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DISCLAIMER

This project was conducted with financial assistance from a grant from the Metropolitan Water
District of Southern California (Metropolitan), the U.S. Bureau of Reclamation, the Central
Arizona Project, and the Southern Nevada Water Authority through Metropolitan’s Innovative
Conservation Program (ICP). The ICP provides funding for research to help document water
savings and reliability of innovative water savings devices, technologies, and strategies. The
findings of this project, summarized in this report, are solely from the project proponent.

Metropolitan and the ICP funding partners do not endorse any particular product, service, or
company, including those discussed in this report. The information provided within this report
is not certified by Metropolitan and any party referencing this report should verify information
as needed for its own purpose.
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WATER MANAGEMENT LLC

“Quantifying Water-Savings and Sustained Results Utilizing Hydrogels Injected Below the
Root Zone of Existing Turf”
Glen Bennett, Water Management Consultant
Certified Water Manager/Certified Turfgrass Professional, EPA WaterSense Partner
Jenn Downs, Water Management Consultant/Certified Water Manager

Abstract

Utilizing methodology developed by the Center for Irrigation Technology’, a two-fold
study took place, in conjunction with the C.I.T. at California State University Fresno, on
the quantitative and qualitative benefits associated with the injection of Aqua Cents®
hydrogels into turf. The goal was to determine the ability of water absorbing hydrogels
to reduce water requirements and maintain vibrant turf, during both year four of an
efficacy trial in Fowler, CA, and a 52 week ‘proof of concept’ trial on CSU Fresno’s,
Agricultural Sciences turf plots.

Test 1 used a process (machine and methodology) developed by Aqua Cents® Water
Management, LLC to emulsify and directly inject water absorbing hydrogels into/below
turf root zones has shown, over the course of a four year-running experiment in Fowler,
CA, a 44-45% reduction in irrigation water application/use within Trial Plots (treated)
while producing turf of comparable quality to that of the Control Plots (untreated).

agaua Field Trials — Fowler CA
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Test 1 — Fowler, CA

' “A Procedure for Quantifying the Application Efficiency of Turfgrass Irrigation Systems”, Edward Norum, CIT/CSUF,
March 2012
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Abstract (continued)

Test 2 encompassed turf plots treated in similar fashion with the Aqua Cents®
hydrogels during the 52 week trial in an extremely dry climate, in Fresno, CA, have
shown the same ability to reduce water requirements by 42-44% plus, while maintaining
quality comparable to that of the Control Plots. These same plots preserved turf quality
despite cultural influences beyond the influences of the trial that affected water supply,
maintenance practices, and irrigation application uniformity. Trial Plots show Aqua
Cents® Water Management, LLC’s 2012 findings? and minimized negative effects of
sprinkler pattern loss, and facilitated turf preservation during California’s historic
drought.
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Test 2 — CSU Fresno/C.1.T. Fresno, CA

2o

An Experiment Using Water Absorbing Hydrogels Injected into Turfgrass Root Zones as a Way to Improve Water
Application Efficiency”, Downs/Bennett, Aqua Cents® Water Management, LLC, March 2013
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com

Page 2 of 24
DRAFT R2.0



WATER MANAGEMENT LLC

Introduction

This presentation outlines the results and evaluates both trials conducted in conjunction
with The Center for Irrigation Technology (CIT) at California State University Fresno, on
water savings through the injection of water absorbing hydrogels into existing stands of
turf. The study utilizes a water management strategy for the Control Plots developed by
the CIT and Aqua Cents personnel. The CIT was responsible for determining irrigation
intervals and application amounts, and Aqua Cents® Water Management, LLC was
responsible for injecting the water absorbing hydrogels into the Trial Plots with their
equipment, and for irrigation management on the treated plots.

The study validates significant water savings may be achievable by treating turf plots
with water absorbing hydrogels. The injection of Aqua Cents® hydrogels beneath
established turf plots has been proven to provide retention for water previously lost to
deep seepage, and eliminate runoff. This stored water within the hydrogels is readily
available to turf roots as they are trained to seek it out. Aqua Cents® hydrogels have
allowed the use of 35-60% less water with no appreciable degradation to turf quality.

By storing water within the root zone, the hydrogels also reduced sprinkler distribution
uniformity losses that would normally waste water, and made water available at much
lower stress levels thereby enhancing the general health of the treated turf.

Procedure

Test 1 (Year 4 efficacy trial in Fowler, CA) irrigation intervals and application amounts
for Control Plots were determined by the CIT from data collected from CIMIS Station 39
in Parlier, CA, using the calculated ETc value (ETc = Kc * ETo). Water was applied
(application = ETc/Effective Application Rate®) at 100% of the calculated value to the
Control Plots, and Aqua Cents® Water Management, LLC personnel were responsible
for determining fractional percentages of that total to be applied to the Trial Plots, and
documenting water savings and resulting turf quality.

* A crop coefficient (Kc) is the ratio of the crop evapotranspiration (ETc) to
the potential evapotranspiration (ETo) that varies over time based upon
growth, horticultural practices...

P Project to Develop a Protocol to Determine the Sprinkler Operating Efficiency of Turf Sprinklers”, Edward
Norum, CIT/CSU Fresno, June 2015
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Procedure (continued)

NOT ADJUSTED FOR ALLOWABLE STRESS © | ADJUSTED FOR ALLOWABLE STRESS

cooL WARM COMBINED CooL: WARM COMBINED
MONTH SEASON SEASON GRASS SEASON SEASON GRASS
fnbay. | o061 | o= | os1 | oms | D43 049
February | 0.64 081 | oba | 08 | o043 051
March 075 | D76 075 | 060 | 061 0.60
April 1041 072 |. 072 0.83 | 058 D58
May e b | oo | Be | os 063
Jne | os | oes | oes | DM | e 05
] oed | ol 0n1 055 | 057 | 057 .
August 08 | o7 071 B | o070 by
September | 074 | o062 | o062 | 059 050 | 050
October | 075 054 075 | 08 | o0s ] Do
_November | 069 | 058 069 | .085 | o046 055
December 060 | 0ss 060 | o048 | o044 | 048

Crop Coefficient Values for California Turfgrass

Test 1 continued work previously started, and simply monitored applied versus
anticipated water, and recorded resulting turf quality of Control Plots irrigated at 100%
of ETC/EAR, and Trial Plots irrigated at fractional percentages thereof.

Test 2 (52 week 'proof of concept'’ trial at CSU Fresno) consisted of twelve (12)
individual turf plots at approximately 1,800sf each. Prior to start of Trial, representative
turf plots were selected from each of the four classifications (Water Only, Hydrogel
Injection, No Treatment, and Control); a soil sample was collected from each and
composited/analyzed for general nutrition. Additionally, using a random number
generating program, 20 individual catchment locations within each representative plot
were identified, and an irrigation uniformity audit was conducted to determine system
efficiency per methodology established in Citation 1.

Plot 1 was to represent those plots injected with Water Only with Aqua Cents
machinery, Plot 5 was to represent those treated by Hydrogel Injection, Plot 9 for
those left Untreated, and Plot 11was to represent the true Control Plots. Collected
data was analyzed, anomalies recorded, and both Effective and Average Application

Aqua Cents Water Management, LLC - (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC

Procedure (continued)

Rates were calculated to establish 185 and 150 quotients to be used in converting
irrigation minutes to inches.

e i85 and i50 quotients use irrigation audit catchment data to account for
pattern loss due to deep seepage from sprinkler non-uniformities and water
management inadequacies.

