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Tank You Very Much!
Storing Rain for a NeéboRainy Day
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1. Collection System
2. Inlet Filter

3. First Flush Diverter
4. Storage Tank

5. Overflow

6. Controls

7. Treatment System
8. Pump

9. Backflow Prevention
10. Flow Meter

11. Power Supply

12. Water Level Indicator




W <

K

s

S—
s

[

v




why rainwater?
Amay be the only option
Areduce the use of source supplies
Abetter quality
Amay be cheaper than drilling a well
Aplants like it better
Aself/back-up supply
Abuilds resilience
Amay be required
ARqKt Wne Ur



WATER FOR TEXAS 2012 STATE WATER PLAN

2012

Water for Texas

TEXAS WATER DEVELOPMENT BOARD

i 6 RONVWRWRY WY g
municipal water conservation
programs, rainwater harvesting

was not recommended as a water
management strategy to meet
needs since, like brush control,

the volume of watermay not be
available during drought

conditions KOwb




Firm Yield 055

State Water Plan

A2022 State Water Plan definition:
Al Maxi mum water vol
reservoir can provide each year VN Er
under a repeat of the drought of E@=
record using anticipated
sedimentation rates and assuming
that all senior water rights will be

totally utilized and all applicable
permit conditions

AGeneralized definition:

AMaximum volume of water a
source can reliably provide under
a repeat of the drought of record

Texas Water (=~
Development Board




analogous (but different [but the same {but better}|)
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why firm yield?

ABNMME wlll IJGREHG 1D

Aavoid tank anxiety

Athe cost of a firm system may minimize
Y2 cO0WHY qmb

Aincrease site, local, and regional resilience



volume volume

of tank of tank catchment runoff volume
area coefficient first flush
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items in red are user-assigned; items in black are calculated

Austin

Weather station: Camp Mabry

user-adjusted parameters:

Ar

Vit

daily demand
runoff coefficient
precip adjuster

conversions & calculations:

Vi

Vif

daily demand
starting tank storage
starting tank storage
dead pool

3,000 ft*ft
30,000 gallons
94 gallons per day
0.92 unitless
1 unitless

4010.4 fr¥fe*ft
4,01 ft*ft*ft
12.57 ft*ft*ft per day
50 percent full
2005.2 fr*fr*ft
5 percent full

35,000

30,000

25,000

20,000

15,000

10,000

5,000

0
11/7/1932

dead pool storage:
lowest storage:
reliability:

days with no water:
overflow:

RAINFAL (Rainwater Assessment and Interactive eNumator for Firm-yield Analysis Limits)
version: 2025-0528

water in storage (gallons)

7/17/1946 3/25/1960 12/2/1973 8/11/1987

1500 gallons
2224 gallons
100.00 percent

0 days
1,602,338 gallons

3.1 million gallons used!

adjusted

date precipitation precipitation

inches inches

4/15/2001 12/27/2014 9/4/2028



Storage in Tank(s) in Gallons AUSU N

3,500

3,000

Vt = 3,300 gallons
U =10*2.76 gpd

2,500
2,000

1,500

1,000

500

0
11/7/1932 7/17/1946 3/25/1960 12/2/1973 8/11/1987 4/19/2001 12/27/2014 9/4/2028

5% of storage: 165
lowest storage: 228 gallons
reliability:  100.00 percent



Storage in Tank(s) in Gallons AUSU N

Vt = 3,300 gallons
U = 20*2.76 gpd
60 dry days

500 7,340 gallon tank

1 | for firm yield
1]'.::"?1"1952 77171946 3/25/1960 12/2/1973 8/11/1987 4{19/2001 12/27/2014 9/4/2028 at 2 0*2 . 7 6 g p Cd
(0O dry days)

5% of storage: 165
lowest storage: 0 gallons
reliability: 99.81 percent



(a)

Storage (gallons)

30,000
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20,000
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5,000

0

different droughts for different spouts!

1900 1910

1920 1930

1940

1950 1860 1870 1980

Year

1990

2000 2010 2020

location: Wichita Falls
daily use: 27.6 gallons
(10 gallons per person per day times
multiplied by 2.76 people)
catchment: 804 square feet
maximum storage: 30,000 gallons



different droughts for different spouts!

location: Wichita Falls
daily use: 41.4 gallons
(15 gallons per person per day times
multiplied by 2.76 people)
catchment: 1,156 square feet
maximum storage: 30,000 gallons

(b) 30,000

25,000
20,000

15,000

Storage (gallons)

10,000

5,000

0
1500 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year



different droughts for different spouts!

location: Wichita Falls
daily use: 55.2 gallons
(20 gallons per person per day times
multiplied by 2.76 people)
catchment: 1,570 square feet
maximum storage: 30,000 gallons

(c) 30,000
25,000
20,000 §

15,000

Storage (gallons)

10,000

5,000

U

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Year

0
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Measurement Result
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RAINFAL (Rainwater Assessment and Interactive eNumator for Firm-yield Analysis Limits)

items in red are user-assigned; items in black are colculated

Austin

Weather station: Camp Mabry

user-adjusted parameters:
Ar
Vi
daily demand
runoff coefficient
precip adjuster

conversions & calculations:

Vi

Vi

daily demand
starting tank storage
starting tank storage
dead pool

76,230 ft*ft
500,000 gallons
2200 gallons per day
0.92 unitless
1.00827 unitless

66840.5 fr*ft*ft
101.91 fr*ft*ft
294.12 fr*ft*ft per day

50 percent full

33420.3 fr¥ft*ft

5 percent full

version: 2025-0528

600,000

500,000

400,000

300,000

200,000

100,000

0
11/7/1932

dead pool storage:
lowest storage:
reliability:

days with no water:
overflow:

7/17/1946 3/25/1560

25000 gallons
18721 gallons
100.00 percent

0 days
47,496,293 gallons

water in storage (gallons)

12/2/1973

8/11/1987

adjusted

date precipitation precipitation

inches inches

6/1/1938 0 0

— g X — —

4/15/2001 12/27/2014 9/4/2028
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Measurement Tool

Measurement Result

‘ 1.75 Acres
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- 500,000-gallon tank
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- 1m-gallon tank
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reliable
rainwater

harvesting

Firm yields (gallons per day reliable

over the period of record) for 3,000
s1 square feet of catchment and
66 N
® 30,000 gallons of storage.
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conclusions

A gkt WhiJct ! kWagYLWeHSRIJ2 1IJWC |
harvesting in most of Texas

A6 13l Dkt WeWdcel NI W s¢aqdbly’
reliable rainwater harvesting than understood

Athe drought of record for a rainwater system depends
on the rainwater system in addition to rainfall

Ahigh reliability (<100%) may mean frequent water
hauling



Meadows Report 25-003

Reliable Rainwater Is Only a Roof Away:
The Firm Yield of Rainwater Harvesting in Texas
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RAINFAL Tool Downloads

Location Regional Planning Area

Abilene (XL SX, 6.03MB)

Amarillo (XLSX, 5.74MB)

Austin (XLSX, 6.2MB)

Brownsville (XLSX, 5.76MB)

Corpus Christi (XLSX, 5.66MB)

Dallas (XLSX, 6.09MB).

Del Rio (XLSX, 4.75MB)

El Paso (XLSX, 6.14MB)

Fort Davis (XLSX, 7.11MB)

Hallettsville (XLSX, 9.0/MB)

Houston (XLSX, 5.72MB)

Laredo (XLSX, 4.52MB)

Lubbock (XLSX, 5.69MB)

Lufkin (XLSX, 5.65MB)

Midland (XLSX, 7.76MB).

San Angelo (XLSX, 5.77MB)

San Antonio (XLSX, 5.62MB)

Texarkana (XLSX, 8.37MB)

Waco (XLSX, 6.07MB)

Wichita Falls (XLSX, 8.36MB)

Region G (Brazos)
Region A (Panhandle)
Region K (Lower Colorado)
Region M (Rio Grande)
Region N (Coastal Bend)
Region C (Upper Trinity)
Region J (Plateau)
Region E (Far West Texas)
Region E (Far West Texas)
Region P (Lavaca)
Region H (Lower Trinity)
Region M (Rio Grande)
Region O (Llano Estacado)
Region | (East Texas)
Region F (North Central Texas)
Region F (North Central Texas)
Region L (South Central Texas)
Region D (North East Texas)
Region G (Brazos)

Region B (Red River)

https://bit.ly/RAINFAL



https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbit.ly%2FRAINFAL&data=05%7C02%7Crobertmace%40txstate.edu%7C68a001fe231842a80bb508de6fcbcadc%7Cb19c134a14c94d4caf65c420f94c8cbb%7C0%7C0%7C639071118227392470%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C4000%7C%7C%7C&sdata=jM%2BrwybLsnxBy%2B3a2SqJS%2BvYdAY97dhWsepchpF8biM%3D&reserved=0

guestions?

Robert E. MacePh.D., P.G.
The Meadows Center for Water & the Environment
Department of Geography and Environmental Studies
Texas State University

robertmace@txstate.edu
(512)2456021
@MaceatMeadows
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Rainwater as a New Supply
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Sky to Supply: Texaso First R

Blake Murden
Shield Land Stewardship Group

March 4, 2026
Central Texas Water Conservation Symposium




Presentation Outline

Where the project is located
Why we decided to build a rainwater harvest public water system

What was required to build and now operate this system
How does the system function

Water conservation features and practices
Outcomes ‘




Westcave )
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TEXAS

kShield Ranch

Prepared by Siglo Group

0 2 miles

Shield Ranch Boundary === County Lines
Barton Creek Watershed == Major Roads
Edwards Aquifer Contributing Zone Roads
Edwards Aquifer Recharge Zone smm=  Barton Creck
Private Conserved Land Streams

Public Conserved Land Sources: ESRI, TWDB, CAPCOG, TNRIS, Hays and

Travis Counties, City of Austin
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The Campsite at Shield Ranch

100% Off Grid oo power from the sun, water from ¢t

A Why rainwater?
- 3.5 miles from municipal water source
- groundwater unreliable

A Why a public water system?
- serves at least 25 people at least 60 days out of the year
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Public Water System Permitting Process for The Campsite

Regulated by Texas Commission on Environmental Quality (TCEQ)

January 2020 April 2020 July 2020 September 2020
TCEQ receives TC_I.EQ ISSHES TCEQ receives TCEQ approves
: conditional permit :
permit request P . updates system plans construction plans
or construction
September 2022 August 2023 May 2024 February 2025
C : TCEQ grants TCEQ approves TCEQ approves &
ampsite " ) < : "
o condition permit to corrosivity study & designates facility as
construction is : : : )
complete operate & requires requires system an active public

corrosivity study changes water system






Rainwater Collection

A 7,340 sq. ft. roof area
A 16 rain = 4,575 gallons



