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GOAL

Develop a  web-a pp which m a kes it extrem ely ea sy for a  
user to explore  current storm wa ter runoff a nd pollution 
genera ted from  a n a rea  of inte rest a nd to understa nd 
how cha ng ing  la ndcover a ffects these  va lues.  

◦ The geogra phic extent for the  web a pp will be  the  
Com m onwea lth of Virg inia

◦ Extrem ely ea sy to use  m ea ns tha t user should not require  
specia lized knowledge  in La ndcover types, soil 
cla ssifica tions, or GIS.
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BACKGROUND
Why Storm wa ter Ma tte rs
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WHEN RAIN FALLS…

When storm wa ter 
rea ches the  g round 
som e of the  wa te r:
o Infiltra tion
o Eva potra nspira tion
o Runoff
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STORMWATER RUNOFF

 Accum ula tes 
Polluta nts 
 Soil Nutrients
 Sedim ent
 Litte r
 Pet Wa ste  & Ra w 

Sewa ge
 Hydroca rbons (oil)
 Pesticides & 

Herbicides
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URBANIZATION
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URBANIZATION IN CHESAPEAKE BAY WATERSHED

◦ Approx. 1 m illion new 
people  per deca de

◦ From  8.1 m illion in 1950 to 
estim a ted 19.4 m illion in 
2030.

◦ 1990 – 2000 popula tion 
increa sed by 10.3 %, but 
im pervious cover 
increa sed by 41%.
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STORMWATER RUNOFF VOLUME

8

◦ Big  Box Ha rdwa re  
Store  = 352,000 
ga llons of runoff 
from  40-a cre  site .

◦ Shena ndoa h 
Na tiona l Pa rk = 
32,000 ga llons 
from  40 a cres.



NUTRIENTS

• Nitrogen & Phosphorus
• Over a pplica tion of 

fe rtilizers
• Na tura l processes

• Nitrogen Fixa tion
• Brea kdown of orga nic 

m a tte r
• Increa sed a lga l bloom s
• Decrea sed dissolved 

oxygen for other a qua tic 
orga nism s
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SEDIMENT
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August 23, 2011 September 13, 2011



PRE vs POST DEVELOPMENT

◦ Flooding
◦ Strea m  ba nk 

e rosion
◦ Rising  wa te r 

tem pera tures
◦ Reduced Ba se  

Flow
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STORMWATER BMPs
It’s not a ll doom  a nd g loom

2
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STORMWATER BMPs

Practices and structures which capture and treat 
stormwater runoff, mimicking natural land cover

13



VIRGINIA RUNOFF REDUCTION METHOD (VRRM)

 Design sta nda rds exist for 
ca lcula ting  the  size  of a  
storm wa ter m a na gem ent 
fa cility – e .g . biofilte r:
 Runoff Volum e
 Required Polluta nt 

Rem ova l
 In Virg inia , the  VRRM 

defines these  ca lcula tions.
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EXISTING SYSTEMS
Eva lua ting  wha t a lrea dy exists

3
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EXISTING CALCULATORS

VRRM Spreadsheet
Pros:

• Ca lcula tes sub-
wa te rsheds

• Ca lcula tions in form  for  
subm ission to  VA-DEQ

Cons:
• Com plica ted a nd 

Intim ida ting  to  use .

• User m ust supply the ir 
own la nd cover a nd soil 
da ta .

• Supporting  
Docum enta tion is highly 
technica l.

EPA Na tiona l 
Storm wa ter Ca lcula tor

Pros:
• Autom a tica lly integ ra tes 

la ndcover a nd soil da ta .

• User Friendly

• Includes existing  BMPs in 
ca lcula tions

Cons:
• Ca lcula tes a rea  of inte rest 

using  circula r buffe r a rea

• No opportunity to  explore  
how cha nges in la nd cover 
a ffect runoff volum es. 

L-THIA – Perdue  
University

Pros:
• Ca lcula tes Quickly

• Offe rs use rs the  
opportunity to  explore  
how cha nges in la nd use  
a ffect runoff volum e

Cons:
• User m ust supply the ir 

own soil da ta

• La nd cover is qua lita tive  
ra the r tha n qua ntita tive
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VRRM SPREADSHEET
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EXISTING CALCULATORS

VRRM Sprea dshee t
Pros:

• Ca lcula tes sub-
wa te rsheds

• Ca lcula tions in form  for  
subm ission to  VA-DEQ

Cons:
• Com plica ted a nd 

Intim ida ting  to  use .

• User m ust supply the ir 
own la nd cover a nd soil 
da ta .

• Supporting  
Docum enta tion is highly 
technica l.

EPA National 
Stormwater Calculator

Pros:
• Autom a tica lly integ ra tes 

la ndcover a nd soil da ta .

• User Friendly

• Includes existing  BMPs in 
ca lcula tions

Cons:
• Ca lcula tes a rea  of inte rest 

using  a  de fa ult circula r 
buffe r a rea .

• No opportunity to  explore  
how cha nges in la nd cover 
a ffect runoff volum es. 

