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Fig.2.  Volumetric soil water content at 0—137 ci depth for six groundcover species at four irrigation levels from May 1990 through September 1991.
(Field Capacity is approximately 300 mm, and Permanent Wilting is approximately 125 mm.)

mance of Gazania indicates that this species can be seriously
injured and its recovery limited under low irrigation regimes.

The visual quality response of Finca was similar for the
30%, 40%, and 50% treatments. Vinca visual quality remained
acceptable through August although the SMC approached
PWP as early as July in these treatments. However, the 20%
ET, treatment resulted in lower SMC and significantly lower
visual quality in the fall of both years. Recovery of Finca in
all treatments is seen in January—February 1991 and in all
except the 20% ETo treatment in fall 1991. Since its visual
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quality recovered, except in the 20% ET, treatment, Vinca
appears to adapt to low SMC if enough water is occasionally
applied to move SMC above PWP. These results indicate that
Vinca could be irrigated at 30% ET, since there is no consis-
tent increase in quality with additional water.

The response of Hedera to irrigation treatments and soil
moisture conditions was not as dramatic. The SMC of the
20%, 30%, and 40% ET, treatments remained in the 75-150
mm range during the summer months of 1990 and 1991.
Although the SMC was higher in the 50% ET, treatment,
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Table 1. Seasonal reference ET, rainfall, and irrigation applied to six groundcover species at Irvine, CA, 1990-91,

Irrigation
Season Historic Ref., ET  Real-time Ref. ET Rain Treatment  Applied Number Avg. schedule
(mm) (mm) (mm) (% of ET,) (mm) (days)

1990

May through August 569 630 16 50 282 7 16
40 224 6 19
30 168 4 25
20 112 3 39

September through December 325 362 21 50 163 4 23
40 122 3 25
30 120 3 33
20 81 2 51

1991

January through April 330 348 220¢ 50 78 2 40
40 85 2 48
30 41 1 —
20 0 0 —

May through August 569 569 0 50 361 8 16
40 238 5 23
30 185 4 31
20 103 3 45

September 120 104 25 50 81 2 19
40 42 1 —
30 41 1 -
20 41 1 -

*Santa Ana, CA; Snyder ct al. (15).
YMarch 1991 rainfall = 142 mm.

Hedera visual quality was significantly higher only in the
September—October 1990 rating period. In all treatments,
regardless of SMC, Hedera’s visual quality declined during
the summer and fall but the species recovered by the next
growing season. This indicates that Hedera acclimates well
and reduced irrigation does not consistently affect its visual
quality.

Drosanthemum appeared to utilize stored and applied wa-
ter efficiently in all treatments, then adapted readily to low
SMC and maintained very high visual quality throughout the
experiment. It performed well with any irrigation regime at
or below 50% ET,, suggesting it uses water readily when it
is available and tolerates or avoids drought as water becomes
limiting.

On the other hand, Baccharis used water quickly in the
early growing season and ran out of water between irriga-
tions when irrigated below 50% ET,. Since its visual quality
was typically better at the 20% and 30% ET, treatments, it

appears that this species is easily over-irrigated and occa-
sional soil drying is required for it to maintain high visual
quality. The performance of Baccharis was similar to that
reported for Myoporum parvifolium by Feldman (7).
Overall, the results of this study show that commonly used
groundcover species vary widely in their responses to se-
vere water stress and in their climatic adaptation to southern
California. We found that when SMC approached PWP,
Vinca, Baccharis, Drosanthemum, and Hedera were largely
unaffected or able to acclimate, but Potentilla and Gazania
were seriously impaired. The specific mechanisms respon-
sible for the varied responses of these species are areas for
future research. Thus, Baccharis, Drosanthemum, and Hedera
would be expected to have minimum irrigation needs of 20%
ET,and Vinca30% ET . These minimum water requirements
are similar to or less than that of warm-season turfgrass (8,
11). Like warm-season turfgrasses, these groundcovers were
observed to maintain deep root systems (data not shown),

Table2. Main effects and interaction ANOVA of four irrigation levels on visual quality ratings of six groundcover species.

1990 1991
May-June  July-Aug. Sept.—Oct. Nov.-Dec. Jan~Feb. March-April May—June  July-Aug. Sept.
Irrigation NS * ok NS NS ok * Fork
Specjcs * ek ko ook gk k%% ok ok L2 Kok ok
Irrigation x Species ¥ Ek ok % ®% ok ok .
NS, ¥, #*, #** = Nonsignificant or significant at P < 0.05, P < 0.01 or P < 0.001, respectively.
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and they may have other morphological or physiological
mechanisms enabling them to survive periods of drought by
using stored soil moisture if a significant portion of the soil
profile is occasionally rewetted during the growing season,
Irrigation managers can conserve water without seriously re-
ducing the visual quality of these groundcovers by simply
extending the time between irrigation events as was done in
this study and by Sach’s, et al. with woody plants (14).

Substituting a groundcover for turfgrass to reduce land-
scape water use will be most effective when the groundcover
is used to replace cool-season turfgrass, the groundcover’s
visual quality is acceptable compared to turfgrass, and irri-
gation is cffectively managed. Plant materials such as Po-
tentilla and Gazania are not good choices for water conserv-
ing landscapes of the southwestern United States since they
perform poorly unless well irrigated and have little recupera-
tive ability if injured by drought.

Results from the study also show that ET -based irriga-
tion scheduling is appropriate for groundcovers. However,
there is a need for future research to address the most effec-
tive way to use ET -based irrigation scheduling. It is unclear
whether any of the species in this study would maintain higher
visual quality at low irrigation amounts if irrigated more fre-
quently to keep the soil profile from becoming too dry for
too long of a period.
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Drought Tolerance of
Selected Non-lrrigated Trees

This park-llke setting was once a residential nel

ghborhood, b

T Vo

geles. For more than eight years, only the trees remained, without water or maintenance.

By Donald R. Hodel

hile scientists have studied and
Wreported on water conservation and

drought tolerance in turfgrasses,
little to no technical information is avallable
on the subject for shrubs and trees, The only
published information on drought tolerance
of trees and shrubs inthe landscape is books
and pamphlets written for homeowners (see
list at end of story).

To determine the accuracy of this litera-
ture for commercial landscape use, an evaiu-
atlon of several tree species common in the
southern coastal areas of Callfornia was car-
ried out in 1984, The study came about large-
ly due to the availability of an unusual test
site. . . a residential neighborhood abandoned
1o make room for a highway. A variety of trees
had been growing in the housing tract ac-
quired In 19786 for construction of the Cen-
tury Freeway in southeastern Los Angeles
County. All structures and homes in the area

66

b—__

An avocado tree fluorishes In the dry, park-
like setting.

ut it was abandoned In 1976 for construction of the Century Freeway in Los An-

were destroyed, except for the trees that were
located near sidewalks, roads and utility lines.
But then, road construction stopped. For eight
years, the trees were forgotten.

These well-established trees had been
planted more than 25 years earlier by the
former homeowners, who had maintained
and irrigated them, When the homeowners
left, the irrigation stopped. This grove of trees
had unique scientific value to a horticulturist.

* Since demelition of the homes, the area
has taken on a park-like setting. In the winter
and spring, the grass and weeds in the cor-
ridor are green from seasonal rains. Almost
all rainfall occurs in the winter from November
1o April. in the summer and fall, the grass
turns a light brown. The only maintenance
taking place in the area is periodic mowing
and trash removal by the California State
Department of Transportation (Cal Trans),

) continued on page 68
August, 1986
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Drought Tolerance
continued from page 66

The area is characterlzed by warm, vir-
tually rainless summers and relatively cool,
maist winters. Records from the Los Angeles
County Flood Control District indicated rainfal
between 1974 and 1984 had averaged 18.1
inches per year, These figures are substan-
tiglly higher than the 12-14 inch average
reported for the 30 year period from 1850
to 1980. Although several of the vears were
exceedingly wet, the area experienced three
of the warmest summers and three of the
dryest winters on record,

In 1984, the trees were observed and rated
for overall appearance on a scale from 110
5. A rating of one Indicated no apparent ef-
fect from eight years without Irrigation. Two
indicated slight branch disback, but accept-
able. Three was given to trees with moder-
ate branch disback. Trees with severs die-
back were given a four and those on the
verge of death were given a five,

For the most part, the trees listed as
drought tolerant in consumer literature
showed littls to no drought damage after eight
years without irrigation. In general, they wers
slightly smaller and more compact than would
be expected of Irrigated trees of the same
age. Damage, if any, was insignificant and
the trees were esthstically acceptable.

Black locust was severely damaged without
Irrigation.

Included in the list of trees with little to
no damage are Araucaria bidwillii {bunya-
bunya), Carya illinoensis (pecan), Citrus x
paradisi (grapeftuit), Chorisia Speciosa (floss
silk tree), Ficus efastica (Indian rubber tree),
Ficus microcarpa var, niica (Indian laurel fig),
Ficus rubiginosa rusty leaf fig), Jacaranda
mimosifolia (lacaranda), Liquidambar
styraciffua (Ametican sweetgum), Persea
americana (avocado) and Podocarpus
gracliior (fern pine). The reduced or more
compact growih of these trees resembled

the effects of a growth regulator, indicating

that growth retardation of some species in
the landscape Is possible through Judicious
water management,

6e

& :.:TABL'E 1 -Eﬂect of 8 Years of Non-Irrigation on Selected
" Trees In the Landscape in Los Angeles County, 1985,

fo ; Average
Specles Common Name Rating
Acacla melanoxylon. - blackwood acacia é
Acer saccharinum - 'L sliver maple y
Acer negundo” . o0l L n o boxelder 3
Allanthus altissima - "~ * treg-of-heaven g
-Albizia- julibrissin sk tree 2
Alnus rhomblfolia White alder
Araucariabidw]llli -~ hunya-bunya 1,
Arecastrum romanzoffianum .- Queen palm 3
" Brachychiton populneus - sbottle tree 1,
Brahea edullg % " Guadalupe palm 1*
Broussnetia. papyrifera "+ paper mulberry 4
Callisternon citrinus *+* “lemon bottlebrush 2
Cajocedrus . declirrens _incense cedar 2
ga,jlodéﬂdrum eiape'nse -cape chestnut - ;1'
carya illingensls . .. pecan v ‘
Catelpa blgnonitides ﬂn_edi_an- bean, catalpa 2
Cedrus deqdora. R deodar cedar. i 1
Ceratonia Slligua ) carob 1
Charlsia spaciosa. - d floss silk tres. .
Clnnémomiim camphera . : camphor tree 1*
Sitieox paradipl. 71D AT ormpatul M
C. reticulata .~ lanperine ; -3
C. sinensis ‘Valengla’ ' " Valencla orange .3
s/SUpaniopsls anacardioldes RN .carrot wood 1
s gYpIRssus glaba 4 1 TR e \rizona cypress:: 1
C. sempervirens 0 Mtajlan cypress . ¥
"gﬁahetyira defloxa “*bronze loquat R
- Eucalyptus cinerea: -silVer dollar gum Ay
- E. globulus oo gum =17 e e
. E. ficifolla g . Tedfiowering gum. . - 1
E. polyanthemos ¢ red box gum. - g
Flous-catica o fig i b7 &%
F. elastica i .. Indlan rubber tree -
/F. élastica ‘Decora’ * - ~rubber plant 3+
F. microcarpa var, nitida Indian latrel fig 1
“'F. macrophylla’ - Moreton Bay. fig PR
* E. iubiginosa A U rustyleaffig 1
- Fraxinus:uhdel ' -evergreen ash g
- F. velutina +Arzona ash L s
" -Ginkgo biloba -.maidenhalr-tree = - 4
Grevillea robusta : silk oak o by
Jacatanda mimosifolia 1
J-!-'glﬁna-nigra s47) a
Juniperus chinensis:. : 1
Kolrautaria: bipj 1
ustrum lui 4
2
5
3.
2
:}.
‘@vocado Tk i
C\;?!f}aary Island date - 1
date palm ! g
Canary island pins. - - ]
Aloppaipitio g
 [tallan: tbm.g.;.;_plne it
i oy.ping © T i
sland pittosporu 1
‘box 2
don.plane tree 3
‘Galifornla sycamore 1.
. YEW. ine i 4
tern pine Ty
es.,!‘.e cotton: wood |
| ,;ldo L T 3
-8
5
1
5
3*
3
5
6
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1
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A pair of Chinese flame trees have survived eight summers without irrigation.

Not all species listed in popular literature
as drought tolerant exhibited acceptable
damage. The following tree species were
either almost dead or experienced severe
branch dieback: Ficus carica (Common Fig),
Fraxinus velutina (Arizona ash), Gingko biloba
(Maidenhair tree), Populous fremontii (Rio
Grande Cottonwood), Prunus caroliniana
(Carolina Cherry), Robinia pseudoacacia (Pink
Locust) and Tristania conferta (Brisbane box).

Many of the species that are not listed as
drought tolerant exhibited damage that was
marginally unacceptable (rating of 3). Perhaps
with one or two well-timed irrigations dur-
ing the summer these would have shown
less damage and would be acceptable. it
is probable that a imited number of well-timed
Irrigations could also result in acceptable
damage to trees rated four or even five,

The trees were
observed and rated
for overall
appearance on a scale
of one to five.

It Is evident from this study that most irees,
once they are well- established in the land-
scape, can survive and be esthetically ac-
ceptable with much less water than is ap-
plled under normal circumstances. A strategy
of infrequent, deep Irrigations during estab-
lishment followed by management practices
that emphasize a few well-timed irrigations
during the summer may be sufficlent.
EDITOR'S NOTE: Donald Hodel is an environ-
mental horticulturist for the University of Califor-
nia Cooperative Extension, Los Angeles, CA.
Popular Literature
Sunset Magazine, Good looking . . . unthirsty,
October, 1976. Lane Publishing Company,
Menlo Park, CA.

Sunsst New Western Garden Book, 1979,
Lane Publishing Company.

Trees and Shrubs for Dry California Land-
scapes, by Bob Perry, 1981, Land Design

Landscape & Irrigation

Publishing, San Dimas, CA.

Success List of Water Conserving Flants,
1982, Saratoga Horticultural Foundation,
Saratoga, CA.

Forty Ways to Save Water In Your Yard and
Garden, by Ken L, Smith, 1977, Los Angeles
Department of Water and Power.

Plants for Californla Landscapes: A Catalod
of Drought Tolerant Landscapes, 1981, State
of California Department of Water Resources.
Scientific Literature

Minimum irrigation Requirements for Land-
scape Planis, by R. M. Sachs, T. Kretchum
and T. Mock, Journal of the American Soci-
ety of Horticultural Sclence, 100(5):499-502,
1975.

SprinCalc

SprinCalc

SprinCalc

SprinCalc

Panoramic Systemys
ONE W. CLARK ST., MEDFORD, OR 87501

WHAT IS SprinCalc?

is a computer program for
estimating the cost of small
and medium size sprinkler
irrigation projects before they
have been designed.

is a computer program for
calculating on site material
and installation costs for any
size project when the physical
guantities are known -— as
from a plan take-off or
material list.

is formatted for the IBM PC,
Apple lle, Kaypro, and
Intertec computers at this
time and, given a firm order,
can be formatted for other
makes.

is easy, accurate, and very

~ SprinCalc

IRRIGATION ESTIMATES BY COMPUTER

We'd like to tell you more.
772-2555 In Oregon
1-800-448-0123 Elsewhere

Clrcle 162 on Reader Service Card




GUIDELINES FOR [RRIGATING

ACCURATELY AND BCONOMICALLY

IDONABMIRSE O ES
IEnvironmentallHonticultureyAUVISOR
Unfrerity of Caiftorsten
POISIS? AV S uitet400

IfosPAngeles (% 90007

M 1957)




"LO00-LB6(STP) "095€-TTOVG
‘PuEpEO ..Eo_nwuﬁw ‘ALI(] SpIsaYe] (g SIINOSTY [N PUE Sl
‘BIUIOBD) JO ANSIDANIN) .._o-uou!hmu_u TUOT}0Y QANBULITY oY) 0} PIsseIppe
aq Aew Adnod sny SutpreSar sapmbuy .movoU JUSIIIISA0L) BIIIONTED) 9
30 04671 UOBDaS PUE #/6] JO 10V 1uSUASN[pESY SUBISIAA BIH WEWRIA Y3
poUnap SB) SURIaioA BIS WRMmalA 1O SURINRA Po|qesIp [eods aIe sfenpralpur
asneoaq IO (3P0 JUIWLIIAOL) BALION[ED O3 JO 9ZZ[ U0u0ag Ul paugop
$&) noRIpuod [eolpa ‘diysuozi ‘snye3s [BILIELN “UONBIUSLIO [BNX95 .ﬂwuo:m
J0's158q 31 U0 SJEUILIDSIP BILIOJIE,) JO ANSIAAIN) 911} S0P JON ‘sanpaoord
10 “saonoeid ‘setorod juswmAofdima SIf Jo Aue 01 J09dsol a4 IO ‘SODIANOE
10 smeidord st J0 Aue m 28e Jo ‘desrpueyq HSEN_.E 10 [RHISW ‘xa8 ‘UISLIO
[euonEd ‘I0[00 ‘UOIBaI ‘Goel JO siseq S13 UO IJEUIHILISD JOU $30D ‘G/6T 3O
10y HONEUINILIDS(] 98y 93 PUe ‘c/ 6] JO 10y UOIBNIqRY3Y 943 JO $0S PUE £0¢
SUORO3S ‘ZL6T JO SIUSUWIPUIINY UONEONPH 243 JO X INLL, 961 IO 10V SIoR]
AL 513 36 TIA PUE IA SIPILL it ouerdimod UT “@fLoffien) JO Misraarur) o4,

-suonsefdns ojqen[ea
peIogo pue 1dIOSNUBM O PAMOIADI OUM METS ' PLAB( PUe ‘Iduajly
] Sua( ‘Iekojy <] [Pmo[ 0 SUey) AW pUoiXo | EMUOJED) UIdINCS
10 15ISICT 1o1ep _umodonsjyl o3 piie Uolsusixy 2apeIsdooyy BiIoleD
30 Lytsiaalin) 2113 Aq 103foxd 2aperadoos e yo jusuodwod e st uopeorqnd suiT,

sjuowaSpojmonioy




104 ‘juerd siy Jo spasu-Ialem 2Y3 9q PMOM OIH "UONIPEOd [ewrido Ul pIuTEjUTRW
pue 14I[9Y W S9YIUT XIS 0} IN0J PIMOW anosay [[e} odLi-d1nised ® st ssead sigy,

._u.auqﬂmoﬂm«acw%uoa uwmuu% mﬁnuﬁsn.aﬁmmﬁm
3o 2dfy ogpads v Sursn monenuojur o1 pedojasp ‘Honeinduwios pue uonBIISWLISdxs
ajeIoqe[d ySnoiy: ‘sysnuardg ‘(oL H) I °9USISISI PI[[BD 51 ONJBA A[IBD SUO S,
*kep 1od snpea 17 500 &m0 sojeIsmad wonEIS Yore ‘EriioyE)) Jnoydnoly] 408 LqeAsonco
PIno> yeqs surejd Jo Spury JIAISIP JO SPUBSNOM 94} IO Sonfea [ 1eIousd 0) oasuadxa
pue “xo[dwod ‘SmosIaquInd 00} 3¢ PINOM 31 SoulS “sISeq AJIEp B TO SaN[eA I H s9je1ous]
1841 (SINID) SIONEIS J3UIBam USALIP-IaIndmod Jo wWajsAs 9pime1ess B pado[easp seq
BruIozie) ‘Aj[eormouosa pue Ajojeimooe jsow sjue[d SupeSuur mr ojdoad 1si1sSR O,

1983
M1 Ul SIORIPUOD IALIP ‘121301 o) .wo ssnedaq nqIeN Ul Sumoid suo weys sfuuds E_mm
up Sumoid juerd vueueq & 01 parjdde 2q 03 9ABY P[noM ISIEM 910U ‘A[IBfIWIS [}oRd UBG)
IojeA 2IOWI 95N *IMdnys pue AFojoisdyd Imay) Jo 9snessq ‘syre[d BUBURq ‘SIONIPUOD AUIES
oy} 1opun SumoId mogm ‘ordwexs 104 I Sunoope s1090ey Aremid o) 918 SUONIPUOD
Iogyesm pue ‘adeospue] o wr uoneso] si1 Jueld € Jo axmpnns pue AJoforsdyd oL

‘m013 rewmdo urejuren 0} jueld 911 J0J I9pI0 W paoeldal
2q 0} spaan jer suo[ed Jo ‘sI9)emmuso ‘sohomr Ul Is1em Jo Anuenb e se passaidxs Afensn
st 1H “Id paire? st uoneirdsuen-odess ganorg) jo1em sjued .wmc 55077 ‘sepeds jer; Jo
pasu-1a1em 211 S (paoe[daI 2q 03 spasu s pue) uonendsuen-odea ﬁnouﬁ sosof 1ued
® jBI) Junowe 213 ‘A[ersuen ‘sopads [enpaipur Aq Lrea syweld jo spesu-1aiEM

LPIIN SIUBLJ O(f 13JBAA YINJA] MOY [ MEJ

“19)em Jo junoure suy) Ajdde 01 weisds 1opqurds mok o o3 Fuof moy €
puE ‘I21em Jo Junowe popasu syl Aidde 0) waym A
‘postr sjue[d MNOK ISIEM TONLT MO ‘I