Plots 1, 2, and 3 were injected with water only (single event) to observe/rule out
beneficial effect from introducing water to the root zones. Plots 4, 5, and 6 were
injected with Aqua Cents® water absorbing hydrogels at 7Ibs per 1,000sf of turf, and
were monitored to demonstrate water savings and sustainable quality. Plots 7, 8, and 9
were not treated, and were monitored to demonstrate the inability of untreated turf to
maintain quality, while conserving water. Plots 10, 11, and 12 were also not treated
however these plots would be irrigated at 100% of the calculated ETc value, and were
to be used as the Control Plots for quality relative to water use.

The CIT determined irrigation intervals and application amounts for Test 2 from data
collected from CIMIS Station 80 on the campus of CSU Fresno, and results of multiple
irrigation catchment tests performed by and Aqua Cents® Water Management, LLC
personnel, and audited by CIT Agricultural Engineer, Ed Norum. Aqua Cents® Water
Management, LLC personnel were responsible for initial soils test/analytical results,
determining fractional percentages of calculated ETc to be applied to Plots 1, 2, and 3,
Plots 4, 5, and 6, Plots 7, 8, and 9, and Plots 10, 11, and 12. Water savings and turf
quality would be documented by and Aqua Cents® Water Management, LLC and all 12
plots would be maintained by CSU Fresno grounds personnel.

One week post injection, the water applied to Trial Plots (1 — 9) was reduced to
fractional percentages of the calculated ETc, and monitoring/documentation of results
commenced. Throughout the 52 week trial, application amounts to the Trial Plots would
be reduced to demonstrate the ability of those plots treated with hydrogels to sustain
viable stands of turf, relative to those treated with water only or nothing at all, and save
water in comparison to Plots 10, 11, and 12. The Control Plots (10, 11, and 12) would
only have irrigation increased, when necessary, to preserve the quality standard for the
Trial Plots.

Testing of soil moisture content, documentation of turf quality, irrigation and turf
management would continue throughout the 52 week trial period. Testing would also
incorporate actual, as installed, environmental and cultural variables during California’s
historic drought period.

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com

Page 5 of 24
DRAFT R2.0



ua

WATER MANAGEMENT LLC

Results

Test 1, over the course of the 52 week period, irrigation/turf manager was able to
reduce applied irrigation by 43% on Trial Plot 1, and 46% on Trial Plot 2 (versus
anticipated irrigation as established by calculated ETc) while maintaining comparable
quality (no appreciable difference per NTEP Standards) as that of Control Plots 1 and 2
which received 100% of anticipated irrigation.

Turf root zones were also observed in both Trial Plots, and continued to exhibit vigorous
growth at greater depths than those of the Control Plots. Overall, applied irrigation
savings, compared to calculated ETc, were 44% for Trial Plot 1 and 45% for Trial Plot 2
for the running, four-year efficacy trial.

Aqua Cents Trials Fowler, Ca April 2011- April 2015

Trial #1 Actual Inches Applied vs Trial #1 Calculated Inches of ETc

160 -
140 ~
120
100

80 47

Inches of Water Applied

60 -
40 +

20 -

April 2011- April 2015 —

Overall Savings 44 %
| M Actual " Applied @ Calculated " Applied

Test 1/Trial 1 Results — Fowler, CA

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aguacents.com

Page 6 of 24
DRAFT R2.0



WATER MANAGEMENT LLC

Results (continued)

Aqué'Ce_n;ts Trials Fowler, Ca April 2011- April 2015

Trial #2 Actual Inches Applied vs Trial #2 Calculated Tnches of ETc

160 -
140 +
|

120 ~

100 -

Inches of Water Applied

80 -
60 -
40 +

20

April 2011-April 2015
Overall Savings 45 %

® Actual " Applied @ Calculated " Applied

Test 1/Trial 2 Results — Fowler, CA

Test 2 results collected for will illustrate the Trial Plots’ ability, when treated with Aqua
Cents® hydrogels, to withstand extreme water conservation efforts and sustain quality
when compared to Trial Plots treated with water only, or those left untreated.

The results will also document the Trial Plots’ ability to maintain turf quality during these
water conservation efforts when compared to Control Plots receiving 100% of
anticipated irrigation, per calculated ETc.

Trial Plots 1, 2, and 3, treated with water only, were irrigated at fractional percentages
of ETc, as were their partner Trial Plots treated with Aqua Cents® hydrogels 4, 5, and
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com

Page 7 of 24
DRAFT R2.0



WATER MANAGEMENT LLC

Results (continued)

6, and those left untreated, 7, 8, and 9 throughout the initial 12 weeks of the 52 week
Test. Irrigation to Plots 1, 4, and 7 was reduced from 100% of calculated ETc to 65%,
Plots 2, 5, and 8 were reduced from 100% to 70%, and applied irrigation for Plots 3, 6,
and 9 was reduced from 100% to 85% of ETc. Irrigation to Plots 10, 11, and 12
remained constant at 100% of calculated ETc.

Turf quality was evaluated and documented throughout Weeks 1 — 12; overall, the
quality of turf within Plots 1, 2, and 3, as well as those within Plots 7, 8, and 9 had
begun to suffer from both lack of applied water, as well as physical inefficiencies within
the project’s irrigation system and environmental variables.

Weeks 13 through 26 encompassed what are traditionally the warmest/driest within the
Test 2 locale; irrigation to the Control Plots (10, 11, and 12) was increased to 130% of
ETc/EAR to maintain quality while irrigation to Trial Plots 4, 5, and 6 (treated with
hydrogels) was maintained at 50, 45, and 45% of ETc respectively, and turf quality
remained equal to or greater than that of the Control Plots. Trial Plots 1, 2, and 3 and
Trial Plots 7, 8, and 9 were unable to match the water savings/turf quality index
established by Plots 4, 5, and 6 (treated w/ Aqua Cents hydrogels).

Week 27 irrigation to Plots 4, 5, and 6 (hydrogels) was suspended, Plots 10, 11, and 12
(Control) continued to receive 100% of ETc to maintain baseline quality standard. Plots
4,5, and 6 were monitored, and irrigation applied only as quality demanded. Plots 1, 2,
and 3, and Plots 7, 8, and 9 continued to receive irrigation at 50, 45, and 45% of
calculated ETc respectively. Turf quality did not meet acceptable standards, per NTEP,
on Plots 1, 2, 3, and Plots 7, 8, 9.

Weeks 28 — 31 continued, per week 27 however Plots 1, 2, and 3 and Plots 7, 8, and 9
had their percentage of calculated ETc further reduced to 40, 40, and 30% respectively.
Plots 4, 5, and 6 continued to receive no irrigation, and Plots 10, 11, and 12 received
100% of ETc.

Week 32 brought about the removal from the formal trial of Plots 1, 2, and 3 (treated
with water only), and Plots 7, 8, and 9 (untreated); further deprivation would simply kill
the turf within each plot that had survived which would necessitate complete renovation
to these plots. It was concluded, at Week 32, that the plots treated with water only, and
those left untreated were incapable of both conserving water and maintaining quality of
an acceptable standard. Moreover, it appears that the aeration process on Plots 1, 2,
and 3 actually increased atmospheric exchange and further exacerbated moisture loss
within these root bearing zones.

