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Engineering Interpretations

Soil profile depths in the major parts of the soil profile are indicated that may differ in estimated properties.

USDA texture is based on the relative amounts of sand, silt, and clay in a soil, giving rise to textural classes, such as sand, sandy loam, loam, clay loam, and clay.
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______________________________________________________________________

Texture terms                        Terms used in lieu of        Texture modifier

                                                 texture

______________________________________________________________________

COS  Coarse sand                  CE  Coprogenous earth       BY  Bouldery

S  Sand                                    CEM  Cemented                   BYV  Very bouldery

FS  Fine sand                          CIND  Cinders                     BYX  Extremely bouldery

VFS  Very fine sand               DE  Diotomaceous earth     CB  Cobbly

LCOS  Loamy coarse sand    FB  Fibric material             CBA  Angular cobbly

LS  Loamy sand                      FRAG  Fragmental             CBV  Very cobbly

                                                  material  

LFS  Loamy fine sand            G  Gravel                              CBX  Extremely cobbly

LVFS  Loamy very fine sand GYP Gypsiferous material CN  Channery

COSL  Coarse sandy loam     HM  Hemic material           CNV  Very channery

SL  Sandy loam                        ICE  Ice or frozen soil        CNX  Extremely cherty

FSL  Fine sandy loam             IND  Indurated                    CR  Cherty

VFSL  Very fine sandy loam  MARL  Marl                        CRC  Coarse cherty

L  Loam                                    MPT  Mucky-peat               CRV  Very cherty

SIL  Silt loam                           MUCK  Muck                      CRX  Extremely cherty

SI  Silt                                       PEAT  Peat                           FL  Flaggy

SCL  Sandy clay loam             SG  Sand and gravel            FLX  Extremely flaggy

CL  Clay loam                          SP  Sapric material              FLV  Very flaggy

SICL  Silty clay loam              UWB  Unweathered             GR   Gravelly

                                                   bedrock 

SC  Sandy clay                        VAR  Variable                       GRC  Coarse gravelly

SIC  Silty clay                         WB  Weathered bedrock      GRF  Fine gravelly

C  Clay                                                                                     GRV  Very gravelly

                                                                                                  GRX  Extremely gravelly

                                                                                                  MK  Mucky

                                                                                                  PT  Peaty

                                                                                                  RB  Rubbly

                                                                                                  SH  Shaly

                                                                                                  SHV  Very shaly 

                                                                                                  SHX  Extremely shaly

                                                                                                  SR  Stratified

                                                                                                  ST  Stony

                                                                                                  STV  Very Stony

                                                                                                  STX  Extremely stony

                                                                                                  SY  Slaty

                                                                                                  SYV  Very slaty

                                                                                                  STX  Extremely slaty

Unified classification refers to the Unified Soil Classification System, which is based on identification of soils according to their texture and plasticity and their performance as engineering construction material (Unified Soil Classification System for Roads, Airfields, Embankments, and Foundations).  In this system soil material is divided into 15 classes:  8 classes are for coarse-grained material (GW, GP, GM, GC, SW, SP, SM, SC); 6 are for fine-grained material (ML, CL, OL, MH, CH, OH; and 1 is for organic material (Pt).

AASHTO classification is the system most highway engineers use to classify soil materials.  The system is approved by the American Association of State Highway and Transportation Officials (Standard Specifications for Highway Materials and Methods of Sampling and Testing.  Ed. 8, 1961).  This classification is based on the gradation, liquid limit, and plasticity index of the soil.  Highway performance has been related to this system of classification.  All soil materials are placed in seven principal groups.  The groups range from A-1 (gravelly soils of high bearing capability, the best soils for subgrades) to A-7 (clay soils having low strength when wet, the poorest soils for subgrades).

Percent of material more than 3 inches in diameter shows the estimated percent of material, by weight, of cobbles or the rock fragments that are more than 3 inches in diameter.

Percent of material passing sieve shows the measured or estimated percent of material passing the numbers 4, 10, 40, and 200 sieves.  When very little gravel-size material (No. 4 and 10 sieve) is present, the percent passing the 200 sieve approximates the amount of silt and clay.  A range is listed because of the variability for a given soil.