L-THIA – Perdue  
University

Pros:
• Ca lcula tes Quickly

• Offe rs use rs the  
opportunity to  explore  
how cha nges in la nd use  
a ffect runoff volum e

Cons:
• User m ust supply the ir 

own soil da ta

• La nd cover is qua lita tive  
ra the r tha n qua ntita tive
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US EPA NATIONAL STORMWATER CALCULATOR
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EXISTING CALCULATORS

VRRM Sprea dshee t
Pros:

• Ca lcula tes sub-
wa te rsheds

• Ca lcula tions in form  for  
subm ission to  VA-DEQ

Cons:
• Com plica ted a nd 

Intim ida ting  to  use .

• User m ust supply the ir 
own la nd cover a nd soil 
da ta .

• Supporting  
Docum enta tion is highly 
technica l.

EPA Na tiona l 
Storm wa ter Ca lcula tor

Pros:
• Autom a tica lly integ ra tes 

la ndcover a nd soil da ta .

• User Friendly

• Includes existing  BMPs in 
ca lcula tions

Cons:
• Ca lcula tes a rea  of inte rest 

using  circula r buffe r a rea

• No opportunity to  explore  
how cha nges in la nd cover 
a ffect runoff volum es. 

L-THIA – Purdue 
University

Pros:
• Ca lcula tes Quickly

• Offe rs use rs the  
opportunity to  explore  
how cha nges in la nd use  
a ffect runoff volum e

Cons:
• User m ust supply the ir 

own soil da ta  (provided 
for g rea t la kes reg ion)

• La nd cover is qua lita tive  
ra the r tha n qua ntita tive

• Com plex to  use
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L-THIA PERDUE UNIVERSITY
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PROPOSED SYSTEM

◦ Intuitive  to Use
◦ Requires no specia lized 

skill in
▫ Soil Science
▫ GIS

◦ Only user input is AOI
◦ Rem ove  ba rrie r to entry 

for da ta  a nd inform a tion 
a bout storm wa ter runoff 
ca lcula tions.

22



METHODS
Design Considera tions

4
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OVERVIEW

Developm ent
◦ Built using  ba sic web 

scripting  la ngua ges of 
HTML, CSS, & J a va Script

◦ Ma ps will be  constructed 
using  ArcGIS API for 
J a va Script

◦ Ba sed on ca lcula tions 
specified in VRRM

Design
◦ Broken into ‘bite -sized’ 

a ctions to prevent users 
from  becom ing  
overwhelm ed

◦ Only one  user a ction per 
pa ge

◦ Significa nt considera tion 
to user experience .
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Data Sources

La nd Cover
◦ VGIN
◦ Vector Da ta
◦ Sta tewide

Soil Hydrology
◦ USDA – NRCS 

Web Soil Survey 
– SSURGO

◦ Vector Da ta
◦ Na tion Wide

Pa rce ls
◦ VGIN
◦ Vector Da ta
◦ Sta tewide
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GEOPROCESSING

26Flow Chart: Created with Lucid Chart



GEOPROCESSING - RECLASSIFY
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GEOPROCESSING
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GEOPROCESSING - PILOT STUDY
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LANDING PAGE

◦ First pa ge  of a pplica tion.
◦ Everything  points towa rds 

“GET STARTED”
◦ Distra ction Free

▫ No exte rna l links
◦ Brie f expla na tion of how 

a pplica tion is use ful
◦ Sim ple  tutoria l.  
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Get Started



LANDING PAGE WIREFRAME

31Crea ted with Ba lsa m ic Cloud



MAP PAGE

◦ On the  m a p pa ge  the  
user will se lect the ir 
Area -of-Inte rest (AOI)

◦ Uses ArcGIS API for 
J a va Script.

◦ Ma pView’s HitTest 
property to se lect 
pa rce l.

◦ SessionStora ge is 
used to tem pora rily 
sa ve  a ttributes to 
browser to pa ss to 
results pa ge .
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MAP PAGE WIREFRAME

33Crea ted with Ba lsa m ic Cloud



RESULTS PAGE

Colum n One 
Results

◦ Displa ys the  
Storm wa ter 
Runoff Va lues for 
the  user’s AOI

◦ Pa ssed from  m a p 
pa ge  via  Session 
Stora ge

◦ In form a t 
m a tching  VRRM 
Sprea dshee t

Colum n Two 
Redevelopm ent

◦ Allows user to 
ente r a lte rna te  
va lues for 
la ndcover to 
explore  how 
cha ng ing  la nd 
cover a ffects 
storm wa ter.

