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AgendaAgenda

•• Review of the first analyses using a longReview of the first analyses using a long--term term 
““flow balanceflow balance”” approachapproach

•• The Flaw in this approach The Flaw in this approach –– ““stationaritystationarity””
•• What has been observed by residents and NPS What has been observed by residents and NPS 

personnelpersonnel
–– Data examples that support thisData examples that support this

•• The steps currently being taken to reThe steps currently being taken to re--evaluate evaluate 
the water resources in Rappahannock Countythe water resources in Rappahannock County



The The ““Water BalanceWater Balance”” Approach To Approach To 
Evaluating Our Water ResourcesEvaluating Our Water Resources
•• Estimate all of the water that enters the Estimate all of the water that enters the 

county, leaves the county, and is used county, leaves the county, and is used 
within the countywithin the county
–– If all of these factors are accounted for, then If all of these factors are accounted for, then 

all water is accounted forall water is accounted for
–– This method provides a way to determine This method provides a way to determine 

how much water is available for use by the how much water is available for use by the 
residents, farmers, and ALSO the residents, farmers, and ALSO the 
maintenance of an ecologically safe maintenance of an ecologically safe 
streamflowstreamflow..



Components Of the Water BalanceComponents Of the Water Balance
1.1. Rappahannock County is a Rappahannock County is a ““HeadwaterHeadwater”” county, so county, so 

there is no water coming into it from upstream.there is no water coming into it from upstream.
2.2. The primary components to take into account are:The primary components to take into account are:

•• PrecipitationPrecipitation
•• EvapotranspirationEvapotranspiration ((ETET) = evaporation from the land and ) = evaporation from the land and 

transpiration from vegetationtranspiration from vegetation
•• StreamflowStreamflow leaving the countyleaving the county
•• Groundwater rechargeGroundwater recharge
•• ““Consumptive UseConsumptive Use”” by people, farming, fire fighting, etc. by people, farming, fire fighting, etc. 

3.3. Virtually all of the human water use in the county is Virtually all of the human water use in the county is 
from wellsfrom wells

4.4. Springs are used especially for agriculture and they Springs are used especially for agriculture and they 
help to maintain help to maintain streamflowsstreamflows, especially important in , especially important in 
dry periodsdry periods



A Water BalanceA Water Balance
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Constructing the Water Balance Constructing the Water Balance ––
Use the drainage area for the Hazel Use the drainage area for the Hazel 
River Flow Monitoring StationRiver Flow Monitoring Station



Using LongUsing Long--term statistics: The term statistics: The 
Water Balance ConclusionsWater Balance Conclusions
•• The Area is 287 sq. mi. (The county area is 267 sq. miles)The Area is 287 sq. mi. (The county area is 267 sq. miles)
•• One inch of water on this watershed = 5 billion gallonsOne inch of water on this watershed = 5 billion gallons
•• Annual means:Annual means:

–– Precipitation = ~ 43 inchesPrecipitation = ~ 43 inches
–– ET + ~ 17 inchesET + ~ 17 inches
–– StreamflowStreamflow out = 15.9 inchesout = 15.9 inches
–– Groundwater Recharge = ~ 10 inchesGroundwater Recharge = ~ 10 inches
–– Water Consumption in Rappahannock = ~ 0.1 inchesWater Consumption in Rappahannock = ~ 0.1 inches

•• The Water Balance (in inches/year):The Water Balance (in inches/year):
43 43 –– 17 17 –– 15.9 15.9 –– 10 10 –– 0.1 = 00.1 = 0

Conclusion: The Groundwater recharge is 10 inches/yr., Conclusion: The Groundwater recharge is 10 inches/yr., 
Rappahannock County withdraws  ~ 0.1 inches/yr.Rappahannock County withdraws  ~ 0.1 inches/yr.

Based on LongBased on Long--term historical data, Rappahannock is in term historical data, Rappahannock is in 
good shape; we are nowhere near using up our good shape; we are nowhere near using up our 
groundwater!groundwater!



The Flaw in This AnalysisThe Flaw in This Analysis

•• The Flow Balance is based on longThe Flow Balance is based on long--term term 
historical datahistorical data
–– An assumption in this analysis is that this An assumption in this analysis is that this 

approach is applicable to the present and approach is applicable to the present and 
futurefuture

–– This assumes what is known as This assumes what is known as ““stationaritystationarity””
•• StationarityStationarity is the assumption that hydrologic is the assumption that hydrologic 

conditions are not changing over timeconditions are not changing over time



From a Conference on NonFrom a Conference on Non--
StationarityStationarity Held in Boulder, CO In Held in Boulder, CO In 
January, 2010January, 2010
•• Robert Hirsch: Senior Hydrologist for Robert Hirsch: Senior Hydrologist for 

USGS:USGS:

•• ““It is nonIt is non--stationary stationary –– get over it!get over it!””

• “Focus on description and 
understanding, considering the full 
range of possible drivers”



What Have We Been Seeing Over What Have We Been Seeing Over 
the Past 20 Years?the Past 20 Years?
•• It has not been goodIt has not been good

–– From Steve Bair, NPS Backcountry, Wilderness and Trails From Steve Bair, NPS Backcountry, Wilderness and Trails 
Manager:Manager:
•• ““Many springs have dried up in the ParkMany springs have dried up in the Park””
•• ““The changes seem to have started about 20 years agoThe changes seem to have started about 20 years ago””
•• ““We used to always have snow in December We used to always have snow in December –– March, now it is March, now it is 

rarerare””
–– From Bill Fletcher:From Bill Fletcher:

•• On the small mountain that drains to his land, he noticed that tOn the small mountain that drains to his land, he noticed that the he 
springs higher up dried up about 20 years ago, the lowersprings higher up dried up about 20 years ago, the lower--level level 
springs dried up about 10 years ago. This is causing severe watesprings dried up about 10 years ago. This is causing severe water r 
shortages for his farming operations.shortages for his farming operations.

