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GOAL AND OBJECTIVES

The Pennsylvania State University

" Goal: To bring consistency to the analysis, design,

and component specifications for Penn State

Prepared For: Prepared By:

"3 PennState s
3 Physical Plant MacKay

|||||||||||||

PSU Project No. 00-04785.00

https://wikispaces.psu.edu/download/attachme
nts/357077532/SW%20Harvesting%20and%20Us °
e%20Final%20Report%202016-12-02.pdf?api=v2

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



GUIDANCE DOCUMENT OVERVIEW

= PSU Primary
Stormwater Use
Opportunities

= Landscape irrigation

e = Graywater (toilet
Source: https://cmlandscapeweb.com/a/2018/02/cm- .
landscape-irrigation-installation-portland.jpg fI u S h | n g)

Source: https://c8.alamy.com/comp/a5ye20/man-flushing-toilet-usa-
_ abye20.ipg J

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

e 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)

e 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)

e 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




SYST E M CO M P O N E N TS Roof Catchment and Other Impervious Surfaces

Collection and Conveyance Collection and Conveyance

First Flush Diversion == Pervious Surface
= Catchment and [ ]

Filtration

Collection (harvesting) [ ]

Calming Inlet

= Pre-treatment and
Overflow to:

H H ot Ciste
F I It rat IoNn Make Up Supply WE:,:;EE A triEL] - Storm Sewer

- Pervious Surface

[ |
Sto ra ge Distribution
(Pumps, Pipes, Controls, etc.)
= Treatment and {}
Disinfection T
= Pumps and Controls E— Outdoor Use

1 v

Disinfection (UV) Sediment Filtration

) 1)

Toilets and Urinals Irrigation

= Distribution
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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
> 340 00 Storm Drainage Utilities

» Under related files click on Harvesting and Use
g PennState ” . Final Rpt.
¥ Physical Plant MacKay

Prepared For:

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/

nn State Stormwater Harvesting Calculator - Average Conditiol
Project Hame: OPP Project No:

Date: Prepared by:

R ——
To ase the calcalator fill in all green highlighted inpad | This calelne sstimates diem or irigeties s siting.
Efue colis f& red & regativef are calculated. Vil miiry B mesdified unti] tha props balincs &

White colts with red Lozt are given information & nan =4 e el W e " - ‘ﬂ
mhies Ui roeellom is colasn M jos reaches e s wach
Input ¥alues For Catchment Area to Cistern Feoan, b U AR, PRl 1 e ThEr. -
Roof area [rainwater] fft¥):| 2000  |Runoff fromroofrurfacer (rainuater]
Other impervious area [stormwater)| 4000 [gonofbromatherimperviour rurfazer (rtarmuater)
Roof collection efficiency [#2): as Accountr For deprosrionrtoragqe, rainqubter % dounrpout leakagqe, Firrt Flurh divorterr, obe.
Other imperricus area collection Il Azcountr Far depresrionrtoraqe, cracks, mirdire ction, o<,
Aren to be i ated ares ffr®):| 15000 [voqetatedarcabeingirriqated.
Maonthly summer igation [in): 2 Baredon 0.5%ueek
Monthly springlfal i 1 Baredon 0.25%ueck
Irrigation efficiency 030 Or plant officien<cy [loakagqe, oke.) Source: Waniclirta, "Obkain Final walus Fram OFF

Monthly indoor or other demand 2132 Toilokr, oke.

Cistern rolume size based on) SO0000 | Toral sirtern sapzasitg arrpesificd by manufasturar,
Arailable cistern vrolume [gal): [ 45000 | Acrumer 903 of manuFacturarrrpocified walume
Typical annual rolume carrporer Alra - Initial condikion volume in cirtern (<ol K231 - 5ok ko 255 of kank salume Far

al artimate. Itorate until
[aznl: Cell 35 e qualr valug inthir zell. Setto 2ell KEE Far the Finalite ration.
Costin dollarsigallon of potable | 00100 |Sourze:OFF

13,321

Manthly
pratent] ot e o i (Tt [P0 Rf“...';,";:?n Suariens| P Pl ( : A ( : l | L A I O R
I tind Gallanc] Srormuatr (Gallans) Demand (Gallanr] [Gallars) ain [Gallanr) Waker Fieq'd
er (Gallans )| [Gallans]| [Supply-| Cirtern [Gallans)
Demand)
Initial Cond 15,521

