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GOAL AND OBJECTIVES  

 Goal: To bring consistency to the analysis, design, 
and component specifications for Penn State 
Stormwater Harvesting and Use Systems.  

 Objectives:

• Research State of Practice

• Develop a Design Guidance Document for 
Designers

• Create Stormwater Use Calculator

• Outline Process for Assessing Stormwater 
Harvesting and Use  Opportunities

• Test Procedure on Three Sample Projects
https://wikispaces.psu.edu/download/attachme
nts/357077532/SW%20Harvesting%20and%20Us
e%20Final%20Report%202016-12-02.pdf?api=v2



GUIDANCE DOCUMENT OVERVIEW

 PSU Primary 
Stormwater Use 
Opportunities
 Landscape irrigation

 Graywater (toilet 
flushing)

Source: https://cmlandscapeweb.com/a/2018/02/cm-
landscape-irrigation-installation-portland.jpg

Source: http://gardenhoseadviser.com/wp-
content/uploads/2017/06/Best-Drip-Irrigation-System-mulch.jpg

Source: https://c8.alamy.com/comp/a5ye20/man-flushing-toilet-usa-
a5ye20.jpg

https://c8.alamy.com/comp/a5ye20/man-flushing-toilet-usa-a5ye20.jpg


EXISTING UNIVERSITY HARVESTING AND USE SYSTEMS

 Millennium Science Complex (University Park 
Campus)
• 10,000-gallon cistern for planting bed irrigation; 

planting bed is under building overhang 
• System frequently runs dry; relies heavily on back-

up supplemental potable water 

 Biobehavioral Health Building (University Park 
Campus)
• 12,000-gallon cistern for green roof irrigation
• System currently functioning as designed. Clover 

loves this roof



EXISTING UNIVERSITY HARVESTING AND USE SYSTEMS (2015)

 Gaige Technology and Business Innovation 
Building (Berks Campus)
• 34,000-gallon cistern supplying 25 toilets and 8 

urinals 
• System functioning well with excess supply.  

System could have served additional facilities 

 Child Care Center at Hort Woods
 6,000-gallon cistern used to supply graywater for 

toilet flushing
 Maintenance costs have been reported to be high

http://www.alexanderbuilding.com/images/LEED_gaige.jpg



SYSTEM COMPONENTS

 Catchment and 
Collection (harvesting)

 Pre-treatment and 
Filtration

 Storage

 Treatment and 
Disinfection 

 Pumps and Controls

 Distribution



DESIGN GUIDANCE

 Guidelines specific to PSU 
campuses

 Identifies system components, 
their function and application, 
and advantages and 
disadvantages

 Outlines the design approach 
and provides design guidelines 
and plan requirements

 Encourages maximizing 
educational opportunities

 Identifies operation and 
maintenance considerations 
for system components

 Includes cost considerations



TO GET A COPY

Google “Penn State OPP Stormwater Harvesting”

OR

https://opp.psu.edu
Planning/Design/Construction
 Design and Construction Standards
 Division 33 – Utilities
 3 40 00 Storm Drainage Utilities
 Under related files click on Harvesting and Use 

Final Rpt.
OR

https://wikispaces.psu.edu/download/attachments/35707
7532/SW%20Harvesting%20and%20Use%20Final%20Repor

t%202016-12-02.pdf?api=v2

https://opp.psu.edu/


WATER 
HARVESTING 
CALCULATOR



WATER HARVESTING CALCULATOR

P = RO + ET + Use + ∆S

Source: https://www.mckeanweather.com/mwevap.php

Other input:
- Roof Area
- Other Impervious
- Collection Efficiency
- Area to be Irrigated
- Irrigation Efficiency
- Water Use/Demand
- Cistern size
- Cost



WATER HARVESTING CALCULATOR - PRECIPITATION

P = Precipitation
• Daily rainfall records for 

State College dating back 
to January 1, 1896 
obtained

• Therefore, average daily, 
weekly, or monthly 
rainfall averages 
could be determined

Average Annual Precipitation



WATER HARVESTING CALCULATOR - PRECIPITATION

Monthly Data
• University Weather Station rain gage 

show that the average annual rainfall 
in State College is ~39 inches per year 

• Lowest average monthly total P 
occurs in February (2.43 in) 

• Highest average monthly total P 
occurs in June (3.99 in)