:Zunmineep Aq A[EoNEOUCId
pue Ae1eanooe syueld Inok 23831 01 MO NOA MOYS [[IM 9M ‘OSIDISXD ST Juun

“uefd o3 21nfuy 10/pae qumesd
PInO2 Iojem juapignsot ‘Aprerurs tjwed on) sinfur pinod pue pajsesm 3q PIIOM JUNOWE
temndo sy Jo sseoxo up porjdde 1ojep *ss9] on ‘elom ou--yimors [emmdo 10} spaou
juerd o) 1eq] 127eM JO Junoure o3 Ao Aidde 03 159q st 11 syuerd SuneSur wegm

L0006 VO “so[efiny so]
00F 9NN “2AY PUEID) 'S ST97
UOISIAIX saneradoo))
BMILIOJIED) JO ASISAIUL)
I0SIAPY SIM{NONMOH [BIISWILONATE
TdAOH ¥ ATYNOJ

ATIVOINONODH ANV ATALVANIDOV
FAVOSANVT THL NI SINVId ONLLVOTHNI ¥04 SANITAAIND




‘orgouosy g
10‘0lF oumesr ]

1197319 O 3500
Wed SUOPESLLY S[NPIYds 03 13pIO U I ATep SUIMLIAIEp O} jUBM OgM Eumgmﬁonmﬁwmmmm

BIE( OLH JIOJSTH 'S4 AW-[way

80
P60 X
0g0

“uonipuod ermdo ut sseid siy urejuren 03 J91eM JO SOOI §7°() 10 01 JO 94p6 Adde oy
oAl pinom om ‘A 1t Kep owres o) Wo onosdy [T} S| SSeATLm TOSB5-[009  10,]

170
IL0¥
0£°0

“TONIpuod
rewmdo uy ssea ST UIBIUIRW OF I9jBA JO SOUIUI G 10 s1} 30 941/ Ajdde o3 eaeg __w,c.s
oM UAT} ‘SaYdUI ()£') SEm AL T ABp ® 10} (L o2 PUE SSRIZePIUIISq PRY om Jéaf &}
Iog -Aseo A[pAne[ss ST Ajdde 01 19)EM JO JUNOWE [EMIOE o3 Oul sig3 Suning

*0LH o A[2anoadsal o5 p6 PUB 941/ POOL PINOM SsseIT HOSEDS
-[000 pUE TOSEss-ULiem SUIes ST} AL UT ‘A[IR[IUIS ‘ONMI SB 9419 Pl pinosm sseif uosess
~[002 B GIUOW JMWES 377 UI [I4 PIsL pinom doId 30Ul oY) I8} IoJem JO junowe
913 JO 9565 9N P[UOM S5BI3 UOSEAS-MLIBA © ATenme( Uy Jei) St} WO 998 UBD Op

09 Sy 29
69 85 AON
SL ¥S 20
bL 79 dag
98 L oy
¥o IL my
88 89 ung
56 6L ke
¥01 L 1dy
SL 9L By
¥ S qad
19 59 e[

TOSBIS-[000 TOSBIS-TILIBM Uop

sseadpmy, yo odAT,

014 30 o8.1us013,] S® SPasN-IoleM sserfuny, Armuop

‘0 0} HONE]R1 ] Pasn 1oyem Jo afejmesad
sg posseidxa a1e pue Mo[2q Pa)si] ale sassediim 0] soupepind A[Iuop .muEHuEnm
fqruom Sarmoqioy Agq Aoernsoe pue AHuspije 1512913 U9AD 9ASIIOR pInNOMm M ‘AoUlnIge
uonediun Imo saordurr pue ssuyapind A[resk osa13 MO[[0] PINOD om GENOMIV

mmord rewrdo jou Jnq srenbape ureuBW pue OLF JO A12an0adsal 9469 PUe %9
To sesseifny aoﬂom._cou pue mu.aa oeuew wed om ‘oidmexs 104 -oIf JO mummuno&um
1210] 12 TIM0I3 JO s[2A9] d[qeidacoe TIus 1nq [BwRdo Uer) 5SI] 1B SjUE[d JSOT 1B TR
ues apy “gimoId empdo 107 re 01 H Jo sa8eineoiad 35913 JeL) 10U ‘OSTY ‘Ie9k jo sum
217} PUB 931 10 ‘qIIYS ‘JSA0DP %se1d Jo odfy o3 4q A SonTeA [BTUOR 91 SISBG
Apreak  wo safereae yfnox o seandy erousf Aduns are 9say) 1M} JqUISWSY

0L-0Z 59911
040z _ sqns
0L-0Z SI2A00PUNOID
08 05295{000
09 LOSBOS-ULTEM
ssesdying, |
LA 30 % ad4y, me[d

014 Jo afeuada se sJuB[J JO SPIIU-ISEM, Kaeax

*MO[aq Ie SI1Seq A[IBak B
wo oJg 01 wopere: ux sdnoid jue(d sdeospure] TOWWICD JO SPIIU-IAjEA [eIoued awog
Z10
090%
0zo
“Ia1eMm 0

sogoul Z1'p 10 0 0400 PASH PNOM SSBISEPULLIS] T ‘SoOoUL ') Sem ABp ® JOJ O1H
Em» Bon ﬂ cuk M_m_w%ﬁ&.wwoun jue[d 0uLIo)eI PIEPUEIS 301 1B} 137EM SUJ JO 4509 In0qE
$9sT ssRITEpMIISq SYI] JAN} UOsEas-muem 3[druexs I0g “I13(dN[nu 10 J015e] JUSDHFI00
dom & poyes wojjo st 01 Jo 28eyusorad s, 0L J0 8 pjucored © sB Passaldya Ie Spasl
1o1BM JIog3 Sni Juejd S9UR19JL SH) UMY ISIEM SSI] PSSl S33I) PUE ‘SIS $12A09pUTOIT
‘sosse1fying Ny adeospue| ag i syuerd 150 "Ymold emrpdo UrejuUIRW 03 19jem
QIOTI IO SS3] PPSU JAMIS pnom siuerd mm sadf) roo [[B “weld S0USISFSI SIY} S SHONpUd
suTes 31 Iopun STMOID -o1d 03 paddad axe sjwerd 19q0 [[€ 10§ selEl zoyesiiy

‘quso013 Tewmndo ureuren 0} 19pI0 UT AEp Q) JO] I131BM
10 $3GAUT (') PROU PINoM 1YSIoy Uf SIMOUI UIAIS-IN0] PINOTW JMISS] [TE} ‘3 .-o__zwa
1o SuBSwW Sy} ‘S9UoU] 07’ SI Aep ouo 10j uoness renanled € 3 OLH 341 I aydurexa




S.
€1 . SquIgs pue ssory
g€ 1N} TOSBIs-UIIEM
- 4 ElAE) 8 :41
8'0-50 sseigdoniq
sasseIfim) noseas-joo)
199, w udaqy Sumooy sandepg ad{y 1melg

"#0[9q uaaid 218 pue Ajyee1d Lrea syuerd jo spdep Sunoor aanosg
isueid yo gidep Fupoos eanoofe o sLBOM. (g

0s'T SYon pue 12ag
00z £ep oy fep Lpis Woﬁﬁuﬁuﬁm
3A PUB SULY

ST . sweo| L[ L[S 03 sTeo|
Apues ouy AIaA |PoIMXI)-TWMIPIN
ST1 SUIeO[ ADUBS :PRINIX91-9SIB0Dd
AlareIopoly
SLO PIES :PINJX]-98IB0D
0} 251200 KI5 A
B/ m odAy, pog

STIOS JUQIRTICY 30 100,1/50UoU] I JOIBA 2[R[IBAY 9FBIoAY

*#0[9q ST STI0S Jo sadA} SnOLIeA 10J JOJeM 2[qB[TEA 332194% S0, ‘TI0S JO 1007 1od 191em

J0 sspout oM} JNOQE PIOY [[IM AB|D SE GOUS [I0S PAINIXY) U € ‘pUBY ISUI0 o3 UQ ‘[IOS

J0 1005 1od Is)RM JO SOUOUL GZT INOQE PO [[I4 MEo[ APUES B SB ons (10§ PAIMXa)-0sIE0d
Apeyerepow & ‘opdurexs 10,4 “*I9JEM JO SIMOWR JUSIANNIP PO TI0S JO sadA) JuaIamic
£PIOY [10S S30p Jojem o MOH (B

.uuﬁmo_?uﬁ:ovn&uu.unﬁnﬁu.uommm.oaﬂu:ﬁ_uos
juerd remonzed e Jo spaou Jo1em oI} 910J9q uﬁmﬁmnﬂ uwnummmw jo .MMMEHE LF

syue[d o) Jo mdop Smjoor samoege oy (q
PUE Sp[OY 31 Ia1em gonm moy pue [fos Jo od1 oy (e
‘"o spuadap 131em JO JUNOUIE paywads gL,

*IoYes JO Junome pegpads jeq

£1dde way] -yunowe pogwads v 01 parenunooe sary jueld S JO SPIIL ISJEM I3 [HUN
‘sep 210w 10 [e10405 ATensn ‘omp jo ponred € 1es 01 ST POIOW 2AN99HS PuE [EIR0BId

srow y -9opoeid [eIN)NONIOY PUNOSUN PUE JUSIOLJOUL U SI S[Seq Af/Ep B U0 ISjeM
10 s)unome [rems 19q3e: SurA[dde ‘roaomop] “KepAIoas jumowe paposu jey) Aidde Ardurs
PIMo2 9 ‘siseq A[rep & uo pooun sjuefd jeq) I57em JO JUNOWR J0BXd Y] MOIY 3M SOWIS

IDYEAL PION SIUE[J O USYOQ MOH °T MBd
*I91BM JO JUNOUIE Popaau o1 Ajdde om

Op TOYM ST PIIoMSIE 3q IS JeGy TonsanD jxou oy, “UOBIPLCO TERdO U WAy} ejure
03 syueyd ogoads o} Adde 0] 191BM YOTIT MOY MO MOT M “BIUIOJE) InoYFnoIg) seale

1S0UI 10§ SISeq A[IEp B U0 S[qE[IeAR I8 (JLIOISI] 10 SWE-[eal 19GIR) SeN[eA OLH 0UIS

*I3Ieom JURLIND
JO SOWPLX9 [BMIOB 10] 2jesusdmIod 0} SIUSWISR{PE SWOS IHBW 03 SARY [[Im sIofeuem
‘suoneSLu Ampages 01 moq._ﬂwﬂ:w S8 9AToS 0) O ouolsiy uo Fuifjar J *o5eIoAR OLI0ISIY
syt 91du3 10 S[qnOP 9q PIOd Aep 312 10) SN[BA OTF [EMOE o1 ‘SO6 o Ul sasnyeradme) g
Buimo[q I puls euy 2Jues  Jf ‘19A9m0H (I['0 = 0f + L'E) SOUSTI [1°( SI S9[e30V SOT
Ut Qoxey Ut Aep ® 103 o1 ouojsiy ‘ojdumexs Jog -efelsar 1eak 0p-0¢ S wox Apueoymudis
ATea wed BlEp SWH-[ES1 [ENJOR SDUIS ATNO SOUI[PINS SB SAIS PITIONS JBY) S9BBIIAE D18
35913 1BY} JOQUISWAI Inq BIEp 014 ouolsiy Fuisn AjoreInooe Ajrey sredLial ued suQ

TQIUOL ey}

ur sAep Jo JoquINT 1) Aq YITOW S} JoJ snjea 3y} Supprap 49 oL A[Tep SUIHISISP 310N

TP %14 L9S 708 [e107, Ajreax
0Z 0T 0T 0¢C »dq
T ST 9T 9T AON
PE LE ¥ 6't RO
St Lt 19 0 dag
(34 9 9L 6S gy
s 79 6L 29 mr
oY ¥e TL 8's unf
67 9p 19 $s ﬁz
e Sy 't Ly 1y
¥E L'E (134 LE T8N
LT LT 6T Lz Q=4
T (A4 |4 TT uef

ofor( ues QUIAI] apIsIaATy sorodmy so]
(sogout ) 0L SHOISTH

*MO[2q P2IST] 28 BIIONTR)) WSTINOS S} UT §271S [RIAASS 10§ [puow Aq Blep
o1 dUOISIH ‘BlEp 0L SUIN-[eal Jo safeIaae Jeak (p-0€ 938 BIEp O JHOISIH

-ouogd Jo 1sndwoo Aq eyep o SINID ATrEp §5900€ 03 M0( U0 UOHRILIOJUT
10] 6 28ed oog ‘IsyIee pouonusw weisdord SIWID 99 USnoig: I[ge[leat SpEw
9IB PUE J9jEoMm JIRLIND S ABp oBD WOy A[Iep pajelsusd ole vjep 0L SWH-[29y




doﬂﬁBoﬂ_._Huboommhobooﬂhoﬁ::uﬁoﬁﬁﬁ&mﬂup@E.Eomﬂnuo..am
® Se possardya ST Qruoun “AIMLIOHUN PIY[E? ST BSIR 1591 1] I9AD wo%%%m SI I91em ATU2AS
MOH [BUMIOU Jey I9F10 913 pUB oY Jad J2yem JO gour ouo FUIAIS0SI 9q PINOD BIIE Sl
J1eyq ‘ojdurexs 104 -perdde s rojem oy A[uoae moT] Jo SaTGIOU SN S[[91 ST} ISASMOE]

"9)IS 159) 9] 19A0 INOY
12d 1318 JO {S310TL 05°0) YoUI J[BY-2U0 MOqe soydde WoIshs Ino Iy SRS S,
moy 3ad seyour p57) =
o€
T =
0t
__@ X WM m_ =dv

*mo
3od soUpHY 0670 = 0€ +09 X SZ°0 oG P[noA 3181 uopesidde 93e10A® 1IN0 ‘SeyNUNH OF .Swm
W3)34S Y} UL 94 PUB SIYITE GZ°0 SEA SINJBA (p 37} JO 2FeIsAL IO I ‘ojdurexs 1o

o s¥opyuuds sojnumm

~W Y QpIIRRE = qy

*ST ST} THIOF [EONRTUAYIELL pIepue)s O] 7159] o1} Suninp mo)shs og3 wex
004 seynumm Jo 1equmu 43 4G SWIpiAlp pue (9 4q senjea % aqy Jo sferoae o) SmATdnmm
£q 1oy z0d soyour uy woeisks Mok Jo () 2181 uopesydde s3eI9AR 9] SUNISIS(]

‘qidop oFeroae nop e Son
oy u_w mas “10Je[n07e0 19%ood salsusdxsur ue Suisy) "IeuIRIN0Y Yovs E.nuwmmcmuv HBHN.M
3O qidap 1) PI0D3I IS 1501 wed 3 jo dew pus  uo ‘siopjunds oy Surmunl Ieypy

*SUONN[0AR] SOII} 1SS I8 & syopyurds o) 1em 05
y8noue Suo[ waishs o3 UNX 0} 2INS 94 “O1EI0I JBY) Euﬁqcmw op.wmﬂwh I oum u% Twﬁu
01 ojem dogs & SUISn SoINUTL (¢ IN0qE 107 WSAS ISPfunds o) UMY SISWTEINOd (f 1SEo]
Je 35() "eAsuadya ynq s0mm o1 sofned urey “[[os YIOM [[i STED POO] 785 10 ‘euny ‘dnog
*s{eazoqul (J-01-¥-01 10 ‘P-01-X-§ “YJ-G-X-G) TemIa1 Je SI2UIRIUOD PIMONC]-1E] PUE PIpIs
-1q3rens 0e]g 189} STy} nuoprad o3 Bare ToneSLur ok UM SIS ST 0 OM] 199158

1AL uB)

*35BISA00 91} ST ULIOTUN MO PUB
Surdrdde st magsds 93 1noy 1od soqOU] UI JOJEM [OTII MOT [2OASI ﬁ 1501 nﬁﬁﬁwﬁ
ued & Juruiozrod Aq SuOp Sf SIGL, “Iojem Jo Junomme popasu o Ajdde o1 (L3 Jo Sw) uni)
uonesn _%3 je sIapfuiIds oq unu 03 Fuo] MO MOWY O] Pasl oM X3N] WORPEOd femndo
e ut 3ueld mo urejurem o3 3§ Ajdde 01 U91JO MOY PR JSTEM TOTTE MOT MO 34 MON

¢saapjuudg Ay uny | o Suo] a0y g JMBg

“Amr ug qued
20USIBIDI 3M) JO 9416 INOQR “ISeM §SI] S350 $SEIBJING WOSLAS-[00D J8E) 10¥) 203 ow: %uv. SI wha
1BY} I3qUIsWel [[In 9UQ “ABD [Dee UONEIS S 213 &q pepraoid o1 H o3 WOX JULIIIP
s1 s5eI8LIN) WOSEIS-[002 10] L A[1ep o3 1eq} s[dwexs 2A0QE o3 Uy otoU I SU()

"SOUOTI 0M] SSLIBSI ‘B1Ep JTI0ISIY JO SR
-[e5I oIy 2oMIoyM ‘L A[fep PRIE[NUINIOE UaYM 1O Spuadap sI1mo20 woeSLLT 1803 USTM
‘uoneSLL [oeS J8 9NDs9Y [[Bl INO 0} 1eTem JO sayoul oml Aidde A[Uo om ‘TeAIsIul 97} Jo}EW
oN -rofuo] 9q PnOM sTOJESI] USoMIAq S[BAISIUL 9] USY), ‘Ul S[ 9I9T) JI A[Tepadss
‘I JO SOUITI OM] JJB[NUINIOE 0} SY22M [e19A95 9} AT 1] “ISULm oy} SULINp Sem 11 J1
‘PURY 19G30 oY1 UQ ‘IST00S PIISIBM JABY P[MOs pue ARImb 210U SSUIUT 04} PIJRNIIIDIR
aavy pInom o T9UII] WaAS S1om sonfea 1T AJiep JI "9NdsS] [[B) INO 0} ISJEM JO SOUIII
omy Kjdde 0} SWI ST 1 OS POIR[NWINIOE JABY 1H JO SOUIUI OM ABp [IUSAJS 973 A9

SANBMUINIE £]'Z

20 = 60X 0g0 L
QANE[INYOE ']
¥Z0 = ¥60 % §T0 9
2AnENINIE [9'T
g0 = 60X g0 <
JALIR[OINIOE §7'T
8E0 = 60 X 0v0 14
FALB[OWNIOE (60
1] = P60 X S€0 €
SALRINTNIOE /G0
£EE0 = P60 ¥ SE0 z
KA = FE0X ¥STO 1
14 sse1Spm Iondnmm
uoseas-[00D 10 10100 ord feq

‘0L SHm-[eal A[rep [edn2109) SuLmoljof S
usAIf Ay Ut I0s A[0 B UO 2N059J [[E) € I3jem O] TouMm Jo 31dmaexs TR S| SMOT[OF JBUM

Jayiadoy, IV 31 Sunng

Saoul 7
(906 30 uopa[dap S[qeMOIE) JTO X
(nios £e1o wo 9M53] [[B) 01 JoTeA S[QR[IRAR) SALOUT

*ssyouy omy 51 Ajdde 03 1978M JO JUNOWE ST,
*37JLLIT D} SUIF SI 1 ‘SOYOUI OM] 0} SOIB[NINOSE SSLIFJIN] WOSEas (000 J0F L7 A[Tep Taygm
‘nos &[> wo ands9y [1e} Jo odurexs Imo m ‘s, Kpedeo s Jo 9505 03 pareldep Ueeq seq
IIOAJSS3I JOOI [I0S 21} Ul J9jes 9} Uaym 1S} 0} 51 qumip-Jo-o[nI [eIouaf ‘poof v

337BM JO S9YDL §
(enasay 1121 jo gadop Funoo) IOSTO Y T X
(4=p) T10s 3O *13/1998M JO SAYIUL T

‘1 0} A[QE[IBAR SI
I3)em JO SYDUT JROJ JO WNWXeW ¢ ‘[0S A.[2 & U0 oNosa] [rel sup Sumord a1om am JT "199:
OM] 1008 S| 9TOS3] [[B1 JO JFOAIISAI 1001 [[0S O], "IIOAISSAT J00I [0S 9Y] Pa[ed SI Juef
S} 10] 191BM TR0 Wed AS[} GOIyMm 0L pue 51001 AQ passedmoous [I0s JO BaIE o0,



*BTIIOFI[ED) WISYINOS (NOGIN0IY) BoIR 2I1AISS
531 U1 TORElS AU WO 21ep O A[TEP §$300€ 0} 19qUINU (g e IeaL sny) 20e[d U1 9By 0}
sadoy pmsK Is1epm meiodonen oyL "Bore sy 0 Bjep OIH Apep apmoxd Areqioa ued
8955-129 ($TL) 12 Juomale]) of PINSI 1078 Tedimunpy SA[[BA 9210, 301 ‘0STY

LP86-€59 (916)
T000-9ZE6 VO “0IUIWERRS

9E8TP6 ¥0d "O'd
$90IMOS3Y] 1918 JO EuHESWQ
upLRgs AOH

1JOBIUOD ‘oA
soIESH HONEIS SIINID 24} 10§ Blep oLd Ajrep Joynduros 4q sseooe 01 Moy wIes] O,

