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Basin characteristics

Fig. 5.  Physiographic Provinces
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Basin characteristics

6Fig. 7. Land Use in Potomac Basin



Basin Characteristics

OOpequon
63% karst

Monocacy
6% karst6% karst



Basin characteristics
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Flows are variable
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Flows are variable

Difference between upper and lower 
confidence limits is 150-200% of median
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Flows are variable

Difference between upper and lower 
confidence limits is 175-205% of median
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Flows are variable

Difference between upper and lower 
confidence limits is 145-240% of median
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Flows are variable

Difference between upper and lower 
confidence limits is 150-300% of median
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Long term variability in flows

• Climate cycles?           Climate change?     Land cover change?

Figure 8.  Changes in Chesapeake 
forest coverforest cover

Figure 4. … annual minimum flows from tree‐rings …



Flows are variable

15Report Figure 38



Variability in 104 year flow record

16



Variability in 104 year flow record
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Variability in 104 year flow record
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Stream Flashiness

In this context, stream flashiness refers to the amount of 
variability in flow per unit of time.variability in flow per unit of time. 
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Stream Flashiness

Richards – Baker Index, Baker et al (2004), Journal of the AWRA
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Flashiness decreases as D.A. increases
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Flashiness of East Coast Large Rivers
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Potomac River is “flashy”
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Potomac River is “flashy”
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Potomac River: 
The “flashiest” river in the East
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How we picked river reaches to study

1) A Priori selection
a) Potomac R. Great Falls to Little Falls
b) Tidal Potomac to Occoquan Bay b) da oto ac to Occoqua ay

2) Hydrologic alteration risk assessment
a) Monocacy
b) Opequonb) Opequon
c) Potomac R. Point of Rocks to Great Falls
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Hydrologic alteration risk assessment

• Ten risk factors selected for evaluation based on their ability 
i fl di f d l i l ito influence one or more Indicators of Hydrologic Alteration.

• The ten risk factors were categorized as low, medium, high, g g
and severe, risk based on results of a Classification and 
Regression Tree (CART) analysis, on literature values, and on 
the frequency of risk factor values in the basinthe frequency of risk factor values in the basin.

• Risk index is a count of risk factors, weighted by relative 
i f h fseverity of each factor. 
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Watersheds / reaches most at risk of 
hydrologic alterationy g
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Preliminary General Findings: risk factors 
and impact on Indicators of Hydrologic 
AlterationAlteration

• Findings come from analysis of Potomac (incl. North Branch) + 
Susquehanna watersheds done for Middle Potomac Watershed 
Assessment
• Watershed size >38 mi2  apparently not important for IHAsWatershed size >38 mi apparently not important for IHAs 
representing lower half of hydrograph
• % Forest cover is most significant discriminator
• % I i S f t t i t t• % Impervious Surface next most important
• % Agriculture next most important
• % Karst geology ( a natural risk factor) important for several IHAs
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Examples: Risk factors and impact on 
IHAs – Impoundment vol. vs mean flowp
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Examples: Risk factors and impact on 
IHAs – % Forest vs High Pulse Durationg
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Examples: Risk factors and impact on 
IHAs – % Impervious vs Rise Ratep
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Examples: Risk factors and impact on 
IHAs – Impoundment vol. vs Rise Ratep
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Examples: Risk factors and impact on 
IHAs – % Karst vs Fall Rate
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How do current flows compare with 
“Natural” flows?

We don’t know what “natural” is ( e.g. slides on long term flow 
d ) b dd d h i irecords), but we addressed the question in two ways.

1) Compare flow statistics for Monocacy, Opequon, and 
Potomac with those for reference watersheds. 
a) Reference watersheds, selected from across Potomac 

and Susquehanna have minimal to no impact fromand Susquehanna, have minimal to no impact from 
factors shown to affect IHAs.  

2) U fl i l ti d l t i l t d fl t2) Use flow simulation model to compare simulated flows at 
current conditions versus a “baseline”, or minimally impacted 
condition.