January:] 273 3293 | 5193 | g3z i 2132 | 6360 | 13,681 i a
Februnry:] 243 2578 | 4545 | v423 i 2132 | 5291 |2aar2| o a
March:| 342 4,051 6,536 | 10,447 i 2132 | &35 | 35287 0 a
April:| 338 4004 | B33 | 03285 i 2032 | &1a3 | 41480 1] a
Irrigation month May:| 578 4477 | 7070 | 1547 | 10300 | 12522 | 375 | 40505) 0 a
Irrigation menth June:] 333 4726 | 7462 | 12185 | 20751) 22915 | 0724 | @9 7E 1] a
Irrigation month July:) 575 4442 | 703 | 1455 | 20761 22915 | 11457 | 15,524 i a
Irigation manth August: 358 4217 6655 | 10,575 | 20,751 | 20,315 | 12,035 6,286 1] i
Irrigation month September: AL 5,767 | 5247 | A714 | 10,390 | 12502 | 2806 | 5478 1] i
Irrigation manth October:] 2.00 3,553 S61 | 9164 | 10390 | 12522 | 5355 | 120 0 a
Hovember:| 252 5453 | 5461 | 5320 0 2432 | B7es | saos 0 [
December:| 273 3305 | 5215 | 8523 0 213z | 631 [13298] o a
.23 i i

Summary

-] 113,074

Cost Data:

Life expectancy of system: 30 Tabodetermine by dorignor bared on manufactursees recommendationr.

Typical cost of cistern{ gallon: 1.50
TP ¥ £ Yarior by bypo -reo "Storaqe Tank Garke® in "Trpical Carkr® tab - G& Toch S% Martar Plan rocommends $36qal.

Typical cost of cistern + installation: | 375,000 | Typizal zirtern znrt " manufazturer zapazity (Feforonze Trpizal Cartr Tab * manufazturer zarkr),
Other costs:| S100,000 |From *Typizal Gartr® tak -G8 Toch SW Marter Flan approsimater § 100,000 for tpizal inrtallation.,
Annual maintenance { operation| 2000  |willbe applicdtolife sxpoctancy of theryrtom.
Approximate total costs| $235.000 |Citorn, other cortr plur annual corkr.
Cost to implement 3% controls with | £100,000 | peeermined by deriqner.
Harresting costs excluding | $135,000 | Toral SW harwerting sorte minur zork toimelememt re quirs 4rtormuater zontrole,
Life expectancy cost sarings from $35.722 Equivalentrainuaterirtormuater utlilze 4, (Arrumer an alternate rearmuater Fazility oframe zortuguld be

2% harrestina: requriedif reure notimplemanted).
Annual cost sarings from harvesting:|  $1131 | &nnual zortravings from nos uring potable uarer,
System payback period: 13 Deriqn life divided by the annual cortravingr.
Annual return on investment [72): 26 Annual cortravingr divided by annual zart [ zompounding not conridercd).

Annual cost of supplemental potable 1] Earcdondzantper gallon (Ficf: OFF




WATER HARVESTING CALCULATOR

P=RO + ET + Use + AS

Transpiration Other input:

- Roof Area

- Other Impervious

- Collection Efficiency
- Area to be Irrigated
- Irrigation Efficiency
- Water Use/Demand
- Cistern size

- Cost

GROUND WATER STORAGE
. Tt e

S

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



WATER HARVESTING CALCULATOR - PRECIPITATION

P = Precipitation

e 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

Average Monthly Precipitation (1896 to 2015)

Monthly Data

University Weather Station rain gage
show that the average annual rainfall gii’i
in State College is ~39 inches per year gszz
Lowest average monthly total P -
occurs in February (2.43 in) o

Highest average monthly total P Average Monthly Precipitation
occurs in June (3.99 in) (1896 to 2015)

4.50

R?=.7357

3.50

= 3.00
= 2.50
<

a 2.00

(]

0 1.50
1.00
0.50
0.00

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

®
TR SUPPPRN ...
.............. ‘---...._..
o.. e
y =-0.0372x% + 0.4822x + 2.1293
R*=0.7357
6 8 10 12
Month
Average

Month Mo | Precipitation
January 1 2.78
February |2 243

March 3 3.42

April 4 1338

May 5 3.78

June 6 3.99

July 7 1375
August 8 3.56
September | 9 3.18
October 10 | 3.00
November | 11 | 2.92
December | 12 | 2.79

Total 38.99




WATER HARVESTING CALCULATOR - PRECIPITATION

Average Weekly Precipitation (1896-2015)

1.200

Weekly Data

* Generally same pattern as monthly data .