Agua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Results (continued)

Weeks 33 through Week 41 continued, per Week 32, and Plots 4, 5, and 6 continued
to go without irrigation, and Plots 10, 11, and 12 received 100% of calculated ETc or 50
minutes per week in total. Quality of turf within Plots 4, 5, and 6 was comparable to that
of turf within Plots 10, 11, and 12.

Weeks 42 and 43 received unseasonably warm temperature, and no precipitation; turf
within Plots 4, 5, and 6 received 80 minutes of a calculated ETc total of 169 (53% water
savings), and Plots 10, 11, and 12 received 120 minutes of a calculated ETc total of 117
(100% +).

Week 44 conditions were more typical of seasonal averages and irrigation to Plots 4, 5,
and 6 was again suspended while Plots 10, 11, and 12 received ~100% of calculated
Elc

Weeks 45 through 50 were again drier and warmer, and irrigation resumed on Plots 4,
5, and 6. These plots received 300 minutes of a calculated ETc of 1,200 total minutes
(~75% water savings). Plots 10, 11, and 12 received 840 minutes of a calculated ETc
of 833 total minutes (100% +). Comparable turf quality between Plots 4, 5, and 6, and
Plots 10, 11, and 12 was noted/recorded.

Week 51 irrigation to Plots 4, 5, and 6 was suspended, and Plots 10, 11, and 12
received 70 minutes of the calculated total of 69, or 100% + of ETc.

Week 52 (final trial week) irrigation to plots 4, 5, and 6 resumed during and those plots
received 60 minutes of a calculated total ETc of 420 minutes (85% water savings).
Plots 10, 11, and 12 received 300 of the calculated total 292, or 100% + of ETc. The
final turf evaluation found no significant qualitative differences within Plots 4, 5, and 6,
and Plots 10, 11, and 12.

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Results (continued)

Aqua Cents CIT Trials Fresno, Ca April 2014-2015

Plots #4,5,6 Actual Inches Applied vs Plots #4,5,6 Calculated Inches of ETc

Inches of Water Applied

. ®Actual " Applied _ ® Calculated " Applied

Test 2 Results — CSU Fresno

Conclusion

Test 1 demonstrated the Aqua Cents® hydrogels’ ability, over a four year efficacy trial
period, to save water and preserve quality within established stands of treated turf.
Irrigation to Trial Plot 1 was reduced by 42%, and irrigation to Trial Plot 2 was reduced
by a total of 46% of anticipated irrigation, when compared to their corresponding Control
Plots.

The hydrogels, when injected beneath established turf, provide catchment for water
previously lost to deep seepage. This water is stored, made available to turf, and

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Conclusion (continued)

appears to have demonstrated the ability to significantly reduce applied irrigation, and
preserve quality, especially when coupled with proper irrigation management.

Test 2 affirmed the Aqua Cents® hydrogels’ water savings capabilities (42 — 44% of
calculated ETc), and again, when coupled with proper irrigation management,
demonstrated an ability to preserve turf quality while saving water. When compared to
comparable stands of turf, and their ability to maintain quality while saving like amounts
of irrigation, the Plots treated with Aqua Cents® hydrogels (Plots 4, 5, and 6)
performed at, or near, the same level as those Plots left untreated and irrigated at 100%
+ of calculated ETc (Control Plots).

Plots treated with water only (Plots 1, 2, and 3) and those left untreated (Plots 7, 8,
and 9) failed to show an ability to save comparable or significant water, and maintain
acceptable quality. Moreover, these Plots also failed to successfully weather the same
“as installed” specifics (wind, broken/damaged rotors, inconsistent irrigation pressure
and/or volume...) as did Plots 4, 5, and 6. The catchment provided by the hydrogels
injected beneath the trial turf stored/released water to treated turf roots, as needed, and
appear to have reduced the negative effects of sprinkler pattern non-uniformities
associated with both cultural and environmental variables

Potential Benefits

Water use, especially landscape water use, is scrutinized more closely than ever in
California; the functional, recreational, and qualitative benefits of turf need to be
assessed and honored prior to arbitrary removal/replacement as it is both possible and
achievable to conserve water while maintaining healthy turf. The non-plant alternatives
to turf do not provide positive ecosystem results” to the same degree, as do properly
managed stands of urban turfgrass; turf captures run-off that can result in ‘urban drool’®,
it mitigates fugitive dust and erosion, documented to lessen the heat island effect?,
captures and stores more carbon than its maintenance equipment producesT, and it
boosts one's oxygen footprint.

Aqua Cents® hydrogels, when injected beneath the root zones of existing turf, can be
incorporated into a responsible irrigation/turf management program® and produce

* “Think Before You Remove Your Lawn! — The Benefits of Turfgrass”, Dr. Ranajit (Ron) Sahu, California Institute of
Technology
>“Preventing Runoff of Pesticides and Nutrients”, Loren Oki, UC Davis, February 2012
® htp://www.epa.gov/heatisland/index.htm
7 “Technical Assessment of the Carbon Sequestration Potential of Managed Turfgrass in the United States”, Dr.
Ranajit (Ron) Sahu, California Institute of Technology

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Potential Benefits (continued)

healthy stands of urban turfgrass capable of providing sustainable, positive benefits to
urban ecosystems®, while honoring water conservation mandates regardless of climate,
species or use of targeted turf, or root zone conditions of existing turf.

® “Water Management on Turfgrass”, Richard L. Dibble, Turfgrass Specialist, Texas Cooperative Extension, Texas
A&M
® “Hydrogel and Its Application in Agriculture”, Rogieh Barihi, Ebram Panahpour, Masoud Hossein, and Mizaree
Beni, World of Sciences Journal 2013 Volume 1, Issue 15, Pages 223 — 228

Aqua Cents Water Management, LLC - (844) 400-AQUA — www.aquacents.com
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Test 1 and 2 Appendix

Daily Report Page 1 of |

APmL 2015

California Irrigation Management Information System (CIMIS)

CIMIS Daily Report

Rendered in ENGLISH Units.
Monday, March 30, 2015 - Sunday, April 05, 2015
Printed on Wednesday, April 15, 2015

Parlier - San Joaquin Valley - Station 39

Date ETo Precip SolRad AvgVap Max Al MinAir  AvgAir Max MinRel AvgRol Dew Avg  Wind Run Avg Soil __ ki |
{in} (i) (Lyiday) Pres  Temp Temp Temp Rel Hum Hum  Point  Wind  (miles) Tamp (o1& C
{mBars) F I'F) (i3] Hum (%) %) {°F} Speed 'Rl
) {mph) |00 maes
02015 020 0.00 522 105 870Y 508 s95Y a7 21 43Y 458Y 38 944 se4 JUDNIE
2015 023 000 536 93 A1 514 847 74 28 44 428 a0Y 1812Y 855
TotwAvgs 043 0.00 529 99 BZ.% 510 871 at 25 44 443 8.0 1428 880 Tl WAL