Liquid limit and plasticity index indicate the effect of water on the strength and consistency of soil.  These indexes are used in both the Unified and AASHTO soil classification systems.  They are also used as indicators in making general predictions of soil behavior.

Percent clay is the measured or estimated range of clay (<0.002 mm) expressed as a percent of <2 mm material.

Moist bulk density is the measured or estimated range of bulk density of the <2 mm material.

Permeability is estimated on the basis of known relationships between the soil characteristics observed in the field- particularly soil structure, porosity, and gradation or texture- that influence the downward movement of water in the sil.  The estimates are for water movement in a vertical direction when the soil is saturated.  Not considered in the estimates are lateral seepage or such transient soils features as plowpans and surface crusts.  Permeability of the soil is an important factor to be considered in the planning and design of drainage systems, in evaluating the potential of soils for septic tank systems and other waste disposal systems, and in many other aspects of land use and management.

Available water capacity is rated on the basis of soil characteristics that influence the ability of the soil to hold water and make it available to plants.  Important characteristics are content of organic matter, texture, and soil structure.  Shallow-rooted plants are not likely to use the available water from the deeper soil horizons.  Available water capacity is an important factor in the choice of plants or crops to be grown and in the design of irrigation systems.

Soil reaction is expressed as range in pH values.  The range in pH of each major horizon is based on many field checks.  For many soils the values have been verified by laboratory analysis.  Soil reaction is important in selecting the crops and ornamental or other plants to be grown and in evaluating soil amendments for fertility and stabilization and the corrositivity of the soil.

Shrink-swell potential depends mainly on the amount and kind of clay in the soil.  Laboratory measurements of the swelling of undisturbed clods were made for many soils.  For others it was estimated on the basis of the kind of clay and on measurements of similar soils.  Size of imposed loadings and the magnitude of changes in soil moisture content are also important factors that influence the swelling of soils.  Shrinking and swelling of some soils can cause damage to building foundations, basement walls, roads, and other structures unless special designs are used.  A high shrink-swell potential indicates that special design for structures and added expense may be required if the planned use of the soil will not tolerate large volume changes.

Soil erodibility factor (K) is a measure of the rate at which a soil will erode.  Values are expressed as tons of soil loss per acre per unit of R (rainfall factor) from continuous fallow on a 9 percent slope, 73 feet long.  Thus, the K factor reflects the rate that soil erodes when other factors affecting erosion are constant.

Soil-loss tolerance (T) is the maximum rate of soil erosion that will permit a high level of crop productivity to be sustained economically and indefinitely.  These rates are expressed in tons of soil loss per acre per year.

Wind erodibility group groups soils on a scale of 1 to 8 depending on the texture of the surface layer.  Soils in group 1 are the most susceptible to wind erosion, and those in group 8 are the least susceptible.  Group 1 includes very fine, fine, and medium sand.  On the other end of the scale, group 8 includes very wet and stony soils that generally are not subject to wind erosion.

Percent organic matter is the measured or estimated range of organic matter in the plowed layer of soils that are cultivated or that are likely to be cultivated.  For wooded soils the percent is for the A1 horizon.

Risk of corrosion indicates the potential soil-induced chemical action that dissolves or weakens uncoated steel or concrete.  The rate of corrosion of uncoated steel is related to soil moisture, particle-size distribution, total acidity, and electrical conductivity of the soil material.  The rating for corrositivity to concrete is based mainly on the sulfate content, texture, and acidity of the soil.  Protective measures for steel or more resistant concrete help to avoid or minimize damage resulting from the corrosion.  Installation of steel that intersects soil boundaries or soil horizons is more susceptible to corrosion than installations entirely within one kind of soil or within one soil horizon.

Flooding is rated in general terms that describe the frequency, duration, and period of the year when flooding or ponding is most likely.  The ratings are based on evidence in the soil profile of the effects of flooding, such as thin strata of gravel, sand, silt, or in places, clay deposited by floodwater; irregular decrease in organic matter content with increasing depth; absence of distinctive soil horizons that form in soils of the area that are not subject to flooding; local information about floodwater heights and extent of flooding; and local knowledge that relates the unique landscape position of each soil to historic flooding and ponding.  The generalized description of flood hazards is of value in land use planning and provides a valid basis for land use restrictions.  The soil data are less specific, however, than those provided by detailed engineering surveys that delineate flood-prone areas at specific flood frequency levels.