• R2 = .7357

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50

1 2 3 4 5 6 7 8 9 10 11 12

De
pt

h 
(in

)

Month

Average Monthly Precipitation
(1896 to 2015)

y = -0.0372x2 + 0.4822x + 2.1293
R² = 0.7357

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

0 2 4 6 8 10 12

De
pt

h 
(in

)

Month

Average Monthly Precipitation (1896 to 2015)



WATER HARVESTING CALCULATOR - PRECIPITATION

Weekly Data
• Generally same pattern as monthly data
• Extreme events will

have more of 
an influence 
on the results 
on a weekly 
basis

• R2 = .5407
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WATER HARVESTING CALCULATOR - PRECIPITATION

Challenges Challenges:
• Highest rainfall in June when irrigation 

not required
• The majority of the rainfall events 

(particularly the high intensity events)  
greater than one inch occur when soil 
moisture is the most depleted or ET is 
highest during summer and early fall 
(July - August) (Fennessey, 2005)

• Ten to twenty percent (10-20%) of the 
average annual rainfall is comprised of 
events less than or equal to 0.25 inches 
which produce very little runoff 
depending on the season



WATER HARVESTING CALCULATOR - EVAPOTRANSPIRATION

P = RO + ET + Use + ∆S• PET is the ET that occurs 
when all surface-atmospheric 
interfaces are wet

• PET usually has a higher 
value than Actual ET since 
AET includes ET during dry 
spells

• Since irrigation is used at 
PSU, the PET values will be 
utilized in the guidance 
document

• PET ranges from 24.6 to 26.2 
in/yr depending on source



WATER HARVESTING CALCULATOR - EVAPOTRANSPIRATION

P = RO + ET + Use + ∆S
ET:
• State College shows a rainfall/ET deficit during the 

months of June, July, and August. 



WATER HARVESTING CALCULATOR - RUNOFF

P = RO + ET + Use + ∆S
RO = Roof Area * Efficiency 
+ Other Impervious 
* Efficiency



WATER HARVESTING CALCULATOR - USE

P = RO + ET + Use + ∆S

Building Use Sources:
• Branch campus metering
• National databases
• Seasonal occupancy records

Irrigation Use
• U Park records

Use = Area to be Irrigated * Summer 
Versus Fall Irrigation * Irrigation 
Efficiency + Indoor or Other Demand



WATER HARVESTING CALCULATOR - STORAGE

 The Calculator developed to determine required 
cistern storage volume based on local supply and 
demand, and to establish a consistent design 
methodology

 Performance for four (4) existing PSU Storage 
systems analyzed

 Winter months where P ~ 0 due to frozen 
conditions considered

 Above ground and below ground systems 
considered

 Overflow

P = RO + ET + Use + ∆S Storage = Cistern Volume * % Available - % Carryover



CISTERN DESIGN FLOW DIAGRAM



WATER HARVESTING CALCULATOR

 The Calculator can be used for:
 Determining storage tank size (cistern volume)

 Determining drainage area required for particular constraints including roof area

 Determining required irrigation area based on tank size, contributing drainage area, 
etc.

 Determining water supply available for toilet flushing or other non-potable uses

 Determining dry year shortfall or capabilities

 The Calculator is flexible with what parameters are changeable such as:
 Those parameters above

 Collection efficiency

 Irrigation amounts and efficiency

 Rainfall, ET, costs, etc.



HARVESTER CALCULATOR - OVERVIEW

Site data

Monthly supply / demand 
calculations

Summary and cost data



HARVESTER CALCULATOR – GRAPHICAL ANALYZER



HARVESTER CALCULATOR – INPUT SITE DATA



HARVESTER CALCULATOR – SUPPLY / DEMAND CALCULATIONS



HARVESTER CALCULATOR – GRAPHICAL ANALYZER

Graphical Analyzer



HARVESTER CALCULATOR – GRAPHICAL ANALYZER

Graphical Analyzer



HARVESTER CALCULATOR – GRAPHICAL ANALYZER

Graphical Analyzer



HARVESTER CALCULATOR – GRAPHICAL ANALYZER

Graphical Analyzer



HARVESTER CALCULATOR – SUMMARY & COST DATA



SUMMARY

There is a lot to consider 
when designing Stormwater 
Harvesting and Use Systems

Questions?
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