Parlier - San Joaquin Valley - Station 39

/f\gf?u’*‘ >
e

Date ETo  Preclp SolRad AvgVap MaxAir MinAir AvgAir MaxRel MinRel AvgRel Dew Avg  Wind Run Avg Soil
fin) {in} {Ly/day) Pres Temp  Temp Temp  Hum Hum Point  Wind  {miles)  Temp
(mBars)  (F) R CF R (W (%) 'F) Spoed 'R
{mph)
40172015 0.18 0.00 518 T2 724 442 588 i 20 42 382 53 1262 838
4212015 017 0.00 539 73 T2 384 5684 88 21 47 365 34 825 829
Anzoms 0.19 0.00 544 12 T 428 804 23 15 40 6.0 38 87.0 850
41412015 0.20 000 549 r.0 ”nT 405 805 a7 15 38 353 41 @81 B4.1
4/5/2015 018 000 526 79 708 441 58.0 74 24 48 383 58 1418 825
Tots/Avgs 0.92 0.00 535 73 739 420 58.8 82 19 43 w5 45 107.1 67
torac Aol S
[ Flag Legend
A - Historical Average | - ignore R - Far out of normal range
C or N - Not Collected M - Missing Data S - Not in service
H - Hourly Missing or Flagged .
v Datag 9 99 Q - Related Sensor Missing Y - Moderately out of range
Conversion Factors
Ly/day/2.085=Wisg.m Il inches * 25.4 = mm (F-32)*59=c
mph * 0.447 = m/s I mBars * 0.1 = kPa miles * 1.60934 = km
Tru b ¢ TRuat 2
- - v Foin
= - i v f
gy fee) -
- BEEEs - 2. Hig{ 9] ZEFTDIAN

hitp://www.cimis.water.ca.gov/UserControls/Reports/Daily ReportViewer.aspx 4/15/2015 10

9 Example: CIMIS ETo Data Used to Calculate ETc and Anticipated vs. Actual Irrigation Minutes — Test 1

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Trial #1 April 2014 - April 2015 Fowler, Ca

Month Minutes (Calculated) | Minutes {Actual) | Inches (Calculated) | Inches (Actual) | % Savings
April 790 490 5.62" 3.28" 42%
May 1,190 780 8.58" 5.61" 35%
June 1,030 660 7.43" 4.18 43%
July 990 760 7.11" 5.44" 23%
August 1,070 840 7.75" 6.02" 22%
September 560 405 3.95" 2.90" 27%
October 450 200 3.26" 1.44" 56%
November 140 0 1.05" 0" 100%
December 90 0 66" 0" 100%
January 110 0 71" 0 100%
February 180 0 1.33" 0 100%
March 510 120 3.62" .86" 76%
April 1,000 490 7.22" 3.51" 51%

April 1 2014- April 30th 2015 Total Calculated Inches= 58.29"
April 1 2014- April 30th 2015 Total Actual Inches=  33.24"

April 2014- April 2015 58.2598.23;3”.24 43 % SaV] ngs
Trial #2 April 2014- April 2015 Fowler, Ca

Month Minutes (Calculated) | Minutes {Actual) | Inches (Calculated) | Inches (Actual) | Savings
April 570 295 5.27" 2.72" 48%
May 870 446 8.02" 4.09" 49%
June 750 440 6.95" 4.02" 47%
July 720 480 5.65" 44" 34%
August 780 533 7.28" 5.37" 26%
September 400 285 3.67" 2.62" 29%
October 330 180 3.03" 1.66" 45%
November 120 0 .86" 0" 100%
December 60 0 72" 0" 100%
January 90 0 .80" 0" 100%
February 130 0 1.24" 0" 100%
March 430 0 3.49" 91" 74%
April 730 390 6.75" 3,59" 47%

April 1, 2014- April 30, 2015 Total Calculated Inches= 54.73"
April- March 31st Total Actual Inches= 29.38"

April 2014- April 2015 54.73"-29.38" :
e B B T 46 % Savings

11Antr'cr'pated vs. Actual, Test 1 — Fowler, CA

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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Analytical Results, Composited Soil Samples, Plots 1, 5, 9, and 11, CSU Fresno — Test 2
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WATER MANAGEMENT LLC

Turf Plot # 11
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Computer Generated Model of Irrigation Distribution
(Red = Area of Lightest/Pink Area of Heaviest Application of Water)

® Example: Distribution Uniformity in 3D, CSU Fresno — Test 2
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aguacents.com
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WATER MANAGEMENT LLC

Daily Report Page Lof 1

i Irrigation System (CIMIS)

CIMIS Daily Report

Rendered in ENGLISH Units.

Monday, September 22, 2014 - Sunday. September 28, 2014
Printed on Monday, September 29, 2014

Fresno State - San Joaquin Valley - Station 80
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B5ifd Avgvap Mix ki Modir Argk MasRe W Re avg R Avg  Wend Asgsed

o Ul mesn) P Tema Tems  Teap  Mem  Mum  em Paet WA Ren  Temn

ot C I B T 1 Spess (mnan R}

ey

wzon e ®z omE oM om M mi 3t ur na
seven en B ™My oM M B w3 o2z me nr
e o 42 e oM M om sm oaw our om
o T T O T A
men o @4 @2 T m om Me v mer ne
o s #8 M: 8 M m We 4s nrs mo
awma0n s 7o s @ @ s a5 w2 omr
e " ®r WL oM % om s oas oz oma
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hupfwwweimis. water.ca.gov/UserControls/Reporte/Daily ReportViewer. aspx 9292014
N

WEEKLY IRRIGATION SCHEDULE
CLT. - C5U Fresno

Period 9/23-9/29/14
ETo ("/week) 1.41
Crop Coefficient (Kc) 0.59
ETc ("/week) 0.8319
H20 Ac NONE  CONTROL
Piot Number 1 s s 1
Effective Application Rate {*/hr} 0181 G193 | 01ss | o280
Average Application Rate ("/he} [ 0280 | 0335 | 0340 | 0379 |
Required Run Time (he/wk)
Minutes Per Week 275768  257.289 250.824 178.264
Cycles Per Week
5515 SLA6 5046 3565
S 5515 5146 5016 3555
55.15 5145 50106 3565
== 55.15 5145 5016 3555
1 5515 5145 5016 3565
>t
| = 275768 257.289  250.824 178268
| R
e
=

14

" Example: CIMIS ETo Data Used to Calculate ETc and Anticipated vs. Actual Irrigation Minutes — Test 2
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC

SRR T

® plots 1, 2, 3 (Water Only) Week 1 — Test 2 CSU Fresno April 21— 28, 2014
' plots 4, 5, 6 (Aqua Cents Hydrogel) Week 1 — Test 2 CSU Fresno April 21 — 28, 2014
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC

* Plots 7, 8, 9 (Untreated) Week 1 — Test 2 CSU Fresno April 21 — 28, 2014
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC
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*® Test 2 Week 26 — CSU Fresno October 20 — 27, 2014
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC
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WATER MANAGEMENT LLC

Plot #4
Month Minutes (Calculated) | Minutes (Actual) | Inches (Calculated) | Inches (Actual)

May 1,655 1324 10.76 8.61
June 1,520 1039 9.05 6.19
July 1908 1240 10.65 6.92
August 1,524 991 8.51 5.53
September 1082 596 6.04 3.33
October 206 392 4.42 2.19

November 452 Q0 2.52 0

December 160 0 1.04 0

January 229 0 1.49 0
February 332 80 2.16 0.52
March 744 200 4.84 1.3
April 911 480 5.92 3.12

April 1 2014- April 30th 2015 Total Calculated Inches= 67.40"
April 1 2014- April 30th 2015 Total Actual Inches=  37.71"