BIRQ OLH STID A[I8Q 55390V O] #0H

"1884-bL (€1Z) ¥8 [SPOH “d PlRUO( 1WEIUCD 0} padm o1e Bjep m:z%
Smisn soneSum amﬁoﬁm ©1 407 pue Aol pue a1el tonesydde oUTILISIeP 0] WaISAS
1oy} Sunipne ui Suruien jues ogm AJuno)) se[efuy SO uf siefeurw uoneSLI]

sasse)) Sururex),

o
NI JO SIINUTHE AIRSS309U 9} JIP[NWINIOE [[IIS 194 JJO-UNI PIOAR 0} WO PUR Jjo suonedrn
a1 os[nd 10 31242 07 2ARY AvW 2UO ‘STY] JWOIIdA0 0], ‘adedspue[ 24} Ul UOIIEMIIS
uowmod € ST o1 puef Suidols uo aniy A[rededss oq [T sy, Surppnd Io pue o
-ONI [Ng2iSEM U7 SUD[NSel ‘PIQIOSqE ©q Wed [ Ueq} S1El J9ISe] € ¢ Jojem Ajdde [ smeisds
Tapqupds 3som ‘pos Apues 194 B 9ARY N0 SSO[U) "HONNED JO PIOA [BUY SUO I3JJO [

SImoy § =

0
Za

() 08'0 X (V) 050
T =14
*SITLON 2AT] 10 WI9)SAS MO UL PIROM oM
‘moy 1ad sagour Og°( Jo 3IB1 B JB SNOSIY B} N0 0] I3jem Jo soyour omy Ajdde o3 mom ‘9408
o0} fruoymun st peaoxdun pue weysds o pesnfpe om Les ‘sasodind ano Jog

(n) Hrozogm ¥ (1) 91er uogesndde oferaae
S AddE ol PR BPE = (Ly) oum onx
1SI SIY) WLIOJ ST BIAYIBII PIBPUE)S U]
‘parjdde 9q 1SNII 1T} I9jEM JO SOIOUT AUBW MO O] ST} SPJAIP ULyl pue ([1) AruroJrun
oM 4q (¥v) s1e1 uoneordde <ferosr om Adnjnm Ldung .oE.EEowno- Ase2 os[e ST SIL
{AIULIONM 95(0T Wey) SS9 10y 9jesuadmod 0} Jajesm 0} SABY am Op 193U0] YoM MOF]

*S9UoUr OM] JO L
i 8umyo8 9 [mm 193eM Jo JuncwE 15B9] 31 FUIAIS001 SBAIR 950} WoAD wmﬁ. SumWo (w1 wm”wﬂnm
SINOY .moj ey} ssow junowe Surpuodsoriod € Iojem isnur om ‘fmIoniun 95001 weqy ssay
PR 3m S0UIS jAfuLiofum 940 pey majsds mo 1 onn 9q 400 poMm ST} ‘ISAIMOE]

(v “moy /ssgom ut a1e1) ¢

SOy ¢ =

. "SINOY IN0J J0J SISPULIAS N0 UL pinom om Isjem Jo samo
fidde 01 og 1oy sod (gouy /1) seyam g0 sendde wrayss mo ey _uunﬁﬁomuu %35 a

“131eMm JO sefour om) Ajdde 01 woysAs ino uni am
Op SeynuIW Auew moy | noysonb oG, ‘SoYoTr Om) MOGE 0 mow%nﬁuo% NS el Jo I
A[rep o) E.MB 1o7BMm o LH Afrep jo yorn Smdasy Aq Ioyem 07 Tegm momy M TIOS mw 5
€ 10 Su1mo1d 9nosa] [7e) € Jo S[duIeXs 10 M SNUPT0d S49] "moneSLLT o9 18 may
N0 UNI 0} S3INUNK AUBW MOy MIMLI3}aP 0F Asea st 1t ‘wogeandde jo Aruopmn 5y pue
inoy Jad soyouy uy safdde wa)sks voRESLN oy IotEm yonw mog MO oM 1B} MON

uopedruy yary J0f () awry, umy Sumnmiagag

.bmauou.qﬁ._@omﬁmoﬁm?oﬁuw:gEE 1591 317} 1eador puv SjuaLmsn
mﬁ;ﬁ 10 9508 SI ATULIOFUN JBY} 2I0S 9q 0} “mow ued 3] mﬂ.ﬁ ,qm—wuu wgn ywe%m%w_wﬂ
unsipe fony  Amuogun siqeidsooeun o sasned s[qissod Fuomre are swoyshs moneILy
wﬁ.mm__ Smefy .._m.wmou 10 pue ‘*anssard rodoxdwy ‘speey pefSewep o pue ‘paysjemun
PeSdop ‘Wom pIQ “Apmiojun ojqeidasaenn 105 suoses: 219498 9q PINOd dlogy,

.onhqnan&uoougEH&mqnﬁouum speoyg 1o peay 9
pIe 941s 158} o Jo dem pud sy o sen[ea 1no 12 0O pmons am .Mo_m%anm mm_«“m:qwuomﬁumw
sB) mmww M0[aq SI Anuroyiun o3 3] “swoqoxd udisap jqrssod seq 10 sowETSjIEN spoou
waiss oql eq) SIBOIPUI SIY) Mojaq samea S[gm 21qe1doooe St woisks oy jen) 9jeIpII
SAOQE 10 9508 JO sen[ea AMIIOJM) WIOJIUN 95(0] A[oIPl ore smaysAs opuuds

%08 =
%001 X050 =

520
%00T X 5ZIT =N
*%50§ ST W15s Ino Jo HnuIomun

03 JBM] 935 IM PUE B[NULIO] SAOQE SN} U SIN[TA 9500 Jg  'SOUSTH C7"
Jo ade10ae o) 1213 Les 539] pue SIY2UL GZ'Q ST [2107 o1} m%.ommﬁomm mnw.mh_ nwwmwu Mw_nﬂuu .-

[£103 Jo 28e10aR
SUEI 1S3H0] U3 JO 8EIFAE = )
St sy

s[dwexo 1no 1oy oy TedIBWISYIBTN PIBPUR]S U] ‘TB10} Y} JO 33eIoA &
U2 941 Jo a3eroae o) Bmipratp £q ou1s 1591 g .ﬁw (n) m.ﬂmﬁohud oﬂw mvwh—umw”w.nu—msso_



0T

"9
U9y} ‘TI0AISSAI 3001 108 Jo nonsidop %08 01 S3)B[MUIN2R L A[fep pajsnipe nogs g

“TOAX3591 3001 [j0s Jo nonaidep 940 gsruajdar 01 SIoPupds uni o3 Suoj moy -
“Ayurrogrun 10§ snfpe pue ssidde weisks mok 13)BM JO MOy /soTnT  “p

‘[0S jo
Ayedes Fuploy-rerem pue gydap Funoo1 4q 110a19591 001 [0S JO uonaydap &mm €

~ 7uwd moq 10§ sonfea (SLIOISIY 10 SN2 M) 15 ATep passnlpe -z
“Jwed 90us15501 0} paiedmon juerd mok Aqpesnizemyo g, -1
PUMLIAIP “ANUewES pue Ajorermose ayefLuy oy,

XAVININOS

91956 VD ‘sueg

§30.1MOSIY] 1918 M PUE Iy ‘Pue jo ‘idagg
BRUIOHED mﬁmﬁgab

1s13oj0seremog “Saphus -] pregony

:8unpeinos £q rg 10J pasegaund
9q Ue 31 ‘3SMIaO "sasse Sugnpenos pue ypne uonesun mo Jupuaie asoq o) o rego
30 9353 ST JWITHNL Stuouraacidy wss jo sjgouaq PUB $1509 97} U0 TOREULIOE
apraoid pue ‘sswm uni pue o g »ﬁuncs 10 “Apsam. ‘A[Tep Jo $3[qe; ATemnwns UsnqeIss
SomN Ul pue ‘A)fuLIopun ‘zoneofjdde sdersae sunmisiap ‘BIBp 159} wed Szh[euE ‘SFmm
1210 Suome Yeqy swelfoxd mﬂw%mbh ‘Muaw urew pue a8ed spn oq 01 uonIppe oy
*00eds ysIp Jo M09 Inoge sanmbez pue srjndmoo o|qredmos gy 10§ USJILIM ST 9T
SAL "E1Ep STINID [ 2SN 10 S[qe[I2A. S| .m__pqnw ‘BRIONIE)) JO mwmuoqu 973 J& ISpAug
¥ory 4q wenm sweidord rsindmon SAISUQU2IAWO) SAK JO SIS © ‘JWLIHLL

SIWID pue surerdosd synduio) Suispy



Landscape Irrigation
System Evaluation and Management

David A. Shaw and Dennis R. Pittenger

University of California Cooperative Extension

University of California Cooperative Extension
April 2009



Landscape Irrigation
System Evaluation and Management

P R R O O

Contents
PERTACE: cuscmsmummmosmasrsimsomssansrosnssssassnsnnssansnsrasassansras s ss N EE T R A ES N AR 2
Landscape Irrigation Management = AN OVEIVIEW uucuicnaiosiisensisarssnmsssssssnsssssassssss searmrasssossnsnsesastsssiss 3
This "Walk=-Thiough” Systern TSEECTION. xmmssssssusssssrsssse e s i s e i st 4
System Precipitation Rate and Distribution Uniformity ... 4
ey T T RTTER SRS —— 6
Water Use of Turfgrass and Landscape Plant Materials ... 8
Irrigation Schedules:
SEATIOH TR TIENEE. vosonsnssnsnsnsmnnonsnsnsssnbisss o0LA T80 Ly OO s A M o S s 14
TRTAZAEION FIEQUETICY is.issssrssssesssnsnussissssssss s Gorsssasivsisessess cseseuessasssassssssssss e sessssnss oty sssmpmanssssnsases 15
Centralized and Smart Irrigation CONtrollers ..........ccooviviviriiricrinnisn s 18
Meeting Water Budgets and Setting PHOTINES. ..covsismsisissssmmmmssssiismsassssionssivismmisonios 20
CORCIUSTON:  corcusnonituamsesesesusssvmmssssonnsasnsss sssassunssmssansinsasens sassonassassseanemsassspasnsessas sesnasbosnissns 53 HHR MESRRRIREISH RS 22
APPENDICES:
A. The "Walk-Through" Irrigation System Inspection and Checklist ........cccoevrininennnee. 23
B. Calculations for Distribution Uniformity and Precipitation Rates ........cccoovvvveinnrnnnes 28
G Catcl Can Layomt DBSIING o aarsrmivimssnsmmesstomams st sssashssans s ssas iasmrssmanss 34
D. Iripation Efficiencyand IR Oty .. e mmssamsmsimnemmmisvsmmessrsmsmmsassrssnsmenssssmmsssosrasssss 37
E. Jonilble Soll st ettt st o st i 40
F. ETo Data for Southern California
Morithly HiStOHCAl ETO DA ..oxnsasssrssnsssssnsosissss sasss sisssssos oo i iamisss irsssns 42
Daily Historical ETo Data: s armsmmonmssmsmssssms o 43
(G, TV ETSTON T DO knmuminmisans msss st a0 a5 5 BG83 04005 Ve A N V409 44
H. Reference Materials and Sources of Information ..........cccunnencninnenceneennn 45
L. Dati SHERLS oomummmmsson:imvimme s i s o sty s s s s oo e i Rt om0 47



Preface

This publication presents practical information and field procedures for evaluating landscape
irrigation hardware performance and determining irrigation schedules. These guidelines will enable
the user to develop a superior irrigation management program that will optimize plant growth and
health without wasting water. Emphasis is given to water conservation strategies that are effective
during periods of restricted water use.

Green Industry personnel, at all levels of experience and training, should be able to understand and
implement the information. The authors have avoided the use of technical jargon where possible.
The main body of the handbook describes the overall procedures and the appendices contain
formulae and other reference information.

Field evaluations and scheduling techniques require an irrigator to have a basic knowledge of water
measurement calculations. The necessary calculations can be performed with either a hand-held
calculator or with a computer, utilizing software or web-based irrigation management programs.
While both calculators and computers will provide the same useful solutions, the computer programs
offer time savings and a printed irrigation schedule useful for controller programming. Irrigation
scheduling web sites and software sources are listed in Appendix F.

This publication is a working revision of Landscape Irrigation System Evaluation and Scheduling
Jor Southern California, written by David A. Shaw and Paul F. Zellman. The publication
supplements information presented at U.C. Cooperative Extension classroom and field
demonstration sessions.

Information within this publication may be copied if recognition of the authors is given.
For more information, please contact:

David A. Shaw, Farm Advisor

University of California Cooperative Extension
San Diego County

334 Via Vera Cruz, Suite 152

San Marcos, CA 92078

760-752-4720

dshaw(@ucdavis.edu



Landscape Irrigation Management - An Overview

The goal of good irrigation management in the landscape is to supply the plant materials with the
correct amount of water at the proper time. In areas where water costs are high, supplies are limited,
and there is demand for high quality turf and landscapes, the irrigation manager must maintain
irrigation systems for peak performance and make careful decisions on when and how much to
irrigate.

Effective landscape irrigation involves the following concepts:
1.  Irrigation systems should be designed, installed, and maintained to distribute water as

uniformly as possible. Precise irrigation scheduling is of little value if systems have a low
uniformity.

2. To assure adequate irrigation of all areas, the irrigation system should be operated long
enough to apply a depth of water equal to the water use of the landscape plus extra to
compensate for the non-uniformity of the system and leaching requirements.

3. The irrigation system should be designed, maintained, and operated to avoid runoff.

To address these concepts, the irrigation manager or auditor must assess the system hardware, the
water requirements of the plant material, and the irrigation management. Irrigation hardware
performance is defined in practical terms by the system precipitation rate and distribution
uniformity. Precipitation rates are used to calculate station run times and may indicate runoff
potential. Distribution uniformity values provide the irrigator with an indication of how evenly
water is applied to the landscape. Landscape water use estimates are derived from reference
evapotranspiration (ETo) information and crop coefficient (Kc) values.

The overall procedure to develop landscape irrigation schedules consists of the following steps:

I.  Perform a "walk-through" inspection of each station within the irrigation system and
make necessary repairs.

II. Determine the precipitation rate and distribution uniformity of irrigation systems using
volumetric measurements or catch can tests.

IMI. Determine the water needs of landscape plant materials using local weather and plant
water use information available from the University of California, Department of Water
Resources CIMIS program, local water districts, and related agencies;

IV. Calculate station run times to meet the water needs of the landscape.

V. Decide the frequency of irrigation and if "cycling" is necessary.

VL. Verify the irrigation schedule with field observations and adjust if necessary.



For the complete Minimum Irrigation of Landscape Groundcovers,
please contact Santa Ana Watershed Project Authority at
onewateronewatershed@sawpa.org.



presented research will be on the use of treeshelters in producing
plans in the container nursery. The results from outdoor nursery and
greenhouse, solution culture experiments will be presented.
Treeshelters increase the temperature, relative humidity, and carbon
dioxide concentration around those plants growing in them.
Photosynthetically active radiation (PAR) inside shelters is reduced 40-
60% depending on treeshelter colar. Plants growing in treesheliers
show increases in height and in the ratio between total fresh weight
and total dry weight. However, plants growing in treeshelters also
show decreases in leaf, stem, and root fresh and dry weights and leaf
area. The potentizl benefits and curren: challenges surrounding the
use of treeshetters will be discussed.

o
MINIMUM IRRIGATION OF LANDSCAPE GROUNDCOVERS.

i . nald R d i W - D.B, Hoit.
Dept. of Botany and Plant Sciences, University of California,

Riverside, CA 92521,

A previous field study had shown that Baccharis pilularis, ‘“Twin
Peaks’, hispidum, Vinca major, Gazania hybrid,
Potentilia tabermaemontanij and Hedera helix, ‘Needlepoint’, express
1o loss in relative aesthetic appearance when irrigated lor one season
at 50% of reference evapotranspiration (ETg), but three species did
not perform acceptably at 25% of ETo. In this study these six species
were grown in the field for 16 months under treatments of 509, 40%,
30% and 20% of real-time ET, to more closely determine their
minimurn irrigation needs.

Analysis of seasonal plant performance ratings indicates that
for Vineca, niz and there is no significant increase in
relative performance when im('igated at more than 30% of ET,.
Baccharis, Drosanthemum and Heders exhibited no significant
improvement in performance when irrigated above 20% of ETo. A
general decline in aesthetic appearance and performance was
observed during the study in Gazania and Potentilla at all treatments,
suggesting that their long-term minimum irrigation need may be more
than 50% of ET,.

012
CARBOHYDRATE AND PROTEIN BALANCE DURING
EPISODIC GROWTH IN LIGUSTRUM JAPONICUM
J * , Department of
Horticulture, Clemson University, Clemson, SC 29834-0375.
Regearch defining actual changes in weight gain of
roots and shoots during growth episodes of woody
ornamentals is limited. The objective of this study was to
develop a better understanding of the patterns of root and
shoot growth, nitrogen uptake, and changes in carbohydrate
and protein content of Ligustrum jeponicum, an episodic
species. Shoot elongation and lateral root formation were
synchronous. The greatest increase in shoot percent of whole
plant fresh weight occurred after shoot elongation however,
and the greatest increase in root percent of whole plant fresh
weight occurred during shoot elongation. Nitrate uptake was
highest during shoot elongation and lateral root formation.
Carbohydrate and protein content alse varied with each
episode of growth.
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COVER CROP AND NITROGEN FERTILIZER RATE INFLUENCES ON
YIELDS OF SEQUENTIALLY PLANTED VEGETABLES
Owuosu A. Bandele®. Marion Javius, Bvron Belvitt, and Oscar Udoh,
Dept. of Plant and Soil Sciences, Southemn University and A&M College,
Baton Rouge, LA 70813

Fall-planted cover crops of hairy vetch (Vicia villosa Roth), Austrian
winter pea (Pisum sativum subsp. arvense L. Poir), and crimson clover
(Trifoliwn incarnatum L.) were each followed by spring-planted *Sundance’
summer squash [Cucurbita pepo var. melopepo (L.) Alef] and ’Dasher”

570

. BOD pounds of nitrogen per acre.

[82]
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epotash (K,0).

cucumber (Cricumis satives L.). Squash and cucumber crops were followed
by fall "Florida Broadleaf' mustard green [Brassica juncea (L.) Czemiak)
and "Vates' collard (Brassica oleracea L. Acephala group), respectively.-
The same vegetable sequences were also planted without benefit of cover
¢rop. Three nitrogen (N) rates were applied 10 each vegetable crop, Squash
following winter pea and crimson clover produced greater yields than did
squash planted without preceding cover crop. Cucumber following crimson
clover produced the greatest yields. No cover crop effect was noted with
mustard or collard. Elimination of N fertlizer resulted in reduced yields for
all crops, but yiclds of crops with one-half the recommended N applied were
generally comparable to those receiving the full recommended rate.

NITROGEN USE IN AN ASPARAGUS/LIVING MULCH CROPPING
SYSTEM
ine* Wi nd Helen , Department of
Horticulwre, University of Wisconsin, Madison, WI 53706.

Seedlings of Syn 4-56 hybsid asparagus were pianted in May, 1990
on loamy sand in the irrigated Central Sands region of Wisconsin.
Treatments were unsuppressed living mulches of perennial ryegrass, Dutch
white clover, a mixture of ryegrass and clover and cultivated bare ground.
Ammonium nitrate was banded at rates of 90, 45, and 0 kg/ha across all
treatments. Measurements of weed populations, asparagus growth, and soil
snd tissue nitrogen levels were made in 1990 and 1991, Soil nitrate and
ammonium levels were measured in 30 cm increments to a depth of S0cm.
In 1990, asparagus fern growth was greater in the bare ground controls than
in any of the mulch treatment plots. In 1991, aspardgus growth in the
clover-based mulches was greater than that in the ryegrass mulch, although
also still less than that of the bare ground control. Total accumulated
nitrogen in clover-based mulch plots at the end of each season was more
than twice the level of that of either the grass mulch or the cultivated plots.
Percent nitrogen in asparagus tissue varied with mulch treatment; in 1991,
the %N was higher in the asparagus tissue grown with clover than either
that grown with the grass or on bare ground. Weed control in all mulch
plots was good; in clover plots it was nearly 100%.