e Extreme events will oot
Average Weekly Precipitation = ° ._..--."'. ¢ % % * ' ¢
have more of (1896-2015) £ 060  ese®, o o
an influence ows
on the results
on a weekly
basis £ o ek

o Rz - -5407 0.400

0.200

0.000
1 35 7 91113151719 21 25;N25k27 29 31 33 35 37 39 41 43 45 47 49 51
ee



WATER HARVESTING CALCULATOR - PRECIPITATION

Challenges

1.5
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Challenges:

e 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)

e 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

e PET is the ET that occurs
when all surface-atmospheric
interfaces are wet

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

e 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

P=RO+ET + Use + AS

U.S. DEPARTMENT OF AGRICULT. RE NATURAL RESOURCES CONSERVATION SERVICE

POTENTIAL EVAPOTRANSPIRATION OF PENNSYLVANIA LANDSCAPES

42 80 00N+ W.J. Waltman, E.J. Clolkosz. and M.D. Svoboda

Potentlal av;})otrmvplrntlnn {PET) was derived from the Newhall

Simulation Model (Van Wambeke et al., 1992) using 1981 to 1990

normals. The Newhall Simulation Model relies upon a moedified
‘Thornthwaite (1948) approach to calculate

LEGEND

Mean Annual
Potential Evapotranspiration
(mm/yr)

i Less than 575
i 576 to 600
E 801 to 625
E 626 to 650
|:| 651 to 075
|:| 876 to 700

——————————————
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

30 30 00N+ s = SnTEMLE ngr
80 00 00T
7 00 KLOVETERS
SCALE 1:2,750,000 Map Series: 96—0081
CP pers _imng, ultnf:l]lm A Tls)epartmenmt.
. US i i enn State icultural Experiment Station, The
R e oAt Conior Por b OB Onea Y nd Pennsylyania State University; NACS Soil Quality
Ezell (1 )i AT s B! Area Projectio TG 19986, Institute and Natlonal Soil Survey Center.




WATER HARVESTING CALCULATOR - EVAPOTRANSPIRATION

P=RO +ET + Use + AS Surplus
Avg Avg (+) or
ET: Precip. PET Deficit
» State College shows a rainfall/ET deficit during the Month (in) (in) ()
January 2.78 0.38 +2.4
months of June, July, and August. February 243  0.60  +1.38
>-00 March 3.42 1.39 +2.03
4.50 April 3.38 2.42 +0.96
4.00 May 3.78 3.76 +0.02
i June 3.99 ~02 3
00 July 3.75 -0.79
- August 3.56 -0.3
' September 3.18 +0.7
2.00 October 3.00 +1.47

1.50

November 2.92 0.68 +2.24

1.00 December 2.79 0.38 +2.41
0.50 Average
6500 $—AvgP ®—Avg PET Total 38.99 2624 +12.74

0 1 2 3 <t 5 6 7 8 9 10 11 12



WATER HARVESTING CALCULATOR - RUNOFF

P=RO + ET + Use + AS SeISSE=EREU T

‘ |

RO = Roof Area * Efficiency
+ Other Impervious
* Efficiency

= PSU_OPP_Sidewalks2013

(I
= PSU_OPP_Misc_paved2015

|
= Irrigation_Areas
]
= PSU_OPP_Planting_Beds2015




WATER HARVESTING CALCULATOR - USE

P=RO +ET + Use + AS

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

Building Use Sources:

e Branch campus metering
 National databases

e Seasonal occupancy records

Irrigation Use
e U Park records

Table 3. Default Fixture Use adapted from USGBC (2012)

Non-Residential Fixture Use
Fixture Type Full Time Occupant | Transient
(FTO) Use/Day Occupant
(TO)
Use/Day
Toilet Female (high flush) 1 0.1
Toilet Female (low flush) 2 0.4
Toilet Male 1 0.1
Urinal Male 2 0.4
Residential Fixture Use
Fixture Type Full Time Occupant NA
Use/Day
Toilet Female 5 NA
Toilet Male 5 NA

Table 2. Default occupancy numbers by building type (USGBC, 2009).