–– I have gotten similar feedback from others, and I have noticed iI have gotten similar feedback from others, and I have noticed it t 
as well:as well:
•• Wells going dry in Wells going dry in SperryvilleSperryville
•• Farmers not being able to get water from streams for mixing Farmers not being able to get water from streams for mixing 

fertilizersfertilizers
•• Where are the nice, longWhere are the nice, long--lasting drenching rains?lasting drenching rains?
•• It seems we get storms insteadIt seems we get storms instead



We Are (Again) In A Severe We Are (Again) In A Severe 
Drought SituationDrought Situation

•• ““Crop or pasture losses likely; fire risk very Crop or pasture losses likely; fire risk very 
high; water shortages common; water high; water shortages common; water 
restrictions imposedrestrictions imposed””



The Drought Map:The Drought Map:





LetLet’’s look at Battle Run:s look at Battle Run:



Battle Run Over the Past Two Months:Battle Run Over the Past Two Months:

On the day this graph was produced (Sept. 13, 2010), 
the long-term mean flow is 8.6 cfs, the median flow is 5.4 cfs;
The flow on September 13th was 0.85 cfs



Battle Run Over the Past Few Battle Run Over the Past Few 
Years:Years: Battle Run Streamflow
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South Fork, Thornton River:South Fork, Thornton River:
September 14, 2010September 14, 2010



Where Do We Go From Here?Where Do We Go From Here?

•• Need to quantify the changesNeed to quantify the changes
–– StreamflowStreamflow
–– PrecipitationPrecipitation
–– TemperatureTemperature
–– SnowfallSnowfall
–– When and where springs have dried upWhen and where springs have dried up
–– Well Data: preferably longWell Data: preferably long--term dataterm data

•• Develop a new Develop a new ““picturepicture”” of where we stand and of where we stand and 
what we might expectwhat we might expect
–– Develop strategies for dealing with it: short and long Develop strategies for dealing with it: short and long 

termterm
–– Note: this a regional issueNote: this a regional issue



Trends Analyses Can Be Trends Analyses Can Be 
Challenging: Challenging: 
•• Extracting the Extracting the ““signalsignal”” of change from the of change from the 

““noisenoise”” in the datain the data
•• Missing data is a problemMissing data is a problem
•• Correlating trends found in the data with onCorrelating trends found in the data with on--thethe--

ground observations:ground observations:
–– Relating springs going dry to the dataRelating springs going dry to the data
–– Determining if this is some sort of longDetermining if this is some sort of long--term cycle, or term cycle, or 

a condition we can expect to continuea condition we can expect to continue
•• What measures should we be taking for dealing What measures should we be taking for dealing 

with the results?with the results?



What I Am DoingWhat I Am Doing
•• Working to extract trends in the Working to extract trends in the streamflowstreamflow datadata

–– I have been trying a few things, nothing has worked as yet.I have been trying a few things, nothing has worked as yet.
–– A Colleague is using the longA Colleague is using the long--term data from Battle Run, Hazel term data from Battle Run, Hazel 

River, and Rappahannock as a research project using River, and Rappahannock as a research project using 
sophisticated statistical techniques for trendssophisticated statistical techniques for trends

•• Assembling as much relevant longAssembling as much relevant long--term data as I can term data as I can 
find on precipitation, temperatures and snowfallfind on precipitation, temperatures and snowfall

•• Other professional work of mine has a good potential to Other professional work of mine has a good potential to 
be able to segue into longbe able to segue into long--term temperature and term temperature and 
precipitation trendsprecipitation trends
–– While this work is national in scope, it can be applied regionalWhile this work is national in scope, it can be applied regionally ly 

and locallyand locally
–– This work may also wind up looking at climate change scenarios.This work may also wind up looking at climate change scenarios.

•• Andy Putscher of DEQ is assisting in some of thisAndy Putscher of DEQ is assisting in some of this



ConclusionsConclusions

•• It has gotten more complicatedIt has gotten more complicated
•• I may need helpI may need help

–– GeoreferencingGeoreferencing springs, wellssprings, wells
–– Preparing data for analysisPreparing data for analysis
–– Possibly needing to purchase some data (small costs)Possibly needing to purchase some data (small costs)
–– Help in developing optionsHelp in developing options
–– There are some possibilities for getting this helpThere are some possibilities for getting this help

•• Should there be a regular Should there be a regular ““Drought MonitorDrought Monitor””
item in the paper?item in the paper?

•• This is a Regional issue, not limited to our This is a Regional issue, not limited to our 
CountyCounty



Rappahannock River at RemingtonRappahannock River at Remington



Remington DrainageRemington Drainage

Note: Warrenton adds ~ 1.9 cfs to the Rappahannock flow, 
transferred from the Potomac Basin



DiscussionDiscussion

•• FeedbackFeedback
•• Ideas for what to do?Ideas for what to do?

–– I have some general idea of approachesI have some general idea of approaches

•• Next stepsNext steps
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