0117

FIELD TESTS EVALUATING PRE- AND POST-FLANT
FERTILIZER PROGRAMS FOR MUNG BEAN PRODUCTION

Mike Murray® and Carrie Young, University of California
Cooperative Extension, P.0.Box 180, Colusa, CA, 95932

Field tests were conducted in commercial mung bean
(Vigna radista) £ields in 1086, 1987, and 1989, The
objective of these tests were to: determine optimum nitrogen
fertilizer rates; evaluate preplant, postemergence or $plit
applications of nitrogen; and develop data to utilize petiole
sampling as an analytic trechnigque to quantify plant nitrogen
status,

Seed yields were significantly increased two of the
three years by the addition of nitrogen fertilizers. Over
three years, the addition of 40-i20 pounds of nitrogem per
acre resulted in an average seed yleld increase of 14-37
percent, compared to en untreated control. Maximum yields
were obtained with eighty pounds of ‘nitrogen per acre. Within
specific rates, there was a trend for preplant or split
applications to result in the greatest yield increases,

Petiole nitrate levels did not appear to be & reliable
indicator of plant nitrogen status, with wide differences
between rates in different years. An average for the
three~year cest, six weeks after crop emergence, was 1270
ppm for the control and 2340 ppm for treatments receiving

NTTROGEN
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DRIP/TRICKLE FERTILIZING EGGPLANTS
James W, Paterson®, Rutgers University, Rutgers Research &
Development Center, RR 5, Box 232, Bridgeton, NI 08302-9459

The effectiveness of varying rates and timing of applied
primary plant nutrients as a completely soluble N-P-K fertilizer
through a drip/trickle low volume irrigation system was studied
during 1991 on e%gplam cv. Harris Special
Hibush)., Before the drip irrigation tubing and black plastic mulch
were Jaid on a coastal plain y loam soil, plots were treated with
0, 22, 45, and 67 kg ha'! of nitrogen (N), phosphate (P,Og) and
o The higher rates of preplant fertilization did have a
significant beneficial effect on total seasonal yields of quality
eggplants. The preplant treatments also had an influence on mid
and late season production. As the frequency of drip/trickle
applied primary plant nutrients increased up to 6 seasonal
applications, the total quality fruit production substantially
increased. Frequency of applications also had an influence on

HoRTSCENCE VoL, 27(6), Juns 1992 |



QUANTIFY ACCURATE
IRRIGATION SCHEDULES
WITH ET DATA

By Donald Hodel

hen irrigating plants, it is best
w to apply only the amount of

water than the plant needs—
no more—no less. Water applied in
excess of the optimal amount is wasted
and could injure the plant. Similarly,
insufficient water could restrict growth
and/or injure the plant.

Water needs of plants vary by indi-
vidual species. Generally, the amount a
plant loses through evapotranspiration
or ET (and thus needs to be replaced)
is the water need of that species. Loss of
a plant’s water through evapotranspira-
tion is called ET. ET is usually
expressed as a quantity of water in
inches, centimeters or gallons that
needs to be replaced in order for the
plant to maintain optimal growth.

The physiology and structure of a
plant, its location in the landscape and
weather conditions are primary factors
affecting ET. For example, when grow-
ing under the same conditions, banana
plants, because of their physiology and
structure, use more water than cacti.
Similarly, more water would have to
be applied to a banana plant growing
in Palm Springs than one growing in
Malibu because of the hotter, drier
condirtions in the desert.

To assist people in irrigating plants
most accurately and economically,
California has developed a statewide
system of computer-driven weather
stations {CIMIS) that generates ET
values on a daily basis. Since it would
be too cumbersome, complex, and
expensive to generate ET values for the
thousands of different kinds of plants
that could conceivably grow through-
out California, each station generates
only one ET value per day. This one
daily value is called reference ET
(ET,). Scientists, through elaborate
experimentation and computation,
developed ET, information using a

specific type of grass maintained in a
specific condition as the standard.

This grass is a pasture-type tall
fescue mowed 4 to 6 inches in height
and maintained in optimal condition.
ET, would be the water needs of this
plant. For example, if the ET, ata
particular station for one day is 0.20
inches, this means that pasture-type
tall fescue mowed 4-7 inches in
height would need 0.20 inches of
water for that day in order to maintain
optimal growth.

Irrigation rates for all other plants
are pegged to ET . Growing under the
same conditions as this reference plant,
all other types of plants would either
need less or more water to maintain
optimal growth. Most plants in
the landscape, like turfgrasses,
groundcovers, shrubs and trees, need
less water than the reference plant, thus
their water needs are expressed as a per-
centage of ET . This percentage
of ET , is often called a crop coefficient,
factor or multiplier. For example
warm-season turf uses about 60 percent
of the water that the standard reference
plant needs. Thus, if we knew that
ET,, for a day was 0.20 inches, then
bermudagrass would be 60 percent of
this, or 0.12 inches of water.

0.20
x 0.60
0.12

Some general water needs of com-
mon landscape plant groups in relation
to ET,, on a yearly basis are below.

Yearly water
neads of plants
as percentage of ET,

Plant type Percent of ET,

Turfgrass
warm-season 60
cool-season 80

Groundcovers 20-70
Shrubs 20-70
Trees 20-70

22 ¢ California LANDSCAPING & February *94

Remember that these are general fig-
ures or rough averages on a yearly basis;
the actual values will vary by the type
of grass, groundcover, shrub or tree, and
the time of year. Also note that these
percentages of ET , are for optimal
growth. We can maintain most plants
at less than optimal but still acceptable
levels of growth, at lower percentages
of ET,,. For example, we can manage
warm- and cool-season turfgrasses on
36 percent and 65 percent respectively
of ET,, and maintain adequate but not
optimal growth.

Although we could follow these
yearly guidelines and improve our irri-
gation efficiency, we would achieve
even greater efficiency and accuracy by
following monthly guidelines. Monthly
guidelines for turfgrasses are listed
below and are expressed as percentage
of water used in relation to ET,,.

Monthly turfgrass
water needs as
percentage of ET,
TYPE OF TURFGRASS
warm- cool-
Month season | season
January 55 61
February 54 64
March 76 75
April 72 104
May 79 95
June 68 B8
July 71 94
August 71 86
September 62 74
October 54 75
November 58 69
December 55 - 60

We can see from this that in January,
a warm-season grass would use 55
percent of the amount of water that the
reference crop would need, while in the
same month, a cool-season grass would
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need 61 percent as much. Similarly, in
July the same warm-season and cool-
season grasses would need 71 percent
and 94 percent respectively of ET,.
Putting this into the actual amount
of water to apply is relatively easy.
For example, if we had bermudagrass
and the ET, for a day in July was 0.30
inches, we would have to apply 71
percent of this, or 0.21 inches of
water, to maintain this grass in optimal
condition.

0.30
x 0.71
0.21

For a cool-season turfgrass, like tall
fescue, on the same day in July we
would have to apply 94 percent of ET,
or 0.28 inches of water to maintain this
grass in optimal condition.

0.30
x_0.94
T 0.28

REAL TIME VS. HISTORICAL ET, DATA
Irrigation managers who want to
determine daily ET in order to schedule

irrigations can choose from either:

1. Real-time ET, or

2. Historic ET,,

Real-time ET,, data are generated
daily from each day’s current weather
and are made available through the
CIMIS program mentioned earlier.

Historic ET, data are 30-40 year
averages of real-time ET, data. One
can irrigate fairly accurately using
historic ET, data, but remember that
these are averages that should serve
as guidelines only, since actual real-
time data can vary significantly from
its 30-40 year average. For example,
historic ET, for a day in March
in Los Angeles is 0.12 inches
(3.7/31=0.21). However, if 2 Santa
Ana wind is blowing with temperatures
in the 90s, the actual ET,, value for
the day could be double or triple its
historic average. If relying on historic
ET,, to serve as guidelines to schedule
irrigations, managers will have to make
some adjustments to compensate for
actual extremes of current weather.

Since ET,, values {either real-time
or historic) are available on a daily
basis for most areas throughout

California, we now know how much
water to apply to specific plants to-
maintain them in optimal condition.
The next question that must be
answered is when do we apply the
needed amount of water?

HOW OFTEN DO PLANTS NEED WATER?

Since we know the exact amount of
water that plants need on a daily basis,
we can simply apply that needed
amount every day. However, applying
rather small amounts of water on a
daily basis is an inefficient and unsound
horticultural practice. A more practical
and effective method is to wait a
period of time, usually several days
until the water needs of the plant
have accumulated to a specified
amount. Then apply that specified
amount of water.

The specified amount of water
depends on:

1. The type of soil and how much

water it holds

2. The effective rooting depth of
the plant
continued on page 24

Battery Powered,
Stand Alone 1400 Series

Irrigation Flow Meters

water,

diameters.

A,

* Built to NEMA-6P submersion
specs. It will continue to oper-
ate in valve pit under 61t. of

« Field or factory calibration with
DIC insertion flow sensors.

» Rugged aluminum enclosure
with sealed acrylic face plate.

+ Pipe gizes from 2" 0 20"

+ Unattended stand-alone opera-
tion with 3-5 year battery life.

= For more infermation on this
or other models, contact:

11 Industeial Dr., Mattapoisett, MA 02739
Ph: 508-758-6390, Fax: 508-758-4057
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fluid and oils,

“Good enough”
1snt good enough.

We don’t take short cuts. Not on your job, not on any job. We
use only the best materials, expertly formulated with no skimp-
ing. By spraying from several angles, we give you full coverage,
with no “shadowing” or bare spots. By spraying from the gronnd
and using spatterboards, we eliminate wind drift and overspray.
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Irrigation Schedules
continued from page 23

The number of days that must
pass before the watering needs of a
particular plant accumulate to this
specified amount will depend on
the weather.

HOW MUCH WATER DOES SOIL HOLD?

Different types of soil hold different
amounts of water. A moderately coarse-
textured soil such as a sandy loam will
hold about 1.25 inches of water per
foot of soil. On the other hand, a fine-
textured soil such as clay will hold
about 2 inches of water per foot of soil.
The average available water for various
types of soils are listed below.

Soil Type inches/feat
Very coarse to
coarse textured: sand 0.75

Moderately coarse textured:
sandy loams 1.25

Medium textured: very fine sandy

loams to silty clay loams 1.50
Fine and very fine textured:

silty clay to clay 2.00
Peat and mucks 2.50

What is the effective rooting depths
of plants? Effective rooting depths of
plants vary greatly and are given below.

Effective rooting

Plant type depth in feet
Cool-season turfgrasses
bluegrass 0.5-0.8
tall fescue 2.0
Warm-season turf 3-6
Trees and shrubs 1-3

The area of soil encompassed by
roots and from which they can attain
water for the plant is called the soil-
root reservoir. The soil-root reservoir
of tall fescue is about 2 feet. If we were
growing this tall fescue in a clay soil,

a maximum of 4 inches of water is
available to it.

2 inches of water/foot of soil (clay)
x 2 feet of soil (rooting depth of tall fescue)
4 inches of water

A good, general rule-of-thumb is to
irrigate when the water in the soil-root
reservoir has been depleted to 50
percent of its capacity. Thus, in our
example of tall fescue on clay soil,
when daily ET for cool-season turfgrass

accumulates to 2 inches, it is time to
irrigate. The amount of water to apply
is 2 inches.

4 inches (avail. water to tall fescue on clay soil)
x 0.50 (allowable depletion of 50 percent)
2 Inches

PUTTING IT ALL TOGETHER

What follows is an example of when
to water a tall fescue on a clay soil in
July given the following theoretical
daily, real-time ET,,.

Day ET, Factoror Cool-season
multiplier turfgrass ET

1 0.25" x 0.94 = 0.24"
2 035 x 094 = 033

0.57 accurnulative
3 035 x 094 = 033

0.90 accumulative
4 040 x 094 = 0.38

1.28 accumulative
5 035 x 0.94 = 033

1.61 accumulative
6 025 x 0.94 = 0.24

1.85 accumulative
7 030 x 094 = 0.28

2.13 accumulative

By the seventh day, 2 inches of ET
have accumulated so it is time to apply
2 inches of water to our tall fescue. If
daily ET values were even higher, we
would have accumulated 2 inches more
quickly and would have watered soon-
er. On the other hand, if it were during
the winter, it may take several weeks to
accumulate 2 inches of ET, especially if
there is rain. Then the intervals
between irrigations would be longer.
No matter the interval, we only apply 2
inches of water to our tall fescue at
each irrigation. When that irrigation
occurs depends on when accumulated
daily ET, whether from real-time or his-
toric data, reaches 2 inches.

One might noté in the example
above, that the daily ET for cool-
season turfgrass is different from the
ET,, provided by the CIMIS station
each day. One will remember that this
is due to the fact that cool-season
turfgrass uses less water, about 94
percent of the reference plant, in July.
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HOW LONG DO | RUN MY SPRINKLERS?
Now we know how much water and
how often to apply it to maintain our
plants in an optimal condition.
Next we need to know how long to
run the sprinklers at each irrigation
(run time or RT) to apply the needed
amount of water. This is done by per-
forming a can test. The can test will
teveal how much water in inches per
hour the system is applying and how
uniform the coverage is.

CAN TEST

Select two to five sites within your
irrigation area to perform this test.
Place straight-sided and flat-bottomed
containers at regular ( 5x 5 ft., 5x 10
ft. or 10 x 10 ft.) intervals. Soup, tuna
or cat-food cans will work well. Rain
gauges are niice, but expensive. Use at
least 40 containers. Run the sprinkler
system for about 30 minutes using a stop
watch to record the time. If you have
sprinklers that rotate, be sure to tun the
system long enough so that the sprink-
lers make at least three revolutions.

After running the sprinklers, record
the depth of water deposited in each
container, on a grid map of the can-test
site. Using an inexpensive pocket cal-
culator, sum the 40 values and find
their average depth.

Determine the average application
rate (AR) of your system in inches per
hour by multiplying the average of the
40 values by 60 and dividing by the
number of minutes you ran the system
during the test. In standard mathemati-
cal form this is:

AR = Average depth x 60

minutes sprinklers ran

For example, if our average of the
40 values was 0.25 inches and we
ran the system for 30 minutes, our
average application rate would be
0.25 x 60 { 30 = 0.50 inches.

AR =
= 15

= 0.501nches per hour

This means that our system applies
about 1/2 inch {0.50 inches) of water
per hour over the test site.

However, this tells us nothing of
how evenly the water is applied. For
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example, half the area could be
receiving 1 inch of water per hour and
the other half nothing. How evenly
the water is applied over the test area
is called uniformity. Uniformity is
expressed as a percentage, with
100 percent being complete and
uniform coverage over the test area.
Determine the uniformity (U) of the
test site by dividing the average of the
10 lowest cans by the average of the
total. In standard mathematical form
for our example this is:

U = average of the 10 lowest cans
average of the total

In our example, the average of the
total is 0.25 inches and let’s say that
the average of the 10 lowest is 0.125
inches. Put these values in the above
formula and we see that the uniformity
of our system is 50 percent.

U = 0125 x100percent
0.25
=  0.50x 100 percent
= 50 percent

Sprinkler systems are rarely 100
percent uniform. Uniformity values of
80 percent or above indicate that the

system is acceptable, while values
below this indicate that the system
needs maintenance or has possible
design problems. If the uniformity is
below 80 percent (as ours is in this
example), we should look at our values
of the grid map of the test site and try
to find the head or heads accounting
for this unacceptable uniformity.

There could be several reasons for
unacceptable uniformity. Old, worn,
clogged, unmatched and/or damaged
heads, improper pressure and/for design
flaws in the irrigation systems are
among possible causes of unacceptable
uniformity. After adjusting the equip-
ment or design, rerun the can test to be
sure that uniformity is 80 percent or
better. Make adjustments and repeat
the test until you achieve at least 80
percent uniformity.

DETERMINING RUN TIME

Now that we know how much water
the irrigation system applies in inches
per hour and the uniformity of applica-
tion, it is easy to determine how many
minutes to run our system at each irri-

gation. Let’s continue with our example
of a tall fescue growing on a clay soil.
We know when to water by keeping
track of daily ET. We water when the
daily ET of tall fescue accumulates to
about 2 inches. The question is, how
many minutes do we run our system to
apply 2 inches of water?

We assume that our system applies
0.50 inches (1/2 inch} per hour. So to
apply 2 inches of water we would run
our sprinklers for four hours.

2 (inches to apply) = 4 hours

0.5 (rate in inches/hour, AR)

However, this would only be true if
out system had 100 percent uniformity.
Since we had less than 100 percent
uniformity, we must water a corre-
sponding amount more than four hours.
This is to ensure that even those areas
receiving the least amount of water will
be getting 2 minimum of 2 inches.

How much longer do we have to
water to compensate for less than 100
percent uniformity? This is also easy to
determine. Simply multiply the average

continued on page 56
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Irrigation Schedules
continued from page 25

application rate (AR) by the
uniformity (U) and then divide this
into how many inches of water that
must be applied. In standard
mathematical form this is:

inches of water to apply
(AR) X (U

(runtime) RT =

For our purposes, say we adjusted
our system and improved its uniformity
to 80 percent. To apply 2 inches of
water to out tall fescue at a rate of
0.50 per hour we would run our system
for five hours.

_ 2
RT = 50 (AR%0.800)

= 2
0.4
= 5 hours

A word of caution. Unless you have
a very sandy soil, most sprinkler systems
will apply water at a faster rate than it
can be absorbed, resulting in wasteful
runoff andfor puddling. This will be
especially true on sloping land which is
a common situation in the landscape.
To overcome this, one may have to
cycle or pulse the irrigations off and on
to avoid runoff yet still accumulate the
necessary minutes of run time.

TRAINING CLASSES

Irrigation managers in Los Angeles
County who want training in auditing
their system to determine application
rate and uniformity, and how to
schedule irrigations using CIMIS data
are urged to contact Donald R. Hodel
at (213) 744-4881.

HOW TO ACCESS DAILY ETy, DATA
To learn how to access by computer
daily ET , data for the CIMIS station
nearest you, contact:
Marilyn Nutt
Department of Water Resources
P.O. Box 942836
Sacramento, CA 94326-0001
(916) 445-8327

Also, the Three Valleys Municipal
Water District in Claremont at
(714) 621-5568 can verbally provide
ET, data for its area. The Metropolitan
Water District hopes to have in place
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this year an 800 number to access daily
ET, data from any station in its service
area throughout Southern California.

USING COMPUTER PROGRAMS AND CIMIS
TURFIME, a series of five compre-
hensive computer programs written by
Rick Snyder at the University of
California, Davis, is available for use
with CIMIS data. The software is
written for IBM compatible computers
and requires about 600K of disc
space.In addition to the title page
and main menu, TURFIMP has
programs that, among other things,
analyze can test data; determine
average application, uniformity and
run times; establish summary tables
of daily, weekly or monthly ET and
run times; and provide information
on the costs and benefits of system
improvements. TURFIMP is free
of charge to those attending our
irrigation audit and scheduling classes.
Otherwise, it can be purchased fora
nominal fee by contacting Gwyn
Dixon at (714) 787-5101.

SUMMARY

To irrigate accurately and efficiently,
determine:

1. Percent of water used by your
plant compared to the reference plant.

2. Adjusted daily ET (either real-
time or historic) values for your plant.

3. Fifty percent depletion of soil-root
reservoir by rooting depth and water-
holding capacity of soil.

4. Inches per hour of water your
system applies and adjust for
uniformity.

5. How long to run sprinklers to
replenish 50 percent depletion of
soil-root reservoir.

6. When adjusted daily ET accumu-
lates to 50 percent depletion of
soil-root reservoir, then irrigate. ¥

Editor’s note: Donald R. Hodel isan
environmental horticulture advisor for the
University of California cooperative extension
in Los Angeles, CA.
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Executive Summary
Study Background and Rationale

In 2001, the Irvine Ranch Water District (IRWD), the Municipal Water District of
Orange County (MWDOC), and the Metropolitan Water District of Southern California
(MWD) completed a small-scale study of weather-based evapotranspiration (ET)
irrigation controllers. This study, known as the “Westpark Study.” tested the
effectiveness of ET controller technology in residential applications. After 40 such
controllers were installed in the Westpark neighborhood of Irvine, California, water
demand and runoff in the study area were measured. The resulting average water savings
for this study were 37 gallons per day, or 7 percent of total household water use and 18
percent of irrigation water use.

Based upon the findings of the Westpark Study, IRWD and MWDOC partnered on new
research, the Residential Runoff Reduction (R3) Study, in which the number of sites
studied was increased, a baseline area where no changes were made was included, and an
“education only” area where printed educational materials were distributed was also
included. This made the R3 Study one of the first studies to attempt to quantify the
effectiveness of public education alone versus a technology-based plus education
approach to reducing residential irrigation water usage. Figure ES-1 presents the study
participants and their respective roles within the R3 Study.

The R3 Study had four primary purposes:

1) To test the use of weather-based irrigation technology, also known as ET
controllers, to manage irrigation water for residential homes and large
landscape areas; .

2) To evaluate the effectiveness of a targeted education program on residential
homeowners;

3) To determine the correlation between proper water application in landscape
irrigation and the quantity and quality of urban dry-season runoff; and

4) To gauge the acceptance of water management via the controller technology.

Study Methodology

The R3 Study area included five similar neighborhoods (Sites 1001 through 1005) in
Irvine, California, each with its own single point of discharge into the urban storm drain
system. The five sites are shown on Figure ES-2. At these points of discharge from each
study area, the runoff volume was monitored and water quality samples were taken. The
five sites were divided into three separate areas. The first area, Site 1001 (retrofit group),
used ET controller technology and public education. The second area, Site 1005
(education group), received educational materials, but did not receive controllers. The
third area (control group) consisted of three separate neighborhoods (Sites 1002, 1003,
and 1004), which received neither ET controllers nor educational materials.