Gross Square Feet Per Occupant
Type of Building Space Full Time Occupants Transient Occupants
(FTO) (TO)
General Office 250 0
Restaurant 435 95
R&D Laboratory 400 0
Hotel (Dormitory) 1,500 700
Post-Secondary 2,100 150
Education

Building Urinal Uses Mens Toilet Uses Womens Toilet Use
Olmstead JOE0 1490 2330
S&T 2950 353 887
Swatara 676 193 972

Susquehanna - 75 240

Number of Men Number of Women Urinal Use/Male-day Toilet Use/Male-day Toilet Use/Female-day

1685
1685
624
624

1989 0.35 0.07 0.10
1985 0.15 0.02 0.04
968 0.06 0.02 0.06
968 0.01 0.02




WATER HARVESTING CALCULATOR - STORAGE

P

— Storage = Cistern Volume * % Available - % Carryover
= RO + ET + Use + AS

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



Determine Uses of Harvested Water

CISTERN DESIGN FLOW DIAGRAM Determine Cistern(s) Location

Determine Drainage Area

Determine Other Determine Pervious

Determine Roof Area I- . ™
Impervious Area Area

Calculate Irrigation Area

—l Calculate Indoor Demand

and Demand

Estimate Req'd Cistern Volume Using Calculator

Adjust Cistern Volume or Irrigated Area until Overflow

and Supplemental Water Columns = or near 0

Determine Costs and Cost Savings

||
Discuss Results with OPP

A4

Determine if Economically Feasible




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 This calculator estimates cistern or irrigation area sizing.

Collection efficiency Values may be modified until the proper balance is
obtained. The maximum or desired cistern size results

when the overflow in column M just reaches zero in each
Rainfall, ET, costs, etc. row, in other words, there is no overflow.

Irrigation amounts and efficiency




HARVESTER CALCULATOR - OVERVIEW

Site data = —)

onthly supply / demand
calculations

Summary and cost data s

Project Ham

Date:

OPP Praject M

Prepared by:

—_—

T wuse the calfculator Fifl in all greon Bighlight

Efue colls f& red & megativef are cak

Fgtreed impart
i

hire calls with red ferf are given informsiion & non =

b Lo o flam i cilasn

Input ¥aluses For Catchment Ares to

Ciztern

Roof ares [rainwater] [ft ) 2,000
Other impervious ares [stor ater) 4,000
Roof collection efficiency [#2): a5
Other perrvious aren collection TS
Arca to be ignted aren fit©): 15,000
Monthly summer E)
Monthly sprin: 1
hirigation cfficiency | 0,30
Monthly indoor or other demand 2132
Cistern rolume size based on 50,000
Available cistern rolume [gal): 45000
Tepical annual rolume carryorer 13a21
[anll
Cost in dollarsigallon of potable 0000

T, i o werds, Dar
Funaff Fram ranfrurfazer (raingater)

Fiunoff framother imperviourrurfacer (rtarmuater)

Fizzounkr for dsprerrinnrkarags, rainquiker & dounrpout Lo akags, Firrk Flurk divsreorr, ke,

AzzountrFor deprerrignrkaragqe, <rackr, mirdire<tion, otz

Weqetated areabeingirriqated.
Earedon 0.5 uesk

Earcdon 0,25 ucck

Or plank effizien sy (e akaqe, sbe.) Saurze: Wanielirka, "0kt ain final value fram OFF

Tailetr, et

Tatal cirkorn capcacity arspecified by manufacturar.

Furrumer 4004 of manufastureeespe sificd valume

#Alro - Initial candition valume in cirtern Cooll K231 - Sot ta 251 of tank ualume For initial ertimate. [kerate until
el KEE e qualr valus in thir <ell. Sot ta coll KIE far the final iteration.

Snursz: OFF

Buq. Manthly]
Frocipitation

(FXlind

Manthly
Fiaf Okher . Manehly Surplurar| Gallans Supple-menkal
aa 8 akal rEh Tatal e
Fai Imperuinur Irriqation| Doficit Guerflou | Monthly Fartable
ainuater Supply Demand
Starmuate Demand (Gallaned[  qin | 0Gallancd | WakerRegtd
(Gallane) (Gallane) (Gallans) :
or (Gallane) (Gallons) (Supply-[ Girtorn [Sallonr)

Demand)

Initial Conditions:

13,321

Janunry:

E,ZED 13,651

5231 [ 24372

H3515 | S5 EET

Irrigation month

Irrigation month

| mticon manth

Irrigation month

Irrigation manth

Irrigation menth

Life expectancy of system:
Typical cost of cistern ! gallon:

Typical cast of cistern = installatio
Other costs:
Annual maintenance ! operation

Approzimats total costs:

Cost to implement 8% controls with
Har ing costs Tudi

Life {3 y Cost = From

SW harvestin
Annunl cost sarvings from harvesting:
System pagback period:

F0

#1.50

£7E,000

S100,000

$2,000

£235,000

S100,000

£135,000

F35, 722

113

3

28

in]

e

in

i

5

[

o

=
(=1 A=Y =10 G - G A Y R =
cle|of=l=lzlelelzlel=le]e

Cost Data:

Tabe determine by deriqner bared anmanufacturens resammendationr,

Varier by type -res "Sraraqe Tank Carer®in "Typizal Carer™ tab - 56 Toch S0 Marker Flan recammende 38l
Tupizal cirtern cart "manufastures capasity (Rieference Trpical Carer Tak + manufasturer carerl.

