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Objectives

• Review status of project tasks
• Present hydrological data, of East 

TX Hill Country, 1992-95
• Present results of dye-staining 

tests
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• Caliche soils comprise about 9% of Texas
• Brackett series major limestone soil in 

Texas Hill Country
• Risers in stepped landforms candidate for 

On Site Waste Treatment Systems 
• Hydrological properties of soils critical for 

such evaluations

Introduction
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Project Tasks

• Task (a)- Synthesize hydrological studies
• Task (b)- Site selection  with USDA-NRCS
• Task (c)- Provide soil attributes
• Task (d)- Document water storage 
• Task (e)- Dye tracers for water flow pathways
• Tasks (f, h, i)- Report of findings
• Task (g)- Develop guidelines for TOWTRC  

TOWTRC March 7, 2007



5

Pertinent  Reports

Caliche Soil Reports:
• Hennessy, et al., 1983 
• Woodruff, et al., 1992 
• Marsh and Marsh, 1994
• Wilding and Woodruff,1996
• Wilding, et al., 1997 
• Wilding et. al., 2001
• Wilding and Woodruff, 2005
• Wilcox, Wilding, & Woodruff, 2006

Dye-Staining Methods
• Kasteel, et al., 2002
• Nobles, et al.,  2003
• Lu and Wu, 2003
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Backhoe Trenches Normal to Stepped Landform
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Wedge-shaped 
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Riser Soil
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Tread Soil
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Hydrological Database

• Stepped limestone landform near Austin, TX
• Verified soil properties on risers and treads  
• Instrumented 5 risers and 2 treads with 

tensiometers
• Monitored over period from 1992-95
• Developed time-series graphs of database
• Calculate periods of saturation, moist, dry 

moisture states
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Decreasing soil thickness
Decreasing biological activity
Decreasing soil permeability
Decreasing water storage
Increasing runoff and sediment transport
Increasing hydrological curve numbers

SOIL PROPERTY TRENDS

Soil Weathered
Recessive Strata

Ledge-former 
Strata

Recessive 
Strata

Carbonate Bedrock
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Hydrological Properties for Microtopographical Elements in a Stepped Terrain

Carbonate Bedrock

Depth

1-3 m

Upper-Riser Riser/TreadMid-Rise r Tread

10 – 20 m

Soil Recessive 
Strata

Weathered
Recessive Strata

Soil Property* Microtopographic  position
1                                       2                                            3                            4

Infiltration rate (in/hr) 6 4 2 1

CWRD (in)** 4 3 2 1

Runoff (%) 1 7 28 23

Eroded sediment (T/A) Nil <0.1 0.7 0.2

Hydrological soil group A A B or C D

Hydrological curve number 40 45 60 85

*    Mean values with standard errors up to ±±±± 40% of mean, 95% confidence interval.
**   CWRD is the cumulative water retention differe nce (plant available water) between soil water pote ntials of – 0.03 and -15 

atmospheres tension,  expressed as inches/unit area /soil depth.

Ledge-former 
Strata

1 2 3 4
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Summary of Hydrological Studies

• Little connectivity of perched water tables from 
riser to riser

• No systematic increase in soil wetness from 
upslope to downslope risers

• Rapid movement of infiltrating waters through 
macropores

• Seasonal perched water tables occur at 
variable depths in risers

TOWTRC March 7, 2007

Summary of Hydrological Studies 
(Cont.)

• Some watertables confined with weak 
artesian or hydrostatic head

• Perched water tables pose constraints 
to conventional on-site wastewater 
treatment systems

• But, promote reduction of effluent NO 3
• Risers would be ideally suited to spray 

or drip irrigation wastewater treatment  

TOWTRC March 7, 2007
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Dye Methodology

• Case studies to determine best dye tracers
• Used BBD and Br - dyes
• Possible to use Br- in field now with new visible 

chemical detection methods
• Determine pathways of water movement
• Significant differences between BBD and Br -

• BBD tracers indicated highly preferential flow
• Br - traced water flow and all surface wetting
• Both dyes can be imaged quantitatively 

TOWTRC March 7, 2007

Sites & Conditions Tested

• 18 Brackett, 2 Volente, & 6 Speck sites
• Loamy to clayey in texture
• Gravel content from 10-60%   
• Carbonate content from 25->60%
• Uncemented to strongly cemented
• Infiltration rates from < 1->60 inches/hr

TOWTRC March 7, 2007
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BBD Dye Br - Dye

Comparison of Dye Tracers on Brackett Soil 
(Site TX-2A)
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Br - Dye-Tracer
•Riser position

•Weakly weathered  
recessive ls beds

•Preferential flow 
pathways   
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Br- Dye-Tracer          Riser position     Little Pr eferential flow  
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Br- Dye-Tracer          Riser  position     Aquitard  Cr interface 

Cr Contact
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Br- Dye-Tracer

Tread position

Little Preferential flow
Cr & R aquitards
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Restrictive Petrocalcic Horizon

Petrocalcic

Petrocalcic
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BBD Penetration into Limestone Fragments
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BBD Dye Br- Dye

BBD

Br
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Summary of Br- Dye-Tracer  Studies

• Preferential flow limited, hence most of soil volume participates in chemical 
interactions 

• Br - movement greater than DDB and better indicator of water movement

• Lateral water movement extensive in risers

• Hard and soft limestone fragments absorb water & enhance water storage 
capacity of  soils

• Lower Bk, Bkm, Cr, and R horizons are aquitards and pollutant buffers
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Bottom Line Comments
• Brackett soils of Central TX Hill Country spatially 

variable but viable  environmental buffers

• Brackett series mapping units should be mapped as soil 
complexes

• Brackett soils have significant periods with ephemeral 
perched watertables overlying aquitards

• Winter and spring periods most probable seasons for 
wetness

• Watertables constrain soils for conventional on-site septic 
systems

TOWTRC March 7, 2007
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Bottom Line Comments (Cont.)
• Risers ideal locations for drip or spray irrigation of treated 

sewage effluents

• Limestone coarse fragments are porous and enhance water 
storage capacity

• High gravel content and permeability not an on-site 
wastewater constraint in caliche soils

• Site evaluations in caliche soils should use extensive 
backhoe exposures
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