April 2014- April 2015 67.40-37.71 0, .
e A4 Gu SEVINES

* Anticipated vs. Actual, Test 2, Plot 4 — CSU Fresno
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC

Plot #5
Month Minutes (Calculated) | Minutes (Actual) | Inches (Calculated) | Inches (Actual)

May 1,655 1324 10.76 8.61
June 1,520 1091 9.05 6.51
July 1908 1328 10.65 7.41
August 1,524 991 8.51 5.3
September 1082 554 6.04 3.09
October 206 333 4.42 1.86

November 452 0 2.52 0

December 160 0 1.04 0

January 229 0 1.49 0
February 332 80 2.16 0.52
March 744 200 4.84 1.3
April 911 480 5.92 312

April 1 2014- April 30th 2015 Total Calculated Inches= 67.40"
April 1 2014- April 30th 2015 Total Actual Inches=  37.95"

April 2014- April 2015 67.40-37.95 .
o g —a—— 44 % Savings

- Anticipated vs. Actual, Test 2, Plot 5 — CSU Fresno
Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com
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WATER MANAGEMENT LLC

Plot #6
Month Minutes (Calculated) | Minutes (Actual) | Inches (Calculated) | Inches (Actual)

May 1,655 1324 10.76 8.61
June 1,520 1319 9.05 7.87
July 1908 1522 10.65 8.5
August 1,524 838 8.51 4.68
September 1082 476 6.04 2.66
October 206 333 4.42 1.86

November 452 0 2.52 0

December 160 Q 1.04 0

January 229 0 1.49 0
February 332 80 2.16 0.52
March 744 200 4.84 1.3
April 911 480 5.92 3.12

April 1 2014- April 30th 2015 Total Calculated Inches= 67.40"

April 1 2014- April 30th 2015 Total Actual Inches=  39.12"

April 2014- April 2015

67.40-39.12
67.4

2 Anticipated vs. Actual, Test 2, Plot 6 — CSU Fresno

Aqua Cents Water Management, LLC — (844) 400-AQUA — www.aquacents.com

Page 24 of 24
DRAFT R2.0

42 % Savings
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| 5370 N Chestnut Ave M/S OF18
FRESN@STATE | Fresno, CAESQ?TIN-‘;%% | FRESN@STATE
| 559.278.2066 FAX 559.278.6033 International Center

Center for Irrigation Technology ‘ i for Water Technology
. www.californiawater.org

MEMO TO:  Glen Bennett, Water Management Consultant
Jenn Downs, Water Management Consultant
Aqua Cents Water Management, LLC

FROM: Edward Norum, Agricultural Engineer
Center for Irrigation Technology

DATE: August 26, 2015

SUBIECT: Results of Aqua Cents® hydrogels field study on turf plots located on the University
Agricultural Laboratory (UAL) at Fresno State

NOTE: The project was a cooperative effort by Aqua Cents Water Management personnel
and the Center for Irrigation Technology staff at Fresno State

SUMMARY

The study was an effort to evaluate the effects on water management by injecting Aqua Cents® water-
retaining gels into the root zone of turfgrass. The turf plots were located east of the Center for Irrigation
Technology (CIT) office on the University Agricultural Laboratory (UAL) at Fresno State. For comparative
purposes, three types of research plots were studied: 1) injecting water only; 2) injecting hydrogels; and
3) no injection. The study was conducted over a growing season period of 27 weeks coinciding with the
turf irrigation season in central California. The study was extended to include the off-season period of

25 weeks then providing a 52-week study.

Study methodology utilized a protocol that was developed for predicting the irrigation water needed to
produce acceptable grass quality (Norum, 2013. See Appendix “A Procedure for Quantifying the
Application Efficiency of Turfgrass Irrigation Systems.”). The goal of the research then was to compare
the grass quality in the plots subjected to deficit irrigation to the quality anticipated if the plots were

deficit free. The results are summarized in Table 1.

s T O B M VO O o o
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Table 1. Summary statistics for the 52-week project period starting April 21, 2014 to April 20, 2015

ETc -BASED ACTUAL
PLOT #/DESCRIPTION REQUIRED RUN TIME ' RUN TIME DEFICIT DEFICIT
hours hours hours percent
ON-SEASON RESULTS (27 weeks)
#1 cult w/o hydrogels 161.7 1151 46.6 28.8
#5 cult with hydrogels 148.1 99.98 48.1 32.5
#9 w/o cult or hydrogels 155.1 112.2 46.4 29.9
OFF-SEASON RESULTS (25 weeks)
#5 cult with hydrogels 56.8 12.7 44.2 77.7
ANNUAL RESULTS (52 weeks)
#5 cult with hydrogels 204.9 112.8 92.3 45.0

1. Calculated using the protocol and weather information from CIMIS station #80 located at Fresno State.

Plot #1. Cultivated by Aqua Cents® without hydrogels failed to provide satisfactory turf quality with 28.8
percent on-season (27 weeks) deficit.

Plot #5. Cultivated by Aqua Cents® injected with hydrogels provided satisfactory turf quality with 32.5
percent deficit during on-season (27 weeks) irrigation.

During the 52-week period of the project, the Aqua Cents® hydrogels treated Plot #5 demonstrated an
overall reduction of 45.0 percent in water use while maintaining a satisfactory turf quality.

Plot #9: Received no Aqua Cents® treatment or hydrogels and failed to provide satisfactory turf quality
with 29.9 percent on-season (27 weeks) deficit.

Toward the end of the on-season test period, the grass quality on plots #1 and #9 had deteriorated to a
permanent wilt condition as a result of the continuing irrigation water deficit. The grass on plot #5
continued to grow at an acceptable quality in spite of a continuing irrigation water deficit totaling

32.5 percent during the on-season period.

The Aqua Cents® treatment with injected hydrogels then had the effect of overcoming the influence of
the water deficit estimated from conventional irrigation protocol. In practical terms, acceptable grass
quality appears to be attainable with about one-third less irrigation water. The water savings is due to
the combined effect of the hydrogels and scientific water management. It appears that the hydrogels
act to increase water storage in the root zone and improve water distribution. This is especially true

during the off-season irrigation period.

it T e O S L T e
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METHODOLOGY

The turf plots are located in a field east of the Center for Irrigation Technology (CIT) office on the
University Agricultural Laboratory (UAL) at Fresno State. Nine individual 30 ft by 60 ft plots were
established and planted to tall fescue —a cool season grass commonly used in local turf areas. The plots
were sprinkler irrigated using Hunter I-20 sprinklers. A field audit was conducted before the study began
to determine the system irrigation efficiency. Figure 1 shows an aerial view of the plots taken on May 1,
2015. The plots were designated as follows:

1) Plots #1, #2 and #3 were injected with water only
2) Plots #4, #5 and #6 were injected with Aqua Cents® hydrogels
3) Plots #7, #8 and #9 were not treated

In order to calculate the “required run time,” a pattern uniformity study was conducted on Plots #1, #5
and #9 using the protocol described in the paper “A Procedure for Quantifying the Application Efficiency
of Turfgrass Irrigation Systems” (attached). These three plots are individually representative of the three
treatments with plot #5 as the plot receiving the Aqua Cents® hydrogels treatment. No data analysis was
done on plots #2, #3, #4, #6, #7 and #8 in this report. The pattern uniformity study is required in order
to calculate the required run time.