From *Typizal Corke® tab - G Toch SW Marksr Flan approsimater $100,000 For kypizalinreallarion.

Willke applicd talife expectancy of bheryrkem.

Cirtern, ather corer plur annual carkr.

Determined by deriqrer.

Tatal W harvesting sartr minur sart taimplememt requiredstarmuater santralr,

Equivalent rainuaterfrtarmuater utlilze 4. (Arrumer an alternakestarmuater Fasility oframe cartwould ke

requricd if reure nakimplemented).

Annual corkravings fram noturing potable vater.

Dleriqn life divided by the annual cartrauingr.




HARVESTER CALCULATOR — GRAPHICAL ANALYZER

nn State Stormwater Harvesting Calculator - Average Conditions

Project Hame:

Date:

OPP Project Mo:

Prepared by:

Y 4 A

To are the calcalator fill in all greon highlighted ingat

This caleiilator a5l matic cirtaim ar Frigilion e iEng.

Efue colls f& red ¥ negativef are cafculfated.

Vi miry s modified until the prepes bilines &

White colls with red ferd are given information & ror o4

ek 4 il .
WA juit rach 3016 i wieh

alnained. The am or des
b Ui oo Ml oo e b

Input ¥alues for Catchment Area te Cistern e, b oty werds, Hare i no owsrflew. -
Roof ares [rainwater) [Ft7): 2000 |Runoff Fram raafrurfazer (rainuater)
Other impervicus area [stormwater) 4000 | Runaff fram ather imporuinurrarfazer (riarmuaker)
ction efficiency [): a5 Bzzounts Far de precrionstoraqe, raingutter % douncpout leakaqe, Firrk flarh diverserr, ebe.
Other impervicus area collection i) Pccountr For deprecrionstoraqe, cracks, mirdirection, ete.
Aren to be irrigated sres F7): | 15000 |vogesatodarcaboingirmiqated.
Monthly summer irrigation [in): 2 Earcdan0.5%ucck
Monthly springlfa igation [in]: 1 Earedan0.25%0eck:
Irrigation efficiency 00 | or plant officioncy (leakaqe, ohe.) Source: Waniolirta, "0k tain final walug fram OFF
Monthly indoor or other demand 2,132 Tailokr, etz
Cistern volume size bazed on| S0,000  |roralcirtern capcasity arrpecificd by manufactaror.,
Available cistern volume [gal): | 45000 | acrumer 905 of manufacturars rpocifiod walume
Typical annual rolume carrporer - Alra-Initial condition volume in cirkern (ool K23 - Sk ko 254 of tank valume For initial arkimateo. [berake until
{aal: 8 Cell KZE e qualr walue in thir zell. St ta<ell K25 for the Final iter ation,
Cost in dollars’gallon of potable 0.0100 | Sourco: OFF
D [} zamud o o 0
Mankhly
ol e [t IR ST v IR ittt M PPN e e
Fain) | (Galtaney | F50mR ot | gy | Bemand | gy | (E2llened | ain | (Ballaned | Blater Feg'd
er (Gallans) (Gallans) (Supply-| Cirtern (Gallane]
Month Domand)
Initial Conditions: 13321
January:] 273 5293 | 5133 | &3 0 2432 | e360 | 13685 0 0
Februarg:] 243 2576 | 4545 | 7423 0 2a32 | s251 |aasve]| 0 0
March: F.42 4,051 6,336 10,447 1] 2,132 5,315 | 33,257 1] 1]
April:] 333 4004 | 6321 | 0525 0 2132 | &133 | 41450 0 0
Irrigation month May: FTE 4477 7070 NS47 | 10,330 | 12,522 =375 | 40,505 1] 1]
Irigation month June: 593 avee | vaez | 10488 | 20751) 02,915 | 0724 | 23781 0 0
Irrigation month 37T 4,442 L) ] NA455 | 20,751 | 22315 | -11,457 | 15,524 1] 1]
Irrigation month 5.56 4217 EEES WE7s | 20751 | 22915 | 12055 ) 6256 L1} L1}
Irrigation month 315 3,767 5,347 4,714 | 10,330 | 12522 | -2 505 | 3475 L1} L1}
Irrigation month 5.00 5553 S50 2064 | 10,330 | 12522 | -5 355 120 L1} L1}
232 3.453 5461 &.320 1] 2,132 B,7ES | BA0S o o
2.73 3,505 5215 5,523 1] 2132 6531 | 15235 1] 1]
S5 35 45,171 72,202 | 113074 | 35513 | 13,037 -25 L1} 1]

