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Cooperative Water Supply
Operations on the Potomac (CO OP)Operations on the Potomac (CO-OP)

 Droughts of 1960s led to fears of Droughts of 1960s led to fears of 
potential water shortages in 
WMA

 US ACE d t t l US ACE proposed structural 
solutions, including16 reservoirs

 ICPRB and JHU researchers 
created interactive simulation 
models and demonstrated value 
of cooperative approach

 Agreements in 1978 and 1982 
led to formation of CO-OP



Cooperative Water Supply
Operations on the Potomac (CO OP)Operations on the Potomac (CO-OP)

 CO OP utilities: CO-OP utilities: 
– WSSC
– Washington AqueductWashington Aqueduct
– Fairfax Water 

 ICPRB’s CO-OP Section:
– Water demand/availability 

forecasts every 5 years 
since 1990since 1990

– Coordinates management 
of resources during 
d htdroughts

– Other technical support





From the
Low Flow Allocation Agreement*Low Flow Allocation Agreement*

“In April 1990 and in April of each fifth year thereafter … 
the Aqueduct, the District, the Authority, and the 
Commission shall review and evaluate the adequacy 
of the then available water supplies to meet the 
water demands in the Washington Metropolitan 
Area which may then be expected to occur during the 
succeeding twenty year period.”

*as amended by Modification 1



Study Objectivesy j

 Provide CO OP water Provide CO-OP water 
suppliers with 20-year 
demand/availability 
forecast

 Provide Northern Virginia 
Regional Commission withRegional Commission with 
30-year forecast



Study Componentsy p

Part 1:Part 1:

 Demand forecast - 2010 through 2040

 R l i 2010 th h 2040 Resource analysis - 2010 through 2040

 Summary of potential water supply alternatives

Part 2:

 Assessment of impact of global climate change on 
projected demands and resource availabilityprojected demands and resource availability



Demand

Available
Resources

Model

Can the current system 
meet future demands?



Current Unit Use

Unit use = (annual use)/(# customers)
for each customer category, for each service area

B dBased on:

 Current area served delineations

 Annual water use from 2008 billing data
– Single family households
– Multi-family households
– Employees

 # of customers in each service area in 2008 from GIS analysis of
– county 2008 data by TAZ, if available, or
– MWCOG Round 7.2 2010 forecasts by TAZ, and DURs

 Current Dwelling Unit Ratios (DUR) = (# SFH/# MFH) from county data



Current Average Annual Demandg

2008 Demand =
SFH 
2008 

unit use
x # SFH 

in 2008

# MFHMFH

+ x # MFH 
in 2008
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2008 
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Forecast of Average Annual Demandg

 Future service area

Based on:

 Future service area

 Future unit use by 
customer category, by 
service areaservice area

 Future # customers:
– GIS analysis of 

MWCOG Round 7.2 
forecasts

– Future DURs











Forecast of Average Annual Demandg

 Two forecast scenarios: Two forecast scenarios: 
– Scenario 1 (S1) – most likely: assumes future decreases 

in both single and multi-family household unit usein both single and multi family household unit use
– Scenario 2 (S2) – higher: assumes potential additional 

growth and no future decrease in single family 
household unit use



Special Growth Areasp

 Fort Belvoir BRAC Initiated Development Fort Belvoir BRAC Initiated Development
– Lorton – South Rt. 1 Suburban Center
– Richmond Highway Corridor
– I-95 Corridor Industrial Area

Beltway South Industrial Area– Beltway South Industrial Area
– Springfield Central Business District
– Kingstowne Central Business District

 Urbanization & Redevelopment
– Baileys Crossroads Revitalization Area
– Reston – Lake Anne Village Center Redevelopment Area
– INOVA Fairfax Hospital Special Study Area
– Merrifield Revitalization Area

 Transportation Oriented Development
– Tysons Corner Urban Center
– Reston – Herndon Suburban Center

Huntington Metro Transportation Study Area– Huntington Metro Transportation Study Area
– Franconia – Springfield Metro Transportation Study Area
– Van Dorn Street Metro Transportation Study Area
– Fairfax-Vienna Metro Transportation Study Area



5.51000

Washington metropolitan area average annual water demand, 
forecasts and actual demands
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Resource Analysisy

 Evaluates whether current WMA system can meet forecasted demands Evaluates whether current WMA system can meet forecasted demands 

 Uses Potomac Reservoir and River Simulation Model (PRRISM) 
– Based on:

• 78-year historic record of stream flows & meteorology (1929 – 2007)
• Daily operating rules for the WMA system of reservoirs:

– Jennings Randolph Reservoir
– Savage Reservoir
– Little Seneca Reservoir
– Occoquan  Reservoir
– Patuxent Reservoir



PRRISM: Schematic

 Utilizes a water balance at each reservoir and simulates Utilizes a water balance at each reservoir and simulates 
flows over the period of record 