High water table shows the highest level of a saturated zone that is more than 6 inches thick for a continuous period of more than 2 weeks during most years.  The depth to a high water table applies to undrained soils.  Estimates are based mainly on the relationship between grayish colors or mottles in the soil and the depth to free water observed.  Indicated are the depth to high water table; the kind of water table, whether perched, artesian, or the upper part of the ground water table; and the months of the year that the high water table commonly is present.  Only the saturated zones above a depth of 5 or 6 feet are indicated.  If water is above the surface (ponded), a positive number, such as +1-1.0, is used.  This information helps in assessing the need for a specially designed foundation, specific kinds of drainage systems, and footing drains around basements.  Such information is also needed to decide whether or not to construct a basement and to determine how septic tank absorption fields and other underground installations will function.  A high water table can also affect ease of excavation.

Cemented pans are hard subsurface layers that are strongly compacted (indurated).  Such pans cause difficulty in excavation.  Hardness of pans is defined the same are hardness of bedrock.

Depth of bedrock is shown for all soils that are underlain by bedrock at a depth of 5 feet or less.  Limited range in depth to bedrock is a part of the definition of the soil series for many soils.  The depths shown are based on measurements in many soil borings and other observations during the soil mapping.  The kind of bedrock and its relative hardness as related to ease of excavation is also shown.  "Soft" rock is sufficiently soft or fractured so that excavation can be made with trenching machines, backhoes, or small rippers and other equipment common to construction of pipelines, sewerlines, cemeteries, dwellings, and small buildings "Hard" rock is sufficiently hard or massive to require blasting or special equipment beyond what is considered normal in this type of construction.  Predictions of hardness are based on observations of excavations into the bedrock and on local practice for the named kind of soil.

Subsidence is the settlement of organic soils or of soils that have semifluid layers.  Initial subsidence generally results from local drainage.  Total subsidence is initial subsidence plus the slow lowering of elevation through a period of several years because of oxidation or compression of organic material.

Hydrologic groups are used to estimate runoff after rainfall.  Soil properties that influence the minimum rate of infiltration into the bare soil after prolonged wetting are depth to water table, water intake rate and permeability after prolonged wetting, and depth to layers of slowly or very slowly permeable soil.

Potential frost action refers to the likelihood of damage to pavement and other structures caused by heaving and low soil strength after thawing.  Frost action is defined as a freezing zone, which causes the formation of ice lenses.  Soil texture, temperature, moisture content, porosity, permeability, and content of organic matter are the most important soil properties that affect frost action.  It is assumed that the soil is not covered by insulating vegetation or snow and is not artificially drained.  Silty and clayey soils that have a high water table in winter are most susceptible to frost action.  Well drained, very gravelly or sandy soils are the least susceptible.

Ponds and Embankments

Interpretations of soils for ponds and embankments:

Pond reservoir areas hold water behind a dam or embankment.  Soils suitable for this use have low seepage potential, which is determined by the permeability and depth over fractures or permeable bedrock or other permeable material.

Embankments, dikes, and levees require soils that are resistant to seepage, erosion, and piping and have favorable stability, shrink-swell potential, shear strength, and compaction characteristics.  Stones and organic matter also reduce the suitability.

Excavated ponds (aquifer fed) are bodies of water created by excavating a pit or dugout into a ground water aquifer.  Excluded are ponds that are fed only by surface runoff and embankment ponds that impound water 3 feet or more above the original surface.  Ratings are for ponds that are properly designed, located, and constructed.  Soil properties that affect aquifer-fed ponds are depth to a permanent water table, permeability of the aquifer, quality of the water, and ease of excavation.

Water Management

Interpretations of soils for water management are given as restrictive features:

Drainage is affected by such properties as permeability, texture, structure, depth to a claypan or to other layers that restrict water movement, depth to the water table, slope, stability of ditchbanks, susceptibility to flooding, alkalinity, and availability of outlets.