Life cxpectancy of system:
Typical cost of cistern ! gallon:

Typical cost of cistern + installation:
Other costs:

Annual maintenance ! cperation
Approzimate total costs:

Cozt to implement S%W controls h
Harvcsting costs cxcluding

Life expectancy cost savings from
£% harrzstina:

Annusal cost sarings from harresting:
Eystem payback period:

Annual return on investment 2]

Annual cost of su

0

Summary
gallan:

Co=st Daka:

Toks dotermine by deriqneor bared on manufacturors rocommendationr.

150

Warier by bype -ree "Storaqe Tank Corkr®in "Trpical Cortr® tak - GA Tech SWMarker Flanrecammendr §20qal.

$75,000

Typical cirtern cart " manufacturor capacity (Referonce Trpical Garer Tab + manufacturer corkr).

£100,000

From "Typizal Cortr® tak - GA Tech SW Marker Flan approximater $100,000 for kypizal inrtallation.

£2,000

Willbe applicd kalife oxpoctancy of theryreem.

$235,000

Tirkern, mther corer plur annual zorkr.

£100,000

Dwtermined by deriqrer.

£135,000

Tatal S harwerting corkr minar cark toimplememe require drearmuater zontralr,

£35.722

Equivalentrainuaterirtormuater utlilze 4. (Arrumer an alkernate rearmuoater Fazilivy oframe zort unuld be

requricdif roure notimplemented).

#1151

Annual sarkravings Fram nat uring patable uater.

13

Dicriqn lifs divided by the annual cortravingr.

26

Annual sartravings divided by annual sark (zampaundi

1]

Earcdonicont allon (Fof: OFF.

Rainwater / Stormwater Supply & Demand - Average Year

50000
Roof Ramwater
== e = Other IMpenvious Stommwater
i Tiotal Supply
mmle onthly Frigation Demand
0000 : &
e Tt Demand
il = pionthly Surplus or Defidt
il 3l ons Remaming in Cistern
e (027
30,000 =

w5 uppdementzl Monthly Potable Water Req'd

20,000

Gallons

10000

=,




HARVESTER CALCULATOR — INPUT SITE DATA

Penn State Stormwater Harvesting Calculator - Average Conditions

Project Name: OPP Project No: f"
Date: Prepared by: }f tt
To use the calculator fill in all green highlighted input values. This calculator estimates cistern or irrigation area sizing.
Blue cells (& red if negative) are calculated. Values may be modified until the proper balance is
White cells with red text are given information & non editable zﬁ;‘"ﬁ ;:Erﬂrg::'f:g;;:ﬁ':ﬁgtﬁir;;:rffﬁg -
Input Values for Catchment Area to Cistern row, in other words, there is no overflow.
Roof area (rainwater) fﬂz}: 2000 Runoff from roof surfaces (rainwater)
Other impervious area (stormwater) ()| 4.000 Runcff from other impervious surfaces [stormwater)
Roof collection Eﬂiti&ht}r’ I[":"'u}: 95 Accounts for depression storage, raingutter & downspout leakage, first flush diverters, etc.
Other impenriuua area collection eﬂiciency I[":"'u]l: 75 Accounts for depression storage, cracks, misdirection, etc.
Area to be irrigated area (ft°);| 15.000 Vegetated area being irrigated.
Monthly summer irrigation (in): Z Based on 0.5"/week
Monthly spring/fall irrigation {in): 1 Based on 0.25"/week
Irrigatinn Eﬂiti&hﬂ}r’ 0.90 Or plant efficiency (leakage, etc.) Source: Wanielista. "Obtain final value from OPP"
Monthly indoor or other demand (gal):| 2132 Toilets, etc.
Cistern volume size based on specification| 50000 Total cistern capcacity as specified by manufacturor.
Available cistern volume {gal}:r 45 000 Assumes 90% of manufacturors specified volume
. Alzo = Initial condition volume in cistern [cell K23) - Set to 25% of tank volume for initial
Tyrplcal annual volume carryover {gal}: 13'321 estimate. lterate until Cell K35 equals value in this cell. Set to cell K35 for the final
Costin dollars/gallon of potable water:| 007100 Source: OPP