Colum n Three  
Suggested BMP’s

◦ Ba sed on AOI 
properties, 
recom m ends 

◦ Ba sed on AOI size  
a nd la nd cover

◦ Includes links to 
ge t m ore  
inform a tion.
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RESULTS PAGE CALCULATIONS

◦ Results popula ted 
from  fea ture  cla ss 
a ttributes

◦ If use r chooses to 
‘explore ’ how cha nges 
to la nd use  a ffect 
runoff, va lues will be  
ca lcula ted using  
J a va Scrip t

◦ Ca lcula te  Va lues 
include :
▫ Weighted Runoff 

Coefficient
▫ Runoff Volum e
▫ Phosphorus Loa d
▫ Required Phosphorus  

Rem ova l
▫ Nitrogen Loa d 

◦ Ca lcula tions a re  defined in 
VRRM Ha ndbook & 
na rra tive  proposa l.
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RESULTS PAGE: BMP RECOMMENDATION MATRIX EXAMPLES
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Conservation of Natural Areas:  Recommended under all conditions

Porous Pavement:  Impervious cover is greater than 0%

Wet Swale:  Site is greater than 9 acres AND impervious cover is less than 50%

Constructed Wetland:  Site is greater than 300 acres AND Forest/Open is less than 100%

Ba sed on Cha pter 8 of Virg inia  Storm wa ter Ma na gem ent Ha ndbook



RESULTS PAGE WIREFRAME

37Crea ted with Ba lsa m ic Cloud



USER EXPERIENCE

◦ Turbo Ta x
◦ Workflow broken 

into “bite -sized” 
pieces.

◦ Unclutte red
◦ Ca lm ing  Colors
◦ Sta tus indica tor
◦ Wha t’s Ahea d
◦ Help & Tool Tips
◦ Consistent Them e 

a cross Applica tion
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USER TESTING

Upon com ple tion of a  
functiona l prototype :

◦ Potentia l Users will be  a sked 
to ‘test-drive’ the  system .

◦ Cla ssm a tes, co-workers, 
industry professiona ls, 
friends, fa m ily.

◦ Given a  ta sk, then a sked 
questions a bout experience

◦ Use free  questionna ire  
ga ther feed ba ck

◦ Ite ra tive  test, a djust process

Eva lua tion Questions
◦ User Inform a tion

▫ Profession
▫ Technology Proficiency

◦ Technica l Issues
▫ Device  & Web Browser
▫ Dea d Links
▫ Long  Loa d Tim es

◦ Usa bility
▫ Trouble  using  a pp
▫ Buttons not where  expected
▫ Na viga tion issues
▫ Tutoria ls/ Tooltips not 

he lpful
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Timeline

40

MAYAPRMARFEBJ ANDEC

Geoprocessing
Web Developm ent
Fina lize  Ma p Pa g e

Fina lize  Results Pa g e
Check for Problem s
Publish Prototype

Crea te  User Testing  Form GRADUATE!!

Fina lize  Proposa l
Present Proposa l
Beg in Prototype

Python Scrips 

Cont’d Web Developm ent
Fina lize  La nding  Pa g e
Crea te  Video Tutoria l

User Testing
Prepa re  Presenta tion

Publish Web App



FUTURE WORK

◦ Mobile  Com pa tibility ◦ Select AOI by Polygon
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CONCLUSION

This proposa l:
◦ Includes design instructions, processes, a nd considera tions 

for building  out the  “Virg inia  Storm wa ter Runoff 
Ca lcula tor”

◦ Defines a  system  which is intuitive  a nd ea sy to use .
◦ Includes steps for obta ining  user feedba ck for continua l 

im provem ent.
◦ Assum es the  “burden of com plexity” in m a king  storm wa ter 

runoff ca lcula tions a ccessible  to the  la y user.
For full de ta ils plea se  see  the  na rra tive  proposa l.
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Thanks!

ANY QUESTIONS?
You can find me, John Coles at
jlc696@psu.edu

43


	VIRGINIA STORMWATER RUNOFF CALCULATOR
	GOAL
	BACKGROUND
	WHEN RAIN FALLS…
	STORMWATER RUNOFF
	URBANIZATION
	URBANIZATION IN CHESAPEAKE BAY WATERSHED
	STORMWATER RUNOFF VOLUME
	NUTRIENTS
	SEDIMENT
	PRE vs POST DEVELOPMENT
	STORMWATER BMPs
	STORMWATER BMPs
	VIRGINIA RUNOFF REDUCTION METHOD (VRRM)
	EXISTING SYSTEMS
	EXISTING CALCULATORS
	VRRM SPREADSHEET
	EXISTING CALCULATORS
	US EPA NATIONAL STORMWATER CALCULATOR
	EXISTING CALCULATORS
	L-THIA PERDUE UNIVERSITY
	PROPOSED SYSTEM
	METHODS
	OVERVIEW
	Data Sources
	Geoprocessing
	GEOPROCESSING - RECLASSIFY
	Geoprocessing
	GEOPROCESSING - PILOT STUDY
	LANDING PAGE
	LANDING PAGE WIREFRAME
	MAP PAGE
	MAP PAGE WIREFRAME
	RESULTS PAGE
	RESULTS PAGE CALCULATIONS
	RESULTS PAGE: BMP RECOMMENDATION MATRIX EXAMPLES
	RESULTS PAGE WIREFRAME
	USER EXPERIENCE
	USER TESTING
	Timeline
	FUTURE WORK
	CONCLUSION
	Thanks!