Irrigation is affected by such features as slope, susceptibility to flooding, hazard of water erosion or soil blowing, texture, depth of root zone, rate of water intake at the surface, permeability of the soil below the surface layer, available water capacity, need for drainage, and depth to the water table.

Terraces and diversions are embankments or a combination of channels and ridges constructed across a slope to intercept runoff and allow the water to soak into the soil or flow slowly to an outlet.  Features that affect suitability of a soil for terraces and diversions are uniformity and steepness of slope, depth to bedrock or other unfavorable material, permeability, ease of establishing vegetation, and resistance to water erosion, soil blowing, soil slipping, and piping.

Grassed waterways are constructed to channel runoff to outlets at a nonerosive velocity.  Soil features that affect this use are slope, permeability, erodibility, and suitability for permanent vegetation.

Refer to the National Soil Handbook, Part 603, for criteria used in rating specific uses or insert the rating guides in this subsection.

Waste Disposal Interpretation

Degree of Limitations of Soils for Various Uses

The soil interpretations record lists the degree of limitations or suitability and the factors affecting use of the soil for urban and recreational uses, as well as trees, windbreaks, other vegetation, and wildlife.  Also listed are factors affecting water management.  The evaluation of the soils, expressed in terms of degree of limitation or suitability, is a prediction of the soil's behavior under defined conditions.  The interpretations apply to the soils in their natural site and not for areas that are altered by cut-or-fill operations.

Limitation or suitability terms used on the interpretations record are as follows:

Not limited (or GOOD) - relatively free of limitations or limitations are easily overcome.

Somewhat limited (or FAIR) - limitations need to be recognized, but can be overcome with good management and careful design.

Very limited (or POOR or VERY POOR) - limitations are difficult to overcome.

Explanation of key phrases on soil interpretations record.

Factors affecting       Explanation

Area reclaim    Borrow areas hard to reclaim.

Cemented pan    Cemented pan too close to surface.

Complex slope   Slopes short and irregular.                  

Cutbanks cave   Walls of cuts not stable.

Deep to water   Deep to permanent water table during dry season.

Dense layer     A firm layer difficult to dig.

Depth to rock   Bedrock too close to surface.

Droughty        Soils cannot hold enough water for plants during dry period.

Dusty           Soil particles detach easily and cause dust.

Erodes easily   Water erodes soil easily.

Excess fines    Contains too much silt and clay.

Excess humus    Contains too much organic matter.

Excess lime     Carbonates restrict plant growth.

Fast intake     Water infiltrates rapidly.

Favorable*      Features of soil favorable.

Flooding        Soil temporarily floods by stream overflow or runoff.

Frost action    Freezing can damage structures.

Hard to pack    Difficult to compact.

Large stones    Rock fragments 10 inches or more across.

Low strength    Not enough strength to adequately support the load.

No water        Too deep to ground water.

Percs slowly    Water moves through the soil to slowly.

Piping          Water may form tunnels on pipelike cavities.

Ponding         Standing water on soils in closed depressions.  The water can be removed only

                     by percolation or evapotranspiration.

Poor filter     Because of rapid permeability the soil may not adequately 

                   filter effluent from a waste disposal system.

Poor outlets    Difficult or expensive to install outlets for drainage.

Rooting depth   Soil is thin over layer that restricts root growth.

Seepage         Water moves through soil or fractured bedrock too fast.

Shrink-swell    Soil expands significantly on wetting and shrinks on drying.

Slippage        Soil mass susceptible to movement downslope when loaded, excavated, or wet.

Slope           Slope is too great.

Slow intake     Water infiltration restricted.

Slow refill     Ponds fill slowly because of restricted soil permeability.

Small stones    Contains many rock fragments less than 10 inches across.

Soil blowing    Soil easily moved and deposited by wind.

Subsides        Settlement of organic soils or of soils containing semifluid layers.

Thin layer      Inadequate thickness of suitable soil.

Too clayey      Soil slippery and sticky when wet and slow to dry.

Too sandy       Soil soft and loose; droughty and low in fertility.

