually depended upon. Seasonal saturation may also provide a direct linkage to deeper groundwater aquifers.

Water table measurement

Water table height or seasonal saturation is relatively simple to measure with wells or piezometers. [image: image3.wmf] 
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Water table measurement with either wells or piezometers requires more than one year of data collection to obtain accurate measurements of seasonal water table heights. Water tables commonly fluctuate a great deal during the year. In the diagram, the water table in the upper line (well at edge of closed depression) varies from at or slightly above the soil surface in the winter and early spring to more than 3 m below the surface in the fall. The lower line on the graph is for a well located about 50 m upslope from the depression. In this well, the water level varies from about 50-60 cm below the surface to more than 3 m. 

If the monthly and annual rainfall distribution is between 25th and 75th percentiles of the long-term average, one year of water-table monitoring may be acceptable. It is best to have measurements of water table height at least every two weeks so that short periods of the high water table will be detected. More frequent measurement is better, and automatic recording is best.

Redox features give no information on duration or season of saturation. A few studies have been conducted to develop relationships between type and amount of redox features and duration of saturation. Because of soil, landscape, and climatic differences, these studies have limited geographic extrapolation.

Percent of two year period that horizons with various redoximorphic features were saturated. Data are from six hillslopes in Baker County, Georgia.

	Redoximorphic Feature
	% of Time Saturated

	None
	4

	Concentrations
	20

	Chroma 2 or less depletions
	42

	Dominant color with chroma 2 or less
	51



INTERPRETATIONS FOR SPECIFIC USES
USDA-NRCS and other agencies and organizations develop soil interpretations for specific uses based on morphological and other properties of the soil. If the properties of the soil are known and the impact of the soil properties on the use are understood, any use interpretation can be made from basic properties. The key, however, is understanding how the soil impacts the use, and this is seldom fully understood.

The following are three-category interpretations for selected soil uses that have been developed by USDA-NRCS. They are general as any system must be to deal with soils and uses nationwide. Commonly, if a use is regulated and affected by soil properties, the state regulatory agencies will develop specific guidelines for interpretation of soil suitability for use. 
	Property
	Slight
	Moderate
	Severe

	Dwellings without Basements

	Flooding
	none
	-
	any flooding 

	Depth to high water table (cm)
	>75
	45-75
	<45

	Shrink-swell potential
	low
	moderate
	high

	Slope (%)
	<8
	8-15
	>15

	Depth to hard bedrock (m)
	>1.5
	1-1.5
	<1

	Depth to cemented horizons (m)
	>1
	0.5-1
	<0.5

	Cobbles and stones (volume %); weighted average of 25-100 cm depth
	<30
	30-65
	>65

	Dwellings with Basements

	Flooding
	none
	-
	any flooding 

	Depth to high water table (cm)
	>150
	75-150
	<75

	Shrink-swell potential
	low
	moderate
	high

	Slope (%)
	<8
	8-15
	>15

	Depth to hard bedrock (m)
	>1.8
	1-1.8
	<1

	Depth to cemented horizons (m)
	>1
	0.5-1
	<0.5

	Cobbles and stones (volume %); weighted average of 25-100 cm depth
	<30
	30-65
	>65


	Property
	Slight
	Moderate
	Severe

	Lawns and Landscaping

	Surface horizon texture
	-
	lcos, s, fs
	sic, c, sc, muck, peat, cos

	Gravel, surface horizon (%)
	<25
	25-50
	>50

	Cobbles, surface horizon (%)
	<5
	5-30
	>30

	Stones, surface horizon (%)
	-
	<5
	>5

	Electrical conductivity (dS/m)
	<4
	4-8
	>8

	PH
	-
	-
	<3.5

	Depth to high water table (cm)
	>60
	30-60
	<30

	Available water capacity (cm)
	>15
	7.5-15
	<7.5

	Flooding
	none, rare
	occasional
	frequent

	Slope (%)
	<15
	15-30
	>30

	Depth to bedrock (m)
	>1
	0.5-1
	<0.5

	Septic Tank Absorption Fields

	Flooding
	None
	Rare
	Frequent, Occasional

	Depth to bedrock (m)
	>1.8
	1-1.8
	<1

	Depth to cemented horizon (m)
	>1.8
	1-1.8
	<1

	Depth to high water table (cm)
	>180
	100-180
	<100

	Ksat, 60-150 cm (minimum) (cm/hr)
	0.4-3.6
	0.04-0.4
	<0.04

>3.6

	Slope (%)
	<8
	8-15
	>15

	Cobbles and Stones (weighted average % to 1 m)
	<30
	30-65
	>65


	Property
	Slight
	Moderate
	Severe

	Sewage Lagoons

	ksat (cm/hr; minimum to 1.5 m)
	<0.04
	0.04-0.4
	>0.4

	Depth to bedrock (m)
	>1.5
	1-1.5
	<1

	Flooding
	none, rare
	occasional
	frequent

	Slope (%)
	<2
	2-7
	>7

	Depth to high water table (cm)
	>150
	100-150
	<100

	Cobbles and Stones (%)
	<25
	25-50
	>50

	Land Application of Manure or Municipal Sludge 

	Ksat (cm/hr)
	0.4-3.6
	0.04-0.4
	>3.6,

<0.04

	Depth to high water table (cm)
	>120
	60-120
	<60

	Slope
	<6
	6-15
	>15

	Depth to bedrock (cm)
	>100
	50-100
	<50

	Flooding
	none
	rare
	>occasional

	Clay activity (cmol/kg clay)
	>15
	5-15
	<5

	Available water (cm)
	>15
	7.5-25
	<7.5

	pH
	>6
	5-6
	<5

	Land Application of Wastewater by Irrigation

	Slope (%)
	<6
	6-15
	>15

	s

Depth to high water table (cm)
	>120
	60-120
	<60

	Ksat (cm/hr)
	0.4-3.6
	0.04-0.4
	>3.6,

<0.04

	Flooding
	none, rare
	occasional
	frequent

	Clay activity (cmol/kg clay)
	>15
	5-15
	<5

	Available water (cm)
	>15
	7.5-25
	<7.5

	pH
	>6
	5-6
	<5


	Property
	Limits
	Reason

	Irrigation

	Surface horizon texture
	cos, s, fs, vfs, lcos, ls, lfs, lvfs
	Rapid infiltration

	Surface horizon texture
	sic, c, sc
	Slow infiltration

	Slope
	>3 (flood)

>6 (sprinkler)
	engineering

erosion

	Depth to high water table during growing season (cm)
	85
	Why irrigate?

	Ksat (cm/hr)
	<0.04
	Water saturation
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