
Dashboard
Stormwater Net Increase (Delta) 

from developed Areas
Alcely Lau & Eleonora Demaria

March 15th, 2023
Pima County Regional Flood Control District



Study Objectives

Estimate stormwater net increase (Delta) volume from 

urban watersheds.

Identify potential locations for recharge basins.

Attempt to cost out basins for groundwater recharge as well 

as for storage.



DELTA: Stormwater runoff net increases due to development

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑣𝑣𝑣𝑣𝐷𝐷𝑣𝑣𝑣𝑣𝐷𝐷 = 𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝



Delta volume equation
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 (1)

Where, the runoff pre-development is,

𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆 × 𝑇𝑇𝑣𝑣𝐷𝐷𝐷𝐷𝐷𝐷 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷 (2)

The runoff post-development is expressed as,

𝑅𝑅𝑣𝑣𝑅𝑅𝑣𝑣𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = 𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖𝑝𝑝 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑖𝑖𝑝𝑝 + %𝑅𝑅𝑅𝑅𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑝𝑝𝑝𝑝𝑝𝑝 (3)

Replacing equations (2) and (3) into (1), delta is expressed as:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑖𝑖𝑝𝑝 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖𝑝𝑝 −%𝑅𝑅𝑅𝑅𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆 (4)



Percentage of rainfall that produces runoff (%RO)

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑖𝑖𝑝𝑝 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖𝑝𝑝 −%𝑹𝑹𝑹𝑹𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺

Post- development
%RO imp

• Percentage of rainfall that 
produces runoff post-
development, %RO imp = 75% 
for all impervious surfaces.

Pre-development
%RO soil

• For B soils, %RO soil = 3.9%
• For D soils, %RO soil = 15.8%
• For A or C soil groups or mixed, 

%RO soil = 10%



Estimating annual Delta volume
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝑅𝑅𝐷𝐷𝑅𝑅𝑅𝑅 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑖𝑖𝑝𝑝 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖𝑝𝑝 −%𝑅𝑅𝑅𝑅𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆

75%  



Annual Delta volume from urban watersheds



Current water 
supply 

-vs-
Capturing 

Delta volume

54%40%

5%

1%

TAMA's Annual Water Supply 
(acre-feet)

Colorado River, 164808 ac-ft

Groundwater, 121549 ac-ft

Effluent, 15253 ac-ft

Surface Water, 1899 ac-ft

48%

36% 4%
1%

4%

7%

11%

TAMA's Annual Water Supply & Total Delta 
(acre-feet) Colorado River, 164808 ac-ft

Groundwater, 121549 ac-ft

Effluent, 15253 ac-ft

Surface Water, 1899 ac-ft

Delta on the best locations, 12704
ac-ft

Delta outside the best locations,
25165 ac-ft

TAMA’S Annual water supply: https://new.azwater.gov/ama/ama-data



Where open spaces to build retention basins 
are located?



Best locations to capture & recharge/store Delta volume



Which of the open spaces could store the Delta generated from 
a 1-inch rainfall event more than once in a year?

1𝑅𝑅𝑅𝑅𝑖𝑖𝑖 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 1 𝑅𝑅𝑅𝑅𝑖𝑖𝑖 × 𝐴𝐴𝐴𝐴𝐷𝐷𝐷𝐷𝑆𝑆𝑖𝑖𝑝𝑝 × %𝑅𝑅𝑅𝑅𝑆𝑆𝑖𝑖𝑝𝑝 −%𝑅𝑅𝑅𝑅𝑆𝑆𝑝𝑝𝑆𝑆𝑆𝑆

𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐷𝐷𝑅𝑅𝑣𝑣𝑅𝑅 𝑣𝑣𝑣𝑣𝐷𝐷𝑣𝑣𝑣𝑣𝐷𝐷 = 6 𝑅𝑅𝐷𝐷𝐷𝐷𝐷𝐷 × 𝑣𝑣𝑜𝑜𝐷𝐷𝑅𝑅 𝐷𝐷𝐷𝐷𝑅𝑅𝑙𝑙 𝐷𝐷𝐴𝐴𝐷𝐷𝐷𝐷

Estimate Delta volume that a 1-inch rainfall event could produce in each watershed,

Estimate retention volume if the entire open land area is used for the basin,

Criteria to select the best open lands to build retention basins,

𝑇𝑇𝑅𝑅𝑣𝑣𝐷𝐷𝑇𝑇 basin is full =
𝐴𝐴𝑅𝑅𝑅𝑅𝑣𝑣𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐷𝐷𝑅𝑅𝑣𝑣𝑅𝑅 𝑣𝑣𝑣𝑣𝐷𝐷𝑣𝑣𝑣𝑣𝐷𝐷 > 1

1𝑅𝑅𝑅𝑅𝑖𝑖𝑖 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 > 𝑣𝑣𝐷𝐷𝑙𝑙𝑅𝑅𝐷𝐷𝑅𝑅 = 28 𝐷𝐷𝑖𝑖 − 𝑅𝑅𝐷𝐷

𝐴𝐴𝐷𝐷𝐷𝐷𝐷𝐷𝑅𝑅𝐷𝐷𝑅𝑅𝑣𝑣𝑅𝑅 𝑣𝑣𝑣𝑣𝐷𝐷𝑣𝑣𝑣𝑣𝐷𝐷 > 1𝑅𝑅𝑅𝑅𝑖𝑖𝑖 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷



Which of the open spaces could retain the delta from a 
1-inch rainfall event more than once in a year?



Main Assumptions
Rain

• Mean of annual total rain from 1985 to 2021.
• Spatial interpolation over areas without ALERT gages.
• Uniform distribution over each watershed.

%RO
• Constant values for impervious surface and each group 

soils.
• Arithmetic average over each watershed.
• Pre-development conditions = Natural conditions

Losses
• No losses (evapotranspiration, interception, other 

uses, etc.) were considered for the Delta or storage 
volume.

Storage

• 1-inch storm event uniformly distributed over each 
watershed.

• Times the basin is full based on capturing all Delta 
volume without losses.

• Basin volume using the entire open space area by 6 
feet deep.



In perspective: Massingale & KERP

KERP Massingale basin

Basin storage (ac-ft) 1,880 76



Hypothetical Case: Cost of building a 40 ac-ft retention basin



Hypothetical Case: 
Installation of injection wells (dry wells) in a 40 ac-ft
retention basin

Figure 6. Schematic representation of the 
MaxWell Plus Torrent Resources drainage system

• supplement and replenish groundwater reserves

• dry wells can go 150-200 feet into the soil until reach a 
permeable layer 

• Estimated cost $25,000 per unit

• injection wells have reported recovery rates of 0.1 cfs
elsewhere in Arizona.

• assuming this recovery rate and the installation of 18 dry 
wells within the 40 ac-ft retention basin it could take 11 
days to drain a full basin.



The Dashboard
https://pimamaps.maps.arcgis.com/apps/dashboards/e431d23fbbf040a58627c933c8e5a220

https://pimamaps.maps.arcgis.com/apps/dashboards/e431d23fbbf040a58627c933c8e5a220


Thoughts?
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