Unstable fill   Banks of fills likely to cave or slough.

Wetness         Soil wet during period of use.

*Where other entries are inappropriate.

Sanitary Facilities

Sanitary facilities are highly regulated by state and local ordinances.  The ratings of Soil Interpretations Records are made using national rating guidelines and may not agree with the state and local ordinances.  In all cases the state and local ordinances must be followed and the national ratings should be used in conjunction with those ordinances.

Favorable soil properties and site features are needed for proper functioning of septic tank absorption fields, sewage lagoons, and sanitary landfills.  The nature of the soil is important in selecting sites for these facilities and in identifying limiting soil properties and site features to be considered in design and installation.  Also, those soil properties that deal with the ease of excavation or installation of these facilities will be of interest to contractors and local officials.

Septic tank absorption fields are subsurface systems of tile or perforated pipe that distribute effluent from a septic tank into the natural soil.  Only the soil horizons between depths of 18 to 60 inches are evaluated for this use.  The soil properties and site features considered are those that affect the absorption of the effluent and those that affect the construction of the system.

Properties and features that affect the absorption of the effluent are permeability, depth to seasonal high water table, depth to bedrock, and susceptibility to flooding.  Stones, boulders, and a shallow depth to bedrock interfere with installation.  Excessive slope can cause lateral seepage and surfacing of the effluent in downslope areas.  Soil erosion and soil slippage are hazards where absorption fields are installed in sloping areas.

Some soils are underlain by loose sand and gravel or fractured bedrock at a depth of less than 4 feet below the tile lines.  In these soils the absorption field does not adequately filter the effluent, and as a result ground water supplies in the area may be contaminated.  POOR FILTER indicates a hazard of inadequate filtration.

Percolation tests are performed to determine the absorptive capacity of the soil and its suitability for septic tank absorption fields.  These tests should be performed during the season when the water table is highest and the soil is at minimum absorptive capacity.  In many soils, a moderate or severe limitation for septic tank absorption fields, can be overcome by installing a special system that lowers the seasonal water table, building a filtering mound of suitable material, or increasing the size of the absorption field so that satisfactory performance is achieved.  However, the use of these special systems is controlled by local and state ordinances and should be referred to before construction begins.

A sanitary landfill is a method of disposing of solid waste, either in an excavated trench or on the surface of the soil.  The waste is spread, compacted in layers, and covered with thin layers of soil.  Landfill areas are subject to heavy vehicular traffic.  Ease of excavation, risk of polluting ground water, and trafficability affect the suitability of a soil for this purpose.  The best soils are loamy or silty, have moderate or slow permeability, are deep to bedrock and a seasonal water table, are free of large stones and boulders, and are not subject to flooding.  Seepage into the refuse increases that risk of pollution of ground water.  Clayey soils are generally sticky and difficult to spread.

Unless otherwise stated, the ratings apply only to soil properties and features within a depth of about 5 feet.  If the trench is deeper, ratings of slight or moderate may not be valid.  Onsite investigation is needed before a site is selected.  In an area sanitary landfill, refuse is placed on the surface of the soil in successive layers.  The limitations caused by soil texture, depth to bedrock, and stone content do not apply to this type landfill.  Soil wetness, however, may be a limitation because of difficulty in operating equipment.

Daily cover for sanitary landfill requires soil that is easy to excavate and spread over the compacted fill during both wet and dry weather.  Loamy or silty soils that are free of stones or boulders are the best cover for landfill.  Clayey soils are sticky and difficult to spread; sandy soils are subject to soil blowing.

The soils selected for final cover of a landfill should be suitable for plants.  The surface layer in most soils has the best workability, more organic matter, and the best potential for plants.  Material from this layer should be stockpiled for use as the final cover.  Where it is necessary to bring in soil material for daily or final cover, the thickness of suitable material and the depth to a seasonal high water table in soils surrounding the site should be evaluated.  Other factors that affect reclamation of the borrow areas, such as slope, erodibility, and potential for plant growth, should also be considered.

Refer to the National Soil Handbook, Part 603, for criteria used in rating specific uses or insert the rating guides in this subsection.