78 Years of Daily Inflows 78 Years of Reservoir Output8 ea s o a y o s
USGS Gage data, processed to 
account for watershed differences

8 ea s o ese o Output
Daily Storage, outflows, 
withdrawals

Demands as function of weather and 
other variables

Calculation of withdrawals inflowsCalculation of withdrawals, inflows, 
releases and resulting storage

Tracks possible shortages

78 Years of Weather Data
Rainfall, temperatures

78 years of Water Utility Output 
Daily demands, shortages



PRRISM: Measures of System Performancey

 Reliability – one minus the frequency of failures Reliability one minus the frequency of failures
– Percentage of years with no Potomac deficits

 Vulnerability – unmet demand, or shortages
– Maximum amount of deficit allocated in single day MGDMaximum amount of deficit allocated in single day, MGD
– Average amount of deficit allocated, MGD
– Total amount of deficit allocated, MGD

 Resiliency – average duration of failures
– Maximum number of days in a row of Potomac deficits
– Number of days in which Potomac deficits must be allocated 
– Number of Patuxent water supply shortfalls

Number of Occoquan water supply shortfalls– Number of Occoquan water supply shortfalls
 Percentage of years with restrictions
 Minimum reservoir storage, BG
 Minim m a erage flo in the s mmer and fall of 1930 Minimum average flow in the summer and fall of 1930

– Natural flow
– Flow downstream of intakes 



Results
2005 Study Current Study

2025 2030 20402025 2030 2040

Likely – High
Demands

Likely – High
Demands

Likely – High
Demands

Voluntary restrictions 4.1% – 5.5% 3.8% – 3.8% 3.8% – 4.5%

Mandatory restrictions 0.0% – 0.3% 0.1% – 2.9% 3.4% – 3.8%

Emergency restrictions 0.0% 0.0% - 0.0% 0.0% – 2.3%

Potomac deficits (days) 0 0 – 0 0 – 0Potomac deficits (days) 0 0 0 0 0

Occoquan deficits (days) 0 0 – 0 0 – 5

Min L Seneca + JRR WS (BG) 7 4 6 0 5 4 3 6 3 5 0 8Min L Seneca + JRR WS (BG) 7.4 – 6.0 5.4 – 3.6 3.5 – 0.8

Min JRR WQ (BG) 0.5 – 0.5 0.0 – 0.0

Min system storage (BG) 12.0 – 10.3 9.2 – 5.7 7.4 – 2.9



The WMA’s current water supply system 
ill ti t t d d th hwill continue to meet demands through 

2030, under a range of hydrologic 
conditions similar to the 78-year period of 
historical record, with no water supply s o ca eco d, o ate supp y

shortfalls and no emergency water use 
restrictionsrestrictions.



By the year 2040 the current systemBy the year 2040 the current system 
may have difficulty meeting the 

region’s demands during periods ofregion s demands during periods of 
drought without water use restrictions, 

d/ th d l t f dditi land/or the development of additional 
supply resources.



S ti td tSummertime outdoor water use may 
be increasing in some areas of the 
WMA, offsetting the benefits of the 

adoption of more water efficient indoor adop o o o e a e e c e doo
fixtures and appliances.



The system’s largest reservoir, Jennings y g g
Randolph, appears to be losing storage 

capacity due to sedimentation at acapacity due to sedimentation at a 
higher rate than previously estimated.



Recommendations

 Complete evaluation of water supply alternatives: Complete evaluation of water supply alternatives:
– Occoquan estuary membrane treatment plant
– Estuarine pumping station below Little Falls, discharging to p p g , g g

Dalecarlia
– Fairfax County quarries
– Loudoun County quarriesLoudoun County quarries
– May also consider Travilah quarry in Montgomery County

 Conduct new hydrographic survey of Jennings Randolph 
R iReservoir

 Give consideration to new watershed protection measures 
to address sedimentation potentially via DWSPPto address sedimentation – potentially via DWSPP

 Investigate summertime water use in next demand study



www.potomacriver.orgp g

www potomacriver orgwww.potomacriver.org 

Drinking WaterDrinking Water 

Cooperative Water 
Supply Operations on 
the Potomac 

Resource Reliability 
Studies



Forecast of Average Daily Demandg y

Based on:Based on:

 Average annual demand
 M thl t d ti f t

ARMA model 
of Explainable
Daily Demand 

Variation
 Monthly water production factors
 Linear regression model of daily 

departures from the monthly 
average demand Unexplainable

Random Daily
Daily 

DepartureForecast ofaverage demand
 ARIMA model of remaining non-

random variation
 Normal distribution model of

Random Daily 
Demand 
Variation

Departure 
From Monthly 
Ave. Demand

Forecast of
Daily Demand

 Normal distribution model of 
random variation

Forecast of
Monthly Ave.

Demand