HARVESTER CALCULATOR — SUPPLY / DEMAND CALCULATIONS

Supply / Demand Calculations

Monhly _
SUPHEmenia
Other Mondhly Surplus or
Avg. Monthly | Avg. Roof , Tootal e Total ) Gallons Monthly
S ] ) Impervious Irrigaion Deidicit o Overfiow | _
Precipiaion | PET | Difierence | Rainwaier Supply Demand Femaining Potable Water
_ ) Sormwatrer Cemand (Gallons) | @ (Gallons)
(F} (in) (in) (Gallons) (Gallons) (Gallons) in Cisiern Feqd
(Gallons) (Gallons) (Supply - )
(Gallons)
Month Demand)
Initial Conditions: 13,34

January:] 278 |04| 24 3,293 5,199 | 8,492 0 2,132 | 6,360 | 19,681 0 0
February:] 243 |0.6| 1.83 2,878 | 4,545 | 7,423 0 2,132 | 5,291 | 24,972 0 0
March:| 3.42 14| 2.08 4,051 6,396 | 10,447 0 2,132 | 8,315 | 33,287 0 0
April:] 3.38 24 0.6 4,004 6,321 | 10,325 0 2,132 | 8,193 | 41,480 0 0
Irngation month May:| 3.78 3.8 0.02 4,477 7,070 | 11,547 | 10,390 | 12,522 | -975 40,505 0 0
Irrigation month June:| 355 |42 023 | 4,72 7,462 | 12,188 | 20,781 | 22,913 | -10,724 | 29,781 0 0
Irrigation month July:l! 375 |45 099 | 4,442 7,013 | 11,455 | 20,781 | 22,913 | -11,457 | 18,324 0 0
Irrigation month August:| 32.56 39| 0.3 4,217 6,658 | 10,875 | 20,781 | 22,913 | -12,038 | 6,286 0 0
Irrigation month September:| 3.18 25 0.7 3,767 5,947 | 9,714 | 10,390 | 12,522 | -2,808 | 3,478 0 0
Irngation month October:| =.00 1.5 147 3,553 5611 | 9,164 | 10,390 | 12,522 | -3,358 120 0 0
November:] 252 |0.7| 224 | 3459 | 5461 | 8520 0 2,132 | 6,788 | 5,908 0 0
December:| 2.79 04| 2.41 3,305 5,218 | 8,523 0 2,132 | 6,391 | 13,298 0 0
Annual Total:] 3858 |26 | 12.74 | 46,171 | 72,902 |119,074| 93,513 | 119,097 | -23 0 0



HARVESTER CALCULATOR — GRAPHICAL ANALYZER

G ra p h | ca I An 3 Iyze r Rainwater / Stormwater Supply & Demand - Average Year

Roof Rainwater
50,000

To use the calculator fill in all green highlighted input values. :?;rael::;ziwous Stormeater
Blue cells (& red if negative) are calculated. —e— Monthly Irrigation Demand
White cells with red text are given information & non editable —e— Total Demand
Input Values for Catchment Area to Cistern
Roof area (rainwater) (ft*):| 2.000
Other impervious area (stormwater) (ft*):| 4.000 _
Roof collection efficiency (%):| 95 i
Other impervious area collection efficiency (%):| /5

Area to be irrigated area (ft%):| 15.000
Monthly summer irrigation (in): 2 20,000

Monthly spring/fall irrigation (in):

40,000
Monthly Surplus or Deficit

—i— Gallons Remaining in Cistern
—&— Overflow

—&— Supplemental Monthly Potable Water Req'd

Irrigation efficiency| 0.90
Manthlyindoseaeatherdamand ol 2 100
Cistern volume size based on specification| 50,000
vailable cistern volume (gal):

Gallons

Typical annual volume carryover (gal):] 13,321

Cost in dollars/gallon of potable water:| 0.0100

-10,000

-20,000



HARVESTER CALCULATOR — GRAPHICAL ANALYZER

G ra p h | Ca I An a Iyze r Rainwater / Stormwater Supply & Demand - Average Year

30,000 Roof Rainwater

To use the calculator fill in all green highlighted input values. —a— Other Impervious Stormwater

Blue cells (& red if negative) are calculated. —e~—Total Supply

White cells with red text are given information & non editable 25,000 - f:lt';]:r::fjm” pemand
Input Values for Catchment Area to Cistern

Roof area (rainwater) (ft):| 2000 - 20,000 /'-

Other impervious area (stormwater) (ft*):| 4,000
Roof collection efficiency (%): 95