Reference vs Large River Watersheds
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Reference vs Large River Watersheds
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Reference vs Large River Watersheds
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Reference vs Large River Watersheds
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Reference vs Large River Watersheds

40



A flow simulation model for the 
Potomac Basin

1) Under development for the Middle Potomac Watershed 
Assessment

2) Based on the Chesapeake Bay Watershed Model
3) With some added segments to improve flow simulation below ) g p

impoundments not in Bay Model.
4) With improved baseflow recession simulation
5) Calibrated to gaged flows for period 1984 – 20055) Calibrated to gaged flows for period 1984 – 2005
6) When coupled with VA DEQ WOOOMM model, can generate a 

synthetic flow time series at any point in basin
) ll b d bl h l h b b l l h l h7) Will be used to establish relationships between biological health 
and selected flow statistics (ELOHA), and to quantify change in 
flow statistics predicted as watershed characteristics change.p g



Current Conditions vs Baseline

• Analysis of risk factors showed that where forest 
cover > 78% there is negligible change in IHAscover >= 78% there is negligible change in IHAs.

• Similarly, negligible change in IHAs where impervious 
surface <= 0 35%surface <= 0.35%

• Therefore, for Baseline conditions, watershed 
characteristics are modified so thatcharacteristics are modified so that
• Forest cover = 78%
• Impervious surface = 0.35%p
• Other land covers adjusted proportionally
• Impoundments, Withdrawals, Consumptive use = 0
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• Current Conditions = 2005



Current Conditions vs Baseline: 
Monocacyy
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Current Conditions vs Baseline:  
Monocacyy

• Baseline is always lower than Current Conditions
• At high flow, median difference is 10%
• At low flow median difference is 14%
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At low flow , median difference is 14%



Current Conditions vs Baseline:  
Opequonp q
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Current Conditions vs Baseline:  
Opequonp q

• Baseline is always lower than Current Conditions
• At high flow, median difference is 10%
• At low flow median difference is 37%
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At low flow , median difference is 37%



Current Conditions vs Baseline:  
Potomac Point at Point of Rocks
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Current Conditions vs Baseline:  
Potomac at Point of Rocks

• Baseline is always lower than Current Conditions
• At high flow, median difference is 0.6%
• At low flow median difference is 13%
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At low flow , median difference is 13%



Current Conditions vs Baseline:  
Potomac River at Little Falls
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Current Conditions vs Baseline:  
Potomac at Little Falls

• At high flow, no real difference between Baseline and Current
• At low flow , Baseline is higher than Current by median 15.5%
• Note location of G F 300 mgd and L F 100 mgd minimum flow
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Note location of G.F. 300 mgd and L.F. 100 mgd minimum flow 
recommendations.



Current Conditions vs Baseline:  
Simulate a Drought Yearg
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Current Conditions vs Baseline:  
Simulate a Drought Yearg
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Current river management impacts on 
flow regimes: Impoundmentsg p
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Current river management impacts on 
flow regimes:  Withdrawalsg
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Current river management impacts on 
flow regimesg

1) Although over 400 impoundments in watershed, only a handful 
h ti l d lhave actively managed releases

2) For Monocacy, Opequon, and lower Potomac River, essentially 
no impact on mid and high range flows

3) Jennings Randolph / Savage reservoirs provide some low flow 
augmentation for Potomac mainstem

4) Withdrawals and consumptive demands are widespread and4) Withdrawals and consumptive demands are widespread and 
have some impact on low flows in all watersheds, but for 
Monocacy, Opequon, and Potomac to Seneca Creek current 
low flows are higher than Baselinelow flows are higher than Baseline. 

5) Only for the Potomac from Seneca to Great Falls and Little Falls 
are current withdrawals pushing very low flows below the 
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Baseline simulation.



Preliminary withdrawal and 
consumptive use forecast.p
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Climate change forecast

1) Middle Potomac Watershed Assessment Task1) Middle Potomac Watershed Assessment Task
2) Climate change to 2030 will have a negligible effect (1% 

increase) on water withdrawals and consumptive use.
3) Beyond 2030, forecasts for withdrawals highly 

uncertain.  
4) Long range forecasts for climate change also uncertain.) g g g
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From the climate change literature
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More from Climate Change Literature
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What are significant causes of changes 
in flow characteristics?

1) Natural factors not subject to our control) j
a) Climate variability and cycles
b) Physiography and geology (karst)

2) Anthropogenic factors
a) Land use change is most significant
b) Impoundments – not significant
c) Withdrawals can impact extreme low flows
d) Climate change – minor impacts) g p

3) Time scales for change in flow characteristics
a) Rate of land use change / rate of population growtha) Rate of land use change / rate of population growth



Potomac Basin Population Forecast

61From P. Claggett, USGS, Chesapeake Bay Program (2009)



Land Use Change Projections



Land Use Change Projections



Land Use Change Projections



Land Use Change Projections



What’s happening on the river right 
now?
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