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Dual Approach May Be 

Appropriate
• Fluvial Geom orphology

– Study landform s and changes through erosion and 

sedim entat ion in response to forces and st ressors 

– “Part icle Tracking”

– Qualitat ive predict ive capabilit ies and em pir ical 

grounding 

• Num erical Sedim ent  Modeling

– Understand histor ic and current  r iver flows and net  

sedim ent  t ransport

– Predict ion capabilit ies to evaluate rem edial 

alternat ives including hybrid solut ions

– Opt ion to add Hg fate, t ransport  and 

t ransform at ion (cut t ing edge)  



Num erical Modeling Consultants
• Hydroqual, I nc.

• PI s:   Dom  DiToro, Ferdy Hellweger,

– TMDL/ WASP 5 Modeling for Delaware River PCBs (current )

– Num erous water quality projects and TMDL m odels

• QEA (Quant itat ive Environm ental Analysis, 1998)
• PI s:  John Conolly and Kirk Zeigler

– Housatonic River - sedim ent  and flood plain m odeling (current )

– Lavaca Bay - Hg Source I dent ificat ion and Hurr icane m odeling for sedim ent  
stability

– Penobscot  River Hg Study

– GE Hudson River PCB Fate and Transport  and Rem ed. Design

– Jam es River Kepone Study

– Fox River /  Green Bay PCB Fate, Transport  and Bioaccum ulat ion

• Lim notech (LTI , 1975)
• PI s:  Vic Bierm an, Greg Peterson, Joe DePinto

– Modeling of Hudson R., Fox R./ Green Bay for Regulatory Agencies

– Everglades Hg Research Program  - Planning Support

– Mercury Screening Model for Lake St . Clair

– Waukegan Harbor PCB Modeling and Exposure Assessm ent



Geom orphologists
• Panayiot is Diplas -Virginia Tech (Engr)

– Stat ist ical approach for sedim ent  sam pling accuracy

– Turbulent  shear st resses on pavem ent  form at ion and bedload m ot ion in gravel st ream s

• Andrew Miller - UMBC (Geo)
– Surface water hydrology - large floods in m ountain r ivers

– Fluvial geom orphology of bedrock-cont rolled channels

• Jam es Pizzuto -University of Delaware (Geo)
– Sedim ent  pulses in m ountain r ivers

– Dispersion of bed m aterial in gravel bed r ivers

– Ontogeny of a floodplain

– Morphology of graded r ivers

– Sedim ent  diffusion during overbank flows 

• Karen Prestegaard -University of Maryland (Geo)
– Sedim ent  t ransport  and deposit ional processes in m ountain gravel-bed st ream s

– Mechanism s of st ream flow generat ion and variat ions with watershed scale, geology and 

land use

• Peter Wilcock -Johns Hopkins University (Geo)
– River sedim entat ion processes and r iver m anagem ent

– Fluvial and hillslope geom orphology

– Field and Lab experim ents in sedim ent  t ransport

– Open channel flow

• Others ?
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Water Budget  Evaluat ion 

Purpose

• Character ize general hydrology in the basin 

• Determ ine a range for groundwater 

cont r ibut ion to South River flow

• Evaluate potent ial for sub-aqueous springs

• Expand to understand solids balance in the 

basin



Data Sources

• USGS Gaging Stat ions (1970s to 2002)

• State Clim atologic Data

• VADEQ Discharge/ Withdrawal Perm its

• Engineering Feasibilit y Study, LMS 1981

• Hydrogeologic Study of the Waynesboro 

Nurseries I nc., Tethys 1988

• Geology of Waynesboro, Gaithr ight  et . al. 

1977

• Maptech, per. com . 9-03



Approach

• Use m ean annual stat ist ics  

• Evaluate basin using hydrologic ( r iver flow)  

data

• Evaluate using clim atological data

• I ntegrate results

• Look for anom alies that  could indicate a 

significant  localized GW discharge (source 

ident ificat ion?)





Drainage Basin Sum m ary

• From  source to confluence with North River 

234.4 m i2 area

• The rat ios of r iver flow to drainage area are 

relat ively consistent  ~ 1.2 cfs/  m i2 (based on 3 

gaging stat ions)

• Flow of South River at  Port  Republic is est . 

282 cfs (16.3” / yr)

• Est im ated flow of North River at  Port  Republic 

is 700 cfs



Drainage Basin Sum m ary cont .
Groundwater Cont r ibut ion I nform at ion

• River Flow =  GW discharge +  overland Runoff 

+  perm it ted discharges

• Hydrographs suggest  GW cont r ibut ion is 

~ 30%  of total r iver flow

• MapTech Basins Model upst ream  of 

Waynesboro - GW cont r ibut ion ~ 50%

• WNI  Hydrogeologic Study, Tethys, 1988 - GW 

cont r ibut ion in alluvial plain ~ 70%



Clim atological Approach

• Sim plified water balance 
– PPT =  Ev ap o t r an sp i r a t ion  +  Ov er lan d  Ru n o f f  +  GW  

I n f i l t r a t ion  +  Con su m p t ion

– River flow =  GW seepage +  Overland Runoff +  surface 

water discharges

• Precipitat ion 35.54” / yr
– Average of Staunton and Stuart ’s Draft  stat ions (36.18 to 

34.9” )

• Evapot ranspirat ion est im ated 19.54” / yr (55%  

PPT)  

• Equates to r iver flow of 277 cfs or 16” / yr
– recall hydrograph ext rapolat ion of 282 cfs or 16.31”  

• Perm it ted withdrawals and discharges am ount  

to sm all net  loss of 5 cfs annualized



Land Use Assum pt ions for 

Evapot ranspirat ion Calculat ion

• 60%  Forested

• 35%  Grass and Cropland

• 5%  Urban



Two of the m any possible 

solut ions

• PPT =  .5 5 as Et  +  .1 3 as GW +  .3 2 as Runoff 

• PPT =  .5 5 as Et  +  .2 4 as GW +  .2 1 as Runoff

• Or total GW cont r ibut ion to the r iver is 

between 99 cfs and 147 cfs of the 282 cfs 

total 



Spat ial Considerat ions

• I nputs to/  withdrawals from  the system  are 

not  consistent  up and down the watershed

• Sm all scale changes in water quality data m ay 

result  from  local inputs
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Other Dynam ic Considerat ions

• Tem poral - long term  

– Hydrographs suggest  last  30 years wet ter than 

previous 30

– More cont rols on discharges and erosion (BMP)  

suggest  less sedim ent  loading

– Wet ter Condit ions and Less sedim ent  load would 

result  in net  erosion

• Tem poral - short  term

– Alternat ing dry/ wet  years could influence t rends in 

m onitor ing data



Normalized Hg in Sunfish at Dooms



Monthly Stats - Harriston
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Annual Mean Stream Flow
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Water Budget  - Conclusions

• Hydrologic data and clim atologic data are 

com parable in the 234 m i2 watershed

• Total budget  available to r iver (overland and 

groundwater seepage)  is 16 to 16.31” / yr but  

proport ion of groundwater is st ill uncertain

• GW discharge could m ake up 30 to 50%  of total 

r iver flow 

• Data does not  have the spat ial resolut ion to ident ify 

specific areas of higher GW discharge (springs)  
– Could be groundwater underflow below r iver but  probably short ly 

returns to r iver

• Monthly/ Annual variat ions in rainfall be one factor 

influencing t rends in data