ES-1



Figure ES -1
R3 Study Participants
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Evaluation Results

After the initial 18-month study period was completed, the data was compiled and
evaluated for water conservation savings, dry season runoff changes, and changes in the
quality of the dry season runoff water. The following summarizes the results:

a) Water Conservation Savings

Water conservation savings from the typical participant in the retrofit group were 41 gpd,
or approximately 10 percent of total household water use. The bulk of the savings
occurred in the summer and fall (Figure ES-3. Residential Water Savings: Technology +
Education). The education group residential customers saved 26 gpd, or about 6 percent
of total water use. The savings from this group were more uniform throughout the year
(Figure ES-4, Residential Water Savings, Education Only). The retrofit group also
included 15 dedicated landscape accounts (ranging in size from 0.14 acres to 1.92 acres),
which showed average water savings of 545 gpd. The net result was eight times more
water savings than with the single- family residential controller, strongly indicating that
the larger the landscape, the better the savings per controller.
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Figure ES -3
Residential Water Savings: Technology + Education
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Figure ES-4
Residential Water Savings: Education Only
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Figure ES -5
Changes in Runoff Within Each Site

b) Dry Season Runoff Changes

The retrofit group experienced a 50 percent direct reduction in water runoff (pre-
intervention runoff compared to post-intervention runoff) during dry season periods.
When the retrofit group is compared to the control group, the dry season runoff shows a
statistical reduction of approximately 71 percent. In contrast, a comparison of direct pre-
intervention and post-intervention runoff from the education group increased 37 percent,
while runoff increased 70 percent within the control group. Other than the presence of an
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ET controller, the primary difference between these groups is the participation of the 15
landscape accounts in the retrofit group. These accounts irrigated approximately 12 acres
of landscape versus between 4 to 5 acres of total irrigated area for the 112 residential
homes. Figure ES-5 presents R3 Study changes in runoff within sites.

Figure ES -5
Changes is Runoff Within Each Site
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Note: Itis also possible to compare post-intervention runoff between the study sites. These
comparisons suggest a higher reduction in runoff for Site 1001 (between 64 and 71 percent) than
was observed for the “within site” pre and post comparison, and areduction in runoff of 21 percent
for Site 1005. However, as described more fully in the text, these comparisons are less reliable than
the “within site” pre and post comparisons shown here.

¢) Changes in Runoff Water Quality

The study gathered a great deal of information on the water quality constituents present in
urban runoff. In almost all cases, the data showed no changes in the concentration of
these constituents in the runoff. The most significant fact to come out of the urban runoff
water quality data is that the decrease in runoff volume from the retrofit group did not
appear to result in an increase in the concentration of pollutants in the runoff. Thus, it is
probable that a reduction in total pollutant migration could be achieved by reducing total
dry season urban runoff.

d) Public Acceptance of Water Management

While there were some customer service-related issues, the retrofit group had a generally
positive response to the ET controller, with 72 percent of participants indicating that they
liked the controllers. The retrofit group also found that the controller irrigation either
maintained or improved the appearance of the landscape. This has very positive
implications. The water district customers receive a desired benefit of a healthy
landscape, and the community receives several important environmental benefits from
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the conservation of valuable and limited water resources and the reduction in dry season
urban runoff.

Findings, Conclusions, and Recommendations

The R3 Study showed that weather-based irrigation controllers, which provide proper
landscape water management, resulted in water savings of 41 gpd in typical residential
settings and 545 gpd for larger dedicated landscape irrigation accounts. The observed
reduction in runoff from the retrofit test area was 50 percent when comparing pre-
intervention and post- intervention periods and 71 percent in comparison to the control
group. The education group saw reductions in water use of 28 gpd, and a reduction in
runoff of 21 percent in comparison to the control group. Water quality parameters in both
study areas were highly variable, and very few differences in the level of monitored
constituents were detected. In terms of water savings per controller (and cost-
effectiveness), the study clearly indicated that larger landscape areas (parks and street
medians) should provide the initial targets for the expansion of similar programs.
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For the complete Residential Runoff Reduction Study please contact
Santa Ana Watershed Project Authority at
onewateronewatershed@sawpa.org.
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A. EXECUTIVE SUMMARY

The purpose of the SmarTimer Edgescape Evaluation Project (SEEP) was to retrofit specific
groups of “structural” landscape Best Management Practices (BMPs) to improve water use
efficiency of landscape irrigation across a set of residential and non-residential sub-watershed
assessment areas in southern Orange County, California; and to evaluate the BMPs’
effectiveness in reducing water consumption, dry weather runoff and pollutant loads for
constituents of concern. “Structural” landscape BMPs, for the purpose of this project, include
weather-based irrigation controllers (aka “SmarTimers”), “Edgescaping” where existing
irrigated lawn area along the edge of a public sidewalk, street curb, driveway and/or private
walkway is replaced with lower impact landscaping and permeable ground covering, and other
irrigation enhancements & adjustments to further improve water efficiency and reduce runoff
by eliminating overspray onto pavements and improve distribution uniformity. A by-product
of the SEEP was the ability to determine the effectiveness of residential rebate outreach
programs. Costs of implementation of selected BMPs in relation to benefits realized in the
storm drain system were also analyzed.

The project evaluated the effectiveness of the BMPs by implementing them in diverse sub-
watersheds that each drain entirely to a single storm drain monitoring site where flow and
chemical parameters were easily measurable. Twenty-three (23) sub-watershed areas, located in
ten cities within four different watersheds of the San Juan Hydrologic Unit in south Orange
County, were selected as assessment areas for the project. All assessment areas had been fully
developed for at least fifteen years prior to initiation of the SEEP. Residential (single- and
multi-family) and non-residential land uses (private and public) were represented.

Three different BMP combinations were deployed at sixteen of the twenty-three assessment
areas, with pre- and post-BMP conditions evaluated in comparison to seven un-retrofitted
“control” assessment areas. The three BMP-retrofit combinations included:

e Group A - SmarTimer controllers only,
* Group AB - SmarTimers plus irrigation distribution system improvements, and

e Group ABC - SmarTimers plus irrigation distribution system improvements plus
turfgrass replacement.

Pre- and post-retrofit assessments for water consumption, dry-weather runoff flow, fecal
indicator bacteria, nutrient loads and surface flow/seepage ratios were made for each
assessment area. Field data gathering took place over twelve (12) weeks starting in May 2007
and another twelve (12) weeks starting in May 2008. In the interim between sampling periods,
the BMPs were implemented in the assessment areas.

Rebate-based marketing programs, implementation standards and technical support were
developed to assist participants in accomplishing consistent BMP implementation to the extent
feasible. In some cases, ‘smart’ irrigation controllers were found to be already in place and
operational over a portion of the assessment areas prior to the initiation of the SEEP. In terms of
BMP implementation, the SEEP resulted in 153 new SmarTimers being successfully deployed to
control a total of 2,401,399 square feet of landscaped area at 16 assessment areas. For SFRs,
irrigation distribution improvements were implemented over a total of 658,301 square feet at
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seven (7) assessment areas, and turfgrass replacements were accomplished over 18,975 square
feet at four (4) assessment areas. For NON-SFRs, irrigation distribution improvements were
implemented over a total of 711,073 square feet at eight (8) assessment areas, and turfgrass
replacements were accomplished over 49,963 square feet at four (4) assessment areas. The most
variable implementation was at the six (6) predominately single-family residential assessment
areas, where BMP-retrofit participation varied from 6.5% to 22% in terms of the number of
single-family lots in the tract, representing 2.6% of their respective assessment area’s overall
irrigated acreage. New BMP coverage at the non-single-family assessment areas was 46.4% of
overall irrigated acreage.

The PAEP for the SEEP established targets to reduce water consumption by an average of 7 to
21% at SFR sites and an average of 5 to 15% at Non-SFR sites. In order to detect changes in
water consumption, water meter data for the 2002-2008 years (2002 through mid-2007 for pre-
retrofit water consumption data and mid-2007 through mid-2008 for post-retrofit water
consumption data) has been collected or requested to be examined for each assessment area.
Not all participating water agencies were able to provide monthly consumption data.
Implementation of SEEP BMPs commenced in September 2007 and was largely complete by
May 2008. Thus the period of complete post-BMP installation data only occurs after May 2008.
This report will present analysis of post-BMP water consumption for the brief period of post-
installation available. Conclusions about the level of long term expected water savings based
upon two months of post-installation history are speculative. It is highly desirable for additional
follow-up analyses of water consumption once a longer history is available.

Examination of the results from the participants from the Santa Margarita Water District
(SMWD) service area leads to some suggestive observations. First, the participating customers
appear to have a somewhat higher level of pre-participation mean consumption than that of
non-participating (control) customers. Second, mean consumption in both groups appears to
fall from 2007 to 2008. Given that evapotranspiration was higher than normal in 2007 (about 7
percent higher at the California Irrigation Management Information Service (CIMIS) Irvine
Station 75 in May-July 2007) and about normal in 2008, one would not be surprised to see a
reduction in water consumption in 2008.

By examining SFR participants from the Moulton Niguel Water District (MNWD), these
customers appear to have a somewhat lower level of pre-participation mean consumption as
compared to non-participating (control) customers. And while July 2008 consumption is
somewhat lower for most customers, the BMP-ABC type appears to have used more. This result
should not be surprising as the new drought-tolerant plantings (contained in the “C” part of
BMP-ABC) do require additional water to get established.

Dry weather flow measurements were taken continuously for twelve (12) weeks pre-retrofit
from May to August 2007 and again post-retrofit in 2008 at flow gages installed at the storm
drain monitoring sites for all twenty-three (23) assessment areas. Three (3) of the assessment
areas produced no measurable dry weather flow, and four (4) areas had less than measurable
dry weather flow under post-retrofit conditions.

Conductivity measurements were taken as twice-weekly grab samples for each of the twelve-
week monitoring periods at the twenty-three assessment areas where flow was available to be
measured. Conductivity was also measured continuously by sensors installed with the flow
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gages from July-August in pre-retrofit 2007 and for the full twelve weeks in post-retrofit 2008.
The purpose of the conductivity monitoring was, to the extent feasible, to ascertain the
percentage of surface irrigation runoff in the dry weather flow. This evaluation was
complicated by reclaimed water used at non-residential sites within 5 of the 9 single-family
residential areas, and by highly variable conditions in the geologic substrate. Pre-retrofit
conductivity patterns in the nineteen (19) assessment areas where flow was available to
measure showed two sites with significantly elevated conductivity, suggesting geomorphic
contributory factors.

To evaluate the effectiveness of the project with respect to water quality parameters, twice-
weekly grab samples for nutrients, fecal bacteria, and dissolved organic carbon were taken at
the twenty-three (23) assessment areas where flow was available to be sampled during
laboratory operating hours. In the Final SEEP Report, pre- and post-retrofit concentration
parameter differences will be statistically analyzed to determine the following: nutrient loading
variations and patterns among the A, AB and ABC areas, the relationship of dissolved organic
carbon to bacteria concentrations, nutrient concentration relationships to the other parameters,
and the relationship of the water quality parameters to the flow rate.
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For the complete Smart Timer and Edgescape Evaluation Study, please
contact Santa Ana Watershed Project Authority at
onewateronewatershed@sawpa.org.



Water use in California’s
ornamental nurseries

David W. Burger O Janet S. Hartin O Donald R. Hodel
Tim A. Lukaszewski O Steven A. Tjosvold O Sally A. Wagner

The cost and availability of high-quality
irrigation water are important production
considerations for California nursery
growers. Irrigation water is expensive
and now accounts for 4 to 7 percent of the
total production cost of 1-gallon, orna-
mental plants. A great deal has been pub-
lished on water use in agronomic and field
crops, but little research has been con-
ducted in California to answer fundamen-
tal questions regarding water use by con-
tainer-grown, ornamental plants. It is
largely unknown how much water a plant
growing in a container requires for maxi-
mum growth and aesthetic value,

Stringent requirements are placed on
the production of ornamental plants, be-
cause they are grown in containers with a
limited soil volume and thus a limited
supply of water. It is not enough to grow
the plants at their maximum growth rate
if the quality of that growth is reduced.
Many of the marketing and pricing strate-
gies for nursery products are closely tied
to quality. The challenge is to grow the
finest quality plants in the shortest period
of time with a minimum use of raw mate-
rials.

In this report, we describe findings
from research conducted over the past
two years in Davis and other California
locations. Our objectives were to deter-
mine the water-use characteristics (crop
coefficients, effects of spacing) of some of
the most important, container-grown or-
namentals in California, to rank these
container crops in terms of their water
use, and to develop a system for including
CIMIS (California Irrigation Management
and Information System) weather data
into nursery irrigation management.

Water-use characteristics

Water use by container-grown plants
is measured in milliliters (or cubic centi-
meters) of water transpired by the plant
and evaporated from a container over a
given period. Changes in weight of an irri-
gated plant can be used to determine mil-
liliters of water used, since 1 milliliter of
water essentially weighs 1 gram.

In all of the experiments conducted,
we approximated the physieal layout of a
production nursery by spacing container
plants at known densities. Once the ex-
perimental design was set, all of the
plants were watered thoroughly, allowed
to drain for one hour (time period to at-

Little is known about

how much water container-
grown plants require for
maximum growth and value.
This study answered some
fundamental questions on
the subject.

Water use, as measured by weight changes of plants in containers, was determined with a
digital balance attached directly to a portable microcomputer.

tain container capacity), and weighed.
After 24 hours, the plant was weighed
again. The difference between the begin-
ning and ending weights was the water
used, in cubic centimeters (cm®) or millili-
ters (ml), over the 24 hours. Evapotran-
spiration of the container crop (ET
can be determined from this information
by using the following equation:
Volume of water used (cm?)
ETerop (cm) = Container surface area (cm2)

The designation of surface area in the
equation is slightly different from those in
similar equations used for field crops. In
container-grown plants, the canopy-cov-
ered, surface area and the surface area
representing the water reservoir are not
the same. The sole source of water for the
plants is the container; the plant’s canopy,
however, can extend beyond the container
surface area. It is therefore difficult to
make direct comparisons between the
ET,_,, for container-grown plants and
that for field crops. The surface area of
the container (188 square centimeters for
a 1-gallon container) as the “cover-crop”
area has been used in all of the calcula-
tions presented here.

If the ET, (the reference crop evapo-
transpiration, which is the ET rate of
healthy grass, completely covering the
ground to a uniform height of 3 to 6
inches) is known for the time period when
the ET_ = was determined, crop coeffi-
cients (ﬁ:s can be calculated by the equa-
tion:

K = ETei
% ET,
Crop coefficients (K_) can then be used to
determine when to irrigate and how much
water to apply to a particular crop.

We performed experiments at Davis
during the summer of 1985 to determine
evapotranspiration and crop coefficients
for different container-grown ornamen-
tals arranged in two container spacings.
During these experiments, three leaf
readings of three different plants spaced
at 20 containers per square meter were
made using a Licor autoporometer to de-
termine transpiration rates. Three plants
from each species were used to determine
fresh and dry weights (to confirm that the
plants were relatively similar in biomass)
and to determine the total leaf area. Leaf
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areas were determined with a Licor leaf
area meter.

During the summer of 1986, we con-
ducted similar experiments to determine
whether crop coefficients remain con-
stant in different climates. Three fre-
quently planted species in the California
landscape, oleander (Nerium oleander)
bottlebrush (Callistemon citrinus), and
sweet mock orange (Pittosporum tobira),
were used.

TABLE 1. Crop coefficients (K) at two
container spacings, 16/m?2 {pot-width spacing)
and 36/m?2 (pot-to-pot spacing), of ornamental

plants growing in 1-gailon containers

Months in

1-galion Ko
Species container 36/m2 16/m2
Heavy water users
Pyracantha
auvgustifolia
‘Gnome’ 15 45 5.1
Buddleia davidii
‘Dubonnet’ 15 44 45
Moderate water users
Chaenomeles X Clarkiana
‘Minerva’ 15 24 38
Oleander,
Nerium ofeander — 23 -
Spiraea vanhouttei 16 2.2 34
Creeping juniper
Junipserus horizontalis
'Youngstown Compacta’ 8 20 25
Forsythia intermedia
'Spring Glory" B8 20 32
Arborvitae,
Piatycladus (Thuja)
orientalis
'Aureus Nana’ i2 1.9 341

Japanese barberry,

Berberis thunbergii

'Atropurpurea’ 15 19 25
Chinese juniper,

Juniperus chinensis

‘Spearmint’ 5 1.9 31
Savin juniper,

Juniperus sabina,

‘Buffalo’ 15 1.7 35
Japanese privet,

Ligustrum japonicum 11 1.7 34
Bottlebrush,

Callistemon citrinus — 16 —
Cotoneaster

congestus 'Likiang’ 16 1.5 26
Juniperus horizontalis

'Prince of Wales' 10 16 26
Juniperus chinensis

procumbens

‘Green Mound’ 8 1.4 25
Sweet mock orange,

Pittosporum tobira - — 24
Light water users

Creeping manzanita,

Arctostaphylos

uva-ursi 11 12 1.7
Euonymus kiautschovica

‘Manhattan’ 15 1.2 28
Photinia fraseri 12 12 1.B

Scotch broom,
Cystisus scoparius

'Moonlight' 12 11 1.8
Japanese barberry,
Mahonia repens 11 11 1.7

NOTE: Values are averages of 10 to 12 plants.

Randomly selected plants from each
species were sent to four California loca-
tions: Davis, Watsonville, San Bernardino,
and Irvine (UC South Coast Field Station).
The plants were arranged in identical ex-
perimental designs at the four locations.
Thirty plants (six rows, five columns) of
oleander and bottlebrush were set at a
spacing of 36 containers per square meter
(pot-to-pot), and 30 plants of sweet mock
orange were set at a spacing of 16 con-
tainers per square meter. The outside bor-
der plants were not used in data collec-
tion. This left the inside 12 plants as the
experimental units.

The plants were watered and weighed
as described so that their evapotranspira-
tion could be calculated. All of the data
were sent to Davis for collating. On-line
CIMIS computers were used to obtain the
reference-crop evapotranspiration for
each location while the experiment was in
progress so that crop coeificients could be
determined. Since there was no CIMIS
weather station near the South Coast
Field Station, we used the reference-crop
data gathered there.

Results

Compared to published coefficients for
other crops, those for container-grown
plants are high, ranging from 1.1 to 5.1
depending on the species and the contain-
er spacing (table 1). Based on the coeffi-
cients, these plants can be grouped into
heavy, moderate, and light water users.
The heavy water users (pyracantha, budd-
leia) have coefficients greater than 4.0.
Moderate water users (flowering quince,
oleander, spiraea, juniper, forsythia, ar-
borvitae, privet, bottlebrush, cotoneaster,
sweet mock orange) have coefficients be-
tween 2.0 and 3.9. The light water users
(manzanita, euonymus, photinia, Scotch
broom, and Japanese barberry) have co-
efficients less than 2.0.

Container spacing has a significant ef-
fect on the K and ET_ . This effect is to
be expected, since as the container spac-
ing increases, sunlight on the black con-
tainer increases, raising the soil tempera-
ture and thus the evaporation rate.
Transpiration rates of individual leaves of
the test plants varied between 3 and 144

TABLE 2. Crop coefficients for three,
ornamental species in four California locations

Crop coeflicient
Watson-SCFST  San

Species* Davis ville Irvine Bernardino
Nerium

oleander 23 21 1.8 2.1
Pittosporum

tobira 2.4 2.2 2.3 2.6
Callistemon

citrinus 1.6 1.8 1.7 1.7

* Nerium and Callistemon spaced at 36 containers and
Pittosporum at 16 containers per square meter.
1 SCFS = South Coast Field Station
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micrograms per square centimeter per
second. Plants with the largest crop coef-
ficients did not always have the largest
transpiration rates (data not shown). The
predictive quality of the autoporometer
measurements was improved when the
total leaf area of the plant was used, but
the values were not accurate enough to be
useful in predicting overall water use.
The crop coefficients at the four differ-
ent locations remained fairly constant (ta-
ble 2). Although the coefficients for olean-
der were variable, these values would
suffice for estimations and calculations
necessary for irrigation scheduling.

Conclusions

The data presented here add to the
growing collection of ET,,, and K, data
for California crops and are among the
first water use data specifically for the
ornamental industry. Care must be taken
when using these data. Many interactive
factors can alter the water use of contain-
er-grown plants. These include differ-
ences among cultivars of a given species
(see the differences among the juniper
species in table 1), developmental stage of
the plant, nutritional status, shading, and
other spacing layouts.

Crop evapotranspiration (ET,,) and
coefficients (K,) are easily calculated, and
a nursery manager can simply determine
them for the crops being produced. Confi-
dence in the accuracy of these coefficients
will lead to the use of reference crop (ET )
data, whether gathered from CIMIS or
from pan evaporation rates calculated
on-site, to predict how much water has
been used and when to irrigate. For ex-
ample, if the ET, for a given period were
2 cm and the K_ for a crop were 2.0, the
equation

Kc: X ETO = ETcrop
would give an ET,_ _ of 4 em. The nursery
manager would therefore know to apply 4
cm of water on the crop.

This exercise assumes that the man-
ager knows the application rate and dis-
tribution characteristics of the irrigation
system used to apply the water. Also,
plants with similar coefficients can be
grouped together in the nursery and irri-
gated simultaneously. The importance of
the diminishing supply of high-quality wa-
ter and increased water costs will necessi-
tate these kinds of improved water man-
agement techniques.

David W. Burger is Assistant Professor, Department
of Environmental Horticulture, University of Cali-
fornia, Davis; Janet $. Hartin, Donald R. Hodel, and
Steven A. Tjosvold are Farm Advisors, UC Cooperat-
ive Extension, San Bernardino, Los Angeles, and San-
ta Cruz counties, respectively; and Tim A. Lukas-
zewski and Sally A. Wagner are Research Assistants,
Department of Environmental Horticulture, UC Da-
vis. This work was conducted with the financial sup-
port of the California Association of Nurserymen.
The authors thank Hines Nursery, Vacaville, and
Monrovia Nursery, Azusa, California, for providing
plants; and Dr. O. J. Burger for his suggestions.
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Executive Summary

By utilizing information that existed prior to this project, including GIS information and
pollutant data from urban environments, this project develops new information from
controlled BMP studies, dry season and early storm event surface runoff data, and
extends those findings through outreach activities. These activities are integrated to
achieve the overall objective of reducing pollutants in surface runoff resulting in safe,
reliable, and affordable drinking water; the main goal of the CALFED Drinking Water
Quality Program. Overall, the project contributes to improvements in the water quality
of the California Bay-Delta and other waters of the State for all beneficial uses.