The results of these studies are summarized in Table 2.

Table 2. Summary statistics from pattern loss studies

ITEM DESCRIPTION PLOT #1 PLOT #5 PLOT #9 COMMENTS
1 Rootzone treatment Agqua Cents® Aqua Cents® None
w/o hydrogels | with hydrogels
2 | Grass quality Unsatisfactory Satisfactory Unsatisfactory | See Figure 1
3 | Effective app rate, in./hr’ 0.191 0.194 0.199
4 | Average app rate, in./hr 0.280 0.335 0.340
5 | App efficiency, % 62.1 69.6 53.7
6 Pattern loss, % 37.9 30.4 46.3

1. Allows for 85 percent of the area adequately irrigated.

The actual run time was set by the Aqua Cents Water Management personnel on a weekly basis. The
values shown in Tables 3, 4, 5 and 6 were divided equally from one to five days per week. Operation of

the plots involved the weekly setting of the run times by the vendor’s technicians. They were assisted in

this task by the CIT engineer.

i I I A e T o i s
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Figure 1. Aerial view of the test plots.
From the top to the bottom:

Plot #1 — water injection only (top left)

Plot #5 — Aqua Cents® hydrogels treated
(center plot)

Plot #9 — untreated plot (bottom right)

Photo taken May 1, 2015 courtesy Aqua
Cents®

e S R e R e e s
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Tables 3, 4, 5 and 6 show the data and calculated values for Plot #1, Plot #5 and Plot #9. The following
steps were involved to generate these calculations using Week 10 (6/23-6/29) for plot #5 as an example.

1. Date, weekly Tuesday through Monday — column #2

2. Obtain a weekly ET, value = column #3
ETo, in./wk = 2.05 in./wk from CIMIS station #80 located on Fresno State farm (for previous
seven days)

3. Obtain a K¢ value for the grass at its current age — column #4
K¢ =0.70 (crop coefficient for cool season grass, June (from Norum, 2013 Table 1 in Appendix A
paper).

4. Obtain an ET. value — column #5
ETc = (K¢) (ETo) = (0.70) (2.05) = 1.44 in./wk

5. Obtain an effective application rate value — column #6
This value was obtained from the actual pattern loss study for plot #5 which was determined to
be 0.194 in./hr.

6. Obtain a required run time — column #7

Required run time = ET. / effective app rate = 1.44 / 0.194 =7.42 hr

7. Determine the actual run time — column #8

The actual run time of 5.18 hours for the week of June 23-29, 2014 was based on the judgement
of the vendor’s technicians. This judgement is a function of the grass quality assessment.

If the grass quality is to be maintained, this runtime will be needed to replace the root zone moisture
removed the previous week. Aqua Cents Water Management personnel set the actual runtimes at
values less than the calculated required runtime to observe the effect of the deficit. During the on-
season project period, the deficit averaged about 30 percent. The effect on Plots #1 and #9 was to
virtually kill the turfgrass. With plot #5, the Aqua Cents® hydrogels-treated plot, the root zone deficit
was compensated for by the hydrogels and the grass quality remained satisfactory over the project
period.

APPENDIX A

Norum, Edward M. (2013) A Procedure for Quantifying the Application Efficiency of Turfgrass
Irrigation Systems. The Center for Irrigation Technology (CIT). California State University,
Fresno. March 2013. (attached)
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Table 3. On-season Plot #1 for period April 21, 2014 to October 27, 2014

WEEK PERIOD ETo Ke ETc EII:Q';:A'?EPP RSE?EE ;ﬂcr:lr ¥HA\01LE
2014 in./wh in.fwk in/hr hr i
1 4/21 - 4/27 1.61 0.83 1.34 0.25 5.36 4.16
2 4/28 — 5/4 1.31 0.83 1.08 0.248 417 4.16
3 5/5 - 5/11 1.77 0.76 1.35 0.248 5.44 5.41
4 5/12 — 5/18 1.60 0.76 1.22 0.248 4.92 417
5 5/19 — 5/25 2.00 0.76 1.55 0.248 6.25 5.30
6 5/26 - 6/1 1.85 0.76 1.41 0.248 5.67 4.82
7 6/2 — 6/8 2.10 0.70 1.47 0.248 5.93 4.15
8 6/9 — 6/15 2.1 0.70 1.48 0.248 5.96 4.07
9 6/16 — 6/22 213 0.70 1.49 0.181 8.23 7.42
10 6/23 — 6/29 2.05 0.70 1.44 0.181 7.96 5.20
11 6/30 - 7/6 2.14 0.75 1.61 0.181 8.90 5.81
12 77 =713 213 0.75 1.60 0.181 8.83 5.71
13 7114 - 7120 1.87 0.75 1.40 0.181 tA43 543
14 7/21-7/27 1.87 0.75 1.40 0.181 7.73 5.58
15 7/28 - 8/3 2.06 0.75 1.55 0.181 8.56 5.58
16 8/4 - 8/10 1.78 0.69 1.23 0.181 6.79 4.42
17 8/11-8/17 1.76 0.69 1.21 0.181 6.69 4.35
18 8/18 — 8/24 1.89 0.69 1.30 0.181 7.18 4.68
19 8/25 — 8/31 1.75 0.69 1.21 0.181 6.69 4.35
20 9/1-9/7 1.43 0.59 0.84 0.181 4.64 2.80
21 9/8 - 9/14 1.63 0.59 0.96 0.181 5.31 2.93
22 9/15 — 9/21 1.48 0.59 0.87 0.181 4.82 2.67
23 9/22 — 9/28 1.13 0.59 0.67 0.181 3.68 1.85
24 9/29 - 10/5 1.17 0.59 0.69 0.181 3.81 1.90
25 10/6 - 10/12 1.15 0.60 0.69 0.181 3.81 1.90
26 10/13 - 10/20 1.15 0.60 0.69 0.181 3.81 3.8
27 10/20 - 10/27 0.87 0.60 0.52 0.181 2.87 2.8
161.74 115.12

e B e o S T P O Ty i ol

AquaCents® Hydrogels Field Research Results & Center for Irrigation Technology Report August 2015



