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= CEE-OWML has been monitoring
the Occoquan watershed in NOVA
for over 35 years
» Tom Grizzard, CEE
= Glenn Moglen, CEE
= Adil Godrej, CEE .
= David Sample, BSE

= Campus
= CEE Department
= BSE Department
= Center for Watershed Studies
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The Hydrologic Cycle and Water Demand




Hydrologic Cycle

» Precipitation * Runoff
= |nfiltration = Recharge

» Evapotranspiration *® Soll Moisture
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Source: VDEQ (2009) Virginia's Water Resources,
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Precipitation

= Averages 40-42 inches/year (1016-1067 mm)

Legend

Average Annual Rainfall, 1971-2000
RANGE
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Source: National Atlas, at www.usgs.gov
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Infiltration

= |nfiltration function of:
= Soll types/porosity
= Solls hydraulic properties
= Soll moisture content
= Vegetation

Infiltration
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Evapotranspiration

» Temperature Based Methods

evapotranspiration =
= Bowen transpiration + evaporation

. .-"'—"A"—“\.
= Thornthwaite transpiration

= More Accurate Method- {:"“ ;':‘

Modified Penman-Monteith (L YB M, evaporation
(Allen 1998)
= Function of Radiation, vapor

pressure, wind speed, air
temperature

v grou ndwater
recharge
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Runoff

RAINFALL ,
EVAPORATION SNOWMELT
Depends upon: S
= Rainfall intensity

Antecedent moisture

Density of vegetation
(Interception, ET) INFILTRATION

Imperviousness
Slope

Discharge

- Pre-development
= =Post-development

Sources: Tess Wynn, “Low Impact Development”, 2009, Biological Systems Engineering, Virginia Tech OCtOber 9, 2009, 9




Recharge

» Recharge-Saturated
Zone

*= Process Is extremely
slow-faster in coastal
areas Jadose

= Often calculated as a
calibration parameter Zone of

i Saturation

Source: USGS - GROUND WATER ATLAS of the UNITED STATES: Delaware, Maryland,
New Jersey,
North Carolina, Pennsylvania, Virginia, West Virginia, HA 730-L
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Soil Moisture Storage

“Leaky Reservoir”
Field Capacity Ivigation
Wilting Point Evapotranspiration

Readily Available Water
(RAW)

Total Available Water
(TAW)

Capillary
Rise Percolation

Source: Allen, R.G., Pereira, L.S., Raes, D., and Smith, M. (1998) Crop Evapotranspiration: Guidelines for Computing Crop Water
Requirements. United Nations Food and Agricultural Organization (FAO), Irrigation and Drainage Paper 56, Rome, ltaly.
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Water Budget
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Rainwater Harvesting Systems Function Like
Soll Storage
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Estimating Demand/Water Needs

= |ndoor Use
= Potable Use
= Nonpotable Use
= Tollet flushing
» Clothes washing
= Qutdoor use
= Active lrrigation
= Passive lrrigation
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Rainwater Harvesting/Cisterns (RR)

Captures impervious
runoff

Underground/Above

Reuse-can be
Outdoor or indoor

Supplements water
supply

Volume benefits-
maximize if managed

Variable Removal
(runoff reduction only)

& Source: Virginia Rainwater Harvest Manual, at

e Tt ~ . q*ﬁ{% WSSI/Wetland Studies and Solutions, Inc., at




Rainfall Input

Preliminary Screening Model

Garage=400 sf

Evaporation/Runoff Loss
from Impenious Area

Roof=1500 sf

Storage Tank=

Variable Size

Driveway=800 sf

Landscaping=5000 sf
Irrigation

Evapotranspiration

Infiltration Loss

Runoff From Landscaping
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Average Monthly Water Budget
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Screening Results
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RHS Design for Runoff Control in Virginia




Configurations

1. Interior Non-Potable
Demand Year-Round

2. Interior Non-potable
Demand year-round,
seasonal Irrigation only

Source: VDCR (2009) Draft Virginia DCR Stormwater Design Specification No. 6,
Rainwater Harvesting, Version 1.2.
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More Configurations

3. Interior Non-potable
Demand year-round,
Seasonal Outdoor
Demand, On-site
Stormwater Disposal
during non-irrigation
months

Interior Non-potable
Demand year-round, On-
site Stormwater Disposal
Year-round

Source: VDCR (2009) Draft Virginia DCR Stormwater Design Specification No. 6,

Rainwater Harvesting, Version 1.2. October 9, 2009, 20




Even More Configuraitons

5. Year round or Seasonal [——
Demand with Dedicated § &
Constant Year-Round :
Drawdown with On-site
Infiltration

On-site Infiltration for Vs 2
Groundwater Recharge, [T £ S
No Re-use of Stored | il B

Water

Source: VDCR (2009) Draft Virginia DCR Stormwater Design Specification No. 6,

Rainwater Harvesting, Version 1.2. October 9, 2009, 21
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Calculate Demand Met

20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000

Cistern Storage Associated with Treatment Volume Credit (gallons)

Source: VDCR (2009) Draft Virginia DCR Stormwater Design Specification No. 6,
Rainwater Harvesting, Version 1.2.
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Calculate Runoff Reduction Credit

=& 205 demand met by rainwater

&= Overflow Frequency (%)
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Overflow Frequency for all storm events (%)

T 0
20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000

Cistern Storage Associated with Treatment Volume Credit (gallons)

Source: VDCR (2009) Draft Virginia DCR Stormwater Design Specification No. 6,
Rainwater Harvesting, Version 1.2.
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Steps

= Calculate Incremental Design
Volumes

= Complete Design of System

= Enter Final Volumes/Credits
Into Runoff Reduction
Spreadsheet

= Water Quality
Volume Credit

" Roof Area treated e
= Evaluate with other | = -
BMPS to AsseSS WQ LOW WATER CUT OFF VOLUME WATER LEVEL

EEBOAND VOLU T, FMERGENCY
g B OVERFLOW
DOVERFLOW VOLUME ABOVE EMERGENCY OUTFALL =14
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Simulation/Operation of RHS Systems

(Work in Progress)




LID Design/Implementation
Science Museum, Richmond

Bioretention
Permeable Pavement

Rainwater Harvesting
Vegetated Roof




Clermont Elementary, Alexandria

o

3 Outdoor education area
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Roof drainage area

. Stormwater collection
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Development of Rainwater Harvesting
System Rule Curves

= RHS is currently given a 40% runoff credit (but only for
50% of runoff volume)

= Objective: Use simulation model and duration analysis to
develop generalized rule curves for WQ credits

W

\\ Collaboration with T. Younos




Operational Dynamics

= Reserve Target
= Time of Emptying
= Dead Storage

—Spill»
e A
Storage Tank
Capacity
———————————— T —Demand-»
—————————— i—————f—————+
v v
Reserve Target Dead Storage

EEEEEEEEEE

= STUDIES
M at VIRGINIA TECH



Summary

= Screening Tool
= Average Climatology
= \Water Budget

= Center for Watershed Protection Method
= \Water Budget
= |[nterevent Time Probabilities

= Proposed Rule Curves
= \Water Budget
= Simulation
* Duration Analysis
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Questions?

Contact Info: David Sample,
(703)361-5606x128