This project selected 8 neighborhood study sites, 4 in Sacramento County and 4 in
Orange County. These sites consisted of about 150 to 460 homes that were similar in age
and parcel size. Most importantly, these sites consisted only of single family residences
and did not include any other land-use type. The runoff from these neighborhoods
converged to storm drain outfalls that were easily accessible such that water samples
could be collected directly from the outfall pipe before the runoff flowed into a stream,
detention basin, or pond.

Samples were collected beginning in July 2006 in Sacramento and October 2006 in
Orange County for an extended period. Initially samples were collected weekly during
the 2™ through 4% quarters of the year. Samples during the 1% quarters were collected as
frequently as biweekly. Although the project was temporarily suspended in December
2008, sample collection continued through May 2009. Sample collection resumed in July
2010 once the project was restarted and concluded in December of that year.

Sample collection frequency.

Year Q1 Q2 Q3 Q4
2006 Weekly' Weekly
2007 Biweekly Weekly Weekly Weekly
2008 Biweekly Biweekly Biweekly Weekly
2009  Monthly Monthly?  None None
2010 None None Monthly Monthly

Collection began in Sacramento County in July 2006 and in Orange
County in October 2006.

2Sampling was interrupted after May 2009 and resumed in July 2010.
Samples were collected from up to 5 early storms of each season.
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Runoff water samples were sent to laboratories to be analyzed for the following
constituents:

Pesticides

e organophosphates (diazinon and chlorpyrifos),

e pyrethroids (including esfenvalerate, bifenthrin, permethrin, cyfluthrin,
fenpropathrin, lambda-cyhalothrin, deltamethrin, and cypermethrin),

e fipronil, a relatively newer phenylpyrazole compound

Nutrients
e nitrates (NOx), total Kjeldahl-nitrogen (TKN), phosphates (PO4™), total
phosphorus (P)

Drinking water quality constituents of concern

e total organic carbon (TOC) and dissolved organic carbon (DOC),

e bromide and chloride,

e total dissolved solids (TDS), total suspended solids (TSS), and turbidity

Biologicals

e Dbacterial indictors: including E. coli, Total Coliforms, and Enterococcus,
e parasite indicator: Clostridium perfringens,

e viral indicators: male-specific and somatic coliphages,

o pathogens: Giardia and Cryptosporidium (Sacramento County only)

Monitoring equipment was installed at each of the sites to measure and record at 2 minute
intervals pH, electrical conductivity, temperature, depth, and velocity of the water in the
outfall pipes. The depth and velocity data was used to calculate the flow volume. A rain
gauge, solar panel, and remote communications equipment was also installed at each
monitoring site. The high frequency of water sampling and flow data collection over an
extended period has provided a large, high resolution data set of urban runoff from
residential development that has not been available previously.

Pesticides were found in nearly every sample collected and, at times, at concentrations of
concern. Nutrients were also found at high detection frequencies but usually at low
levels. Biological indicators were found in every sample, but actual pathogens were
found infrequently in northern California samples. In general, concentrations were
higher in samples from southern compared to northern California. Baseline runoff flows
also tended to be greater in southern compared to northern California.

The data was used to assess pollutant load models currently in use and proposed new
ones. The information for Sacramento County is reported and discussed in a M.S. degree
thesis. That thesis reported that since currently used dry season loading models are based
on storm season data, they under-estimate loading of nitrate, for example, by as much as
50%. This thesis also projects that, if the homes in the study neighborhoods represented
all of the single family homes in Sacramento County, non-storm runoff was 4.7 times
greater from Sacramento County residences during the period of May 2007 to May 2008
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than the runoff generated from storm sources. Those analyses were repeated for both
reference neighborhoods in Sacramento and Orange Counties.

An objective of this project was to assess effectiveness of different outreach methods. A
survey was conducted in each county to evaluate the landscape management methods and
awareness of the homeowners in the study neighborhoods. A question was included
asking about interest in participating in a project to improve water quality. Respondents
who replied positively to this were visited by project cooperators and UC Master
Gardeners who conducted and provided a landscape assessment of the respondent’s
home.

In Orange County, those homeowners were provided the contact information of the
Master Gardeners who assisted in the assessment and were able to contact them to seek
advice in changing the management of their landscapes to reduce water use and
improving runoff water quality. In return, those homeowners were asked if the project
could present a workshop at the residence to demonstrate landscape management
methods that could be utilized. Only the neighbors in the immediate vicinity were invited
to attend. These “cul-de-sac” events were highly effective and attendance increased with
each subsequent event.

In contrast in Sacramento County, outreach events were larger in scale and all of the
homeowners within a study area were invited to attend a “neighborhood” event. The
attendance at these events was constantly low. It was hoped that the “cul-de-sac” types
of events could be presented in Sacramento County and the larger neighborhood scale
ones provided in Orange County. It was thought that the attendance in the Orange
County events would be greater than that in Sacramento since homeowners in that
county were aware of the services that could be provided by the Master Gardeners. It
was also thought that the smaller events in Sacramento County might have the same
increases in events that had occurred in the Orange County events.

These outreach events were presented in only 2 of the study neighborhoods in each
county and served as “test” areas, whereas the areas not receiving outreach served as
“controls.” It was hoped that the surveys would reflect increases in water quality
awareness and consequently changes (improvements) in landscape management that
would be verified by monitoring data from the runoff sampling program. Unfortunately,
the project funding was suspended in December of 2008 after only one year of outreach
activities. The suspension lasted until July 2010 and there was only 6 months available to
conclude data collection, so the outreach “experiment” was not continued although
outreach activities did resume.

Part of these activities would have provided information on the costs of water quality
improvement as a result of outreach. A partial study was completed and reported in the
2008 Q3 report, but it was not possible to complete this aspect of the project due to the
extended suspension in project funding.
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Information regarding the effectiveness of management methods was, in part, obtained
from landscape demonstrations constructed at the UC Agricultural and Natural Resources
South Coast Research and Extension Center in Irvine, CA. These demonstrations were
initially funded by a Pesticide Reduction, Identification of Source, and Mitigation
(PRISM) program grant. This project provided additional funding to expand the research
and outreach components of the demonstrations.

Outreach activities included the development of information and numerous printed
materials. These include a set of “Quick-Tip” cards (a UC IPM materials program) on
water quality issues, posters, handouts, and a booklet designed for use by the general
public describing results of the study, recommendations, and "how-to" instructions.
Information on the project was posted as a section of the UCD California Center for
Urban Horticulture website (ccuh.ucdavis.cdu) and includes project background, outreach
materials, and links to information on landscape water conservation. The Orange County
Master Gardeners regularly developed and distributed newsletters which were initially
mailed to residents in the study neighborhoods. This was replaced by an online
newsletter available at http://groups.ucanr.org/garden4h2o/.

Additional training on sustainable landscape water management methods was developed
for the Master Gardeners participating in this project. This curriculum provided the basis
for a Statewide Master Gardener Train-the-Trainer Program on Advanced Sustainable
Landscape Management. The curriculum was also provided to the Regional Water
Authority’s Blue Thumb Program along with information gained from the outreach
methods study.

Qutreach activities also included an assessment of promotion of practices to improve
water quality. This assessment was conducted through a series of interviews of
stakeholders across the State and the contents of the “Successes and Failures” report are
included in this Final Report. Preliminary results from this assessment were used in the
development of outreach materials and activities from this project.

SWRCB program staff had recommended that this project form collaborations with other
existing or proposed projects sponsored by the Arden Creek Watershed Group and
Laguna Creek Watershed Council. Although this was determined to not be feasible with
the Arden Creek Group due to potential interference with our outreach experiment, one
was established with the Laguna Creek group. A UC Davis graduate student in
Education developed an education program for residents and students in the Elk Grove
Unified School District to reduce runoff volumes and pollution impacts to Laguna Creek.

This project also provided several outreach events for audiences other than in our study
neighborhoods. The larger events included the Water-Wise Symposium held on the UC
Davis campus, the UCCE Demonstration Landscape Open House and Vendor Fair at the
UC South Coast Research and Extension Center in Irvine (which included a news report
and interview at http://www.youtube.com/IrvineRanchW D#p/a/u/0/PZBJzZVISQ4), the
Willows EcoGarden Opening Celebration at the Willows Shopping Center in Concord,
for example. Co-sponsors were sought and requested to participate in all events and
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included the Irvine Ranch Water District, The Regional Water Authority, Cagwin &
Dorward, Ewing Irrigation, City of Folsom, County of Sacramento, and many others.

Both Pls and other group cooperators have provided numerous presentations of various
aspects of the project to groups including: American Chemical Society (including a news
release and press conference on the project at http://www ustream.tv/recorded/2010681),
Society of Environmental Toxicology and Chemistry, Washington (D.C) Area Council of
Governments, U.S. Environmental Protection Agency Pesticide Regulatory Education
Program, American Society of Horticultural Science, San Diego Water Authority,
Regional Water Authority, University of Arizona, University of Washington, California
State Water Resources Control Board, USDA Cooperative State Research, Education,
and Extension Service, North Coast Stormwater Coalition and the Redwood Community
Action Agency, and UC Division of Agricultural and Natural Resources.

This project has provided us with data that supports alternative landscape management
practices that we can recommend to California residents to reduce water quality
problems. We have provided the California Department of Pesticide Regulation with
preliminary data of pesticide detections in the runoff. This has led to funding from that
department to project Pls to continue monitoring for 2 more years as part of an urban
runoff pesticide detection program.

We will continue to extend the information developed in this program to residents and
other stakeholders throughout California through our publications, presentations, web
sites, Master Gardener programs, and other outreach and educational activities.

This project facilitated the collaboration of many groups and individuals across a broad
range of expertise. Darren and I would like to thank everyone that participated and
contributed to this project including the many others that are not included in the
following list.

RESEARCH TEAM

Principal Investigators
Loren Oki, Department of Plant Sciences, UC Davis
Darren Haver, UC Cooperative Extension, Orange County

Project Participants

Mary Anderson, Department of Plant Sciences, UC Davis

Andy Bale, Davis, CA '

Svetlana Bondarenko, Department of Environmental Sciences, UC Riverside
Melissa Borel, California Center for Urban Horticulture, UC Davis

Liesl Cole, Department of Environmental Sciences, UC Riverside

Bowman Cutter, Department of Economics, Pomona College

Linda Dodge, Department of Plant Sciences, UC Davis

Laura Delgado-Moreno, Department of Environmental Sciences, UC Riverside

Final Report. Evaluating Best Management Practices Effectiveness to Reduce Volumes of
Runoff and Improve the Quality of Runoff From Urban Environments. Agreement Number: 04-231-550-3
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If you would like receive the complete "Evaluating Best Management
Reduce Volumes of Runoff from Urban Environments" report please contact
Santa Ana Watershed Project Authority at
onewateronewatershed@sawpa.org.



Project N: Vulcan Pijt Flood Control and Aquifer Recharge Project
(City of Fontana)

Summary of Physical Benefits:

The proposed Project will provide the following physical benefits:
Flooding Protection

Enhance Water Supply

Air Quality Improvement through Green House Gas Emissions Reduction
Water Quality Improvement

e oe

Description of Physical Benefits:

The expected Project physical benefits are more specifically describe in the following section. Refer to Table 9 for
quantified project benefit details.

L. Flooding Protection

Historically, flooding has been experienced in areas south and southwest of the proposed basin site during various
storm events. The flooded area is generally bounded by Cherry Avenue on the west, West Fontana Channel and
SCRRA Commuter Rail Corridor on the north, Cypress Avenue on the cast, and Randall Avenue and Valley
Boulevard on the south, Flooding in this area is well documented on FEMA flood mapping and various
correspondences to the City from SCRRA. Proposed storm drain improvements will convey approximately 3,800
cfs of runoff from the 2,467 acre tributary area. The 1,150 acre flood inundation area has been determined using
existing topography, existing hydrology, FEMA flood mapping, street cross sections, and City maintenance records,
as shown on Attachment 7-1 The referenced exhibit highlights areas along and immediately along and south of the
West Fontana Channe] alignment experience flood inundation up to 1.5 feet. The Project will provide 100 year
flood protection to this inundation area. Areas which flood protection is enhanced includeg industrial, single family
and multi-family residentia] developments, public facilities, and major and minor streets, See Table 7 for flood
protection provided during various storm events. Additionally, there are no uncertainties related to the project
benefits and the Project will not create any adverse effects.

II. Enhance Water Supply

The City of Fontana is served by the Fontana Water Company (F WC). FWC relies on costly import water as a
supplemental water supply in an effort to reduce groundwater overdraft. In recent years, import water supplied 5%
to 10% of demand. The City’s Project will create New water supplies through stormwater capture and recharge and
recycled water recharge, Recharged recycled water and stormwater will increase groundwater supplies and reduce
groundwater overdraft in the Chino Basin. For F ontana, FWC purchases import State Water Project water through
Inland Empire Utilities Agency at $743 per acre-foot.

The Project intends to construct the necessary improvements to enhance regional groundwater recharge. Annual
storm runoff for the Project’s 2,467 acre tributary area is estimating using the historic annual rainfall of 16 inches
and applying a loss rate of 43% to account for €vapotranspiration, based on Chino Basin Watermaster’s 2010
Recharge Master Plan, see attached table. Approximately 1,800 acre-feet of storm water is expected to reach the
Basin annually, portions of which will be recharged reducing the region’s dependence on import water,

life of the Project are highlighted in Table 9,



I1L. Air Quality Improvements through Green House Gas Emissions Reduction

The Project provides for reduction in greenhouse gas emissions through development of local water supplies that
eliminates the need for imported water to be delivered from the Bay-Delta of the same quantity. The Project
conserves local water reducing dependence on imported water in the amount of approximately 3,600 acre-feet per
year. By avoiding delivery through the state’s system, a significant reduction in greenhouse gas emissions is
attained. According to the California Air Resource Control Board, the energy required to deliver State Water Project
water to Southern California is 3,519 kW/hrs per acre-foot. Using the recommended conversion unit amount of
0.0004 KWh to tons of CO2, green house gas emissions reduction of approximately 5,400 tons CO, per year for the
project will be achieved. Three different sources and conversion factors were used to ensure accuracy, a8 shown on
the attached table. Annual Project physical benefits for the life of the Project are highlighted in Table 9.

Iv. Water Quality Improvement

The Project will reduce urban runoff discharge pollutants including sediment, nutrients, trash, metals, bacteria and
virus, oil and grease, organics, and pesticides. Impervious surfaces associated with development increase the rate
and volume of stormwater runoff that may increase downstream erosion potential and associated potential water
quality impairment. Urban runoff flows to the Santa Ana River which is on the Santa Ana Regional Water Quality
Control Board 303(d) List of Water Quality Limited Segments. Pollutants that settle on the impervious pavements
and rooftops are washed untreated into nearby stream channels, increasing pollution in receiving water bodies. The
Project will reduce approximately 1,900 acre-feet per year of stormwater runoff and subsequent pollutant discharge
through the use of the Vulcan basin to infiltrate the runoff into the groundwater aquifer.

Infiltration basins use the natural filtration to remove pollutants in stormwater runoff. Filtration provides for high
pollutant removal efficiency.

Table 9 - Annual Project Physical Benefit

Project: Vulcan Pit Flood Control and Aquifer Recharge Project

Type of Benefit: Flood Damage Reduction
Measure of Benefit (units): Multiple, See Below
Additional Information about Benefit: For the 1 in 100 year event

Change Resulting
from Project

(b)-(¢)

Measure of Benefit Claimed Without Project With Project

100-year Flood Inudation Area (Acres)

Number of Structures Flooded
Residential (Single Story)
Residential (Two Plus Story)

Square Footage of Structures Flooded

|
|
|

|
|
|
|

o)
O
o
o
—
(=
o0
o
o
el
—
—

Number of Structures Flooded

(miles)
{miles)

Length of Minor Roads Inundated

|




(miles)

Duration of Flooding (Days)"”’ 1 0 1

Notes:

1.} Flood inundation areas, further described in Attachment 7, are not part of a low-lying area or a basin, as such,
flood water are expected to drain in 1 day.

Type of Benefit: Recharge of Stormwater and Recycled Water

Measure of Benefit (units): acre-feet

Additional Information about Benefit: -

() (b) (c) ()
Change Resulting
Year Without Project With Project from Project
(€)-(b)
2012 0 3,800 3,800
2013 0 3,800 3,800
2014 0 3,800 3,800
2015 0 3,800 3,800
2016 0 3,800 3,800
2017 0 3,800 3,800
2018 0 3,800 3,800
2019 0 3,800 3,800
2020 0 3,800 3,800
2021 0 3,800 3.800
2022 0 3,800 3,800
2023 0 3,800 3,800
2024 0 3,800 3,800
2025 0 3,800 3,800
2026 0 3,800 3,800
2027 0 3,800 3,800
2028 0 3,800 3,800
2029 0 3,800 3,800
2030 0 3,800 3,800
2031 0 3,800 3,800
2032 0 3,800 3,800
2033 0 3,800 3,800
2034 0 3,800 3.800
2035 0 3,800 3,800
2036 0 3,800 3,800
2037 0 3,800 3.800
2038 0 3,800 3,800
2039 0 3,800 3,800
2040 0 3,800 3,800
2041 0 3,800 3,800
2042 0 3,800 3,800
2043 0 3,800 3,300
2044 0 3,800 3,800
2045 0 3,800 3,800
2046 0 3,800 3,800




2047 0 3,800 3,800
2048 0 3,800 3,800
2049 0 3,800 3,800
2050 0 3,800 3,800
2051 0 3,800 3,800
2052 0 3,800 3,800
2053 0 3,800 3,800
2054 0 3,800 3,800
2055 0 3,800 3,800
2056 0 3,800 3,800
2057 0 3,800 3,800
2058 0 3,800 3,800
2059 0 3,800 3,800
2060 0 3,800 3,800
2061 0 3,800 3,800
Total: 190,000

Notes:

1.) See Attachment 7 for a narrative explaining this table and attached table for detailed recharge estimate.
Avoided Green House Gas Emissions

Type of Benefit:

Measure of Benefit (units):
Additional Information about Benefit:

metric tons of CO, per year

(a) (b) (c) @
Change Resulting
Year Without Project With Project from Project
(c)-(b)
2012 0 5,400 5,400
2013 0 5,400 5,400
2014 0 5,400 5,400
2015 0 5,400 5,400
2016 0 5,400 5,400
2017 0 5,400 5,400
2018 0 5,400 5,400
2019 0 5,400 5,400
2020 0 5,400 5,400
2021 0 5,400 5,400
2022 0 5,400 5,400
2023 0 5,400 5,400
2024 0 5,400 5,400
2025 0 5,400 5,400
2026 0 5,400 5,400
2027 0 5,400 5,400
2028 0 5,400 5,400
2029 0 5,400 5,400
2030 0 5,400 5,400
2031 0 5,400 5,400
2032 0 5,400 5,400
2033 0 5,400 5,400
2034 0 5,400 5,400




2035 0 5,400 5.400
2036 0 5,400 5,400
2037 0 5,400 5,400
2038 0 5,400 5,400
2039 0 5,400 5,400
2040 0 5,400 5.400
2041 0 5,400 5,400
2042 0 5,400 5,400
2043 0 5,400 5,400
2044 0 5,400 5,400
2045 0 5,400 5,400
2046 0 5,400 5,400
2047 0 5,400 5,400
2048 0 5,400 5,400
2049 0 5,400 5,400
2050 0 5,400 5.400
2051 0 5,400 5,400
2052 0 5,400 5,400
2053 0 5,400 5,400
2054 0 5,400 5,400
2055 0 5,400 5,400
2056 0 5,400 5,400
2057 0 5,400 5,400
2058 0 5,400 5,400
2059 0 5,400 5,400
2060 0 5,400 5,400
2061 0 5,400 5,400
Total: 270,000

Notes:

1.) See Attachment 7 for a narrative explaining this table and attached table for detailed recharge estimate.







Project O: Francis Street Storm Drain and Ely Basin Flood Control and
Aquifer Recharge Project (City of Ontario)

Summary of Physical Benefits:
The proposed Project will provide the following physical benefits:

Flooding Protection

Enhance Water Supply

Air Quality Improvement through Green House Gas Emissions Reduction
Water Quality Improvement

o Sl

Description of Physical Benefits:

The expected Project physical benefits are more specifically describe in the following section. Refer to Table 9 for
quantified project benefit details.

I. Flooding Protection

Histarically, flooding has been experienced in areas south of Francis Street during various storm events. The
flooded area is generally bounded by Campus Avenue on the west, Francis Street on the north, Grove Avenue on the
east, and Interstate 60 on the south. Flooding in this area is well documented by photos and newspaper articles, as
shown in Attachment 7-2 from the local paper, the Inland Daily Bulletin (photos were obtained from the Builetin).
The Francis Street Storm Drain will convey 1,423 cfs of runoff from the 956 acre tributary area. Using existing
topography, storm drain master plan data, street drainage conveyance capacities, and City maintenance records, the
flood inundation area was determined and is shown on Attachment 7-1. The referenced exhibit highlights a 277 acre
area along and immediately south of Francis Street experience flood inundation up to 2 feet. The Project will
provide 100 year flood protection to this inundation area. Areas which flood protection is enhanced includes
commercial, industrial, single family and multi-family residential developments, and arterial, major, and minor
streets. See Table 9 for flood protection provided during various storm events. Additionally, there are no
uncertainties related to the project benefits and the Project will not create any adverse effects.