Monthly Surplus or Deficit

—@— Gallons Remaining in Cistern
—8— Overflow

—&— Supplemental Monthly Potable Water Reg'd

Other impervious area collection efficiency (%):| 75 e
Area to be irrigated area (ft*):| 15,000
Monthly summer irrigation (in): 2 @ 10000
Monthly spring/fall irrigation (in): 1 E:.
Irrigation efficiency| 0.90 3

3,000

Typical annual volume carryover (gal):| 13,321

Cost in dollars/gallon of potable water:| 0.0100 =

-10,000

-15,000

Month



HARVESTER CALCULATOR — GRAPHICAL ANALYZER

Rainwater / Stormwater Supply & Demand - Average Year

Graphical Analyzer

50,000
Roof Rainwater

To use the calculator fill in all green highlighted input values. = ORher mpervioue Sormuater

Blue cells (& red if negative) are calculated. e ey

=—p—Totzl Demand

e BAONE Dby ITigatiON Demaid
White cells with red text are given information & non editable

piont hiy Surplus opDeficit
=B Gallons Remaingdg in Cistern

40,000

it (Ol
el SLIP

Roof area (rainwater) (ft"):|_5.000

2l Monthly Potshle Water Req'd
Other impervious area (stormwater) (ft°):| 4.000

Roof collection efficiency (%):| &5

30,000

Other impervious area collection efficiency (%):| 75

Area to be irrigated area (ft);| 15,000

1

Monthly summer irrigation (in): 2

Monthly spring/fall irrigation (in):

20,000

Gallon

Irrigation efficiency| 090

Monthly indoor or other demand (gal):| 2132

Cistern volume size based on specification| 50000

Available cistern volume (gal):| 45000 10,000

Typical annual volume carryover (gal):| 13,321

Cost in dollars/gallon of potable water:| [.0100

-10,000

Month



HARVESTER CALCULATOR — GRAPHICAL ANALYZER

G ra p h | Ca I An a Iyze r Rainwater / Stormwater Supply & Demand - Average Year

0,000

Roof REnwater

To use the calculator fill in all green highlighted input values.

—r— Ot her Impervious Stormwater

Blue cells (& red if negative) are calculated. —e—Total supply
White cells with red text are given information & non editable . e o tion pemmant
Input Values for Catchment Area to Cistern Manthly Surplus o Defice
Roof area (rainwater) (ft*):| 2,000 30,000 I i

=t Supplementz| Monthly Potable water Req'd

Other impervious area (stormwater) (ft);| 4,000

Roof collection efficiency (%):| 95

20,000
I

Area to be irrigated area (ft*):| 30,000

oty sormrer i atrorr i a <0000

Monthly spring/fall irrigation (in):

Irrigation efficiency| 090

Gallons

Monthly indoor or other demand (gal):| 2 132

Cistern volume size based on specification| 50,000

Available cistern volume (gal):[ 45000

-10,000

Typical annual volume carryover (gal):] 13,321

Cost in dollars/gallon of potable water:| 00100

-20,000

-30,000

-40,000



HARVESTER CALCULATOR — SUMMARY & COST DATA

Life expectancy of system (Yrs):
Typical cost of cistern / gallon:

Typical cost of cistern + installation:
Other costs:

Annual maintenance / operation costs:
Approximate total costs:

Cost to implement SW controls with no

Harvesting costs excluding mandatory SW
Life expectancy cost savings from SW

harvestina:
Annual cost savings from harvesting:

System payback period (Yrs):
Annual return on investment (%):

30

$1.50

$75,000

$100,000

$2,000

235,000

% 100,000

135,000

535,722

$1,191

113

26

Cost Data:

To be determine by designer based on manufacturers recommendations.

Varies by type - see "Storage Tank Costs" in "Typical Costs" tab - GA Tech SW Master Plan
recommends 53/gal.

Typical cistern cost * manufactures capacity (Reference Typical Costs Tab + manufacturer costs).
From "Typical Costs" tab - GA Tech SW Master Plan approximates 100,000 for typical installation.
Will be applied to life expectancy of the system.

Cistern, other costs plus annual costs.

Determined by designer.

Total SW harvesting costs minus cost to implememt required stormwater controls.
Equivalent rainwater/stormwater utlilzed. (Assumes an alternate stormwater facility of same
cost would be requried if reuse not implemented).

Annual cost savings from not using potable water.
Design life divided by the annual cost savings.

Annual cost savings divided by annual cost (compounding not considered).

Annual cost of suiilemental iutable: water: S0 Based on 1 cent per gallon [Ref: OPP).




SUMMARY

i

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

Questions?
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