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IntroductionIntroduction

�� Excessive nutrient loading, Excessive nutrient loading, 
especially phosphorus (P), to especially phosphorus (P), to 
can deteriorate water qualitycan deteriorate water quality

�� Primary transport mechanism Primary transport mechanism 
from upland areas is surface from upland areas is surface 
runoffrunoff
�� Subsurface transport historically Subsurface transport historically 

considered negligible  considered negligible  

�� Local or regional conditions can Local or regional conditions can 
lead to subsurface transportlead to subsurface transport
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ObjectiveObjective

�� Quantify importance of Quantify importance of 
subsurface P transport subsurface P transport 
along streams in the along streams in the 
Ozark region of Ozark region of 
OklahomaOklahoma
�� Characterized by cherty Characterized by cherty 

(i.e. gravelly) (i.e. gravelly) subsoilssubsoils

�� Hypothesis of alluvial Hypothesis of alluvial 
systems as transient systems as transient 
storage zones storage zones 
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Field Site: Baron Fork CreekField Site: Baron Fork Creek

�� 15 miles east of Tahlequah, OK15 miles east of Tahlequah, OK

�� Disturbed samples from the site:Disturbed samples from the site:
�� 1.2 m of topsoil underlain by gravel 1.2 m of topsoil underlain by gravel 

layer uniform throughout the layer uniform throughout the 
floodplainfloodplain

�� Gravel layer apparent on unstable Gravel layer apparent on unstable 
streambankstreambank

�� Gravel may act as transient Gravel may act as transient 
storage zone:storage zone:

�� P sink during high flowP sink during high flow

�� P source during base flowP source during base flow
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Methods: Methods: 
Alluvial Gravel Layer AnalysisAlluvial Gravel Layer Analysis

�� Gravel layer samples Gravel layer samples 
obtained at 2obtained at 2--5 m below 5 m below 
ground surfaceground surface

�� Samples analyzed in Samples analyzed in 
laboratory:laboratory:

�� Particle size distributionParticle size distribution
�� Background P levels Background P levels 
�� P sorption P sorption 
�� Falling head test Falling head test 

�� Batch equilibrium tests to Batch equilibrium tests to 
quantify P sorption capacityquantify P sorption capacity
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Methods: Methods: 
Trench InstallationTrench Installation

�� Installed a 0.5Installed a 0.5--m wide by 2.5m wide by 2.5--m long by 1.5m long by 1.5--m deep m deep 
trench (1.9 mtrench (1.9 m33) approximately 20 m from the river) approximately 20 m from the river

�� Trench bottom located below topsoil/gravel interface to Trench bottom located below topsoil/gravel interface to 
allow water to infiltrate directly into gravel layerallow water to infiltrate directly into gravel layer
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Methods: Methods: 
Piezometer InstallationPiezometer Installation

�� 15 piezometers installed using a 15 piezometers installed using a GeoprobeGeoprobe
�� PiezometersPiezometers were installed to approximately 6 m were installed to approximately 6 m 

below ground surfacebelow ground surface
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Methods: Methods: 
Tracer/P ExperimentsTracer/P Experiments

�� Constant 1 m head in the trench:Constant 1 m head in the trench:
�� Pumped water from the Baron Fork Pumped water from the Baron Fork 

at approximately 70 gpm at approximately 70 gpm 

�� System at steady state flow System at steady state flow 

�� Constant rate injection of Rhodamine Constant rate injection of Rhodamine 
and P solution into trench:and P solution into trench:

�� 100 ppm Rhodamine for 120 min100 ppm Rhodamine for 120 min

�� 100 ppm P for 90 min100 ppm P for 90 min

�� Sampled piezometers and trenchSampled piezometers and trench

�� Samples analyzed for dissolved Samples analyzed for dissolved 
inorganic P and total Pinorganic P and total P
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Soil Hydraulic PropertiesSoil Hydraulic Properties

�� Particle size distribution Particle size distribution --
DD5050 = 5.0 mm= 5.0 mm

�� About 67% by mass of About 67% by mass of 
each gravel sample each gravel sample 
greater than 2.0 mmgreater than 2.0 mm

�� Hydraulic conductivity of Hydraulic conductivity of 
gravel ranged from 100 to gravel ranged from 100 to 
250 250 m/dm/d
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P Background/SorptionP Background/Sorption

�� Soil finer than 2 mm in Soil finer than 2 mm in 
gravel layer analyzed for gravel layer analyzed for 
P sorption isotherm: P sorption isotherm: 

�� KKdd = 2.0 L/kg for linear= 2.0 L/kg for linear
�� QQoo = 125 mg/kg and b = = 125 mg/kg and b = 

0.048 L/mg for Langmuir0.048 L/mg for Langmuir



Tracer TransportTracer Transport
�� For piezometers located 2For piezometers located 2--3 3 

m from trench (A, B, C, D, J): m from trench (A, B, C, D, J): 
�� Concentrations dependent on Concentrations dependent on 

preferential flow pathways preferential flow pathways 

(D, J, and (D, J, and II) ) 

�� Concentrations >300 ppb Concentrations >300 ppb 
were above detection limit of were above detection limit of 
fluorometerfluorometer



Tracer TransportTracer Transport

�� For nonFor non--preferential flow preferential flow 
piezometerspiezometers::

�� For piezometers 2For piezometers 2--3 m from 3 m from 
trench (A, B, and C):trench (A, B, and C):

�� Arrival in approximately 5 minArrival in approximately 5 min

�� Peak concentration of 35 ppbPeak concentration of 35 ppb

�� For piezometers 7For piezometers 7--8 m from 8 m from 
trench (K, L, and M):trench (K, L, and M):

�� Arrival in approximately 15 minArrival in approximately 15 min

�� Peak concentration of 20 ppbPeak concentration of 20 ppb



P Transport ExperimentsP Transport Experiments

�� Introduction of KHIntroduction of KH22POPO44 solution lowered pH of injected solution lowered pH of injected 
water:water:

�� Background pH = 7.6Background pH = 7.6--7.77.7
�� Injected Water pH = 6.5Injected Water pH = 6.5--6.76.7

�� Lower pH causes CaLower pH causes Ca2+2+ to be released into solutionto be released into solution



P Transport ExperimentsP Transport Experiments
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ConclusionsConclusions
�� Even in these gravel deposits, presence of preferential Even in these gravel deposits, presence of preferential 

flow pathways significantflow pathways significant
�� High water flow and chemical transport in preferential flow High water flow and chemical transport in preferential flow 

pathwayspathways
�� Can not treat these deposits as homogeneousCan not treat these deposits as homogeneous

�� Phosphorus sorption may be limited in preferential flow Phosphorus sorption may be limited in preferential flow 
paths paths 

�� Hypothesis currently being tested is that residence time is smalHypothesis currently being tested is that residence time is small l 
compared to reaction timecompared to reaction time

�� Future project to document movement from stream into Future project to document movement from stream into 
and out of the alluvial graveland out of the alluvial gravel



EE--mail: mail: 
garey.fox@okstate.edugarey.fox@okstate.edu

Subsurface Phosphorus Transport Website:Subsurface Phosphorus Transport Website:
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