e S e L O P B TR T e e e i i e

Table 4. On-season Plot #5 for period April 21, 2014 to October 27, 2014

Week | PERIOD ET, Ke ETc | RATE | RUNTIME | RUN TIME
2014 in./wk in./wk ThE i i
1 4/21 - 4/27 1.61 0.83 1.34 0.287 4.62 3.75
2 4/28 - 5/4 1.31 0.83 1.08 0.287 3.76 3.73
3 5/5 - 5/11 1.77 0.76 1.35 0.287 4.70 3.73
4 5/12 - 5/18 1.60 0.76 1.22 0.287 4.25 3.40
5 5/19 - 5/25 2.04 0.76 1.55 0.287 5.40 4.33
6 5/26 — 6/1 1.85 0.76 1.41 0.287 4.91 3.93
7 6/2 — 6/8 2.10 0.70 1.47 0.287 5.12 3.81
8 6/9 - 6/15 2.11 0.70 1.48 0.287 5.16 4.13
9 6/16 — 6/22 213 0.70 1.49 0.194 7.68 5.36
10 6/23 - 6/29 2.05 0.70 1.44 0.194 7.42 5.18
11 6/30 - 7/6 2.14 0.75 1.61 0.194 8.30 5.75
12 77 =713 2.13 0.75 1.60 0.194 8.25 5.75
13 7114 - 7/20 1.87 0.75 1.40 0.194 7.22 5.03
14 7/21 -7/27 1.87 0.75 1.40 0.194 .21 5.58
15 7/28 - 8/3 2.06 0.75 1.55 0.194 7.99 5.60
16 8/4 - 8/10 1.78 0.69 1.23 0.194 6.34 4.41
17 8/11-8/17 1.76 0.69 1.2 0.194 6.23 4.23
18 8/18 — 8/24 1.89 0.69 1.30 0.194 6.70 4.02
19 8/25 — 8/31 1.75 0.69 1.21 0.194 6.24 3.71
20 91 -9/7 1.43 0.59 0.84 0.194 4.33 2.60
21 9/8 —9/14 1.63 0.59 0.96 0.194 4.96 2.50
22 9/15 - 9/21 1.48 0.59 0.873 0.194 4.50 2.25
23 9/22 - 9/28 1.13 0.59 0.67 0.194 3.44 1.60
24 9/29 - 10/5 117 0.59 0.69 0.194 3,56 1.60
25 10/6 — 10/12 1.15 0.60 0.69 0.194 3.56 1.60
26 10/13 - 10/20 1.15 0.60 0.69 0.194 3.56 1.60
27 10/20 — 10/27 0.87 0.60 0.52 0.194 2.69 0.80
148.1 99.98

e R e e S e s mniewerns

AguaCents® Hydrogels Field Research Results 7 Center for Irrigation Technology Report August 2015



Table 5. On-season Plot #9 for period April 21, 2014 to October 27, 2014

week | PERIOD ETo Ke ETe | "RATE | RONTIME | RUN TIVE
2014 in./wk in./wk in/hr i i
1 4/21 - 4/27 1.61 0.83 1.34 0.230 5.83 3.62
2 4/28 - 5/4 1.31 0.83 1.08 0.226 4,78 4.75
3 5/5 — 5/11 1.77 0.76 1.35 0.226 5.96 6.00
4 512 - 5/18 1.60 0.76 1.22 0.226 5.40 4.87
5 5/19 — 5/25 2.04 0.76 1.55 0.226 6.86 6.83
6 5/26 — 6/1 1.85 0.76 1.41 0.226 6.24 5.65
7 6/2 - 6/8 2.10 0.70 1.07 0.226 6.50 5.85
8 6/9 — 6/15 2.1 0.70 1.48 0.226 6.55 5.26
9 6/16 — 6/22 213 0.70 1.49 0.199 7.48 6.36
10 6/23 - 6/29 2.05 0.70 1.44 0.199 723 6.07
11 6/30 - 7/6 214 .75 1.61 0.199 8.09 6.98
12 77 =713 213 0.75 1.60 0.199 8.04 6.80
13 7114 - 7/20 1.87 0.75 1.40 0.199 7.04 5.25
14 7121 - 7/27 1.87 0.75 1.40 0.199 7.04 5.85
15 7/28 - 8/3 2.06 0.75 1.55 0.199 7.79 5.85
16 8/4 — 8/10 1.78 0.69 1.23 0.199 6.18 4.38
17 8/11 -8/17 1.76 0.69 1.21 0.199 6.08 3.05
18 8/18 — 8/24 1.89 0.69 1.30 0.199 6.53 2.41
19 8/25 — 8/31 1.75 0.69 1521 0.199 6.08 3.056
20 91 - 9/7 1.43 0.59 0.84 0.199 422 1.28
21 9/8 - 9/14 1.63 0.59 0.96 0.199 4.83 2.41
22 9/15 - 9/21 1.48 0.59 0.87 0.199 4.39 2.22
23 9/22 - 9/28 1.13 0.59 0.87 0.199 3.35 1.51
24 9/29 - 10/5 1.17 0.59 0.69 0.199 3.46 1.56
25 10/6 — 10/12 1.15 0.60 0.69 0.199 3.47 1.56
26 10/13 - 10/20 1.15 0.60 0.69 0.199 3.47 1.57
27 10/20 — 10/27 0.87 0.60 0.52 0.199 2.62 1.16
155.51 112.15
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Table 6. Off-season Plot #5 for period October 28, 2014 to April 20, 2015

week | PERIOD ETo e €Tc | Rate | RONTIME | RUN TIME
2014-2015 in./wk in./wk inJhr B .
28 10/28 - 11/3/14 0.60 0.60 0.36 0.194 1.86 0
29 11/4 - 11/10/14 0.60 0.55 0.36 0.194 1.87 0
30 1111 -11/17/14 0.38 055 0.21 0.194 1.08 0
31 11/18 — 11/24/14 0.29 0.55 0.16 0.194 0.82 0
32 11/25 - 12/1/14 0.45 0.55 0.25 0.194 1.28 0
33 12/2 - 12/8/14 0.33 0.48 0.16 0.194 0.82 0
34 12/9 -12/15/14 0.15 0.48 0.07 0.194 0.37 0
35 12/16 — 12/22/14 0.24 0.48 0.74 0.194 247 0
36 12/23 - 12/29/14 0.33 0.48 0.16 0.194 0.82 0
37 12/30 - 1/5/15 0.30 0.48 0.63 0.194 3.22 0
38 1/6 -1/12/15 0.30 0.49 0.15 0.194 0.76 0
39 113 -1/19/15 0.20 0.49 0.98 0.194 5.05 0
40 1/20 - 1/26/15 07 0.49 0.083 0.194 0.43 0
41 1127 - 2/2/15 0.43 0.49 0.21 0.194 1.09 0
42 2/3 - 2/9/15 0.50 0.51 0.26 0.194 1.31 0
43 2/10 — 2/16/15 0.61 0.51 0.31 0.194 1.60 0.67
44 2117 - 2/23/15 0.32 0.51 0.16 0.194 0.84 0
45 2/24 - 3/2115 0.67 0.51 0.34 0.194 1.76 0.67
46 3/3 - 3/9/15 0.89 0.60 0.53 0.194 2,75 0.83
47 3/10 - 3/16/15 0.91 0.60 0.55 0.194 2.81 0.67
48 3M17 -3/23/115 1.04 0.60 0.62 0.194 3.22 0.83
49 3/24 — 3/30/15 1.29 0.60 0.77 0.194 3.99 1.0
50 3/31 - 4/6/15 1.36 0.60 0.82 0.194 4.21 1.0
51 4/7 —4/13/15 1.26 0.83 1.05 0.194 5.39 0
h2 4/14 — 4/20/15 1.63 0.83 1:35 0.194 6.97 7.0
56.79 12.67
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Appendix A
A Procedure for Quantifying the Application
Efficiency of Turfgrass Irrigation Systems®

by
Edward M. Norum, Agricultural Engineer
The Center for Irrigation Technology (CIT)
California State University, Fresno

This evaluation procedure characterizes the performance of the irrigation systems “as installed.” It
quantifies the effects of design, installation, and operation. It does not deal with the effects of
component leakage on water use.

Water is lost by irrigation systems in three ways:

1. Spray drift and evaporation

2. Surface runoff caused by:
e Overfilling the root zone
®  Applying water at rates higher than the soil surface can absorb
e Allowing insufficient soak time between rounds

3. Deep seepage that results from:
e  Sprinkler system non-uniformities
e Water management inadequacies

This protocol deals with water lost through surface runoff and deep seepage considerations. The
protocol assumes that the objective of the system is to provide a high level of vegetative quality (see
Morris and Sherman).

Steps in the evaluation are as follows:

Step #1: Develop a sketch of the vegetated area to be irrigated. Figure 1 gives an example of an
existing hydrozone planted to a cool season grass. Details of the irrigation system design
including sprinkler location are not germane to the evaluation protocol.

* The Center for Irrigation Technology (CIT) is one of three water programs at California State University, Fresno. Visit
www.californiawater.org for more information about CIT, the International Center for Water Technology (ICWT) and the
California Water Institute (CWI).
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+A Rain gauge

—é— Pop up sprinkler

Figure 1. Hydrozone showing randomly located rain gauges and sprinkler locations.
(Note: Grid spacing, 2 ft X 2 ft)

Step #2: Operate the system for 10 minutes with the randomly located rain gauges in place
(see Figure 2). The results are shown in Figure 3. A curve fit routine was used to characterize
the data.

b3
]

Figure 2. Rain gauge catchment (DWR/Cal Poly)
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Catchment Data (ml)
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Average: 22.8 ml  90.0%:15.2 ml  Pattern Loss: 32.3%
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Figure 3. Hydrozone catchment characterization, {ml vs area, %)
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Step #3:
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32.4 ml /L ; /

{
|
l %/ Exp. data

7 |
/’727 . 228ml

| . 3
| 2r y— 152ml

?

E_M_i, | "F

Catchment,ml

-

& Fitted Y

0 20 40 60 80 100
50

Figure 4. Control #1 pattern loss analysis (See Norum, 2004)

Using the rain gauge catchment throat area of 15.9 square inches, the hydrozone effective
application rates for 90 percent coverage are calculated as 0.350 in./h. The graphical
definition of pattern loss is shown in Figure 4. This calculation shows a pattern loss to deep
seepage for the hydrozone of 32.3 percent. This represents the potential water savings that

would result from products or processes that avoid deep infiltration losses.

Set the system controller runtime to meet the requirements of the vegetation and consider

any limitations imposed by soil type. Vegetative irrigation requirements are determined by

the following formula:

ETC = Ks(ETo)

Where:

ETc = crop evapotranspiration

Ks = crop coefficient (see Table 1 Crop Coefficient Values for California Turfgrass)
ETo = reference crop evapotranspiration (from CIMIS, see Table 2 Daily CIMIS Report)

Pattern loss, 32.3%
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Table 1. Crop Coefficient Values for California Turfgrass

NOT ADJUSTED FOR ALLOWABLE STRESS ADJUSTED FOR ALLOWABLE STRESS

CcooL WARM COMBINED CcooL WARM COMBINED
MONTH SEASON SEASON GRASS SEASON SEASON GRASS
January 0.61 055 0.61 0.49 0.44 0.49
February 0.64 0.54 0.64 0.51 0.43 0.51
March | o7s 0.76 0.75 0.60 0.51 0.60
April 1.04 0.72 0.72 0.83 0.58 058
My | oss 0.79 0.79 0.76 0,63 063
June | o088 0.68 0.68 0.70 0.54 0.54
July 094 0.71 0.71 0.75 057 057
August | 086 071 0.71 0.69 057 057
September | 0.74 0.62 0.62 0.59 0.50 0.50
October | 075 054 0.75 0.60 0.43 0.60
November | 069 058 0.69 055 0.46 0.55
December |  0.60 0.55 0.60 0.48 0.44 0.48

Table 2. Daily CIMIS Report

CIMIS Report Parlier — San Joaquin Valley — Station 39

MAX MIN AVG MAX MIN AVG AVG AVG
CIMIS SOLAR AVG AIR AIR AIR REL REL REL DEW WIND WIND SOIL
ETO PRECIP RAD VAP TEMP TEMP TEMP HUMIDITY HUMIDITY HUMIDITY POINT SPEED RUN TEMP
DATE (in.) (in.) (Ly/day) | (mBars) (°F) (°F) (°F) (%) (%) (%) (°F) {mph) (miles) (°F)
07/01/2011 | 0.25 | 000 | 654 | 199 | 920 | 607 | 77.0 93 43 63 53.3 | 3.8 | 906 | 773
07/02/2011 | 0.27 | 0.00 | 660 | 216 | 990 | 652 | 821 91 36 58 657 | 3.9 | 940 | 80.0
07/03/2011 | 0.27 | 000 | 653 | 217 | 1000 | 67.2 | 840 88 34 54 65.8 | 3.9 | 943 | 800
07/04/2011 | 027 | 000 | 650 | 226 | 102.4 | 69.4 | 858 89 28 54 57.0 |39 | 929 | 809
107/05/2011 | 019 | 000 | 450 | 229 | 988 | 704 |s3s 87 34 58 674 | 37 | 895 | 805
107/06/2011 | 0.28 | 0.00 | 630 | 219 | 1019 710 | 864 87 30 51 66.1 | 47 | 1124 | 80.9
07/07/2011 | 0.28 | 000 | 624 | 182 | 999 | 689 | 853 74 29 44 60.9 | 44 | 1063 | 80.6
Total/Aves. | 181 | 000 | 617 | 213 | 991 | 675 | 835 87 33 55 652 | 40 | 971 | 800
The following example shows the runtime required for the first week of July 2011. Assuming a cool
season turfgrass adjusted for allowable stress:
ET. = (0.75)(1.81)
= 1.36in/week
The actual runtimes required are determined by the following formula:
Runtime = ET¢in./wk
Effective application rate, in./h
= 1.36
0.350
= 3.89 h/wk
= 233 mins./wk
B P S s o
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These calculations were repeated weekly during the irrigation season and the controller runtimes
adjusted accordingly.

Cycle runtimes must be limited to allow for adequate soak time between cycles in order to avoid surface
runoff. Reference is made to the Irrigation Associations SWAT Testing Protocols for “Climatologically-
based Controllers” [8" testing protocol (September 2008)]. The location of the example has a sandy
loam soil and zero slopes. From Table 3 in the testing protocol, the “allowable surface accumulation
(ASA) for these conditions is 0.33 in. and the basic soil intake rate (IR) is 0.4 in./h. The formula for
maximum allowable runtime is:

Rimaxy = 60(ASA), minutes
(PR-IR)

Using the catchment data the average precipitation rate (PR) is 0.525 in./h. The formula for R, gax gives
the following result:
Rimag = 60(0.33), minutes
(0.525 - 0.40)

Rimaxy = 158 minutes

It can be concluded then that for this site, surface runoff will not be an operational concern. Given for
this example, the irrigation schedule is set at two cycles per day, five days per week. The runtime per
cycle is calculated as follows:

il

Runtime per cycle 233

10

1]

233 minutes

Assuming a spray drift loss of 5.0 percent’ and a pattern loss of 32.3 percent (see Figure 3), the overall
application efficiency is calculated as follows:

App. Efficiency = 100[1.00-0.05][1.000 - 0.323]
= 64.3%

In order to verify the efficacy of the calculation, periodically a series of photographs of the hydrozone
were taken during the summer of 2012. Figure 5 shows a representative photo.

FA spray loss of 5.0 percent is assumed for illustrative purposes. Studies are required to provide actual data.
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Figure 5.
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