11 Enhance Water Supply

The City of Ontario is dependent on costly imported water supplies to meet demand. Approximately 25% of
demand is met by import water in the City. The Project creates new groundwater yield through stormwater capture
and recharge. Recharged stormwater will increase groundwater supplies and address overdrafi in the Chino Basin.
The Project will capture and recharge 772 acre-feet of stormwater during an average rainfall year,

The Project intends to construct the necessary improvements to enhance regional groundwater recharge. Annual
storm runoff for the Project’s 956 acre tributary area is estimating using the historic annual rainfall of 17 inches and
applying a loss rate of 43% to account for evapotranspiration, based on Chino Basin Watermaster’s 2010 Recharge
Master Plan, see attached table. Approximately 772 acre-feet of storm water is expected to reach the Ely Basins
annually for recharge. Without the project, no new yield will be captured with projected amounts as presented
above. Beneficiaries are all water producers from Chino Basin that include an estimated 2.2 million people. Annual
Project physical benefits for the life of the Project are highlighted in Table 9.

II1. Air Quality Improvements through Green House Gas Emissions Reduction

The Project provides for reduction in greenhouse gas emissions through development of local water supplies that
eliminates the need for imported water to be delivered from the Bay-Delta of the same quantity. The Project
conserves local water reducing dependence on imported water in the amount of approximately 772 acre-feet per
year. By avoiding delivery through the state’s system, a significant reduction in greenhouse gas emissions is
attained. According to the California Air Resource Control Board, the energy required to deliver State Water Project



water to Southern California is 3,519 kW/hrs per acre-foot. Using the recommended conversion unit amount of
0.0004 kWh to tons of CO2, green house gas emissions reduction of approximately 1,100 tons CO, per year for the
project will be achieved. Three different sources and conversion factors were used to ensure accuracy, as shown on
the attached table. Annual Project physical benefits for the life of the Project are highlighted in Table 9.

V. Water Quality Improvement

The Project will reduce urban runoff discharge pollutants including sediment, nutrients, trash, metals, bacteria and
virus, oil and grease, organics, and pesticides. Impervious surfaces associated with development increase the rate
and volume of stormwater runoff that may increase downstream erosion potential and associated potential water
quality impairment. Urban runoff flows to the Santa Ana River which is on the Santa Ana Regional Water Quality
Control Board 303(d) List of Water Quality Limited Segments. Pollutants that settle on the impervious pavements
and rooftops are washed untreated into nearby stream channels, increasing pollution in receiving water bodies. The
Project will reduce approximately 772 acre-feet per year of stormwater runoff and subsequent pollutant discharge
through the use of infiltration basins (Ely Basins) to infiltrate the runoff into the groundwater aquifer.

Infiltration basins use the natural filtration to remove pollutants in stormwater runoff. Filtration provides for high
pollutant removal efficiency.

Table 9 - Annual Project Physical Benefit

Project: Francis Street Storm Drain and Ely Basin
Flood Control and Aquifer Recharge Project

Type of Benefit: Flood Damage Reduction
Measure of Benefit (units): Multiple, See Below
Additional Information about Benefit: For the 1 in 100 year event
(a) (b) (c) U]
Change Resulting
Measure of Benefit Claimed Without Project With Project from Project
(b)-(¢)
100-year Flood Inudation Area (Acres) 277 0 277
Number of Structures Flooded
Residential (Single Story) 136 0 136
Residential (Two Plus Story) 374 0 374
Square Footage of Structures Flooded
Commercial 668,042 0 668,042
Industrial 2,308,286 0 2,308,286
Duration of Flooding (Days)"” 1 0 1
Notes:

1.) Flood inundation areas, further described in Attachment 7, are not part of a low-lying area or a basin, as such,
flood water are expected to drain in 1 day.

Type of Benefit: Stormwater Capture and Storage

Measure of Benefit (units): acre-feet

Additional Information about Benefit: -

[ (@) (b) [ © ®




Change Resulting

Year Without Project With Project from Project
(c)-(b)
2012 0 772, 772
2013 0 772 772
2014 0 772 772
2015 0 772 772
2016 0 772 772
2017 0 772 772
2018 0 772 772
2019 0 772 772
2020 0 772 772
2021 0 772 772
2022 0 772 772
2023 0 772 772
2024 0 772 772
2025 0 772 772
2026 0 792 772
2027 0 772 772
2028 0 72 772
2029 0 772 772
2030 0 772 772
2031 0 772 772
2032 0 772 772
2033 0 772 772
2034 ) 772 772
2035 0 772 772
2036 0 772 772
2037 0 772 772
2038 0 772 772
2039 0 772 772
2040 0 772 772
2041 0 772 772
2042 0 772 772
2043 0 772 772
2044 0 772 772
2045 0 772 772
2046 0 772 772
2047 0 72 772
2048 0 772 772
2049 0 i 772
2050 0 772 772
2051 0 772 772
2052 0 772 772
2053 0 772 772
2054 0 792 772
2055 0 772 772
2056 0 772 772
2057 0 772 772




2058 0 772 772
2059 0 772 772
2060 0 772 772

2061 0 772 772
Total: 38,600

Notes:
1.) See Attachment 7 for a narrative explaining this table and attached table for detailed recharge estimate.
Type of Benefit: Avoided Green House Gas Emissions
Measure of Benefit (units): metric tons of CO, per year
Additional Information about Benefit: -
(@) (b) (c) U]
Change Resulting
Year Without Project With Project from Project

(c)-(b)
2012 0 1,100 1,100
2013 0 1,100 1,100
2014 0 1,100 1,100
2015 0 1,100 1,100
2016 0 1,100 1,100
2017 0 1,100 1,100
2018 0 1,100 1,100
2019 0 1,100 1,100
2020 0 1,100 1,100
2021 0 1,100 1,100
2022 0 1,100 1,100
2023 0 1,100 1,100
2024 0 1,100 1,100
2025 0 1,100 1,100
2026 0 1,100 1,100
2027 0 1,100 1,100
2028 0 1,100 1,100
2029 0 1,100 1,100
2030 0 1,100 1,100
2031 0 1,100 1,100
2032 0 1,100 1,100
2033 0 1,100 1,100
2034 0 1,100 1,100
2035 0 1,100 1,100
2036 0 1,100 1,100
2037 0 1,100 1,100
2038 0 1,100 1,100
2039 0 1,100 1,100
2040 0 1,100 1,100
2041 0 1,100 1,100
2042 0 1,100 1,100
2043 0 1,100 1,100
2044 0 1,100 1,100




2045 0 1,100 1,100
2046 0 1,100 1,100
2047 0 1,100 1,100
2048 0 1,100 1,100
2049 0 1,100 1,100
2050 0 1,100 1,100
2051 0 1,100 1,100
2052 0 1,100 1,100
2053 0 1,100 1,100
2054 0 1,100 1,100
2055 0 1,100 1,100
2056 0 1,100 1,100
2057 0 1,100 1,100
2058 0 1,100 1,100
2059 0 1,100 1,100
2060 0 1,100 1,100
2061 0 1,100 1,100

Total: 55,000

Notes:

1.) See Attachment 7 for a narrative explaining this table and attached table for detailed recharge estimate.







Project P: Commercial/Industrial/Instritutional Performance-Based Water
Use Efficiency Program (Metropolitan Water District of Orange County)

I. Technical Justification

Summarize reports and studies prepared for the proposed water use efficiency project or explain what has
been done to determine the project’s feasibility.

A variety of reports and studies have been produced or referenced to support implementation of the proposed
Program. In 2009, USBR completed a five volume report called the Water Energy Efficiency Program (WEEP)
for CII Customer Classes in Southern California. The WEEP Study confirmed that integrated resource
management programs can foster gains in water and energy efficiency among targeted CII sectors. This report
recommended offering integrated water and energy efficiency programs, as well as engineering support, to CII
sectors. During a review of sanitation district wastewater flow data, CII sectors were identified as having large
potential for water savings in Orange County. Primary recommendations for improvement include: Equipment
upgrades (i.e., replacing existing equipment with new equipment characterized as more water or energy efficient);
Operating and maintenance practices to ensure that site equipment is used as intended and consistent with load
demands; Design, expand, or change new or existing processes and facilities to achieve greater levels of water and
energy efficiency in building designs and manufacturing related activities. MWDOC is currently evaluating our
Hotel (audit and incentive) Program, which has been implemented within Orange County since 2008 and which
achieved 107% of the water savings goal of 453acre-feet per year (AFY). The proposed CII and School Program
would utilize the success of and build upon the Hotel Program process. CII water demands make up a significant
percentage of total demand within the MWDOC service area.

As recommended by the California Urban Water Conservation Council’s (CUWCC) Potential BMPs, the Program
is developed as a holistic approach to landscape water use efficiency that provides incentives and technical
resources, with monitoring and reporting of water use.

According to the State Water Resources Control Board, there is more dry weather runoff in the storm drains than
stormwater runoff. Landscape-attributed dry weather runoff reduction and NPS pollution reduction are anticipated
to be greater than 50%, as documented in MWDOC’s 2004 Residential Runoff Reduction (R3) Study. Reduced
urban runoff also benefits water quality within local creeks and streams. The R3 Study found that a reduction in
total pollutant migration could be achieved by reducing total dry season urban runoff. To further test the feasibility
of landscape programs, MWDOC has successfully implemented a standalone residential and commercial non-
functioning turfgrass removal program since November 2010 that has resulted in more than 436,600 fi* of turf
removed and replaced with California Friendly plantings. To date 39 sites have participated, with an additional
82,800 ft* of turf removal pending, yielding an average of approximately 13,800 fi® per site. Utilizing this
experience and data derived from these programs, MWDOC has applied historical participation statistics to
calculate the proposed numbers for this Program.

An additional benefit associated with holistic landscape projects is the emphasis on proper irrigation. Replacement
of a standard irrigation controller with a weather-based irrigation controller (a.k.a. smart timer), standard pop-up
spray heads with water efficient rotating nozzles, or the complete removal of irrigation at the conversion site can
achieve quantifiable and sustained water savings in urban landscapes, specifically in commercial landscapes
throughout Orange County, California. Through a 2012 statistical evaluation of past programs conducted on rebate
program participants, MWDOC has measured water savings of more than 27% at commercial accounts, averaging
727 gallons per day (gpd) per installation of a smart timer (with respect to weather normalization) and additional 1
to 4 gpd per rotating nozzle,

Local Water Demand

The Municipal Water District of Orange County (MWDOC) purchases imported water from the Metropolitan Water
District of Southern California (Metropolitan). Metropolitan obtains this water from the Colorado River and State
Water Project. Water from the State Water Project passes through the Delta facilities before entering the California
Aqueduct and coming to Southern California. Imported supplies (5 year average) provided by the Metropolitan
include the Colorado River (69% of imported supply or 163,500 AF) and Bay-Delta via the State Water Project
(31% of import supply or 73,500 AF). MWDOC’s ability to influence diversions from the Bay-Delta include



maximizing water use efficiency as proposed herein, increasing use of reclaimed water, and development of other
local supplies including ground, ocean water desalination, indirect potable reuse of recycled water, and runoff reuse.

Currently, the Program’s water is either CII wastewater discharged into the ocean via sanitation district or LL
runoff, containing non-point source pollutants, entering the municipal storm drain systems and aquatic ecosystems
during wet/dry weather. Conserved water from the proposed Program could result in decreased demand on Delta
diversions; however, more likely, conserved water will remain in storage for use in a future dry year when Delta
diversions are restricted due to drought and/or regulatory restrictions.

II. Project Physical Benefits

The Program will: provide reliable water supplies by reducing dependency on imported water; meet water demands
during all hydrologic conditions; and maximize potable/recycled water use efficiency and onsite process water
reuse. It will preserve and enhance ecological function of open-space and water-related habitats. Additionally it will:
promote sustainable water solutions by linking land and water use; promote use of appropriate source for water use;
reduce GHG emissions and energy consumption; and promote urban greening projects. The Program will ensure
high quality water for all users by matching quality with intended uses and managing rainfall as a resource, thus
maximizing béneficial use through low impact development and increased onsite infiltration. The Program will
promote stewardship, a benefit to the business will be lower operating costs, thereby giving them a competitive
edge, as well as this benefit enticing participation; they can tout improved sustainability.

Statewide benefits, include off-sets to Bay-Delta pumping, build on existing water use efficiency programs
implemented in Orange County, and provide support for the implementation of BMPs. The Program will preserve
local flexibility by implementing water use management improvements at local and regional levels to maximize
beneficial use of existing water supplies. In addition to our traditional imported and groundwater supplies, water
agencies in Orange County recognize the need for a balanced water supply portfolio that includes water
recycling/reuse and water conservation.

¢ Improve Water Reliability and Reduce Reliance on Imported Water (primary benefit)

Water Savings: Total performance-based Program water savings goal is estimated at 450 AFY. Where, 400
AFY is attributed to water use efficiency and 50 AFY will result from onsite recucling or reuse of process
water. This will be achieved by targeting comprehensive water reductions at CII and LL sites over the
Program period. The Program goal is composed of the following individual project-type goals: Industrial
process improvements are expected to provide 75 AFY with a 10 year life; Commercial and Institutional
devise replacements will provide 170 AFY with a savings life up to 20 years (based on the industry
accepted specific device life); and the Landscape projects will contribute to 205 AFY savings with a 10
year life.

e Improve Water Quality and Salt Balance

MWDOC has found similar Programs to yield a 50% reduction of landscape water runoff, which results in
non-point source pollution entering municipal storm drain systems and aquatic ecosystems. This Program is
expected to yield 0.2 mgd of runoff water.

Water Quantity: Reduced Runoff and Pollutants: The proposed Program will remove turfgrass at LL sites
that require more than 4 feet of supplementary irrigation each year. This turfgrass will be replaced with
California Friendly plantings or ground covers that require less than half the water needed by turf. If these
new plantings require irrigation, they will be irrigated with low-volume emitters and will be adequately
mulched to retain soil moisture. This will result in a reduction in landscape irrigation runoff and related
non-point source pollution. Reductions in urban runoff will also have considerable benefits on water
quality within Orange County’s creeks and streams (Source: Residential Runoff Reduction (R3) Study,
2004, MWDOC and Irvine Ranch Water District), an important local issue. Reduced urban runoff also
benefits water quality within local creeks and streams. For this Program the estimated NPS reduction is
0.05 million gallons per day.

In-stream Flow: The R3 Study found that a reduction in total pollutant migration could be achieved by
reducing total dry season urban runoff. Since State Water Project supplies from the Bay-Delta are
considered MWDOC’s marginal supply source, we assume that saved water could stay in-stream, resulting



in increased in-stream flows. The quantity of water attributed to in-stream flows would be directly
proportional to the water saved through the Program.

Climate Change

According to the California Energy Commission’s 2005 Integrated Energy Policy Report, energy savings
associated with water conservation programs is 3,300 kWh per acre-foot of water saved. The proposed
Program is estimated to save 450 AF annually. Using the CEC Energy Policy Report energy savings
estimate, the proposed Program will save an estimated 847,620 kWh annually.

Greenhouse Gas Reduction: The reduced water need can result in a GHG emission reduction of 116 metric
tons of CO, emissions per year, calculated from the associated water savings and reduced energy need. This
Program is expected to yield a reduction of 584 metric tons of COse per year of greenhouse gas emissions
achieved from water management activities versus baseline. :

Climate Adaptation: The Program will contribute to adapting to the effects of climate change by modifying
existing water-intensive landscapes to California Friendly landscapes that are appropriate to our region and
water supply situation. Existing landscape are more turf intensive than the region’s existing water supplies
can accommodate. The desired landscape for the region will include smaller functional turf areas and
larger California Friendly tree, shrub, and groundcover-based areas. Participants in the Program will serve
as an example for others to follow, thereby fostering a California Friendly landscape transformation.

Manage Flood Waters

This Program will improve the natural hydrology over a 35 acre area and is consistent with the water use
efficiency and watershed management goals contained in the California Water Plan, TMDLs, CALFED
Bay-Delta program objectives, AB 32, and local land use planning. The Program will protect surface and
groundwater quality by: (1) reducing the rate of dry weather runoff and pollution from existing landscapes;
(2) employing landscape water use techniques that promote the infiltration and beneficial use of water; and
(3) decreasing the rate of process water discharged to sanitation districts. The Program will promote the
region-wide utilization of non-structural Best Management Practices, appropriate to non-point-source
pollutants and land use types, to prevent potential pollutants from entering municipal storm drain systems
and aquatic ecosystems during both wet and dry weather.

Uses LID or other resource-efficient land use

Low Impact Development: Program will integrate water management with land use planning by going
beyond local landscape ordinance(s) (AB1881) requirements to increase water use efficiency on existing
landscapes through the decrease of non-beneficial landscape water use and the decrease of dry weather
runoff resulting in pollution. Program will promote the utilization of Bs, appropriate to land use type, to
eliminate nuisance runoff and reduce the discharge of pollutants from municipal storm drain systems into
downstream aquatic ecosystems during both wet and dry weather. Program contributes to the following: 1)
reduce the rate of dry weather runoff resulting in pollution prevention from existing landscapes; 2)
encourage the use of low impact development practices in the landscape to help preserve sustainability and
watershed health; and 3) increase water use efficiency by using landscape water beneficially, and not
wastefully, thereby resulting in sustainable water resource management.

Positive Impacts to natural hydrology and alluvial fans

Impacts to Natural Hydrology: MWDOC’s Residential Runoff Reduction Study (July 2004) and
SmarTimer and Edgescape Evaluation Study(October 2008) have each demonstrated water quality benefits
that significantly reduce both dry-weather runoff volume and non-point source pollutants entering local
creeks, ultimately leading to the Pacific Ocean. The Residential Runoff Reduction Study quantified a 50%
reduction in dry-weather runoff and non-point source pollutants with a 10% penetration of landscape
improvements yielding sediment removal rand water quality improvement. Follow-up studies, with five-
years post installation will verify that the water savings persistence.




Indirect Benefits

Implementation of the Program will result in an indirect benefit of increased carryover storage. Water
saved through implementation of this Program could be kept in storage for use in the future.

Reduced Likelihood of Water Shortage Impacts: MWDOC relies upon Metropolitan for imported water
supplies. Metropolitan’s Integrated Water Resources Plan (IRP) ensures reliability through adverse
hydrologic conditions, such as prolonged droughts, but it does not address the potential threat of shortage
due to catastrophic system failure or unprecedented climate impacts. Non-climate-related events like
earthquakes, floods, or terrorist activities could lead to serious disruption of imported supplies from the
Colorado River Aqueduct or State Water Project. In a presentation made to the California Bay-Delta
Authority in October of 2004, Dr. Jeffrey Mount of the University of California, Davis reported a two-in-
three chance of a catastrophic failure in the Bay-Delta system due to flood or earthquake by the year 2050.
This type of failure would completely cut off the supply of water Metropolitan receives from Northern
California. Under these circumstances, Metropolitan’s Eastside Reservoir Project Final Environmental
Impact Report (EIR) suggests that most regional imported demands could be met through in-region storage
projects. This EIR assumes a 25% reduction in retail demands during the facility outage. While the EIR
shows that Metropolitan is planning for extraordinary, non-hydrologic events, it does not ensure 100%
reliability if they occur. The assumed reduction in demands during the facility outage represents a shortage
to Metropolitan’s customers.

The Program provides benefits under these conditions in multiple ways. The Program helps reduce Orange
County’s need for imported supplies from Metropolitan. These lower demands will help ease the strain on
supplies if a catastrophic event impacts Metropolitan’s delivery system. The reduced demands will allow
stored water supplies to last longer through the emergency and forestall the threat of greater impacts. It is
difficult to quantify the monetary benefits of avoiding water shortage. From a qualitative perspective, the
benefits come in the form of reduced risk of business disruption or residential impact from water shortage
in time of a crisis caused by catastrophe or unforeseen hydrologic events.

Additional Benefits

Promoting Stewardship: A benefit to the business will be lower operating costs, thereby giving them a
competitive edge, as well as this benefit enticing participation; they can tout improved sustainability.

Reduced Tier 2 Supply Costs: MWDOC is allowed to buy approximately 280,592 acre-feet per year at
Metropolitan’s lower Tier 1 supply rate of $847/AF. Any purchases in excess of 280,592 acre-feet are
charged at a Tier 2 cost, which is approximately $150/AF more than the Tier 1 supply rate. This incentive
encourages agencies to stay within their Tier 1 annual limit. Factors impacting MWDOC’s need to
purchase higher-cost Tier 2 supplies from Metropolitan include weather, groundwater and other local
supplies, and the economy.

Build on existing water use efficiency Projects: MWDOC currently implements a variety of regional
commercial, industrial, and institutional water use efficiency programs. This CII/LL Performance-Based
Program will build on existing programs that have included the Water Smart Industrial Water Program,
Water Smart Hotel Program, SoCal Water$mart Program (f k.a. Save Water Save A Buck), and various
landscape programs. These programs are complementary and work collaboratively to achieve maximum
landscape water conservation results.




1IIL. Annual Physical Benefits

Table 9 — Annual Project Physical Benefits
Project Name: CII Performance-Based Water Use Efficiency Program
Type of Benefit Claimed: Water Savings (primary benefit)

Measure of Benefit Claimed (Name of Units): Acre-Feet per Year (AFY)
Additional Information About this Measure: Individual project lives vary from 10 to 20 vears.

(@) (b) | © (@
Physical Benefits
Year Without Project With Project Change Resulting from Project
(b) - (c)

2014 0 450 450
2015 0 450 450
2016 0 450 450
2017 0 450 450
2018 0 450 450
2019 0 450 450
2020 0 450 450
2021 0 450 450
2022 0 450 450
2023 0 450 450
2024 0 170 170
2025 0 170 -1 170
2026 0 170 170
2027 0 170 170
2028 0 170 170
2029 0 170 170
2030 0 170 170
2031 0 170 170
2032 0 170 170
2033 0 170 170

Comments: The project is composed of three parts: Industrial process improvements are expected to provide 75
AFY with a 10 year life; Commercial and Institutional devise replacements will provide 170 AFY with a 20 year
life; and the Landscape projects will contribute to 205 AFY savings with a 10 vear life.




Project Name: Cll Performance-Based Water Use Efficiency Program
Type of Benefit Claimed: Reduces Energy Cost

Measure of Benefit Claimed (Name of Units): Kilo-watt Hour per vear (kWh/yr)
Additional Information About this Measure: Benefit accrued to Metropolitan as a State Water Project

contractor.
(a) (b) L (©) | (@)
Physical Benefits
Year Without Project With Project Change Resulting from Project
(b) - ()
2014 0 847620 847620
2015 0 847620 847620
2016 0 847620 847620
2017 0 847620 847620
2018 0 847620 847620
2019 0 847620 847620
2020 0 847620 847620
2021 0 847620 847620
2022 0 847620 847620
2023 0 847620 847620
2024 10 351756 351756
2025 0 351756 351756
2026 0 351756 351756
2027 0 351756 351756
2028 0 351756 351756
2029 0 351756 351756
2030 0 351756 351756
2031 0 351756 351756
2032 0 351756 351756
2033 0 351756 351756

Comments: The project is composed of three parts: Industrial process improvements are expected to provide
benefits with a 10 year life; Commercial and Institutional devise replacements will provide benefits with a 20 year
life; and the Landscape projects will contribute to benefits with a 10 year life.




Project Name: CII Performance-Based Water Use Efficiency Program
Type of Benefit Claimed: Reduces Energy Cost
Measure of Benefit Claimed (Name of Units):Metric tons of CO,

Additional Information About this Measure: Benefit accrued to Metropolitan as a State Water Project
contractor.

() (b) L (© (@
Physical Benefits
Year Without Project With Project Change Resulting from Project
(b) - (¢)
2014 0 585 585
2015 0 585 585
2016 0 585 585
2017 0 585 585
2018 0 585 585
2019 0 585 585
2020 0 585 585
2021 0 585 585
2022 0 585 585
2023 0 585 585
2024 0 243 243
2025 0 243 243
2026 0 243 243
2027 0 243 243
2028 0 243 243
2029 0 243 243
2030 0 243 243
2031 0 243 243
2032 0 243 | 243
2033 0 243 243

Comments: The project is composed of three parts: Industrial process improvements are expected to provide
benefits with a 10 year life; Commercial and Institutional devise replacements will provide benefits with a 20 year
life; and the Landscape projects will contribute to benefits with a 10 year life.

Project Name: CII Performance-Based Water Use Efficiency Program
Type of Benefit Claimed: Non-Point Source Reduction

Measure of Benefit Claimed (Name of Units): Million gallons per year
Additional Information About this Measure: Water Treated

() (b) 1 © (@)
Physical Benefits
Year Without Project With Project Change Resulting from Project
(b) - (¢)
2014 0 73 73
2015 0 73 73
2016 0 73 73
2017 0 73 73
2018 0 73 73
2019 0 73 73
2020 0 73 73
2021 0 73 73
2022 0 73 73
2023 0 73 73

Comments: Only the Landscape projects will contribute to this benefit with a 10 year life.







Project Q: Peters Canyon Channel Water Capture and Reuse Pipeline
(City of Irvine)

Physical Project Benefits Narrative

The Peters Canyon Wash Water Capture and Reuse Pipeline is designed to capture and permanently divert
discharges of nitrate and selenium-laden groundwater at four locations. Flows will be transported through an
underground pipeline to the Orange County Sanitation District (OCSD) Fountain Valley facility via the Main Street
Trunk Sewer for treatment and subsequent discharge to the Orange County Water District (OCWD) Groundwater
Replenishment System (GWRS). The flows will ultimately be reused through infiltration in either injection wells to
create a seawater intrusion barrier or to OCWD's percolation basins in Anaheim.

The Project pipeline will begin at Walnut Avenue where discharges from the Caltrans 261 Tollway GWTF will be
collected. The proposed alignment will run along the east side of Peters Canyon Channel approximately 10,000 feet
from Walnut Avenue to Barranca Parkway. In this reach low flows from Como Channel, Edinger Circular Drain,
and Valencia Drain will be added to the pipeline. At Barranca Parkway, the pipeline will cross the channel and
travel along the its west side past the confluence with San Diego Creek approximately 6,000 feet to the Orange
County Sanitation District’s (OCSD) Main Street sewer. At the OCSD treatment facility, discharges will receive
secondary treatment and be transferred to the co-located OCWD Groundwater Replenishment System (GWRS). At
the GWRS flows will be purified using a three-step advanced treatment process consisting of micro-filtration,
reverse osmosis and ultraviolet light with hydrogen peroxide and either injected through wells to create a seawater
intrusion barrier or to OCWD's percolation basins in Anaheim.

Total Maximum Daily Loads (TMDLs) for both selenium and nitrogen are in place for the Newport Bay watershed
including Peters Canyon Channel. Historically, a natural occurring geologic marsh known as Cienega de las Ranas
or Swamp of the Frogs covered the project area. During geologic time naturally occurring selenium from the
foothills was collected and immobilized in this marshy lowland, which stretched from Upper Newport Bay over 8
miles upstream to Red Hill in Tustin. Today, this area is no longer a marsh, but selenium-lade groundwater
extiltrates into surface water drainages and stormdrains and may create a biological risk for birds and fish
throughout the watershed. Nitrate levels are elevated in groundwater throughout the area due to historical
agricultural application.

The physical benefits of the Project will be diverted nitrate and selenium loads (pounds/year) captured prior to
discharge into Peters Canyon Channel; water diverted for beneficial reuse through infiltration in either injection
wells to create a seawater intrusion barrier or OCWD's percolation basins in Anaheim (acre feet/year), and
reductions in greenhouse gas emissions due to reductions imported water (metric tons of CQO,/year). The diverted
nitrate and selenium loads and gallons of water diverted for beneficial reuse have been estimated from Lower Peters
Canyon Wash Selenium Mass Balance Study, Irvine Ranch Waiter District Peters Canyon Channel Water Capture
and Reuse Pipeline Concept Feasibility Study Section III Flow Rates and Water Quality, and data from the
California Department of Transportation Groundwater Treatment Facility. The loadings included in table 9 are
conservative estimates based on the data from the above referenced studies and taking into account the anticipated
need to shut the proposed diversions down during wet weather. A conservative estimate of 330 days of operation
per year was used in the loading calculations which will result in values slightly different from the referenced
studies. Reductions in greenhouse gas emissions are estimated from the anticipated reduced need for imported water
due to groundwater replenishment.

No levels of future physical benefits without the project are anticipated. No other projects that would result in
reductions of nitrate and selenium loading are known. The estimated physical benefits of nitrate and selenium load
reduction directly depend on the construction of the proposed project. The actual amount of diverted water
ultimately used for groundwater replenishment depends on continuing agreements between Orange County
Sanitation District and Orange County Water District, and the continued successful operation of the Groundwater
Replenishment System. No significant potential adverse physical effects are anticipated. The diversion of the
proposed flows is not anticipated to negatively affect creek habitat or function in Peters Canyon Channel.



(@) (b) (c) (d)
: : Physical Benefits
Year Without With Project Change Resulting from Project
Project (b) - (c)
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015-2034 0 250606 250606 Ibs/year Nitrate diverted
Last Year
of Project 0 250606 250606 Ibs/year Nitrate diverted
Life

Comments: Project anticipated to be operatlonal in 2015

I B )

: A e T I AT Physncalseneﬂts*a R Chair ARl S
Year | Without | With Project ~ Change Resulting from iject
el L0 e sl (b) - (c)
2012 0 0 0
2013 0 0 0
2014 0 0 0
2015-2034 0 229 229 |bs/year Selenium diverted
Last Year 0 229
of Project 229 |bs/year Selenium diverted
Life

Comments: Project anticipated to be operational in 2015




Table 9 - Annual Project Physical Benefits

Project Name: Peters Canyon Channel Water Capture and Reuse Pipeline

Type of Benefit Claimed: Water diverted for beneficial reuse

Measure of Benefit Claimed (Name of Units): acre feet per year

Additional Information About this Measure: Estimate assumes 330 days of operation per year

(@) (b) \ (c) l (d)
Physical Benefits
Year Without With Project Change Resulting from Project
Project (b)-(c)

2012 0 0

2013 0 0

2014 0 0

2015-2034 0 1,774 1,774 acre feet/year diverted for beneficial reuse

Last Year 0 1,774 1,774 acre feet/year diverted for beneficial reuse
of Project

Life

Comments: Project anticipated to be operational in 2015

Table 9 - Annual Project Physical Benefits

Project Name: Peters Canyon Channel Water Capture and Reuse Pipeline

Type of Benefit Claimed: Reduction of greenhouse gas emissions

Measure of Benefit Claimed (Name of Units): metric tons COZ2elyear

Additional Information About this Measure: Estimated from water management activities vs baseline

(@) (b) | R | (d)
Physical Benefits
Year Without With Project Change Resulting from Project
Project {b) - (c)
2012 0 0
2013 0 0
2014 0 0
2015-2034 0 1,350 1,350 metric tons COz/year reduced
Last Year 0 1,350 1,350 metric tons CO2 /year reduced
of Project
Life

Comments: Project anticipated to be operational in 2015







Project R: Soboba Band of Luisefio Indians Wastewater Project (Soboba
Tribe)

The Soboba Wastewater Treatment Facility Development Plan does not claim any physical benefits as it is only a
feasibility study to determine, if, how, and when the Tribe can construct a wastewater management facility to serve
the tribal community. The physical benefits of such a facility will become clear after the feasibility study has been
completed. Thus, at this juncture, Soboba has nothing to report in regards to benefits claimed, without-project
conditions, methods used to estimate physical benefits, actions used to obtain physical benefits, uncertainty of
benefits, or any description of potential adverse effects.

(a) (b) e (d)

Physical Benefits
Year Without With Project Change Resulting from Project
_ Project (b) - (c)

2012 N/A N/A N/A

2013 N/A N/A N/A

2014 N/A N/A N/A

Etc. N/A N/A N/A

Last Year of N/A N/A N/A
Project Life
Comments: The funds requested are only for a feasibility study of a wastewater treatment facility. This feasibility study will
give Soboba the necessary information to make annual projected physical benefits of the potential treatment facility.







Project S: Recycled Water Project Phase I (Arlington-Central Avenue
Pipeline) (Eastern Municipal Water District)

The physical benefits being claimed for this project are as follows:

e Recycled water use at 6,100 AFY

e  Greenhouse gas reduction at 6,060 metric tons CO,e/yr

e  Water use efficiency at 6,100 AFY

e Water Supply Reliability

e  Groundwater recharge and management (Neighboring agencies)

Historically Riverside has relied on local groundwater basins to meet its water supply needs. However, prolonged
drought and depleting groundwater supplies coupled with increased water demands has put a severe strain on the
City’s water supply. The demand for consumable water, a diminishing natural resource throughout California, is
expected to increase in the Riverside area by nearly 20% by the year 2020. Moreover, water demands will increase
considerably from 84,000 AFY to 110,000 AFY by year 2035. Without phase I of this recycled water project the
City is expected to have a 26,000 AFY short fall; of which will need to be supplemented with import water supplies.

This project will distribute recycled water produced at the City’s Regional Water Quality Control Plant to irrigate
landscape within selected areas throughout the City. In addition, recycled water will be supplied to neighboring
agencies for landscape irrigation and groundwater recharge projects. This project is similar to all other recycled
water projects in this proposal as they all reduce demand on import water supplies. In addition to reducing the
City’s demand for import water this project will provide recycled water to Western Municipal Water District and
neighboring cities, which will in turn reduce their demand on energy intensive import water.

The physical benefits of this project were estimated by the development of the City’s Recycled Water Facilities
Plan. The plan evaluated the amount of recycled water that could be used by the City for beneficial use and the
amount of water that could be distributed to neighboring agencies. At build out, the City’s recycled water system is
estimated to reuse approximately 20,000 AFY of recycled water, nearly meeting the City’s 2035 estimated water
demands.

The City will be constructing a new recycled water pipeline and associated infrastructure which will extend from its
wastewater treatment plant in the western portion of the city and terminate at the northeastern city boundary. This
pipeline will serve as the main artery to distribute recycled water throughout the city and to neighboring agencies.
Factors that lead to uncertainty of benefits of this project are consumer demand behavior. For example, the City’s
conservation programs may reduce consumption, thus reducing the amount of recycled water used and the amount
of recycled water generated at the wastewater treatment plant. There are no potential adverse physical effects of this
project.






Project T: Wilson III Basins Project and Wilson Basins/Spreading Grounds
(City of Yucaipa)

Summary of Physical Benefits:
The proposed Project will provide the following physical benefits:

Flooding Protection

Enhanced Water Supply

Air Quality Improvement through Green House Gas Emissions Reduction

Preserve Open Space and Increase Recreation and Environmental Education Opportunities
Water Quality Improvement

cRADE

Description of Physical Benefits:

The expected Project physical benefits are more specifically described in the following section. Refer to Table 9 for
quantified project benefit details,

L Flooding Protection

Historically, flooding has been experienced in areas southeast of the Wilson Basin along the Wilson Creek during
various storm events. The flooded area is generally bounded by Yucaipa Boulevard on the north, Oak Glen Road on
the east, 15™ Street on the west, and Interstate 10 on the south. Flooding in this area is well documented by FEMA
Flood Insurance Mapping. The Wilson Creek will convey 5,070 cubic feet per second of runoff from the 3,021-acre
tributary area. Using existing topography, existing hydrology, FEMA flood mapping, creek cross sections, and City
maintenance records the flood inundation area was determined to be approximately 562 acres, as shown on
Attachment 7-1. The referenced exhibit highlights areas downstream of the Project experiencing flood inundation
up to 1.5 feet. The Project will provide 100-year flood protection to this inundation area. Areas where flood
protection is enhanced includes a school, churches, single family and multi-family residential developments, and
major and minor streets. See Table 9 for flood protection provided during various storm events. Additionally, there
are no uncertainties related to the project benefits and the Project will not create any adverse effects.

11. Enhance Water Supply

The City of Yucaipa is dependent on costly imported water supplies to meet demand. Approximately 28% of
demand is met by import water in the City. The Project creates new groundwater vield through stormwater capture
and recharge. Recharged stormwater will increase groundwater supplies and decrease the dependence on
supplemental water supplies. The Project will capture and recharge approximately 1,000 acre-feet of stormwater
during an average rainfall year. ‘

The Project intends to construct the necessary improvements to enhance regional groundwater recharge. Annual
storm runoff for the Project’s 3,021 acre tributary area is estimating using the historic annual rainfall of 14 inches
and applying a loss rate of 43% to account for evapotranspiration, based on Chino Basin Watermaster’s 2010
Recharge Master Plan, see attached table. Approximately 2,009 acre-feet of storm water is expected to reach the
Wilson I1I Basin annually for recharge. The basin recharge capacity of 200 acre-feet and the enhanced Wilson
Spreading Basin recharge capacity of 50 acre-feet will not infiltrate the entire 2,009 acre-feet per year, however, it is
estimated that 1,250 acre-feet will be recharged during average rainfall years. Without the project, no new yield will
be captured with projected amounts as presented above. Beneficiaries are all water producers from the Yucaipa
Basin. Annual Project physical benefits for the life of the Project are highlighted in Table 9.



II1. Air Quality Improvements through Green House Gas Emissions Reduction

The Project provides for reduction in greenhouse gas emissions through development of local water supplies that
eliminates the need for imported water to be delivered from the Bay-Delta of the same quantity. The Project
conserves local water reducing dependence on imported water in the amount of approximately 1,250 acre-feet per
year. By avoiding delivery through the state’s system, a significant reduction in greenhouse gas emissions is
attained. According to the California Air Resource Control Board, the energy required to deliver State Water Project
water to Southern California is 3,519 kW/hrs per acre-foot. Using the recommended conversion unit amount of
0.0004 kWh to tons of CO2, green house gas emissions reduction of approximately 1,500 tons CO, per year for the
project will be achieved. Three different sources and conversion factors were used to ensure accuracy, as shown on
the attached table. Annual Project physical benefits for the life of the Project are highlighted in Table 9.

Iv. Preserve Open Space and Increase Recreation Opportunities

In 2012, City Council awarded a design contract to RBF for the Wilson III Basin Improvements Project, which
included an alternatives analysis to evaluate and determine which basin and channel design would be the most
feasible, appropriate and cost effective. In January 2013, City Council reviewed the analysis and determined the
preferred design as Alternative 6. Alternative 6 provided the required flood control volume while preserving open
space and allowing any basin export material to remain within the proposed 100-acre site in an effort to reduce costs
and environmental impacts associated with hauling the material off-site and properly disposing of the material.
Alternative 6 will provide a recreational asset to the community by providing 25 acres of new recreational use that
will connecting to existing multi-purpose trails. The recreational design will include approximately 5,000 feet of
multi-purpose trails, permanent water pond with naturalized streambed, viewing and seating areas, trail markers and
identification, native landscaping and habitat educational signage.

V. Water Quality Improvement

The Project will reduce urban runoff discharge pollutants including sediment, nutrients, trash, metals, bacteria and
virus, oil and grease, organics, and pesticides. Impervious surfaces associated with roadways and developments
increase the rate and volume of stormwater runoff that may increase downstream erosion potential, sediment
transport, and associated potential water quality impairment. Urban runoff flows to the Santa Ana River which is on
the Santa Ana Regional Water Quality Control Board 303(d) List of Water Quality Limited Segments. Pollutants
that settle on the impervious pavements and rooftops are washed untreated into nearby stream channels, increasing
pollution in receiving water bodies. Approximately 2,009 acre-feet of stormwater runoff, including sediments and
pollutants, will flow through the basins per year. Basin routing and recharge efforts will use the natural filtration to
remove pollutants in stormwater runoff and reduce sediment transport.



Physical Benefits Change Resulting from Project
: (b) - (c)

100-year Flood Inudation Area
(Acres)

562

Residential (Single Story)

Industrial

Comments:

1.) Flood inundation areas, further described in Attachment 7, are not part of a low-lying area or a basin, as
such, flood water are expected to drain in 1 day.







2061 1,000 1,000
2062 1,000 1,000
2063 1,000 1,000
Total for Project Life: 52,000
|_C0mments: B
Type of Benefit Claimed: Avoided Green House Gas Emissions
Measure of Benefit Claimed (Name of Units): Metric Tons of COz per Year
Additional Information About this Measure: Avoided Import Water
(@ R (A
Physical Benefits
Year Without Project With Project Change Resulting from Project
(b) - (c)
2012 0 1,500 1,500
2013 0 1,500 1,500
2014 0 1,500 1,500
2015 0 1,500 1,500
2016 0 1,500 1,500 |
2017 0 1,500 1,500 4
2018 0 1,500 1,500
2019 0 1,500 1,500
2020 0 1,500 1,500
2021 0 1,500 1,500
2022 0 1,500 1,500
2023 0 1,500 1,500
2024 0 1,500 1,500
2025 0 1,500 1,500
2026 0 1,500 1,500
2027 0 1,500 1,500 J
2028 0 1,500 1,500
2029 0 1,500 1,500
2030 0 1,500 1,500
2031 0 1,500 1,500
2032 0 1,500 1,500
2033 0 1,500 1,500
2034 0 1,500 1,500
2035 0 1,500 1,500
2036 0 1,500 1,500
2037 0 1,500 1,500
2038 0 1,500 1,500
2039 0 1,500 1,500




2040 0 1,500 1,500
2041 0 1,500 1,500
2042 0 1,500 1,500
2043 0 1,500 1,500
2044 0 1,500 1,500
2045 0 1,500 1,500
2046 0 1,500 1,500
2047 0 1,500 1,500
2048 0 1,500 1,500
2049 0 1,500 1,500
2050 0 1,500 1,500
2051 0 1,500 1,500
2052 0 1,500 1,500
2053 0 1,500 1,500
2054 0 1,500 1,500
2055 0 1,500 1,500
2056 0 1,500 1,500
2057 0 1,500 1,500
2058 0 1,500 1,500
2059 0 1,500 1,500
2060 0 1,500 1,500
2061 0 1,500 1,500
2062 0 1,500 1,500
2063 0 1,500 1,500
78,000

Total for Project Life:




