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Chapter 1
INTRODUCTLON

This paper reports Arizona's
contribution to the Wyoming re-
ional researc¢h project "Water
requirements for urban lawmns".

This project included Wyoming,
Coloradec and Arizona and was
initiated in 1976 with OWRT funding
commencing October 1976,

Throughout the western states,

water 1s an important resource

upon which are multiple demands.
One major demand is agricultural,
another is industrial and a third
rapidly growing demand is urban.

In the low deserts of Arizoma urban
" growth has been explosive, and lawn
areas are heavily keyed to major
income sources such as tourism.
These increasingly large lawn areas
are irrigated with water pumped from
underground aquifers. Tucson,
Arizona has a population of 450,000
people which are totally dependent
on groundwater for their water ,
needs. Groundwater levels have de-
creased 0.6 to 1.5 meters per year
as use exceeds natural! replenish-
ment {Groundwater Resource Mange-
ment Data 1977; from Department of
Soils, Water and Engineering,
University of Arizona). Since south-
western Arizona is located in an
arid environment with temperatures
in excess of 38° C for many months
. of the year with low rainfall, water
is at a premium and water require-
ments of urban lawns are of vital
interest. This study located at
the University of Arizoma Rincen
Vista Turfgrass Research Center in
Tucson investigated these require-
ments.

Chapter 2
OBJECTIVES

The overall objective was to
measure water use of urban lawn areas
in southern Arizona, determining the
effect of choice of lawm species and
management level upon water consump-
tion per unit lawn area. Specific
objectives were:

1. Accurately measure water use of
different bermudagrass cultivars,
Zoysia, St. Augustinegrass, and
tall fescue under "high and "low"
level managements, correlating
water use data with those from
a standard weather station ad-
jacent to the test area.

2. Measure soil moisture tensiong
and temperatures at which
watering is conducted.

3. From data obtained, derive
- estimates of water needs

for given areas of lawn under
standard water management and
determine potential savings
from proper choices of species,
managements and watering levels.
Some of the questions to be re-
solved were: 1. What effect
does level of watering have on
consumptive water use by turf-
grasses? 2, Are there signi-
ficant differences between turf-
grasses in the amount of water
they require under similar
management levels? 3.  If there
are significant management,
species or cultivar effects on
consumptive water use, of what
magnitude are they and how can
they be used to conserve water?
4. How does consumptive water
use by turfgrasses in Tueson,
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Arizona relate to local micro~

“climatic parameters and are these

relationships consistent with those
found in Colorado and Wyoming?

5. How does consumptive water use
under controlled conditions relate
to typical water use on Tucson
turfgrass and to previous
estimates? 6. What amount of'
water is necessary for an accept-
able turf quality?

Chapter 3
PROCEDURES

Turfgrasses were chosen which

‘were adapted to and are being used

under Tucson conditions. The
range of similar conditions and
adaptation is from E1l Paso to the
Imperial Valley of California

at altitudes below 4,000 feet.
Grasses chosen to be evaluated
were bermudagrass, Zoysia, St.
Augustinegrass and tall fesuce.
Tall fescue was chosen since it
has potential as an all year green,
cool season grass in this area.

The other grasses are warm season
grasses. To evaluate cultivar and
management effects, three bermuda-
grasses, 'Tifgreen', "Santa Ana',
and certified seeded bermudagrass
plus a selection of Zoysia
Japonica similar to 'Mayer' were
tested under ‘two management regimes,
nhighll and "].OW". ’

The "high" management regime
was chosen to evaluate consumptive
water use of lawn areas under growth
conditions such as encountered on
golf course fairways and commer-
clal lawns. This management includ-
ed more available water by main-
taining the water table consisten-
tly 10 cm above that for the '“"low"
regime, heavier nitrogen fertiliza-
tion, and overseeding of the warm
season grasses with annual ryegrass

for winter green grass.
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The "low" management regime
was chosen to evaluate consumptive
water use of lawn under typical
homeowner management, where energy
inputs are usually minimal.

Thirty lysimeter boxes, 1 meter
square and 60 cm deep, constructed
of 1 inch redwood and lined with a
double layer of & wmil plastic
sheeting were buried to ground
level at the University of Arizona
Rincon Vista Turfgrass Research
Center in Tucson, Arizona. At
the bottom center of each box a tube
was attached and sealed to allow
addition or removal of water from
the box as desired. Each box was
connected by its tube to a large
glass water bottle (used water
cooler bottles, capacity 18 liters)
arranged as a Marriotte siphon (see
Fig. 1). Water losses from the
bottle were measured daily. Each
liter lost from the bhottle repres-
ented 1 mm }lost from the surface
of the lysimeter. Liter marks.
were placed on the bottles to
facilitate easy reading. Bottles
were refilled regularly so that
water-levels in the bottle were
always above the water level in the
box and siphon action was unbroken.

The lysimeters were constructed
in two rows of 15 each, all at the
game level, leading into a roofed
underground service pit. Bottles
were set on shelving so that water
levels could be adjusted to any
desired point in the lysimeters.

The lysimeter boxes were filled with
washed mortar sand which was puddled
to check for leaks. 8ilt reaching
the surface was skimmed off prior

to planting the warm season grasses
as washed sod free of soil. Mois-
ture blocks, each with a thermistor,
were buried at 7.5, 15 and 18 em
depth to measure moisture percent-
ages and temperatures in six of the
boxes., Moisture blocks were also




buried at four locations and two
depths (7.5, 15 em) in a city park
within a mile of the lysimeter loca-
tion. Moisture block readings were
calibrated in a pressure plate
apparatus for each soil and loca-
tion.

"High" management plots were *
overseeded with annual ryegrass
in October, 1976, 1977, and 1978.
Plo%s were scalpedi seedad at 75
g/m“ (15 1b/100 ft<) and water
tables raised to near surface level
for the first week to encourage
germination. The water tables
were maintained 40 cm from the soil
surface in 1976-1977 and at 35 cm
from June 1977. Fertilization was
with ammopium sulfate applied at
4.5 g N/uw”~ approximately once per
month during the growing season.
Mowing height was 2 to 2.5 cm.

"Low" management plots were
fertilized every other month dur-
ing the growing season at a rate
of 4.9 g N/n“ apnd mowing height
was maintained at 4 to 5 cm. Water
tables were initially maintained
50 em below the soil surface, but
raised in June 1977 to 45.

Tifgreen, Santa Ana, seeded
bermudagrass, and Zoysia were
established at "high" and "low"
management regimes. Common S5t.
Augustine and Kemtucky 31 tall fescue
were established only under low
management regimes. The bermuda-
-grasses and Zoysia were arranged
in randomized split bloecks with the
split between management levels.

St. Augustinegrass and tall fescue
were also assigned randomly to boxes
in three sets of two interspersed
between the bermudagrass-Zoysia
replicates (Table 1).

A standard wooden weather
station enclosure was placed 15
feet from the lysimeters furthest
from the service pit. Daily
_temperatures were recorded in it.
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Adjacent to the enclosure were a
standard rain gauge and Class A
evaporation pan. All of these were
surrounded with a minimum 15 foot
fetch of maintained bermudagrass
turf.

Immediately adjacent to the
lysimeters used in this study was
an identical get which were used by
E. L. Anderson during 1977-78 (1) for a
master's thesis studying the effect-
iveness of turfgrass-soil filters for
tertiary treatment of sewage effluent.
She used seeded bermudagrass over-—
seeded in winter with annual ryegrass.
Watering with measured amounts of
effluent at a series of high levels,
she collected, measured, and
analyzed leachates. The difference
between leachate recovered and water
applied can be interpreted as a mea-
sure of evapotranspiration. Con-
sumptive water use values calculated
from this study were compared to
those for the seeded bermudagrass
under high management during the
same weeks in 1977-78 to determine
effects of excessive watering upon
water use.

Chapter 4
RESULTS

Weekly mean values obtained for
consumptive water use for each of
the grasses are summarized in de-
tail in appendix tables 1-5 along
with weather data in appendix
Table 6. The same data are graphed
using two week values in figures
2-4, It is obvicus from figure 2
that water level does indeed have
a significant effect on consumptive
water use. Differences between low
and high management from February
through April are due in large part
to the actively growing ryegrass,
but from May - October water use was
reduced 5-10 mm/week by lowering the
water table 10 cm.




Table 1.

South (1 - 15} returning to NW corner.
(16 - 30). Basins begin at SW corner of service shed.

Lysimeter basins constructed and established at Rincon Vista

Turfgrass Research Center 1976. Start with NE corner, count

Again count South

Planned Management Grass Basin Numbers

R R R

1 2 3

High N Tifgreen 16 9 . 14
Winter overseeding Santa Ana -2 g 29
Seeded bermuda 1 24 30

Zoysia 17 23 15

Low W Tifgreen 20 6 27
No overseeding Santa Ana 5 22 26
‘Seeded bermuda 4 21 11

Zoysia 19 7 12

Low N St. Augustine 18 10 13
No -overseeding 3 25 28

Ky 31 Tall Fescue
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Increasing water levels leads
to Juxury consumption by turfgrass
as indicated by the data in Tables
2 and 3, but calculated consump-
tive water use by overseeded
bermudagrass did not exceed Class
A pan evaporation wuntil application
rates reached 7-10 times evapora-
tion. We conclude that water * *
application rates above evapora-
tive -demands as indicated by pan
data are wasteful and that good
turf can be grown at watering
Jevels considerably less. The
range of watering should be between
50 and 80% of pan depending upon
the balance deszired between lush
growth and economy. Data in Table
4 show actual measured values for
consumptive water use expressed in
percent of pan evaporation at three
levels of evaporation. Percentages
are relatlively consistent in spite
of the wide range Iin demand. The
somewhat lower percentages for the
high management in June reflect the
passing of the ryegrass component
present in late winter and in April.

One of the assumptions in
initiation of this study was that
certain grasses might be more effi-
cient water users than others. With
more water efficient species or
cultivars, appreciable water savings
might be made while maintaining
turfgrass quality. The three
bermudagrasses and Zoysia were near-
1y equivalent in their consumptive
water use at each level of manage-
ment. Comparisons can be made using
appendix Tables 1-4. Values for all
four grasses varied around a common
‘mean. For this reason the graphic
displays in figures 2 and 3 are in
mean values only. Tall fescue and
St. Augustinegrass, however, had
distinctly higher consumptive water
use values than did the bermuda-
grasses and Zoysia (Fig. 3), with
the cool season tall fescue using
most water yearlong.

Comparative water use by the
different grasses is illustrated by
Table 4. Tall fescue did not grow
as much as the ryegrass during Jan-
uary and February but responded to
warmer temperatures in March and
April in the same way with increas-
ed growth and water use. St.
Augustinegrass, although not quite
dormant in early spring, began growth
in March and reached peak water use
in mid June. Tall fescue water use
declined during July and August while
water use by the warm season grasses
went up (Fig. 3). Soil temperatures
shown in Tables 5 and 6 help explain
some of the growth cycle differences.
Temperatures below 20 C inhibit
warm season grass growth and temper-
atures above 25 C inhibit cool
season grass growth.

The higher water use by the St.
Augustinegrass and tall fescue may
be confounded with differences in
mowing height. Youngner in
California ( 3) compared bermudagrass
and 5t. Augustinegrass at the same
mowing height (2.5 cm). Their con-
sumptive water use was the same.
Since this height may well injure
5t. Augustinepgrass, the lack of
difference may be due to different-
ial injury.

Feldhake has shown that raising
mowing height of Kentucky bluegrass
increases consumptive water use (2),
Our studies indicate that bermuda-
grasses, which are the most prevalent
turfgrasses in the low desert south-
west, are the most efficient water
users of the grasses tested. Al-
though there were no differences in
consumptive water use among them,
the hybrids Santa Ana and Tifgreen
will tend to be more attractive to
average homeowners than seeded
bermudagrass or Zoysia over most of
the range of possible water regimes,




Table 2. Consumptive water use (mm/2 week period) by seeded
bermudagrass overseeded with annual ryegrass November
1977 — May 1978.

Surface Irrigation*#
Rate applied

mm/2 weeks Class A Pan
Week Sub-irrigation#* 144 232 304 480 608  evaporation Precipitation
consumptive use
44-45 Nov. 1977 21 42 42 57 75 168 a9 10
46-47 Nov. 1977 11 37 36 73 106 173 62 0
48-49 Dec. 1977 27 43 42 73 111 152 56 . 0
50-51 Dec. 1977 24 51 20 79 94 152 60 o
14-15 April 1978 76 80 60 118 132 155 102 0
16-17 April 1978 97 82 82 118 139 158 142 0
Dec. 1977-April 1978 249 471 355 681 821 1343 446 167

* Consumptive use study, water table 40 cm below surface.

#¥% E. L. Anderson, M. 5. Thesis, same design lysimeters 2 meters away. Surface irrigated
with measured amounts secondary sewage effluent via drip outlets. Consumptive use =
applied effluent + precipitation - measured leachate.




Table 3.

Consumptive water use (mm/2 week period) in percent of
Class A pan evaporation for the same periods by seeded
bermudagrass overseeded with annual ryegrass Novembeér

1977 - May 1978,

* Surface Irrigation**

Rate appliled

" mm/2 weeks

Class A Pan
Week Sub-irrigation* 144 232 304 480 608 evaporation Pracipitation
Ee rcent ages .
44-45 Nov. 1977 30 61 61 83 109 243 69 10
46-47 Nov. 1977 18 60 S8 118 171 279 62 0
48-49 Dec. 1977 48 77 75 130 198 271 56 ' 0
50-51 Dec. 1977. 40 85 33 132 157 253 60, | 0
14-15 April 1978 75 78 59 116 129 152 102 0
16-17 April 1978 68 58 58 83 98 111 142 | 0
Dec. 1977-April 1978 56 . 106 80 153 184 301 446 167

* Consumptive use study, water table 40 cm below surface

#% E. L. Andersoh, M.S. Thesis, same design lysimeters 2 meters away. Surface irrigated
with measured amounts secondary sewage effluent via drip outlets. Consumptive use =
applied effluent + precipitation - measured leachate, '

I-11




Table 4 Consumptive water use during periods of varying evaporative
demand expressed in percent Class A evaporation for those
Data based upou 1978-79 averages.

same periods.

Time period and mean evaporation

lLate Winter April June
Week 1 - 12 Weeks 13 - 17 Weeks 23 - 26
Grass Mgmt. 28 mm/week 59 mm/week 91 mm/week
Tifgreen High 64 67 57
Low 56 37 48
Santa Ana High 66 75 59
Low 50 45 52
Seeded High 66 65 51
Low 36 39 46
Zoysia High 63 63 50
Low 51 41 56
Bermuda-Zoysia  High 65 63 54
Means Low 48 40 50
St. Augustine Low 55 46 67
Tall fescue Low 59 74 76




Table 5. Temperature (C) and moisture percentage during May and June
1977, at 10 cm below bermudagrass grown under three water
managements. Tucson, Arizona. Data are averages from 2
moisture blocks.

. . Lysimeter
Fairway Lawn (400 mm water table)
(45 m/week) (70 mm/week) 45 mm/week
pate  °c % HOH °¢ % HOH °c % HOH
5/12 - - 20 50 20 <s
5/19 18 17 19 43 20 <5
5/24 18 11 19 43 20 <5
6/7 26 11 27 43 27 <5
6/9 24 14 26 4t 26 <s
6/14 26 12 26 45 30 27
6/23 24 18 24 46 — —

Table 6. Sub~-surface soil temperatures, Tucson, Arizona (°C).

1978 ' 1979
Scil depth
{cm) Aug Sep Oct - Nov Dec Jan Feb Mar Apr May Jun Jql
7.6 26 23 19 10 4 11 11 11 12 17 21 26
15.2 264 23 19 11 4 10 10 11 13 18 21 24
30.4 24 2% 22 13 & 11 11 12 14 18 21 24




The higher water use by St.
Augustinegrass and tall fescue is
illustrated by surface temperature
measured by an infrared scanning
thermometer during the last two weeks
of the lysimeter study (Table 7).
They had consistently lower tempera-
ture values whenever measured. The
difference in temperature between
high and low water tables is not
obvious but there was a slight
trend to lower surface temperatures
under the higher water use regime.

The data in Table 4 provide some
guides to potential water savings by
choice of one alternative tested
over another. In June when water
use was higher for both bermudagrass
and Zoysia at both management levels,
the saving in water for the low
regime was still nearly 8%Z. In
April under a lower demand but with
both warm season grass and ryegrass
demand under the high regime the
savings for the low management was
more than 25%. Tall fescue water
demands under low management were
85% higher than the bermudagrass
and Zoysia in April.

Figure 2-4 show that consump-
tive use values followed first,
evaporative demand, then maximum
temperatures and finally minimum
temperatures. Soil temperatures
(Table 5 and 6) fluctuated less and
affected water use chiefly as they
affected grass growth. Data from
Arizona, Wyoming and Colorado are be-
ing compiled together to draw
conclusions as to degree of relation-
ship between various microclimatic
parameters and consumptive use
patterns. ‘

Various difficulties, from
vandalism through changes iIn water
regimes and direct cessation of
irrigation prevented measurements
of "normal" use planned for this
study. However, programmed irriga-
tion of fairways om the city golf

I-14

course was approximately 45 mm per
week - similar to our low management
walues. An intemsively cared for
tifgreen bermudagrass iawn at city
park headquarters was programmed for
70 mm/week irrigation and a commer-
cially maintained Tifgreen lawn in
an office complex received an aver-
age of 46 mm/week duripg June, July
and August of 1978. Although this
was a well maintained and apparently
uniform stand of grass, sprinklar
pattern variations were large and
delivery varied from 34-58 mm from
set to set.
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Table 7. Surface temperatures (C) at 8AM and 3PM for different
turfgrasses and different water regimes July 6-16, 1979.

Data are averages from 3 reps and 6 days.

Water Level

Low High

Grass AM EM AM PM
Tifgreen B. 34.8 45, 35.5 45,2
Santa Ana B. 33.8 43. 31.5 40.2
Seeded B. 33.8 45, 32.7 42,2
Zoysia 35.0  43. 4.3 43.2
Bermuda-Zoysia X 34.4 &4, 33.5 42.7
St. Augustine 31.8 40.

Tall Fescue 29.5 37.




Appendix Table 1. Consumptive water use of Tifgreen Bermudagrass,
' Tucson, Arizona, 1977 through 1979

Consumptive water use (mm)

1977 . 1978 1979. Mean
Week High* Low* High Low High Low High Low
1 12 188 113 207 181 220 191 205 165
13 48 27 43 18 23 7 38 17
14 35 12 40 20 37 14 37 15
15 39 28 41 22 36 12 39 21
16 &6 23 48 27 &4 39 46 30
17 39 25 50 30 34 30 41 28
18 34 24 59 55 54 41 49 40
19 67 45 50 - 35 37 31 51 33
20 &7 25 47 30 23 33 35 29
21 59 24 39 30 34 32 4d, 29
22 - - 55 48 50 29 53 3s
23 - - 54 54 33 19 4 37
24 - - 60 64 52 42 36 53
25 - - &0 32 42 24 51 38
. 26 - - 72 57 39 39 56 48
27 - - 58 47 39 39 49 44
28 - - 35 36 5% 42 47 39
29 20 9 42 26 31 17
30 39 31 41 27 40 29
a1 43 37 17 11 30 24
32 39 31 44 34 42 33
33 26 19 34 21 30 20
34 39 27 33 36 36 32
35 43 36 42 35 43 36
36 413 43 34 30 39 37
37 30 27 35 27 33 27
38 19 21 35 29 ' 27 25
39 20 16 28 21 24 19 :
40 : 75 72 24 17 ‘ 50 45 :
41 - 56 28 24 28 40
42 52 174 119 299 220 237 170

* Management levels - High overseeded with annual ryegrass in winter,
water tables 10 cm higher than low (40 cm vs. 50 cm from surface
1977-78, 35 cm vs. 45 em, July 1978 - July 1979).



Appendix Table 2. Cdnsumptive water use of Santa Ana Bermudagrass,

Tucson, Arizona, 1977 through 1979.

Consumptive water use (mm)

1977 . 1978 1979 Mean
Week High* Low* High Low High Low High = Low
1 12 218 105 . 214 - 176 223 155 218 145
13 49 27 40 38 30 -7 40 24
14 37 17 20 25 38 19 32 20
15 40 22 38 27 30 22 36 24
16 44 25 49 32 43 50 42 36
17 47 26 48 38 35 25 43 30
18 42 27 58 55 59 33 53 38
19 71 49 45 41 51 35 56 42
20 45 28 45 25 36 20 42 24
21 53 27 37 30 43 41 &4 33
22 - - 49 51 39 33 44 42
23 - - 52 57 44 26 48 42
24 - - 63 64 50 43 57 54
25 - - 59 S0 49 34 54 42
26 - - 63 63 51 39 57 51
27 - - 56 45 46 31 51 38
28 - - 32 35 65 58 49 47
29 25 12 36 33 31 23
30 49 33 43 38 46 36
3l 42 31 22 15 35 23
32 39 34 47 44 43 39
33 25 24 34 28 30 26
34 35 33 35 27 35 30
35 44 39 45 37 45 38
36 42 47 28 36 35 42
37 29 29 35 37 32 33
38 17 21 39 37 28 29
39 21 17 27 28 24 23
40 75 74 21 24 48 49
41 46 53 36 30 46 42
42 52 185 145 300 243 243

194

* Management levels - High overseeded with annual ryegrass in winter,
water tables 10 cm higher than low (40 cm vs. 50 cm from surface
1977-78, 35 cm vs. 45 em, July 1978 - July 1979).
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Appendix Table 3.

1977 through 1979.

Consumptive water use {(mm)

Consumptive water use of Zoysia, Tucson, Arizona,

1977 1978 1979 Mean
Week High* Low* High Low High Low High Low
1 — 12 188 113 207 181 220 191 205 162
13 48 27 41 19 21 5 37 17
14 36 10 39 23 37 15 37 16
15 40 19 39 25 23 16 34 20
16 45 22 47 31 47 52 46 35
17 44 23 50 36 30 21 41 27
18 36 24 58 55 45 32 46 34
19 60 X 50 46 41 32 50 41
20 37 22 &4 30 30 29 37 27
21 46 24 a0 36 39 37 38 32
22 - - 47 55 41 37 44 46
23 - . 47 61 31 29 39 45
24 - - 58 66 53 46 56 56
<25 - - 57 65 33 43 45 54
26 - - 48 53 40 43 44 48
27 - - 53 52 40 41 48 &7
28 - - 34 53 58 56 46 54
29 22 11 40 35 31 25
30 38 35 40 36 39 36
31 49 41 14 15 32 28
32 40 34 47 44 b4 39
33 31 24 30 28 31 26
34 37 32 36 35 37 34
35 44 39 46 42 45 41
36 47 44 40 41 44 43
37 34 29 41 37 38 33
38 21 18 41 42 31 30
39 21 17 34 29 28 23
40 77 73 18 23 48 48
41 58 53 38 23 48 38
42 — 52 191 147 297 227 244 187

* Management levels - High overseeded with annual ryegrass in winter,

water tables 10 cm higher than low (40 cm vs. 50 cm from surface
1977-78, 35 cm vs. 45 cm, July 1978 - July 1979).




Appendix Table 4. Consumptive water use of Seeded certified
bermudagrass, Tucson, Arizona, 1977 through

1979.
. Consumptive water use (mm) ®
1977 1978 ' 1979 Mean
Week High* Low* High Low High Low: High Low
1 — 12 237 107 209 182 229 158 225 149
13 47 27 42 23 20 4 36 18
14 36 14 40 25 41 10 39 16
15 41 22 39 25 33 19 38 22
16 46 22 47 27 46 43 46 31
17 46 24 50 37 33 15 43 25
138 40 - 23 58 56 45 23 48 34
139 65 44 51 35 49 31 55 .37
20 42 22 49 23 30 21 40 22
21 54 23 28 28 42 27 41 26
22 - - 50 48 36 29 43 39
23 - - 53 52 34 20 44 36
24 - - 63 65 23 14 43 40
25 - - 60 53 34 39 47 46
26 - - 64 57 28 36 46 46
27 - - 56 45 38 42 47 &4
28 - - 36 30 44 47 40 39
29 28 11 43 42 36 27
30 42 32 39 25 - 41 29
31 51 39 24 9 38 . 24
32 40 33 50 32 45 33
33 27 20 33 21 30 21
34 37 22 34 21 .36 27
35 - 47 38 b4 38 46 38
36 46 39 34 29 40 34
37 31 25 34 25 33 25
38 22 18 37 31 30 25
39 20 14 31 19 26 17
40 76 74 26 22 51 47
41 58 53 41 21 50 37
42 —< 52 181 121 298 220 240 171

“*Management levels - High overseeded with annual ryegrass in winter,
water tables 10 cm higher than low (40 c¢m vs. 50 cm from surface
1977-78, 35 em vs. 45 em, July 1978 - July 1979).




Appendix Table 5. Consumptive water use of Tall Fescue, St. Augustine and
- Bermuda-Zoysia grasses under low management, Tucson,
Arizona, 1977 through 1979.

— Consumptive Water Use _(mm) e

Tall Fescue St. Augustine Warm Season Grasses
Week . 1977 1978 1979 1977 1978 1979 1977 1978 1979
1— 12 168 198 152 113 183 183 108 179 166
13 35 27 8 27 19
14 29 38 50 21 23 23 16 23 15
15 42 39 34 29 31 13 23 25 17
16 47 47 57 30 38 47 23 32 46
17 54 52 42 37 44 21 24 35 23
18 - 52 54 58 35 53 50 25 55 32
19 73 56 54 55 51 42 46 39 32
20 52 47 34 39 33 29 24 25 26
21 67 50 49 40 41 40 26 31 34
22 - 77 35 - 70 43 - 51 32
23 - 84 45 - 72 33 - 56 24
24 - 83 69 - 77 47 - 65 36
25 - 82 63 - 77 57 - 35 35
26 - 67 58 - 68 53 - 57 37
27 - 20 54 - 75 40 - 47 38
28 - 42 80 - 44 75 - - 39 51
29 32 50 21 55 11 35
30 60 51 45 48 33 32
31 61 15 58 22 37 13
32 43 45 43 54 33 36
33 32 34 33 37 22 25
34 40 - 37 52 41 31 32
35 47 47 56 46 38 38
36 5¢ 45. 61 54 43 34
37 31 43 37 51 28 32
338 19 49 27 50 20 35
39 23 41 30 40 16 24
40 77 37 78 23 73 22
41 27 34 27 27 54 25
42— 52 207 255 189 254 133 228
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Appendix Table 6. Weather Data, Tucson, Arizona, 1977 through 1979

. Evaporation Maximum Temp. Minimum Temp.
Week 1977 1978 1979 1977 1978 1979 1977 1978 1979
- :
1 14 20 20 14 19 15 4 8 7
2 11 23 12 12 13 16 1 8 7
3 22 18 14 18 14 16 & 9 8
4 18 19 18 16 18 13 6 4 5
5 19 26 18 17 17 13 4 10 4
6 32 22 36 21 16 18 6 7 4
7 35 22 36 24 11 24 4. . 3 7
8 42 32 33 23 22 18 5 10 7
9 40 28 35 16 17 17 2 13 7
10 50 34 38 21 18 24 7 9 8
11 46 41 41 = 22 23 22 4 9 i3
12 57 48 28 26 25 17 6 13 7.
13 48 58 41 19 26 22 7 14 8
14 40 56 48 . 26 22 25 7 10 8
15 62 &4 53 29 26 33 11 11 9
16 67 65 64 29 27 30 12 10 13
17 , 75 74 69 ° 30 29 31 16 13 14
18 76 55 66 29 26 29 14 8 15
19 . 73 83 72 27 33 28 12 16 13
20 66 52 56 26 32 31 12 16 17
21 70 60 61 29 32 31 13 17 18
22 82 102 79 29 36 34 13 16 19
23 98 113 60 37 37 32 22 20 21
24 106 103 94 40 39 39 20 21 24
25 93 108 86 35 40 37 19 23 18
26 109 a8 75 33 38 41 22 22 26
27 96 110 91 37 41 39 23 24 22
28 77 90 37 40 24 27
29 72 83 35 39 23 27
30 84 + 80 I 1 36 23 24
31 75 70 37 34 24 23
32 69 52 35 38 24 26
33 66 56 34 34 24 24
34 83 49 36 36 23 22
35 81 79 36 36 23 24
36 76 56 - 36 34 23 26
37 57 60 32 31 20 24
38 : 62 62 34 31 21 21
39 63 56 33 34 21 22
40 54 58 30 33 21 21
41 ‘ 49 53 32 33 18 17
2 53 43 32 31 17 17
43 39 37 27 24 15 12
A 39 36 27 27 12 13
45 30 3 21 24 11 13
46 34 25 25 18 10 7
47 28 23 24 18 8 11
48 30 23 22 17 7 5
49 26. 14 26 10 7 0
.53 T 29 20 22 21 6 9
51 3 14 18 16 9 5
7 8

52 12 13 16 17
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Chapter 1

INTRODUCTION

This report involives the Colorado
State University contribution to a
three-state research project funded
by an OWRT matching grant. The Uni-
versity of Arizona and the University
of Hyoming were also included in the
study and each of the three institu-
tions conducted research under
specific objectives of the study.

The Colorado part of the project was:

(1) To determine water require-
ments of urban lawns at two
locations in the state.

(2) To monitor and evaluate water
applications practices used by
homeowners in the two cities.

(3} To relate lawn management and
quality to lawn size, lot
size, taxbase and age of
development.

(4) To develop lawn watering
guidelines for various
locations in Colorado based
upon results of the research.

The research was conducted at
Fort Collins and at Northglenn
during the seasons of 1977 and 1978.
The major differences between these
cities invalved the method of water
pricing since Fort Collins does not
meter the water to consumers and,
therefore, imposes a flat rate month-
1y charge. Northglenn provides
meters on the supply line to each
home and charges according to the
amount of water used. The city of
Northglenn was extremely interested
in the studies and supported them in
several ways, thus allowing more
data to be collected and analysed
than would otherwise have been
possible.

This report is divided into six

chapters. The procedures involved in
in site selection, lawn irrigation
measurements, potential evapotrans-
piration measurements, lot and lawn
area measurement, lawn quality rating,
and climatic measurements are de-
scribed in chapter 2. The results
are described, summarized and dis-
cussed in chapter 3. Basic data
tables are recorded in the appendix
to the report. Lawn irrication
guidelines for seventeen cities
selected as a cross section of the
state are tabulated in chapter 4 and
a discussion of the basis for the
recommendations is given. Certain
supplemental studies were conducted
during the course of the investi-
gations and these are described in
terms of procedures and results in
chapter 5. The sixth chapter in-
volves a summary and conclusions.
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Chapter 2

PROCELURES

The major portion of the study
involved measuring the irrigation
water applied to the Tawns of home-
owner cooperators in two cities -
Fort Collins and Northglenn - and
measuring the evapotranspiration by
adequately fertilized and watershed
turf in bucket lysimeters installed
in the Tawns of some of the coopera-
tors. Total lot area and vegetated
area was measured at each home site.
Lawn quality ratings were obtained
weekly by estimation from visual
observation. Rainfall was measured
at each site where lysimeters were
installed.

Cata collection occurred over a
pericd of two years, 1977 and 1978.
Sites were selected during the fall
of 1976 and some lysimeters were in-

stalled in Fort Collins before winter.

Most Tysimeters and all water meters
were installed-in the spring of 1977
as rapidly as possible after the
weather became reasonable for work.
Following installation of the lysi-
meters, considerable time was re-
quired for the transplanted sod to
establish a root system adequate for
reliable evapotranspiration measure-
ments. MWater meters could only be
used during frost-free periods.
Therefore, the irrigation and Tawn
water usedata are not completely
comparable over the entire growing
season.

Site Selection

Faort Collins and Northglenn were
the two cities chosen for the
Colorado Studies. Fort Collins was
selected as representative of those
cities where water supplied to the

home is not metered and charges are
made on a flat rate basis regardless
of guantity used. Northglenn provides
meters on their delivery system so
that each homeowner is charged for
the water used. The average outdoor
water use for the two cities can then
be compared in terms of the different
pricing system and, at Northglenn,
the outdoor use can be compared with
indoor use. The city of Northglenn
provided some funds for travel and
considerable help in providing water
meters and assistance in data col-
lection. Important help was also
provided in the selection of specific
homes where measurements could be
taken.

In each of the cities, five areas
were sejected where cooperators could
be solicited. It was planned that
differences in lawn watering practices,
or in evapotranspiration, due to
location in the city, age of sub-
division, value of property, size of
Tots, etc. might be identified by this
selection pattern. In each of the
areas, six homes were jdentified
where lawn water applications could
be measured. In three of the areas
in each city, one home was chosen
where lysimeters could be installed
for evapotranspiration measurements.
In Fort Collins it was necessary to
terminate the water meter reading at
three of the homes during the first
year and one of them at the begining
of the second year. At Northglenn,
all thirty houses were used in the
study both years. Figure 2.1 and 2.2
identify the areas where measurements
were made at Fort Collins and
Northglenn respectively.
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Both of the cities are in the
rapid growing region along the front-
range of the Rocky Mountains.
Northglenn is at the north edge of
Denver and about 90 kilometers south
of Fort Collins. Fort Collins has
a population of about 73,000, an
elevation of 1,525 meters, and is
locgted at 400 35' N latitude and
105~ 05' W longitude. Comparable
values for Northglenn are 33,000
pogulation, 1,665 meter e!svation,
39° 54' N Jatitude and 104~ 39' W
longitude. Fort Collins has an
average annual precipitation of 363
mm with 193 mm falling during the
140 day frost free period of 13, May
to 30, September. Precipitation at
Northglenn is an average of 312 mm
annually and 197 mm during the 155
day period between the average frost
dates of 7, May and 9, October.
Urban lawns at both location start
to show vegetative growth about the
first of April and continue to trans-
pire until inte October depending
upon snowfall events.

Lawn Irrigation Measurements

The watering practices at 30
homes in Northglenn and 27 homes 1in
Fart Collins were examined by mea-
suring the outside water use with
meters attached to all outside faucets.
The water meters were installed in
concrete building blocks provided
with a wooden 1id. They were con-
nected to each outside faucet using
suitable adapters and a length of
garden hose. ‘The homeowner, in turn,
connected his watering hoses to the
outlets of the water meters.

Meters at each home were read
once each week and the combined water
flow since the previous reading was
converted to average depth of appli-
cation over the vegetated area of the
site. It is recognized that some
error results due to use of water on
the street or overlap of sprinkiers
onto neighboring lawns. However, it
is believed that these errors are

II-3

small in relation to total water
application; are partially compen-
sated for by neighbor's overiap to
the cooperator's lawn, and can be
ignored without significant effect
on the conclusions.

At Northglenn, city water meters
on the water lines to each of the 30
homes were read each week, Permis-
sion to read these meters was provided
by the Water Department of the city.
These metars were read through much
of the winters of 1977-1978 as well
as during the lawn watering period.
This allowed comparison of indoor
water use during winter and summer
months.

Potential Evapotranspiration
Measurements

Patential evapotranspiration is
defined in this study as the maximum
evapotranspiration of the turf when
the grass is maintained in a healthy,
well fertilized condition and soil
moisture is not & limiting factor to
water absorption by the root system.
The evapotranspiration measured as
water loss from bucket lysimeters
installed in the lawns is considered
to be essentially potential E.. Later
discussion will point out that the
interval between water additions to
the lysimeters in 1977 may have al-
Towed some plant water stress to
occur and the measured evapotrans-
piration (Egp) may have been s1ightly
below the potential. In 1978 the
interval was shortened and Eyp is
considered a very good measure of
potential Ey. Application of irri-
gation water or rainfall in excess of
potential E¢ would result in deep
percalation (drainage) below the root
zone.

The weighable bucket lysimeters
were designed to contain a column of
sgil 305 mm in diameter and approx-
mately 510 mm deep. They were con-
structed from P.V.C. pipe with a
wall thickness of 3.2 mm. Details are



Figure 2.1 Map of Fort Collins, Colorade identifying the leccation
of five areas where water meters were used to measure lawn
irrigation (M)} and of three areas where lysimeters were installed
to measure lawn evapotranspiration (L). Water meters were located
at twenty-seven home sites and lysimeters at three.
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Figure 2.2 Map of Northglenn, Colorado identifying the location of
five areas where water meters were used to measure lawn
irrigation (M) and of three areas where lysimeters were in-
stalled to measure lawn evapctranspiration (L). Water meters
were located at thirty home sites and lysimeters at three.
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shown in figure 2.3. A 50 mm gravel
layer was placed in the bottom of the
lysimeter to facilitate drainage and
25 mm of sand separated the gravel
from the soil column. The bottom of
the lysimeter consisted of a 6 mm
thick P.V.C. plate recessed slightly
into the cylinder and glued to make

a water-tight seal. This bottom
nlate contained a removabie brass
plug to facilitate drainage of excess
water when necessary. Slots were cut
on opposite sides near the top of each
lysimeter to use in lifting them.

An outer shell was constructed
by cutting a second piece of P.V.C.
pipe and expanding it with a spacer
to form a cylinder approximately 318
mm [.0. and 660 mm long.

Installation was accomplished
by digging a hole in the lawn, placing
some gravel in the bottom of the hole,
and inserting the outer shell into
the hole. A circular piece of plywood,
perforated for drainage, was inserted
to the bottom of the shell to help
maintain its shape. Soil from the
excavation was used to nearly fill
the lysimeters and the original sod
was placed on the soil. When the
Tysimeter was lowered into the shell,
the grass was level with that of the
surrounding Jawn. The sod was allowed
at least two months to become well
established in the lysimeter before
evapotranspiration measurements began.
An installed lysimeter was difficult
to detect visually in the lawns.

The weight of the lysimeters was
obtained after thoroughly wetting
and allowing them to drain for one day.
This was done during coel, cloudy
weather when a minimum amount of water
was lost through evapotranspiration.
This weight, considered the gross
weight at field capacity, was the
value to which the lysimeters were
brought each time they were irrigated.
Weights were always obtained to with-
in 0.1 kg.

Residents of the lysimeter sites
were provided with Tids and asked to
cover the lysimeters whenever they
watered their lawns. The turf in the
lysimeters was mowed and fertilized
by the homeowner, with the rest of
the Tawn and additional fertilizer
was added if needed. The lysimeters
were pulled out, weighed, and watered
twice a week in 1977 and three times
a week in 1978. Enough water was
added each time to bring the weight
of the lysimeters to the weight at
the maximum moisture level. The
weight before the addition of water
was subtracted from the weight at the
maximum moisture content to give the
amount of water lost due to evapo-
transpiration for the period. The
lysimeters had to be drained when
the water content increased above the
desired maximum level. This happened
periodically due to rainfall or when
homecwners failed to cover the lysi-
meter durning lawn watering.

Fifteen lysimeters were placed
in each ¢ity with five in each of
three lawns. They were placed with
the intent of obtaining a representa-
tive measurement of evapotranspiration
with due consideration given to micro-
climate, soil and vegetation. Place-
ment of the lysimeters was determined
by the following criteria: (1) one
lysimeter was located on each side
of the house and placed approximately
in the center of the grassed areas,
(2) if a house did not have grass on
all sides, two or more lysimeters were
placed on one side so they were as
representative as possible of the lawn,
and (3) one lysimeter was located as
close as possible to a potential heat
source such as a driveway, sidewalk
or sidewalk-driveway intersection.
Sketches of the six home sites where
lysimeters were installed are provided
in appendix figures A.1 through A.6.

Lot and Lawn Area Measurement

In order to calculate the depth
of water applied, it was necessary to
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Figure 2.3 Construction details of the bucket lysimeter.
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determine the area irrigated in each
yard. Through details obtained from
city governments, drawings were made
of the residential plots and then
non-vegetated areas, as determined
by on-site measurements, were super-
imposed on the drawings. Non-
vegetated areas were those areas
which were not used for planting --
houses, garages, sidewalks, areas
covered with stone or bark, garden
sheds, etc.

Although the vegetated area
was not truly representative of the
lawn area {as there were always
vegetable gardens, trees, shrubs,
flowers, etc.) it was probably
watered in much the same way as the
lawn. Water used outside for pur-
poses other than irrigation was
considered to be insignificant.

Lawn Quality Rating

Fach time the meters were read,

a visual assessment of the overall
aesthetic appearance of the lawn was
made. This assessment did not at-
tempt to evaluate the appearance
with respect to weeds and Tength of
grass. The evaluation was based
solely on the overall "greenness" of
the lawn. Lawns were rated on a
scale of zero to 10, where a rating
of zero would be given a completely
brown lawn and a rating of 10 would
represent a -lush perfectly green

lawn with no yellow or brown showing.

The lawns in this region would have
a zero rating during the middle of
winter. A rating was taken for both
the front and the back Tawn and the
arithmetic mean of these was calcu-
lated.

Climatic Measurements

Rainfall data was obtained at
each home site where lysimeters were
located. Rain gages were installed
and read each time the location was

visited to obtain lysimeter weightings.

A slight amount of oil was added to

each gage to minimize evaporation
losses from the time an event took
place until the reading was made.

Other weather data was obtained
wherever possible near the study
locations. In Fort Coliins, an of-
fical Weather Bureau Station is
located on the Colorado State Univer-
sity campus near the center of the
city. Other measurements were avail-
able from the Agricultural Engineering
Research Center located about six
kilometers northwest of Fort Collins
and from the Agronomy Research Center
about the same distance southeast of
the ¢ity. No climatic data is avail-
able in close vicinity to Northglenn.
However, the official Weather Bureau
Station for Denver is located at
Stapleton International Airport about
19 kilometers to the southeast,

IT-10




Chapter 3

RESULTS

During the two growing seasons,
repeated measurements were made of
evapotranspiration in the weighable
bucket lvsimeters, of irrigation
water applied by homeowners, of rain-
fall, and of lawn quality. The lot
area and vegetated area on the lot
was measured for each cooperator site
and the home construction date and
assessed valuation was obtained. The
basic data is, to a large extent,
provided in the appendix. Summarized
and averaged data, relationships
between various measurements, and
discussion of the results are present-
ed in this chapter.

Lawn Irrigation

The meters, attached to the hoses
used for lawn irrigation, were read
each week at 27 home sites in Fort
Collins and 30 in Northglenn. The
weekly volumes applied through the
meters at a given home were combined
and divided by the vegetated area to
provide the depth applied for the
week. The results, expressed as
average irrigation per day, are re-
corded in tables 3.1, 3.2, 3.3 and
3.4 for the two cities and the two
years. Since the time period during
which irrigation was measured varies
slightly for the four tables, it is
most meaningful to compare average
daily rates. The season average of
daily irrigation rates is noticeably
higher for Fort Callins (tables 3.1
and 3.2) than for Northglenn (tables
3.3 and 3.4). This reflects the
difference in pricing methods for the
two cities where Northgienn consumers
pay for the amount of water used and
Fort Collins charges are a fixed
monthly rate for each user. It is
alsn to be noted that the average

irrigation rate in 1977 was lower for
both cities than in 1978. Water
supplies for the entire state were
unusually low in 1977 due to a much :
below normal snowpack in the mountains.
Water users were urged to practice
conservation and restrictions were
imposed on lawn watering for the
entire season at Northglenn and for a
period at the end of the season at
Fort Collins. As an average for

the two cities, the irrigation

rate in 1977 was 85 percent of that
in 1978, and for the two years
Morthglenn cooperators anplied only
65 percent as much water as those in
Fort Collins. Tables 3.1 through 3.4
also show the precipitation and the
total water application when rainfall
is added to irrigation. The season
average for total application shows

a higher value for Fort Collins in
1977 than in 1978. This, however,

- is misleading because a large amount

of the high rainfall in 1977 occurred
in one storm during the week ending
25, July. Much of this rain was
probably lost to runoff or to deep
percolation below the root zone of the
grass.

Potential Evapotranspiration

The five lysimeters at each of
the three homesites in each city were
averaged to provide the evapotrans-
piration rates for each site. In some
cases the E,, for a specific lysimeter
could not be calculated because of
unreliable data. This was caused once
by heavy rainfall causing overflow of
the lysimeters but more often by
cooperator errors in not covering the
lysimeter when irrigating the Tawn or
by water additions to the lysimeter
from the sprinklers of neighbors. It
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Tabie 3.1 Weekly average values for Tysimeter measured
evapotranspiration (g, j, rainfall, irrigation,
total water application, ratios of irrigation
and total application to Etw’ and lawn quality
rating (Q) for Fort Collins - 1977.

s : l : ! T l ! !
 Week Etm cpt Irrig otal Irrig Total Q
ending | mm/day ! mm/day | mm/day | mm/day Etm E‘m

i
6 - 13 6.4 1.0 6.9 7.9 1.08 1.23
20 6.3 6.5 6.5 1.03 1.03
27 7.7 7.4 7.4 0.%6 0.96
7- 4 7.3 0.8 10.4 11.2 1.42 1.53
11 5.9 5.2 5.2 0.88 0.88
18 4.3 3.1 7.9 11.0 1.84 2.56
25 5.1 19.1 2.5 21.8 0.49 4,24
8- 1 7.5 1.8 3.0 4.8 0.40 0.64 7.5
8 3.1 2.8 2.8 0.90 0.%0 7.4
15 3.6 1.4 4.1 5.5 1.14 1.53 7.4
i
22 | 4.7 0.2 1.2 1.4 0.26 0.30 | 7.5
29 4.4 4.5 4.5 1.02 1.02 7.4
9- 5 4.1 0.6 7.2 7.8 1.76 1,90 7.2
12 3.1 0.7 5.2 5.9 1.68 1.90 7.3
19 3.1 4.9 4.9 1.58 1.58 | 7.3
Sgason 5.1 1.9 5.3 7.2 1.04 1.41 7.4
|
!

(=

* E.  values

tm

corrected for stress occurring during 4-day weighing interval

(see text}.
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Weekly average values for lysimeter measured

fable 3.2 evapotranspiration (£, ), rainfall, irrigaticn,
total water applicatidn, ratics of irrigation
and total application to E m’ and lawn guality
rating (Q) for Fort Collin$ - 1978.

% Week Ey ppt Irrig Total Irrs Total Q

| ending mm/rgay mm/day | mm/day | mm/day —_E'f_mﬂ “tm

.
6- 21| 6.6 8.5 8.5 1.29 | 1.29 7.7
| 28 | 6.1 7.3 7.3 1.20 | 1.20 7.5
7- 516.3 1.1 7.5 8.6 1.19 -1 1.37 7.3

! 121 4.5 1.5 5.0 6.5 1.1 1.44 7.0

| 19 | 5.3 8.5 8.5 1.60 | 1.60 7.2

| 26 | 5.1 7.3 7.3 1.43 | 1.43 7.2

% 8- 21 4.8 2.2 4.7 6. 0.98 | 1.44 7.3

E 9 | 4.3 1.0 3.3 4.3 1 0.77 | 1.00 7.5

E 16 | 5.2 1.0 3.4 | 4.4 | 065 | 0.8 7.8

i 23 | 4.8 0.2 7.3 i 7.5 1.52 1.56 7.8

| 30 | 4.3 1.8 5.6 | 7.4 130 | 1.40 | 7.4

;9 - 6|5.3 5.3 5.3 1.00 1.00 7.5

| 13 | 5.8 4.2 4.2 0.72 | 0.72 7.7

1 20 | 2.6 4.0 | 4.0 1.54 | 1.54

E 1

. Season | 5.1 0.6 5.9 E 6.5 1.06 | 1.27 7.5

: | | |
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Table 3.3 Wieekly average vaiues for lysimeter measured
evapotranspiration (£ ), rainfall, irrigation,
total water applicatidn, ratios of irrigation
and total application to Etm‘ and lawn quality
rating (Q) for Northglenn - 1977

Week Etm ppt Irrig \ Total Irrig | Tota) 7
ending | mm/day | mm/day |, mm/cay | mm/day c,. ! ~ _
" \.m !L i..m {
6-30 | 6.4 4.3 4.3 0.67 0.67
7- 7| 7.2" 2.1% | 4.3 6.4 0.60 0.89
14 | 7.2° 5.0 5.0 0.69 0.69
21 | 7.27 4.2 | 3.4 7.6 0.47 1.06 .0
28 | 6.6 4.4 | 0.4 4.8 0.06 | 0.73 6
8- 4 ! 7.3 0.3 2.8 3.1 0.38 0.42
11 | 5.2 1.3 1.8 3.1 0.35 0.60
I
18 | 4.6 0.6 2.5 3.1 0.54 ! 0.67 .0
i
25 | 4.5 0.2 | 2.6 2.8 0.58 | 0.62 | 5.8 |
9- 1 1| 6.1 0.3 3.4 3.7 0.56 0.61 | 5.8
l !
8 | 5.7 3.9 3.9 0.68 | 0.68 | 5.7 |
15 | 4.3 0.2 | 3.2 3.4 0.74 | 0.79 9
|
22 | 4.6 3.4 3.4 0.74 { 0.74 | 5.8
‘ |
|
i
}
; |
Season | 5.9 1.0 3.2 4.2 0.5 | 0.7 5.9
| | | }
P

tm

(see text).

+ Estimated from regional weather stations.

I+

Rainfall measured at Stapleton International Airport.

E, values corrected for stress occurring during 4-day weighing interval



Table 3.4

Weekly average valuas 1or lysimater measured
evapotranspiration ( , rainfall, irrigation,
total water app11cat18n, ratios of irrigaticn
and total application to E._, and lawn quality
rating (Q) for Northglenn - 1978.
deek | E. | opt Irrig | Total 4 1rrig | Total Q
ending | mm/day | mm/day | mm/day | mm/day Etm Etm
6 - 23 6.3 5.9 5.9 0.94 0.94 7.0
30 5.6 0.7 5.2 5.9 0.93 1.08 7.2
7- 7 6.3 1.4 5.7 7.1 0.90 1.13 7.3
14 6.3 1.0 2.6 3.6 0.41 0.57 7.3
21 6.3 0.1 5.4 5.5 0.86 0.87 7.2
28 5.7 0.1 5.5 5.6 0.96 0.95 7.1
L g- 4| 4.9 2.5 2.9 5.4 0.59 | 1.10 7.2
11 5.2 0.2 3.1 3.3 0.60 0.63 7.2
18 5.5 0.8 4.5 5.3 0.82 | 0.96 | 7.2
| 25 4.5 4.2 4.2 0.93 0.93 7.2
9 - 1 5.1 1.4 2.9 4.3 0.57 0.84 6.9
8 4.4 3.7 3.7 0.84 0.84 6.7
! 15 | 5.1* 2.5 | 2. 0.57 0.57
22 3.6* 2.9 2.9 0.81 0.81
|
Season | 5,3 0.6 4.1 4.7 0.77 | 0.89 7.1

—

* Calculated from Jensen - Haise equation using Stapleton International

Airport climatic data.
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was usually easy to ascertain such
errors and void the results. Average
values were then obtained from the

- remaining lysimeters.

During most of 1977 the lysi-
meters were weighed and brought back
to the desired water content twice
each week. Thus, the interval bet-
ween weighings was either 3 or 4 days.
In 1978 the sites were normally
visited three times each week, S0
there were a 3-day and a 2-day
intervals. Sometimes the schedule
was altered due to rain. Late
season intervals, when evapotrans-
piration was very low, were longer.

Daily values of E4p are given
in the appendix tab]estﬂ.l through
A.4. In each table the daily average
and the cumulative values since
initiation of measurements are re-
corded. The E¢p for the period
between weighings was assumed to be
constant for each day in the period.
Average daily Eyp values for both
cities and both years are platted as
a scatter diagram in figure 3.1. The
peak occurs during late June when day
length is greatest and gradually
decreases durings the summer months.
The rapid drop in late September is
associated with lowering soil and

air temperature at that period.

It is believed that the 1977
E¢m values recorded in tables A.1
ang A.3 should be increased when the
weighing interval was 4 days to make
them truly represent potential evapo-
transpiration. This became apparent
when, after the data was obtained
for the 1977 season, the average Ep
for the 4-day intervals was found to
be 0.62 mm/day lower than those for
the 3-day intervals. It was sus-
pected that plant water stress might
have been occurring on the fourth
day resulting in actual Et below
potential. Because of this, the
three weighings per week schedule
was established for 1978. An an-
alysis of the 1977 data was made as

II-16

follows. Table 3.5 was prepared using
average Eyp values for the 3-day and
d4-day intervals in 1977 and the 2-day
and 3-day intervals in 1978 at Fort
Collins. Open pan evaporation data
and maximum daily temperatures at
Fort Collins were also averaged for
the two weighing intervals in order
to determine whether the differences
in E¢m could be due to ciimatic
variation. Apparently, {table 3.5)
the evaporative demand did not differ
significantly between the 4-day and
3-day intervals. Thus, it is assumed
that the root systems were not able
to remove soil moisture at a rate to
meet potential evapotranspiration
when there were 4 days between lysi-
meter weighings and water additions.
It is to be noted that the Eyy values
at site 2 did not vary as much as
those at sites 1 and 3. Feldhake
{1979) has shown that Tawn grass root
systems are restricted in depth when
fine textured soils are used. Part-
icle size analysis of the soils from
the three sites in Fort Collins were
made and the results are shown in
table 3.6. It may be concluded that
the reduced E4y for the 4-day inter-
val at sites 1 and 3 (table 3.5) is
associated with limited available
water supply due to restricted root
growth in the fine texture soils.

The average difference in Eppy between
the two intervals was 12.3 percent.
This value multiplied by 4/7 gives

an apparent weekly error of 7 percent.
Soil textures at Northglenn were
similar to those at Fort Collins.

Weekly Eyy rates, expressed in
millimeters pér day, are included
in tables 3.1 through 3.4. These
values have been corrected {increased
by 7 percent) in the 1977 tables as
indicated by footnotes. Lysimeter
data at Northglenn was not obtained
in 1977 until 28, July so estimates
are given for eariier periods in
table 3.3. These estimates were
obtained by altering 1978 at sur-
rounding stations.
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Table 3.5 Average measured vaiues of E
evaporation, and maximum dai?@

, Open pan
temperature

for the 3 day and 4 day intervals between
lysimeter weighings at Fort Collins - 1977.

3 day 4 day Percent
interval interval difference
Measured Site 1 6.57 5.65 16.3
B Site 2 5.50 5.41 1.7
(mm/day) Site 3 4.93 4.10 20.2
Average 5.67 5.05 12.3
Pan evaporation (mm/day) 7.88 7.61 3.5
Maximum Temperature (GC) 26.76 26.71 0.2
Table 3.6 Particle size analyses of soil from the three
Jysimeter sites - Fort Collins
Sand % Silt % Clay % Texture
Site 1 Front 30.0 30.0 40.0 clay
Back 32.5 32.5 35.0 clay Toam
Site 2 Front 50.0 25.0 25.0 sandy clay Toam
Back 67.5 17.5 15.0 sandy loam
Site 3 Front 42.5 32.5 25.0 loam
Back 35.0 40.0 25.0 loam

TI-18




The weekly values of Ey in
tables 3.1 through 3.4 are compared
to irrigation, and to total water
application including rainfall, by
the ratio values also given in the
tables. In Fort Collins - 1977
{table 3.1) the irrigation was 4 per-
cent higher than the Eim value for
the season. Total application was
4] percent higher, but, again, this
is misTeading because of the one
large rainfall event. Total water
application in Fort Collins - 1978
(table 3.2) was 27 percent over Eip.
At Northglenn total water applied
was 29 and 11 percent below E4n in
1977 and 1978 respectively. It is
important to remember that Eyp is
based on 15 lysimeters at 3 home sites
in each city and that irrigation is
based upon 27 homes in Fort Collins
and 30 in Northglenn.

Lawn Quality

The lawn quality rating (Q) was
obtained weekly for the front and the
back lawn of each residence. These
were averaged over the three sites
to obtain the weekly values in tables
3.1 through 3.4 Seasonal summaries
of lawn quality may be seen in table
3.7 where comparisons may be made
between homesites. Although front
Tawns had a slightly higher rating,
the difference is small and probably
not important. Both average seasonal
quality ratings and the minimum value
for each home are listed in appendix
tables A.5 and A.6 for Fort Collins
and Northglenn respectively. These
tables alsc contain average seasonal
irrigation vaiues, lot area, vegetated
area, year of home construction and
assessed valuation. The assessed
value is approximately 19 percent of
true value.

Average seasonal lawn quality
rating for the lawns in the two cities
are plotted as a function of irriga-
tion application rate in fiqure 3.2
for 1977 and figure 3.3 for 1978. It

II-19

is clear that even the lowest irriga-
tion rate in Fort Collins was suf-
ficient to maintain high quality
lawns and additional water did not
have much effect. At Northglenn the
range of irrigation appiication was
much lower and a significant slope
for the regression lines occurred.

In figures 3.4 and 3.5 the lowest
weekly quality rating at each home-
site is plotted. Lawn quality at a
aiven home is surprisingly consistent
throughout the season.

In an attempt to evaluate trends
of lawn quality as related to age of
home or size of lawn, figures 3.6
and 3.7 were prepared from the data
in appendix tables A.5 and A.6. In
Fort Collins a rather wide range in
the age of home showed no quality
trend. A similar plot for Northglenn
was not made since all of the homes
are relatively new. Lawn size
(figure 3.7) was also found to be
unrelated to lawn gquality.

As a matter of interest, since
the data were available, the lawn
area was compared to total lot area
in figure 3.8. As might be expected,
a very good linear relationship
exists.

Indoor Water Use - Northglenn

The total water delivered to the
cooperator homesites in Northglenn
was measured by city installed meters.
Therefore, it is possible to evaluate
the amount of water used in the house
as well as that used for irrigation.
Weekly rates for the total delivery
and for irrigation are recorded as
gallons in table 3.8. By cocincidence,
the weekly readings were made on the
same date both years. The percent
of the total used for irrigation is
given for the summer wesks when out-
door water use was measured. In 1977
the city meters were read weekly
until 17, November and then three
times during the winter until 21,
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Table 3.8

Total residence and iawn irrigation water use rates
at Northglenn.

Values are weekly averages of 30 homes.

period 97 1 1978
Ending Total j Irrigation i Total i Irrigation
gal/week ' gal/week % | gal/week gai/week %
6 - 22 8451 7329 a7
30 7085 5343 75 7907 6459 82
7~ 7 6896 5343 78 8797 7080 80
14 7479 6213 83 4485 3230 72
2] 5518 4225 77 8309 6708 81
28 2050 497 24 8338 6832 82
8- 4 4910 3479 71 5014 3602 72
1 3639 2237 62 5226 3851 | 74
i8 4513 3107 69 6838 5580 82
25 4470 3231 72 6484 5217 80
g - 1 5553 4225 76 5226 3602 69
8 - 5924 4346 82 6197 4596 74
15 5046 3977 79 3602
22 5518 4225 f 77 3602
29 4422 "
16 - 6 5031
13 2605
20 3560 |
27 2843
11 - 3 1987
10 1814
17 1604
I 12 - 16 1657 '
22 1906
2 - 21 1782 |
1 |
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February. Water use during the last
three periods is also reported as an
average rate per week in table 3.8.

A summary of the type of use is
given in table 3.9 for comparable
77 day periods during the summers of
1977 and 1978 and for a 77 day period
in the winter of 1977-1978. It is
assumed that no outdoor water use
occurred in the winter.

The outdoor water use, for the
11 week period in the summer, was
about 76 percent of the total resi-
dence use. The average indoor use
for the summer periods was 17.5
percent lower than for the winter
period. This difference could be
accounted for if the families
averaged about 14 days away from
home during the summer period.

Table 3.9 Indoor and outdoor water use at Northglenn - 1977 and 1978.
Values are averages for 30 homes.

Type Period
of 1977 1978 1677-1987
24 June - 8 Sept. | 24 June - 8 Sept. 11 Nov. - 26 Jan.
Total
gal/day 753.9 945.7 247.0
Indoor 198.8 208.5 247.0
gal/day : _ ) :
Qutdoor
gal/day 555.1 737.2 0
Cutdoor
% of total ?3'6 78.0 0

I1-29



Chapter 4

LAWN WATERING GUIDELINES

Unlike agricultural irrigation,
which is justified on the basis of
crop yield, urban lawn irrigation is

¢ recuired to help maintain cocler

 summer temperatures, to reduce the
amount of airborne dust, and to
provide an aesthetically pleasing
environment. [t is difficult to
quantify the "proper" amount of irri-
gation for urban lawns because yield
is not important and the irrigation
requirement is only related to plant
appearance - a subjective value.

Lawn Quality

In this project lawn appearance
was summarized by a lawn aquaiity
rating (Q), which varied from zero
(Towest gquality) to ten (highest
quality). Values for the lawn
quality ratings, averaged over two
seasons, were 6.5 for Northglenn and
7.5 for Fort Collins. Thus, in
neither city was a significant number
of residents demanding the highest
possible lawn quality and apparently,
the sampled residents af Northglenn
did not demand as high a quality
Jawn as did those of Fort Collins.
Part of this difference was undoubt-
edly a result of the different water
pricing policies of the two cities.
In Northglenn, residents pay for the
amount of water used; in Fort Coilins,
they pay a flat rate based upon lot
size and other factors related to
the residence.

For the guidelines established,
three lawn quality ratings will be
considered; namely, high {Q=8),
medium (Q=6), and low (Q=4}. The water
requirements to maintain a lawn at a
specific quality rating will be esti-
mated for various cities in Colorado.

Lawn Yater Requirements

It is assumed that lawn gquality
is related to the amount of water
available to the grass and that other
management practices are constant or,
at least, consistent with the water-
ing practices. One way of quantifying
water application {irrigation pius
rainfall) for a given period is to
relate it to the potential evapotrans-

niration. Thus, the applicaticon ratioc
{Lm} can be defined as.

L =__d_

T Etm

where d is the total applied water and
Etm is the measured evapotranspiration
by the lawn under conditions of soil
moisture ron-limiting (i.e., with the
bucket lysimeters). The averaged
observed values of Q versus irrigation
water applied at Fort Collins and
Nerthglenn are provided in figure 3.2
for 1977 and in figure 3.3 for 1978.
The average dailv irrigation needed

to meet Etm requirements is shown ¢n
the figquras as arrows. The value
depends upon seascnal rainfall as

well as Eg,. The arrow for Fort
Coliins in 1977 (figure 3.2) repre-
sents an irrigation rate where the
rainfall was adjusted due to an ex-
ceptionally large storm on 24 and 25
of July. Much of that rain was lost
either to runoff or to deesp percola-
tion. The lawn quality rating, when
the amount of irrigation indicated

by the arrows was applied, was about

7 in 1977 and about 7.5 in 1978 for
both cities., These values were re-
presentive of the highest average
quality obtained regardliess of the
amount of irrigation provided. The
scatter in the points is, of course,
due to differences in timing and
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distribution of the irrigation
between the various cooperators and
to their management practices in-
cluding fertilizer use. Evapotrans-
piration of the lawn cannot exceed

€+n: but since the residents irrigate
inefficiently in terms of how ofteq
and how evenly the water is applied,
application rates exceeding.the
theoretical minipum to meet Erm are
generally required to maintain an
entire lawn of high quality. As-
suming reasonably good management
practices, it may be concluded from
figures 3.2 and 3.3 that a total
water application rate (irrigation
plus rainfall) equal to Egp (Ly=1.00)
will result in an average seasonal
quality rating of 8 and that quality
ratings of 6 and 4 could resuit when
Lm values are 0.78 and 0.36 respect-
ively. If Egp and rainfall values
are known, it is possible to cal-
culate the irrigation requirements
needed to provide these lawn quality
ratings for any location. The
measurements of Em using lysimeters
is expensive, however, and would be
impractical for large numbers of
locations.

lse of Evapotranspiration
Fstimating Equations

In order to avoid the high cost
of measuring E¢y. it is desirable
to predict it from climatic data at
a specific location. Various
equations have been developed for
this purpose depending upon the type
of climatic information available.
The recommendations presented here
are based upon the use of the Jensen-
Haise equation. It has been shown
to be quite accurate and requires a
minimum of weather data.

The expected evapotranspiraticn
of a crop can be estimated as follows.

Etj = ¢ Etpj

where Etpj is the potential evapo-

transpiration as calculated by the
Jensen-Haise eguation, E¢j 1s the
expected evapotranspirationof the
crop under the existing growing con-
ditions, and ¢ is a coefficient which
takes into consideration the crop,
the moisture stress in the soil, and
how recently the crop was irrigated
or received rainfall. Haw {1977)
estimated ¢ using information in the
literature for agricultural crops

and the assumption that urban lawns
have a growth response to water
similar to that of pasture grass
under full cover. His calculations
yielded a value of c equal toc 0.89
and a plot of the 1977 data indicated
that by using his c value

Etj = Etm

A subsequent evaluation of the data
obtained in this study at Fort
Collins and Northglenn indicates that
the ratio of cumulative seasonal Eum
to E¢pj is about 0.92. A value of
c equa? to 0.90 (the mean of 0.89
and 0.92) is used to prepare the
guidelines. Thus,

d

Lm = 0.9 Egpj
and
di = 0.9 E¢pj Ly - dr

(4.1}

where di is the required daily irri-
gation to provide the desired lawn
quality rating, L, is the necessary
application ratio for that quality
rating, and dr is the average daily
tong-term rainfall value.

Application

The techniques described above
were applied to 17 Colorado cities
(figure 4.1). Historical precipit-
ation, temperature, and solar radia-
tion were obtained from appropriate
sources {(Jensen, 1973; U.S5. Dept.
Commerce; Siemer, 1977)}. The results
are presented in tables 4.1 through
4.17. In those tables, temperature
i< the mean for each month,
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Figure 4.1 Map of Colorado identifying the location
of the 17 cities for which Tawn irrigation
guidelines are presented.
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Table 4.1 Average climatic data and recommended average
daily irrigation Tevels for urban lawns to
provide lawn guality ratings of 40, 60 and &0
percent of maximum.
City Alamosa, Colorado
Elevation {meters) 2,297
Latitude 37°27' N
Longitude 105°52" w
1 r * - “!
Ave. Ave, Pot. [rrigation
Month Temp., . ppt. E mm/ day
o m/day | mm/ddy 40% 60% |  80%

May 10.44 0.60 5.51 1.2 3.3 4.4
June 15.33 0.41 7.80 2.1 5.1 6.6
July 18.33 0.88 8.22 1.8 4.9 6.5

August 17.G6 0.80 7.09 1.5 4.2 5.6

September 12.89 0.65 5.30 1.1 3.1 4.1
Cctober 6.72 0.49 2.90 0.4 1.4 2.1 .
| )
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Table 4.2 Average climatic data and recommendec average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 4C, 60 and 80
percent of maximum.
City Burlington, Colorado
flevation (meters) 1,269
Latitude 39°19" N
Longitude 102°16' W
Ave. Ave, Pot. Irrigation
Month Temp. . ppt. E mm/day
¢ mm/ day mm/dgy 40% 60% 80%
May 15.06 2.32 5.31 - 1.4 2.5
June 20.44 2.12 7.36 0.3 3.0 4.5
July 23.89 2.14 7.88 0.4 3.4 4.9
Aygust 22.89 1.91 6.82 3.0 2.9 4.2
September 18.11 1.09 5.00 0.5 2.4 3.4
October 12.06 0.91 2.93 - 1.1 1.7
1
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Table 4.3 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 60 and 80
percent of maximum.
City Colorado Springs, Colorado
Elevation {(meters) 1,873
tatitude 38°49" X
Longitude 104°43' W
’ (
E Ave. Ave. Pot. Irrigation
| Month Temp, . ppt. E mm/ day
| oc mo/day | mm/ddy 40% 60 80
|
% May 13.11 1.74 5.43 - 2.1 3.1
i June 18.11 1.35 7.64 1.1 4.0 5.5
L July 21.50 1.94 8.10 0.7 3.7 5.4
!
} August 20.61 1.77 7.09 0.5 3.2 4.6
1September 16.06 0.90 5.14 0.8 2.7 3.7
| October 10.28 0.56 3.04 0.4 1.6 2.2
|
! |
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Table 4.4 Average climatic data and recommended average
daily irrigaticn levels for urban lawns to
provide lawn quality ratings of 40, 80 and &0
percent of maximum.
City Cortez, Colorado
Elevation (meters)} 1,883
Latitude 37°21' N
Longitude 108°34" W
Ave Ave, Pot. Irrigation
- Month Temp, ppt. E mm/day
o mm/day | om/ddy 20% 60% 80%
May 13.50 6.77 6.85 1.5 4.0 5.4
June 18.11 0.46 9.22 2.5 6.0 7.8
July 22.11 0.93 10.14 2.4 6.2 8.2
August 21.00 1.31 8.71 1.5 4.8 6.5
September 16.78 0.98 6.44 1.1 3.5 4.8
October 10.72 1.26 3.83 e 1.4 2.2
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rable 4.5 Average climatic data and recommended average
daily irrigation levels for urban lawns te ‘
provide lawn quality ratings of 40, 60 and 80
percent of maximum. ‘ ‘
City Craig, Colorado
Elevation (meters) 1,916
Latitude 40°31" N
Longitude 107°33" W
i Ave. Ave, Pat. Irrigation
i Month Temp., . ppt. E mm/day
! oc mm/ day mm/dgy 40% 60% 80%
t
!
L May 10.83 1.11 5.93 0.8 3.1 4.2
|
L June 15.00 1.17 8.04 1.4 4.5 6.1
i
 July 19.22 0.79 9.07 2.1 5.6 7.4
. August 18.17 1.24 7.76 1.3 4.2 5.7
'September 13.39 0.92 5.51 0.9 2.9 4.0
| October 7.44 1.08 3.15 - 1.1 1.8
|
; |
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Table 4.6 Average climatic data and recommended average
daily irrigation levels for urban lawns toc
provide lawn quality ratings of 40, 60 and 80
percent of maximum.
City Denver, Colorado
Elevation (meters) 1,510
Latitude 39°41" N
Longitude 104°53' W
Ave. Ave. Pot. Irrigation
Month Temp, . ppt. £ mm/day
o mm/day | mm/ddy 40% 60% 803
May 13.89 2.16 5.02 - 1.4 2.4
June 18.89 1.63 6.94 0.6 3.2 4.6
July 22.78 1.46 7.57 1.0 3.9 3.4
August 22.00 1.05 6.60 1.1 3.6 4.9
September 17.11 0.96 4.79 0.6 2.4 3.3
Octeber 11.11 0.96 2.79 -- 1.0 1.5
|




Tabie 4.7 Average ciimatic data and recommended average
daily irrigation levels for urban Tawns to
provide lawn quaiity ratings of 40, 60 and 80
percent of maximum.
City Dillon, Colorado
£levation {meters) 2,763
Latitude 39°38' u
Longitude 106%02' w
I
Ave. Ave, Pot. Irrigation
Month Temp, - ppt. 13 mm/day
¢ mm/ day mm/d&y 40% 60% 80%
May 5,94 1.22 4.43 0.2 1.9 2.8
June 9.94 1.07 6.31 1.0 3.4 4.6
July 13.11 1.38 6.97 0.9 3.5 4.9
August 12.22 1.44 5.99 0.5 2.8 3.9
September 8.72 1.04 4.37 0.4 2.0 2.9
Octoter 3.83 0.88 2.47 - 0.9 1.3
l
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Table 4.8

Average climatic data and recoimended average

daily irrigation levels for urban lawns to

provide lawn quality ratings of 40, 60 and 80
percent of maximum.
City Estes Park, Colorado
Elevation (meters) 2,285
Latitude 40°23" ¥
Longitude 105°31" W
Ave. Ave. Pot. Irrigation
Month Temp.. ppt. E mm/ day
o mn/day | mm/dby 405 60% 807
May 9.11 1.76 3.99 - 1.0 1.8
June 13.44 1.68 5.60 0.1 2.2 3.4
July 16.78 1.88 8.24 0.8 3.9 | 5.5
August 16.06 1.58 7.20 0.8 3.5 4.9
September 12.11 1.02 5.47 0.8 2.8 3.9
.October 7.50 C.83 3.49 0.3 1.6 2.3
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Table 4.9 Average climatic data and recommended average
daily irrigation levels for urban lawns to
srovide lawn quality ratings of 40, 60 and 80
percent of maximum.
City Fort Collins, Colorado
Elevation {meters) 1,524
Latitude 40°35' N
Longitude 105°05" W
Ave. Ave. Pot. Irrigaticn
Month Temp, . ppt. £ mm/day
oc mm/day | mm/ddy 40% 60% 803
May 13.11 2.38 4.85 -- 1.0 2.0
June 17.94 1.81 6.70 0.4 2.9 4.2
July 21.56 1.20 7.28 1.2 3.9 5.3
August 20.50 1.27 6.27 0.8 3.1 4.4
September 15.56 0.81 4.49 0.6 2.3 3.2
Qctober 9.78 1.05 2.59 - 0.8 1.3
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Table 4.10 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 60 and &0
percent of maximum.
ity Fort Morgan, Colorado
Elevation (meters) 1,317
Latitude 40° 15" ¥
Longitude 103° 48' W
| |
Ave. Ave, Pat. Irrigaticn
Month Temp. .- ppt. E mm/ day
o rm/day | mm/ddy 40% 60% 80%
May 14.44 2.09 5.15 - 1.5 2.5
i June 19.72 1.80 7.18 0.5 3.2 4.7
July 23.33 1.55 7.74 1.0 3.9 5.1
August 22.17 1.19 6.66 1.0 3.5 4.8
September 16.78 0.91 4.74 0.6 2.4 3.4
Qctoher 10.56 0.76 2.72 0.1 1.1 1.7
|
l
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Table 4.11 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 6C and 30
percent of maximum.
City Gunnison, Colorado
Elevation (meters) 2,336
Latitude 38° 32' &
Longitude 106° 56" W
Ave. Ave, Pot. Irrigation
Mon*h Temp, ppt. E ‘ mm/ day
o an/day | mm/dby 404 60¢ | 80
Mav 8.78 0.56 5.85 1.3 3.5 4.7
June 13.17 0.58 8.12 2.0 5.1 6.7
July 16.61 1.15 8.99 1.8 5.2 6.9
August 15.44 1.23 7.63 1.2 4.1 5.6
Septembihr 11.22 0.80 5.46 1.0 3.0 4.1
October 1 5.36 0.73 3.11 0.3 1.5 2.1
L |
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Table 4,12 Average climatic data and recommended average
daily irrigation levels for urban Tawns to
provide lawn quality ratings of 40, 60 and 80
percent of maximum. :
ity Julesburg, Colorado
Elevation (meters) 1,163
Latitude 41° 00" N
Longitude 102° 56" W
Ave. Ave, Pot. Irrigation
Month Temp.. ppt. 2 mm/ day
o am/day | mm/dEy 40% 507 805,
May 15.28 2.74 5.34 - 1.0 2.1
June 20.50 2.70 7.37 - 2.5 | 3.9
July 24.50 2.10 8.02 0.5 3.5 5.1
August 23.61 1.47 5.97 0.8 3.4 4.8
|September 18,00 1.16 4.97 0.4 2.3 3.3
October 11.61 0.72 2.88 0.2 1.3 1.9
l
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Table 4.13 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 60 and 3C -
peircent of maximum.
City Lamar, Colorado
Flevation (meters) 1,102
Latitude 38° 07" W
Longitude 102° 36' W
, i
Ave. | Ave. Pot. Irrigation
Month Temp, - ppt. E mm/day
o mn/day | o/ d iy 40% 60% 807
i i
: !
May 17.11 2.07 | 6.03 - 2.2 1.4 %1
June 22.56 1.91 8.35 0.8 4.0 5.6 !
!
duly 25.61 1.91 8.65 0.9 4.2 5.9 !
August 24.50 1.92 7.55 0.3 3.4 4.9 Il
i
September 19.50 0.92 5.56 0.9 3.0 4.1
| ;
October 13.11 0.74 1 3.29 0.3 1.6 2.2 ]
|
l j
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Table 4.14

Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 60 and &0
percent of maximum.

City Longmont, Colorade

Elevation (meters) 1,309

Latitude 40° 10' ¥
Longitude 105° 04" W
Ave. Ave. Pot. | Irrigation
Month Temp. . ppt. E mm/day
o mn/day | mm/ddy 40% 60% 80%
May 13.67 2.07 5.49 — 1.8 2.
June 18.33 1.60 7.47 0.8 3.6 5.
July 22.00 0.99 8.10 1.6 4.7 6.
August 21.06 0.84 7.01 1.4 4.1 5.
September 16.11 0.83 5.06 0.8 2.7 3.
October i0.22 0.86 2.94 g.1 1.2 1.§
|
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Table 4,153 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 60 and &0
percent of maximum.
City Grand Junction, Colorado
Elevation (meters) 1,480
Latitude 39° 07" ¥
Longitude 108° 32' W
Rve. Ave. Pot. Irrigation
Month Temp. ppt. £ mm/ day
o mm/day | mm/diy 40% 60% 80
May 16.78 0.49 6.24 1.4 3.9 | 5.
June 21.83 .35 8.40 2.4 5.5 7.
July 25.94 0.47 9.17 2.5 6.0 7
August 24.11 0.88 7.72 1.6 4.5 6.
September 19.56 0.77 5.70 1.1 3.2 4,
October 12.72 .61 3.33 0.5 1.7 2.
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Table 4.16 Average climatic data and recommended average
daily irrigation levels for urban lawns to
provide lawn quality ratings of 40, 63 and 8C
percent of maximum.

City Pueblo, Colorado
£levation (meters) 1,428
Latitude 38° 17' X
Longitude 104° 31" W
Ave. Ave, Pot. Irrigation
Month Temp. . Ppt. E mm/ day
o mm/day | mm/dy 40% 60% 803
May 16.17 1.47 6.38 0.6 3.0 4.3
June 21.50 1.03 8.82 1.9 5.2 6.9
July 24.67 1.49 9.19 1.5 5.0 6.8
August 23.61 1.51 - 8.03 1.1 4.1 5.7
September 19.00 0.71 5.98 1.2 3.5 4.7
October 12.50 0.81 3.52 0.3 1.7 2.4
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Table 4.17

Average climatic data and recommended average

daily irrigation levels for urban lawns to

provide lawn quality ratings of 40, 60 ana 80

percent of maximum.

City Trinidad, Colorado

Elevation (meters)

1,751

Latitude 37° 15
Longitude 104° 20" W
| Ave. Ave, Pot. Irrigation
Month Temp, . ppt. E, mm/day
Op mm/ day mm/ddy 40% 60% 80%
May 14.78 1.51 5.92 0.4 2.6 3.8
June 19.94 1.57 8.26 1. 4.2 5.9
! July 23.00 1.52 8.62 1.3 4.5 5.2
| August 22,11 1.56 7.55 0.9 3.7 5.2
September 18.00 0.82 5.67 1.0 3.2 4.3
| October 11.94 0.74 3.35 0.3 1.6 2.3
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precipitation is the mean daily value
for the month, and Pot. E+ is a value
estimated for the month by the
Jensen-Haise equation. This value,
when multiplied by 0.90 gives the
estimated maximum water use by a

lawn when not Timited by soil moist-
uyre., The irrigation columns contain
the irrigation reguirement (di),
expressed in millimeters per day, to
provide a lawn quality rating of 4,
6§, or 8 and were obtained from
equation (4.1) using Ly values of
0.36, 0.78, and 1.00 respectively.
The rainfall (dr) is the Tong-term
average orecipitation value for the
appropriata month. If desired, the
irrigation values can be converted to
inches per day by multiplying the
value by 0.039.

Controlling Water
Applicaticns

In using the guidelines provided
by tables 4.1 to 4.17, the homecwner
must be able to know when the recom-
mended application has been made.
0ne of three methods may be used to
do this.

(1) Several straight sided con-
tainers can be placed throughout the
sprinkler area and the depth of app-
lication determined by averaging the
depth of water in the containers.
Yarious types of cans may be used
effectively although larger sizes
give the most satisfactory results.

(2) The total volume of water
applied to a specific area may be
determined by use of a water meter.
Appropriats meters which can be at-
tached to the sill cocks of the home,
may be obtained for about $50. An
alternative is to purchase a device
which can be set to turn the water
off when a desired volume has been
delivered. The volume of water
divided by the area gives the average
depth aof application.

(3) The flow rate through the irri-
gation line may be measured so that
time may be used to control the
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the depth of water applied. Again,
the area being irrigated must be
known and that area times the desired
depth will give the volume required.
This method is useful where under-
ground sprinkies systems are in-
stalled and the area watered by the
system is constant. The application
rate of fixed systems can be deter-
mined using method (1)} and for
nortable systems by discharging the
sprinkler into a container for a
given period of time. All components
of the system must be in the line
when the flow rate is determined.



Chapter 5

SUPPLEMENTAL STUDIES

During the course of the
investigations, certain supplemental
studies were conducted and certain
hypotheses were made and tested
under limited conditions. Two
of these studies are described and
discussed in this chapter.

Evaluation of Bucket Lysimeters far
URBAN E, Measurements

In order to evaluate the use of
bucket Tysimeters for measuring the
potential evapotranspiration by lawn
grass, a controlled study area was
established on Colorado State
University property at the Agricultu-
ral Engineering Research Center {(AERC)
located about six kilometers north-
west of Fort Collins. This area is
subjected to higher velocity winds

than would be expected at the nhomesites

in the ¢ity and is bordered on the
north and west (the direction from
which the prevailing winds occur) by
non-irrigated lands with sparse
vegetation and low evapotranspira-
tion.

An area of approximately 160
square meters was sodded to blue
grass lawn in the early summer of
1977. A series of four 60 centimeter
deep bucket lysimeters, identical to
those used at the homesites were
installed. In addition, four bucket
lysimeters of the same diameter but
only one-half the depth (30 cm) were
installed in order to determine
whether they would be suitable for
such use in the future. One large
lysimeter with an area of one
square meter and a depth of one
meter was also established at this
site. It was of the "floating"
type supported by hydraulic pillows
so that the change in weight could
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be calculated from changes in the

liquid Tevel in a mancmeter tyube.

Evapotranspiration was measured using
the three tyoes of lysimeters during
1978.

There was no significant differ-
ence hetween Et values measured
with the 30 cm“@nd 60 cm bucket
lysimeters. The advantage of using
the shallower types is that the
weight is reduced to about 35
kilograms which allows one man to
easily handle them.

The average evapotranspiration
measurad with the bucket lysimeter
at the study area is plotted as it
cumulated over time on figure 5.1,
Estimated potential E,, calculated
using the Jensen—Haisg eqguation from
weather data at both the AERC and the
Agronemy Research Center, is also
plotted on figure 5.1. The estimated
and bucket lysimeter measurements
campare very well. Data from the
large "floating" lysimeter are
presented in figure 5.1 but are :
appreciably Tower than the calculated
and the small lysimeter values.
Some difficulty with the large unit
was experienced and these values .are
considered to be in error rather
than those of the small units.

Also provided on figure 5.1 is
the cumulative curve for the 15
bucket lysimeters used at the homes
of Fort Collins cooperators. This
curve is about 22 percent lower than
the one for Et measured by bucket
lysimeters at Bhe AERC. This rather
large difference reflects the
differences in micro-climate in the
urban Tocations and the “pasis" area
at the AERC. Considerable interest
has existed concerning the relative
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Figure 5.1 Measured and calculated cumulative Etm values - 1978.
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water consumption Gefore and after

an irrigated agricultural area has
been subdivided and developed into
homesites. In the urban microclimate
temperatures may be elevated at some
ngints as a result of heat reflected

from buildings, sidewalks and streets.

The temperature of the turf
environment may be decreased at cther
points as a result of shading by
trees, buildings, and hedges. Wind
velocity near the ground is greatly
decreased in the urban environment
as a result of the structures and
plants. The importance of wind on
evaportranspiration by lawns in the
city 1s suggested by the data in
Appendix table A.2. The seasonal

E. measured for sites 2 and 3 at
FS?t Collins in 1978 are consistently
about Z0 percent Tower than that for
site 1. The three sites are similar
except that site 1 has a school
playground adjacent to the west and
a non-irrigated pasture for the
Colorado State University riding
stabies across the street to the
east. These open and dry fields

are in line with the prevailing
winds. Sites 2 and 3 are surrounded
by residential homes.

it seems reasonable that the
average evapotranspiration rate of
turf grass within an urban area
could be lower than that of turf
grass in an open field with no
shade and Tittle resistance to
wind. However, only the evapotrans-
piration of the grass was measured in
this study. Urban areas also contain
& multitude of bushes and trees which
often extend considerable distance
into the air. Trees not only provide
a perpendicular plane of resistance
to wind instead of a parallel one
like turf, but are also in a
positicn to be influenced more than
turf by rising heat from non-
transpiring surfaces. The data from
this study indicates that the
evapetranspiration rate by grass in
the city may be lower than that in
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cpen areas and therefore probabiy
Tower than that for agricultural
crops. But the total water use by
grass and other vegetation is diffi-
cult to evaluate. This study,
therefore, does nct answer the
question of urban vs. irrigated

farm water requirements. However, it
can be reascned that energy input

to a city area is very comparable to
that of a cropped area.. Epergy loss
in terms of sensibie heat is much
greater for the city. Glider
pilot's utilize the warm updrafts
over urban areas. The conclusion,
then, is that the energy for
evapotranspiration in a given day

is less in the city than in the
irrigated cropland area.

Canopy Temperature Measurements

Lawn quality is a function of
applied water only when soil moisture
has not been limiting. When moisture
is not Timiting lawn quality may
affect the rate of water use. Since
transpiration has a large cooling
effect on plants, canopy temperature
seemed potentially valuable as an
indicator of differences in water use
rates.

A Barnes 14-220 infrared
thermometer was used to facilitats
the acquisition of canopy temperature
data. Infrared thermometers are
useful because they give instantan-
eous integrated readings of the
turf cancpy which eliminates the need
for a Targe number of thermistors or
thermocouples. The use of far
infrared radiation to measure
temperature also eliminates the
possibility of mechanical contact
inducing temperature changes at the
measured site.

The infrared thermometer was
calibrated using the Colorado State
University Blackbody. The Barnes
14-220 gave a temperature reading for
the blackbody that was 8% high in “C




for the 0-50°C range. This error
was not significant when determining
relative temperature differences

of turf canopies.

A1l materials do not have
the same thermal emissivity, which
is the efficiency with which far
infrared radiation is emitted. The
emissivity of a perfect blackbody
is 1.00. Values for the emissivity
of lush green vegetation have been
reported in the literature as 0.5%4
to 0.98. No emissivity values for
dead vegetation were found in the
Titerature and since poor quality
Tawns contain a high percent of
dead biomass, temperature
measurements of turf differing in
quality could be subject to error
caused by emissivity differences.

A thermal isolation box was
constructed by Feldhake (1979) and
temperatures of live and dead
turf canopies were measured within
it. The emissivity of each was
calculated utilizing the response
equation of the infrared thermometer
developed from the blackbody data,
the true canopy temperature
determined with calibrated thermistors,
and the temperature of the canopy
determined with the infrared
thermometer. The live and cead
canopies both were found to have
an emissivity of 0.96; therefore
no corrections are needed to
compensate for quality differences
when measuring canopy temperature.

Eight additional shallow (30 cm)
lysimeters, with high quality turf,
were established in 1978 at the 100
meter square grass plot at the
Agricultural Engineering Research
Center. They were placed adjacent
to each other in a row to minimize
differences in micro-climate. Start-
ing on 4 August, irrigation was
withheld for 8 days from four of
the lysimeters which left the

canopies completely desiccated. Two

IT-55

of these lysimeters were then re-
turned to maximum water content to
allow regrowth. Water was then
withheld from two of the lysimeters
which had been maintained at the
maximum water level. This procedure
was designed to allow E, and canopy
temperature to be compaFed for the
following four treatments under
jdentical environmental conditicns.

A. lush, turgid canopy

B. 1lush, wilted canopy

C. dead, canopy with some
regrawth

D. dead, dry canopy

The relative E, for the four
treatments is piottgd in figure 5.2,
together with the relative canopy
temperatures, for 19 days in August
which includes a period before
treatments were initiated and the
period during which irrigation was
withheld on some treatments start-
ing on day 4. The relative Et is
the actual E_ divided by that~of the
control, whi&h was the lush, turgid
canopy. The relative canopy
temperature is the temperature of
each treatment divided by the
temperature of the control.
clear that there is a close
correlation between relative E_ and
relative temperature of the tuFf
as measured by the infrared
thermometer.

It is

On August 18 the quality
rating of treatment A was 9, B was
7, Cwas 3, and D was 0. On this
day B with a quality rating of 7
was transpiring at a rate ecual to
67% of E as a result of plant
water stFe@g% Treatment € had
very little live biomass but
was not subject to plant water stress
and was transpiring at 75% of E
Visual Quality is not in itself
a good indication of the relative &
rate. Poor quality turf may be
transpiring at near L rates or
hardly at all dependifig"afi available

t max.
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spil moisture. High quality turf
may transpire at rates significantly
less than E_ max for short periods
of water stfel8%and recover to
transpire at a rate equal to E
almost immediateily upon irrigagigﬁf
Canopy temperature is more reliable
than visual observation at quantify-
ing lawn water use rates.
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Chapter 6

SUMMARY AND CONCLUSIONS

Water use and water requirements
of urban lawns was studied in 1977
and 1978 in Fort Collins and
Northglenn, two rapidly growing
Colorade cities Tocated along the
"~ front range of the Rocky Mountains
to the North of Denver. The major
portion of the research was conducted
on the lawns of cooperators distri-
buted through the cities.

Lawn water application rates
were monitored by meters placed on
the outside water spigots of the
homes. These meters were read weekly
during the frost-free season. The
application rates were calculated by
dividing the volume of water flowing
through the meters by the vegetated
area of the homesite.

Maximum water requirements were
evaluated by establishing weighable
bucket Tysimeters in the lawns of
three cooperators in each city.
lysimeters were installed at each
homesite. The lysimeters were
weighed two or three times each week
and water was added to bring the soil
moisture back to a pre-determined
value representing field capacity.
The cooperators were required to
cover the lysimeter, with lids pro-
vided, each time they sprinkled their
lawns. Rainfall was measured at each
site. The water Toss from the lysi-
meters between weighings was con-
verted to a depth value which was -
considered the potential evapotrans-
piration value for the period.

Five

Lawn quality, at the homes where
water application rates were measured,
were evaluated weekly by visual exa-
mination. A quality rating system
was devised whereby the lawn was

IIi-

rated on a scale from zero to ten;
weekly ratings were averaged to
provide a seasonal value.

Supplemental studies were carried
out using lysimeters established on
University property where maximum
control was possible. Two of these
studies involved special evaluation
of the bucket lysimeter and an eva-
Tuation of canopy temperature mea-
surements for evaluating evapotrans-
piration rates of the turf.

Using the data obtained during the
studies, a set of lawn watering
guidelines was prepared for 17 cities
in Colorado. Irrigation requirements
to maintain Tawns at specified
quality Tevels are presented for each
city assuming long term average rain-
fall rates and lawn maintenance
practices similar to those used by
the cooperators involved in the
resgarch.

Results are summarized as
follows:

(1) The weighable bucket lysimeters
are suitable for measuring evapotrans-
piration of lawn grass providing the
interval between water additions is
short enough to prevent Ey deficits
due to soil moisture stress.

(2) Lawn water application rates
are appreciably higher at Fort Collins
than at Northglenn even though the
maximum water reguirements of arass
at Northglenn are slightly higher due
to ¢limatic differences. Average
irrigation application rates during
the measurement periods of the two
years was 5.6 millimeters per day
at Fort Collins and 3.6 at Northalenn.
These values, when adjusted to in-
clude the rainfall during the period,



indicate that total water application
was approximately 135 percent of
potential evapotranspiration at Fort
Collins and about 80 percent at
Northglenn. These differences prob-
ably refiect the type of water
oricing for the two cities. Fort
Collins has a flat rate charge for
water and Northglenn charges for the
amount of water delivered.

{3) Potential evapotranspiration
for lawn grass, as measured by the
lysimeters, had peak weekly rates
of about 7 millimeters per day and
average seasonal values of 5.1 for
Fort Collins and 5.6 for Northglenn.

(4) Lawn quality ratings reflected
the amount of water applied to the
lawn, inthat values at Northglenn
were consistently lower than those.
at Fort Coilins. Seasonal averages
- over the two seasons were 7.4 for
Fort Collins and 6.5 for Northglenn
on a scale of zero to ten. At Fort
Lollins, where total water appli-
cation was in excess of Eypn most of
the time, there was a rather uniform
gquality rating for all lawns. At
Northglenn, where total application
was normally below Esp, quality

increased with water application rate.

At total application (irrigation plus
rainfall) rates equal to Ein, the
better managed lawns had quality
ratings of about 8 or slightly less.
This reflects the fact that appli-
cation and distribution efficiencies
cannot be 100 percent and some over-
irrigation may be justified.

(5) Using the sample of 27 homes
in Fort Cocllins and 30 homes in
Northglenn, there was no general re-
lation between lawn guality rating
and home characteristics of lot size,
age of home or assessed valuation of
the real property.

(8) OQutdoor water use during the
summer months at Northglenn was about
76 percent of total outdoor and in-
door use. Indoor use during an 11
week summer period was 17.5 percent
lower than that during an 11 week
winter period.

(7) The effectiveness of imposed
schedule restrictions for lawn water-
ing was not satisfactorily evaluated
in the study even thcugh they became
a factor in water use. Restrictions
in Northglenn were in effect during
the entire drouth year of 1977.
Residents of the study sites applied
3.2 mm of water per day to their
lawns and those lawns received a
normally unacceptable quality rating
of 5,9, In 1978 without restrictions,
4.1 mm per day was applied by irri-
gation and the quality rating averaged
7.1 which is an acceptabie value.
Lawn watering restrictions were es-
tablished at Fort Collins on 15 July,
1977. Unfortunately for the evalua-
tion, this was followed in a few
davs by a period of wet and cool
weather which lasted for about two
weeks. The remainder of the summer
had a Tower Et potential than the
period prior to restriction. Lawn
water application before and after
restrictions were established was 7.4
and 3.9 mm/day respectively. However,
the ratio of irrigation to Egpn was
1.37 before controls were applied and
1.43 after and lawn quality ratings
remained high all year. It appears

" that residents of Northglenn res-

ponded to the water conservation
needs and accepted a lower lawn
quality rating in 1977. Fort Collins
cooperators used less water after
restrictions went into effect, but
the reason seems to be related to
cooler weather and not a willingness
to sacifice lawn quality to conserve
water,
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Table A-35

Lot area, vegetated area, year of home construction,
assessed valuation, seasonal irrigation,
rate, average and minimum lawn quality rating for the
home sites in Fort Caliins.

application

| Home oy L ired’ | vear | Value éﬁ?éi; i Tt Ratlg
No. w2 L2 " 11977 578Ave  Min | Ave Tlin
.
] 772 585 1958 8,380 | 6.8 5.1j7.6 7.0 | 8.0 7.5
2 994 720 1958 [ 10,130 | 5.3 5.0;7.3 7.0 | 7.8 7.0
3 616 447 1957 7,500 | 8.9 12.2/6.8 5.5 | 7.5 7.0
4 1452 | 1131 1957 | 11,720 + 2.4 3.316.4 5.5 | 5.8 6.0
5 616 444 1956 7,130 { 5.1 2.6{7.2 6.5 | 6.8 6.0
6 912 643 1971 11,880 | 5.3 6.9/8.1 7.5 ! 8.9 8.5
7 1013 724 1968 11,080 | 8.8 7.1/8.9 8.5 | 8.0 7.5
8 1272 | 927 1971 112,890 | 4.1 3.7/7.5 7.0 | 7.3 6.0
9 1037 733 1968 | 11,510 | 3.0 4.116.6 6.0 | 7.8 7.0
10 1093 838 1971 12,440 | 5.3 6.4/7.8 7.0 | 7.2 6.5
11 1260 928 1971 9,690 | 4.4 4.5(7.7 6.5 7.0 6.0
12 | 759 515 1961 10,120 | 5.0 5.0{6.9 6.0 | 7.4 6.5
13 759 553 1960 8,600 | 4.0 7.9/7.1 7.0 | 7.8 7.0
14 927 646 1965 9,770 | 4.4 5.317.7 7.0t 7.8 7.0
15 748 521 1965 9,900 | 5.9 6.7:6.7 5.5 | 7.7 6.5
16 748 526 1965 9,920 | 5.2 12.3;7.2 6.0 | 6.8 6.0
17. 927 520 1966 | 10,050 | 2.9 5.2/7.6 7.0 { 7.5 6.5
18 2118 | 1609 1964 | 17,680 | 3.2 6.5{7.2 6.5 i 6.6 6.0
19 | 2118 | 1762 1966 | 14,830 ! 4.5 4.6/7.8 7.5 i 7.6 7.0
20 960 613 1968 | 11,760 | 5.1 6.3/9.8 9.0 | 8.9 8.0
21 | 995 726 1969 ! 12,540 | 3.9 5.0/6.3 6.0 | 7.3 7.0
22 L go4 640 1970 {10,540 | 4.4 5.017.9 7.0 | 7.8 7.0
23 762 526 1925 7,820 | 5.6 4.317.3 6.0 ! 7.0 6.0
24 762 545 1902 4,610 | 5.3 7.316.8 6.0 | 6.7 6.5
25 715 347 1910 9,110 | 5.0 6.3;7.9 7.5 | 8.1 7.5
26 | 697 353 1905 8,370 | 8.5 6.9 6.0
27 780 503 1910 3,280 : 4.8 7.8/6.5 5.5 | 7.6 7.0
| |
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Table A.B

Lot area, vegetated area, year of home construction,

assessed valuation, seasonal irrigation appiication
rates, average and minimum lawn quality ratings for
the home sites in Northglenn.

' t . . . !

Cene |0 Lte )l | D Lo fuliu bt

No. M2 M2 = 3 1977 1978 | Ave Min ! fve  Min |
1 913 772 1870 7,660 4.0 2.9!/6.3 5.0 | 6.5 5.0
2 944 765 1970 7,630 3.5 3.516.8 6.0 7.2 7.0
3 g74 689 1668 6,940 2.6 4.814.7 4.0 7.6 7.0
4 968 741 i 1969 6,370 5.5 5.917.7 6.5 8.2 7.0
5 13159 305 1970 7,770 3.6 4.716.8 5.5 8.0 7.5
3 917 619 1970 7,690 3.2 4.¢,7.1 6.0 8.3 8.0
7 1979 1784 1964 7,200 0.3 0.213.3 2.5 5.8 4.0
8 573 759 1965 7,480 2.4 5.6)5.1 3.5 8.4 6.0
9 393 693 1965 6,600 3.1 2.716.2 4.5 7.0 8.0
10 893 613 1965 6,750 4.7 5.817.9 6.3 8.3 8.0
11 957 688 1364 7,420 3.8 3.917.1 6.5 7.8 7.0
12 893 603 1965 6,160 2.3 4.315.2 4.0 7.0 6.5
13 1064 823 1964 8,690 2.2 3.9;5.3 4.0 7.4 8.5
14 1059 763 1964 8,390 2.6 2.2} 3.7 3.0 5.4 4.0
15 980 616 1964 8,040 2.6 3.1]6.2 4.5 7.0 6.0
16 961 746 1964 8,320 2.7 5.6{5.9 4.5 7.0 5.5
17 1042 751 1964 7,730 3.1 3.416.0 4.5 7.2 6.5
18 1042 715 1964 7,220 2.7 2.915.3 4.0 6.4 5.5
19 744 520 1967 6,630 6.1 4.917.1 6.5 7.2 6.5
20 694 526 1967 5,860 1.5 1.5{ 4.3 3.0 4.9 3.0
21 £94 540 1967 6,300 2.9 4.0t6.5 5.5 7.1 6.5
22 743 542 1966 6,780 4.2 5.5/ 5.9 5.5 7.5 7.0
23 743 533 1966 3 6,690 2.7 3.715.3 4.0l 6.7 5.5
24 777 544 1967 5,550 3.1 3.8/6.4 5.0 6.7 5.5
25 709 487 1962 6,180 3.3 5.616.3 5.5 7.2 7.0
26 662 480 1962 5,810 1.5 1.7} 5.1 4.0 5.0 4.0
27 662 543 1962 5,130 2.7 3.3} 5.2 4.5 6.6 6.0
28 662 386 1962 5,880 4.4 6.0 6.4 5.5 7.2 7.0
29 662 422 1962 6,360 4.0 6.0]5.2 4.5 7.7 7.0
30 893 679 1962 7,900 3.7 4.7 6.9 6.0 7.7 7.0
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Figure A.1 Diagram of homesite

No. 1, Fort Collins, showing
lysimeter locations with respect
to improvements on the let.
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Figure 2.2 Diagram of homesite

Ne. 2, Fort Cellins, showing
lysimeter locations with respect
to improvements on the lot.
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Diagram of homesite
No. 2, Northglenn, showing
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Chapter 1

INTRODUCTION

This publication reports the re-
sults of a study to obtain measured
data on water use of urban lawns.

The specific objectives were to: (1)
measure actual water requirements of
lawns by the use of lysimeters, (2)
monitor actual water applicatiomn
rates by homeowners, (3) test common
lawn sprinklers to determine their
distribution patterns, and (4) devel-
op a set of lawn watering guidelines.

The study was initiated in Wyo-
ming during the summer of 1975 sup-—
ported, in part, by OWRT annual al-
lotment funding. The study was ex-
panded into a 3-state regional pro-
ject, to include Arizona and Colorado
under an OWRT matching grant begin-
ning October 1, 1976, Each state had
similar, vet distinctively separate,
objectives and work plans. This pub-
lication reports on the Wyoming ac-
complishments. Similar reports have
been prepared by Arizona and Colorado
for their portions of the study.*

The study was conducted in two
Wyoming cities—Laramie and Wheat-
land. The climatic conditions in
much of the state and also much of
the Western region of the nation
are typified by the climate of these
two communities. Laramie, at 2195
m elevation and 41°19'N latitude,

*Contact the Water Resources Research
Institutes in the respective states.

IT1-1

lies off the western edge of the
Laramie Range on a high broad basin
bordered to the west and south by

the Medicine Bow mountains and foot-
hills. Laramie's mean annual temper-—
ature is 4.9°C with mid summer tem-—
peratures seldom reaching 32°C. The
average frost free period is 113 days,
and the mean annual rainfall is just
over 25.4 cm. Wheatland, at 1433 m
and 42°05'N latitude, lies off the
eastern slope of the Laramie Range at
the transition to Wyoming's eastern
plains. Wheatland's mean annual tem-
perature is 9.5°C with temperatures
reaching 37°C several times a year.
The average frost free period is 133
days and mean annual rainfall is just
over 20.5 cm. TIn both towns the pre-
dominant lawn grass types grown are
Kentucky bluegrass and bluegrass-fes-
que combinations. Soil types in both
towns are mainly fine sandy loams.

This report consists of separ-
ate chapters {(chapters 2 through 5)
related to each of the four main ob-
jectives. Each chapter consists of
a description of the methodology used
in performance of each objective fol-
lowed by a presentation of the results
for the objective. In this manner, a
reader interested in a specific objec-
tive may turn directly to the chapter
dealing with that objective. The
final chapter {chapter 6) presents
a summary of the major findings and
recommendations of the overall pro-
ject.



Chapter 2

WATER REQUIREMENTS

Potential evapotranspiration
rates (Etp) of lawn grass were meas-
ured in Laramie and Wheatland, Wyo-
ming during the summers of 1976, 1977
and 1978. Measurements were taken
using small weighable lysimeters con-
taining Kentucky bluegrass located in
lawns surrounding single family resi-
dences. The measured Erp data were
used to calibrate two versions of the
Blaney-Criddle formula for estimating
evapotranspiration. Some effort was
made to calibrate additional formulas
—the Thornthwaite, Olivier, Jensen-
Haise, and Penman formulas (0'Neill,
1977). Limitations in availability
of required climatic data—e.g. solar
radiation, wind, etc.—generally make
these formulas impractical for use
in Wyoming, and most other areas.
Thus, the latter four formulas were
calibrated using only 1976 data (See
0'"Nedill, 1977). These formulas are
of some value if short term (weekly)
estimates of evapotranspiration are
desired. However, in the West, the
Blaney-Criddle method is one of the
most popular for seasonal and monthly
evapotranspiration estimates and is
also the method generally used in
court cases transferring water rights

from agricultural to municipal usages.

PROCEDURES

Potential Evapotranspiraticn
Measurements

Potential evapotranspiration is
defined herein as the evapotranspira-
tion rate experienced when water is
never a limiting factor. Potential
rates were measured in order to de-
fine the water application rate above
which the grass would not use addi-
tional water. Water applied at a
rate in excess of the Egp rate would
be expected to end up as either decp

percolation or runoff. To insure that
adequate moisture was always present,
available moisture depletion was never
allowed to exceed 35%.

Measured E¢p rates were intended
to approximate the average city-wide
values which would be expected to oc~
cur if adequate water were applied and
all other factors, such as fertiliza-
tion and general maintenance habits,
remained unaltered. To accomplish
this, three residential lawns were
selected in each town. An attempt was
made to select lawns to achieve a rep-
resentative cross section of neigh-
borhood tvpes with respect to the ex-
tent of tree and shrubbery and general
lawn conditions.

Five lysimeters were located in
each lawn according to the following
criteria: (1) one lysimeter was lo-
cated on each side of the house, or if
a house was not completely surrounded
by grass, two or more lysimeters were
placed in the larger grassed areas,
(2) placement was near the center of
the grassed area but positioned to
catch sunlight and shade in amounts
representative of the surrounding
lawn, and (3) one lysimeter was lo-
cated as close as possible to a poten-
tial heat source such as a driveway,
sidewalk, or sidewalk-driveway inter-
section. The average readings of the
fifteen lysimeters (3 homes, each
with 5 lysimeters) in each town were
used to represent the average city-
wide values.

Lysinmeters were installed and
sodded to grass during July of 1975.
The lysimeters measured 30.5 cm dia-
meter by 70 cm deep (Fig. 2.1). They
were made from polyvinyl chloride
pipe and were surrounded by retaining
rings made from the same material.

TIT-2
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Evapotranspiration measurements were
made weekly. Detailed descriptions
of the construction and operation of
the lysimeters are given by Pochop
et al. (1978).

Evapotranspiration Formulas

Two versions of the Blaney-
Criddle formula, as presented by
Criddle et al (1962) and the 5CS
(1967), were selected for calibration.
The formulas were calibrated for month-
1y evapotranspiration estimates.

The Criddle et al. (1962) for-
mula requires mean temperatures for
the period, the percent of the yearly
daytime hours occurring in the period
and a consumptive use coefficient ex-
perimentally derived and particular
to the crop type grown. These factors
are related by:

o= 25.4 kf
where u = consumptive use, Lgyp, for
the period (mm)
+ 3 .

f = £}m§Ei66§élBE consumptive
use factor

t = mean temperature for the
period (°C)

p = percent of annual daytime

hours occurring in the period

On a seasonal basis the equation becomes

U = 25.4 KF
where U = seasonal consumptive use {(mm)
= 3 f, scasonal consumptive
use factor
K = seasonal consumptive use

cocflicient

As given by Criddle et al. (1962) the
growing scason length is required beo-
fore the consumptive use coefficient

(k), which is dependent on the sea—
sonal consumptive use factor F, can be
determined (Fig. 2.2).

The 5CS formula (1967) differs
from the formula presented by Criddle
et al. (1962) only in that the con-
sumptive use coefficient k hecomes the
product of k¢ and k. values. The
coefficient ki is related to tempera-
ture by the equation

ke

0.0311t + 0.240

where k¢

temperature coeificient
for the period

t = mean temperature for the
period (°C)

The term ke is a crop growth stage
coefficient for the pericd. The SCS
(1967} crop growth stage curve is
given in Fig. 2.3.

A detailed description of the pro-
cedures for calibrating both formulas
are given in Appendix B.

RESULTS

Potential Evapotranspiration

The lysimeters were operated
each year beginning in the spring at
about the time frost left the soil
until the end of October. Although
weekly measurements were taken, month-
ly data (Table 2.1 through 2.3)
were calculated and used for most of
the formula calibrations. The orig-
inal data consisting of the weekly
readings for each individual lysi-
meter are given in Appendix B.

Comparing average values (Table
2.1) for the three vears, Wheatland's
scasenal (April through October) Eep
of 85.5 em was only 7% higher than
Laramie's seasonal E¢p of 79.7 cm,
even though Wheatland's average sea-
sonal temperature (Table 2.2) of
16.9°C was considerably higher than
the average seasonal temperaturce of




Consumptive Use Coefficient, k
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Fig. ?.2. Consumptive use coefficients for grass, hay and
pasture (Criddle et al., 1962)
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12.4°C in Laramie. 1In fact, in the
two warmest months of July and August
the three-~year average Etp in Laramie
was greater than in Wheatland, even
though the mean monthly temperatures
were higher in Wheatland than in
Laramie. A possible explanation for
the lower Etp in Wheatland during
this period is the tendency for Ken-
tucky bluegrass to go Iinteo a semi-
dormant condition during hot weather
(Billick, 1973). When in this semi-
dormant condition, grass transpires
less water., In general, it appears
that for given conditions there is

an optimum temperature at which Ken-
tucky bluegrass transpires maximum
water. Above or below this tempera-
ture the transpiration rate decreases.
The consistent higher Ltp rates in
spring and fall and lower Erp rates
in summer in Wheatland vs Laramie
support this observation.

Formula Calibration

Criddle et al. formula. As stated
previously, determination of the con-
sumptive use coefflicient (k) in the
Criddle et al. (1962) formula requires
definition of the seasonal consumptive
use facter ¥ which is dependent on the
growing seascn length. The growing
season for lawn grass was defined here=~
in as the period between the last oc-
currence in the spring and the first
occurrence in the fall of three consec-
utive davs of sub 4.5°C mean:tempera-
tures (Table 2.4). The seasonal con-
sumptive use factors (F) were then de-
termined for each year at both Laramie
and Wheatland {Table 2.53}.

To calibrate the Criddle et al.
(1962) tormula, lawn grass consump-—
tive use curves were developed (see
Appendix 3 for a detailed description
ol the calibration procedure). These
curves are specifically for Kentucky
bluegrass grown in an urban setting.
Monthly x values, referred to as 'cal-
culated” x values, were first deter-
mined using measured monthly u and the

111-19

relationship:

u

Calculated k = 35 4T

Calculated k values are given in Table
2.6 (note, each column corresponds to
a particular F factor).

Considerable variation exists
between the calculated k values (Table
2.6) and the k values from the Criddle
et al. (1962) curves (Fig. 2.2).
There are also irregularities in the
calculated k values from year to year
and for specific F factors. These
irregularities can be attributed to
{1) the natural variation in climatic
conditions that occur from year to
year, and (2) the semidormancy found
in Kentucky bluegrass (Billieck, 1973)
during periods of high temperatures.
To compensate for these irregularities,
smooth curve approximations were made
for the calculated k values that con-
form to the general model (that is,
low k values corresponding to small
seasonal F factors and high k values
for large seasonal F factors) of
Criddle et al. (1962), Criddle k
values (Table 2.7) were regressed
against calculated k values (Table
2.6) for all the F factors concur-
rently, although the final calibrated
consumptive use coefficients are
given for specific F factors. The
resulting equation used for calibra-
tion was

kcalb = 0.5630 + 0-4090k¢rid

where kealb is the calibrated consump-
tive use coefficients and keyig is the
original consumptive use coefficients
published by Criddle et al. (1962).
The calibration results are given in
Table 2.8 and Fig. 2.4. '

The calibrated consumptive use
coefficients (Fig. 2.4) are consid-
ably different from those given by
Criddle et al. for grass (Fig. 2.2).
Major differcnces occur early and



Table 2.4.

Beginning and Ending Dates of Growing Seasons.

Year Laramie Wheatland
1976 April 28 - Oct. 14 April 14 - Oct. 15
1977 April 21 - Oct. 29 April 5 - Nov. 7
1978 May 8 - Qct. 22 May 7 - Nov. 10
Table 2.5. Seasonal Consumptive Use Factors (F).
Year Laramie Wheatland
1976 30 37
1977 33 41
1978 29 35
Table 2.6. Calculated Consumptive Use Coefficients (kealce)-
F Values
Momth =9y 30 33 35 37 41
April 0.63 0.66* 0.55%% 0.91 0.64% 1.04%%
May 1.15 0.74 0.95 0.84 0.84 0.90
June 1.17 0.97 0.99 0.91 0.93 0.84
July 1.28 0.84 0.87 0.99 0.95 0.86
Aug .97 0.87 0.84 0.72 0.76 0.77
Sept 1.04 0.72 1.02 0.88 0.62 0.76
Oct 0.81 0.55 0.76 0.69 0.74 0.74

* April 9 - 30, 1976
** April 15 - 30, 1977

ITI-11




Table 2.7. Criddle et al. (1962) Consumptive Use Coefficients (kcrid)
Honth g 30 TS 37 41
Apriil 0.40 0.40 0.44 0.48 0.51 0.62
May 0.57 0.60 0.69 0.72 0.75 0.81
June 0.85 0.86 0.88 0.90 0.91 0.95
July .90 0.90 0.91 0.93 0.94 0.97
Aug 0.83 (.84 0.85 (.86 0.87 0.89
Sept 0.64 0.65 0.67 0.68 0.68 0.71
Oct 0.35 0.36 0.39 0.42 0.45 0.49

Table 2.8. Calibrated Consumptive Use Coefficients (keaib)

N F Values

Hlonth  ~75g 30 33 35 37 5]

April 0.73 0.73 0.74 0.76 0.77 .82
May 0.80 0.81 0.85 0.86 0.87 0.89
June 0.91 0.91 0.92 0.93 0.94 0.95
July 0.93 0.93 0.94 0.94 0.95 0.95
Aug 0.90 0.91 0.91 0.91 0.92 0.93
Sept 0.82 0.83 0.84 0.84 0.84 0.85
Oct 0.71 0.71 0.72 0.73 0.75 0.76
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Consumptive Use Coefficient, k

1.00,
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Fig. 2.4. Calibrated consumptive use coefficients for the Criddle
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late in the growing season where the
calibrated coefficients are much high-
er than the values given by Criddle.
The wvalues are reasomnably close dur-
ing the middle portion of the growing
season.

3¢S Formula. Criddle's curves
define comsumptive use coefficients
that have larger values for corres-
pondingly higher seasonal consum-
tive use factors. This was not found
to be the case for the lawn grasses
tested. For this reason the 5CS
(1967) version of the Blaney-Criddle
formula, which uses a single empiri-
cal curve, was calibrated.

Calculated k; values for the 5CS
formula were determined using monthly
measured u (Table 2.1) and the equa-
tion:

1

ke = 05 hit

The ke values from the individual
years were smoothed by taking the
means of the three years for each
town. The resulting mean values are
referred to as "calibrated” ke values.
The ke values for the 7 months are
presented in Table 2.9 along with the
8CS (1967) recommended values for the
same period. Considerable differences
occur between the calibrated and SCS
values both during the spring and the
fall, while midsummer values are ap-—
proximately the same.

Effect of Calibration. To indi-
cate the effect of calibration on the
ability of the formulas to estimate
Etp, a comparison was made of the 1978
measured Epp with values estimated
using the original formulas and
formulas calibrated with '76 - 77!
lawngrass data (Tables 2.10 and 2.11).
In general, the calibrated formulas
give estimates that are closer to
measured Etp than do the original
formulas.

TT1-14
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Table 2.10. Calibrated vs SCS Estimates of Etp (cm)
Laramie Wheatland

Month 5G5S Calibrated Measured S5CS Calibrated  Measured

Estimates  Estimates 1978 Estimate  Estimated 1978
April - - - - - -
May 4.9 8.9 13.5 7.6 10.8 11.6
June 9.4 14.5 17.5 12.7 15.2 15.5
July 12.8 14.6 22.0 16.6 16.9 18.9
Aug 10.0 12.6 14.4 12,6 12.2 11.9
Sept 6.3 10.1 12.0 8.6 9.2 11.6
Oct 2.8 5.5 6.7 hob 7.7 6.8
Season
(May-Oct) 46.2 66.2 g86.1 62.5 72.0 76.3
Table 2.2... Calibrated vs Criddle et al. Estimates of Etp {cm)

Laramie Wheatland

Month Criddle Calibrated Measured Criddle Calibrated - Measured

Estimate Estimate 1978 Estimate Estimate 1978
April 3.7 6.1 5.7 5.2 7.9 10.0
May 6.6 8.7 13.5 9.9 11.3 11.6
June iz.7 12.8 17.5 15.3 15.1 15.5
July 15.4 15.2 22.0 17.8 17.2 18.9
Aug 12.3 12.8 14.4 14.1 14.4 11.9
Sept 7.4 8.9 12.0 8.9 10.5 11.6
Oct 2.9 5.4 6.7 4.1 6.8 6.8
Season
(April-dizo) 61.0 69.9 91.8 75.3 83.2 86.3
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Chapter 3

APPLICATION RATES

for resi-
in Lara-

Water application rates
dential lawns were monitored
mie and Wheatland during the summers
of 1975 through 1978. Total residen-
tial water use was alsc monitored to
determine household use. Appearance
ratings of all lawns were made to de-
termine the application rates required
to maintain aesthetically pleasing
lawns. Estimates of the amounts of
overwatering and deep percolation were
made, along with some water quality
analyses of the percolate during 1979.

PROCEDURES

Water application rates for indi-
vidual homes were monitored in Laramie
and Wheatland during the summers of
1975 through 1978. Water meters were
attached to all the outdoor spigots
of selected homes and weekly readings
were taken from approximately the last
spring freeze to the first fall freeze.
Total residential water use wasobtained
from the city water meters for each

home while precipitation data came from
the National Weather Service stations
in each town. Precipitation was added
to the irrigation water to determine
the total amount of water available to
the grass.

A lawn appearance rating system
was emploved which rated the lawns
weekly at the same time that meter
readings were taken. The appearance
rating considered color, thickness of
grass, visibly stressed areas (dryness),
and the presence of weeds but did not
consider the overall aesthetic attrac-—
tiveness of the landscape. The appear-
ance rating was based on a scale of 1
to 10, with ten being excellent.

In addition to the application
rates and appearance ratings, the
lysimeter readings reported in Chapter
2 were used to define the actual water
requirements of the grass. The poten-
tial evapotranspiration (E,,) measure-
ments were obtained on the same weekly

Table 3.1. Summary of Number of Homes Monitored and Study Periods.
Laramie Wheatland

Year Number Study Humber Study

of Homes Period of Homes Period
1975 21 Jul 25-Aug 29 14 Jul 23-Aug 28
1976 29 May 25-Sep 7 26 May 17-Sep 23
1977 27 May 25-Sep 2 23 May 19-Sep 22
1978 28 Jun 5-Sep 1 21 May 23-Sep 5
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schedule as the water application read-
ings. These Etp rates were used to
define the amount of overwatering and
to estimate the amount of deep perco-
lation.

A few water quality measurements
of the percolate were made for 15
lawns in Laramie. (Appendix A lists
names of these cooperators). Samples
were collected using suction cup lysi-
meters consisting of a porous ceramic
cup fitted to a plastic tube sealed at
the top by a one-hole rubber stopper.
Four lysimeters were placed in each
lawn at depths of 30, 45, 75, and
105 cm. Weekly samples were collected
during the summer of 1979. The samples
for all lawns were composited for each
individual depth.

RESULTS

General Data

Overall summaries of the lawn
water data for each year are given in
Tables 3.2 through 3.7 for Laramie and
Wheatland. The tables present water
use data and appearance ratings for
the study period each summer (beginning
and ending dates of the study periods
are given in Table 3.1). In addition,
the number of people per home and the
irrigated area for each home are listed.
Weekly application rates and appearance
ratings for individual homes and years
are given in Appendix C.

Water Application vs. Turf Appearance

A low correlation was found be-
tween the amount of water applied and
turf appearance.
high or low application rates did tend
to cause a decrease in appearance.
Tables 3.8 and 3.9 summarize the three-
year water application rates and lawn
appearance ratings. Of 57 homes mon-
itored in Laramie and Wheatland, during
the three yvear period, 17 applied water
at a rate which averaged less than the
average Etp requirement of the grass,

9 at a rate between the Etp rate and
1.25 times the Egf, rate, and 31 at a
rate above 1.25 times the Eyp rate.

111-18

These three groups had average ap-
pearance ratings of 6.1, 7.2, and 6.7
respectively (Fig. 3.1). There were
8 homes that watered at a rate of at
least twice the Etp rate, and had an
average appearance rating of 6.0.
Heavy overwatering was probably an
indication of overall neglect of good
lawn maintenance habits and, of course,
an increased leaching of nutrients.
Considering low application rates,
there were 8 homes that applied water
at a rate of 907 Ey, or less and

had an average appearance rating of
5.6. This would indicate a rapid
drop of appearance as application
rate is decreased below Etp.

One of the factors which plays
an important role in overwatering is
the lack of knowledge regarding the
amount of water that is being applied.
In general, homeowners who applied
water at a rate near the E¢p rate of
the grass could maintain aesthetically
acceptable lawns as readily as those
homeowners who applied much greater
amounts of water, yet a large number
of homeowners applied excessive amounts
of water (Figure 3.1). It is obvious
that homeowners will usually respond
to a visible water stress condition
and apply water (assuming water is
available and is not too expensive).
On the other hand, most homeowners
have little idea how much excess
water they are applying.

Summer vs, Winter Household Water Use

However, exceptionally

The household water use was de-
termined by subtracting the amount
applied to the lawn from the total
residential water use (Table 3.10).
Summer household use was defined as
the household use during the periods
that lawn meters were read each vear.
Winter household use was determined
using residential meter readings taken
after the fall lawn watering season
and before the spring lawn watering
season. Historically, the amount of
water used by residents during the
winter months when no lawn watering
occurs has been used to estimate the
amount of water applied to lawns.
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Table 3.8.

Summary of Lawn Water Application Rates (1976-1978)

Laramie Wheatland
Water Depth Applied** Water Depth Applied
{em/day) (em/day)
Home 1976*% 1977% 1978% 3-Year Home 1976*% 1977% 1978% 3-Year
++ Average + Average
2 0.53 0.43 0.46 0.48 1 0.58 0.58 0.58 0.58
3 0.61 0.48 0.76 0.61 2 0.53 0.58 0.25 0.46
4 0.43 0.48 0.48 0.46 3 0.48 0.38 0.38 0.41
6 0.64 0.69 0.74 0.69 5 0.71 0.71 0.69 0.71
7 0.99 0.76 0.79 0.84 6 0.38 0.30 0.51 0.41
3 0.46 0.53 0.61 0.53 7 0.89 0.81 0.79 0.84
9 0.46 0.43 0.56 0.48 9 0.97 0.66 0.76 0.79
10 0.61 0.46 0.79 0.61 10 1.30 0.97 1.55 1.27
11 0.48 0.46 0.48 0.48 11 0.89 0.71 0.81
12 0.46 0.46 0.53 0.48 12 1.14 0.97 1.04 1.04
13 0.86 0.86 0.94 0.89 13 0.41 0.48 0.58 0.48
14 1.07 1.12 1.30 1.17 15 1.07 0.99 1.17 1.07
15 0.48 0.46 0.46 0.46 16 0.48 0.58 0.69 0.58
16 0.89 1.02 1.35 1.096 17 0.61 0.61 0.61
17 0.58 0.61 0.61 18 0.53 0.56 0.79 0.64 .
18 0.74 0.71 0.86 0.76 19 0.79 0.66 0.74 0.74
19 0.43 0.43 0.51 0.46 20 0.43 0.36 0.38 0.38
20 0.46 0.58 0.53 21 1.09 1.09
21 0.41 0.51 0.48 0.46 22 0.91 0.76 0.66 0.79
22 0.30 0.28 0.46 0.36 23 1.09 0.91 1.02 1.02
23 0.51 0.46 0.38 0.46 24 0.86 0.86
24 .81 0.64 0.74 0.74 25 0.69 0.48 0.69 0.61
25 0.69 0.61 0.86 0.71 26 0.74 0.64 0.69
26 0.51 0.51 0.51 0.51 27 0.89 1.35 1.50 1.24
27 0.36 0.46 0.36 0.38 28 0.89 0.74 0.81
28 0.30 0.36 0.43 0.36 29 0.58 0.36 0.48
29 0.32 0.36 0.30 0.33 30 0.84 0.84
30 0.58 0.89 1.04 0.84
31 0.43 0.43
32 (.66 0.66
Avg,t (0.61 0.58 - 0.66 0.61 Avg.t 0.86 0.69 0.76 0.76
Water Requirement of Grass Water Requirement of Grass
{cm/day) (cm/day)
Avg.t  0.44 0.46 0.58 0.51 Avg. T 0.46 0.46 0.48 0.46

* Study pericd changes each year and is different for each city
(Refer to the annual summaries).

*% Water depth applied includes precipitation.

+ Yearly averages are for the full study period each year
(Refer to the annual summaries).

+t Missing numbers represent homes dropped from the study.
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Table 3.9. Summary of Lawn Appearance Ratings (1976-1978)

Laramie Wheatland
Average Appearance Rating* Average Appearance Rating*
Home 1976 1977 1978 3-Year Home 1976 1977 1978 3-Year
+ Average + Average
2 1.7 7.7 7.0 7.5 1 8.5 8.8 6.9 8.1
3 8.9 8.4 7.6 8.3 2 6.9 7.0 7.2 7.0
4 9.4 9.4 8.1 9.0 3 5.9 4.4 5.4 5.2
6 8.7 9.4 7.8 8.6 3 7.8 8.2 7.4 7.8
7 9.0 8.4 7.1 8.2 6 5.8 5.6 6.4 5.9
8 8.9 8.3 7.7 8.3 7 8.5 8.0 8.1 8.2
9 6.8 6.5 7.0 6.8 9 6.9 7.0 7.6 7.2
10 6.3 6.4 5.8 6.2 10 5.1 2.8 4.1 4.0
11 7.9 6.0 6.0 6.6 11 8.4 7.7 8.1
12 7.7 7.4 8.0 7.7 12 5.3 4.7 5.1 5.0
13 8.1 7.4 7.3 7.6 13 3.5 7.1 7.4 6.0
14 7.1 7.4 6.5 7.0 15 9.2 7.4 7.0 7.9
15 7.3 4.8 5.2 5.8 16 6.1 5.1 5.5 5.6
16 6.7 6.0 6.9 6.5 17 4.2 4.7 4.5
17 5.9 6.9 6.4 18 5.6 4.8 6.1 5.5
18 9.3 7.9 7.0 8.1 19 6.4 6.7 5.9 6.3
19 5.0 4.7 4.9 4.9 20 4od 4.4 5.6 4.8
20 8.8 9.0 7.8 8.5 21 5.0 5.0
21 7.1 5.3 5.9 6.1 22 6.0 7.0 6.4 6.5
22 5.4 6.1 5.7 5.7 23 6.2 6.9 6.2 6.4
23 5.1 5.4 5.3 5.3 24 7.8 7.8
24 9.2 9.2 8.1 8.8 25 7.9 7.0 6.2 7.0
25 6.6 5.5 6.5 6.2 26 4.7 7.5 5.7 6.0
26 3.6 6.5 6.1 7.1 27 6.1 6.7 5.9 6.2
27 8.6 8.4 8.5 28 7.1 7.3 7.2
28 4.5 6.1 7.2 5.9 29 6.8 6.8 6.8
29 5.7 4.3 4.3 4.8 30 2.8 7.3 5.1
30 7.1 7.7 7.0 7.3
31 3.8 3.8
32 4.1 5.4 4.8
Avg. 7.3 6.9 6.6 6.9 Avg. 6.4 6.3 6.4 6.4

Appearance rating is based on a scale from 1 to 10, with 10 being hest.
The appearance rating was done by visual inspection and considered color,
thickness of grass, and the presence of weeds.

Missing numbers represent homes dropped from the study.
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Average

Amount of Number Appearance
Water Applied of Tomes Rating
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Figure 3.1. Comparison of amount of water applied and
lawn appearance.
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Table 3.10. Summer vs Winter Household Water Use (lpcd).

Laramie
House Summer Wintoer Avoerages
No. 1976 1977 1978 _ 1976-77 _ 1977-78 ___Summer  Winter
4 182 216 238 235 220 212 227
7 375 314 174 477 428 288 454
8 125 129 159 136 144 136 140
10 204 435 401 401 435 348 420
11 560 322 322 3156 314 401 337
13 185 246 307 458 193 246 326
14 178 185 159 280 250 174 265
15 102 83 132 76 61 106 68
16 220 197 265 174 367 227 273
19 193 208 204 223 117 201 170
22 185 144 182 185 182 170 184
23 295 170 182 208 185 216 197
24 295 220 246 299 424 254 363
26 318 238 261 269 295 273 284
28 288 151 140 170 117 193 144
29 144 223 242 227 238 204 235
30 144 170 216 348 155 178 254
Laramie
Avg. 234 215 225 266 243 225 255
Wheatland
Summer Winter Averages
House
No. 1976 1977 1978 1976-77 1977-78 Summer Winter
9 170 318 231 348 288 240 318
10 148 117 - 257 136 133 246
13 420 - 568 632 534 494 583
i5 227 261 265 265 265 251 265
19 189 125 265 299 295 193 297
20 148 140 174 507 238 154 372
Combined
Aveg. 230 210 242 297 256 228 277
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The household use which i1s defined
during the winter months is assumed
to be constant year-round.
hold rate is then subtracted from the
sunmer residential use rate to esti-
mate lawn water use. This is known
as the "Winter Base Rate" method
(Cotter and Croft, 1974).

The data in Table 3.10 was ana-
lyzed on the basis of Laramie alone
and with Laramie and Wheatland com-
bined. Wheatland was not considered
by itself due to the small number of
homes for which good data was avail-
able. Several of the city meters in
Wheatland were found to be defective,
leading to an inability to estimate
household water use for many homes.

Winter household use was shown
to be higher than summer household
use, A paired-sample t-test gave
a significant difference at the 95
percent confidence level when data
from the two cities were combined.
Using the paired-sample t-test for
only Laramie data, no significant
difference was found between winter
and summer household use at the 95
percent confidence level.

The results, although not con-
sistent on a statistical basis when
comparing Laramie to the combined

The house-—

data, indicate that the "Winter Base
Rate" method does provide a reason-
able estimate of summer lawn water
use. Although the summer household
use would be overestimated if using
the winter household use rate as a
base, the lawn water use would not
be greatly underestimated using this
method. The reason is that the lawn
use is a relatively large percentage
of the total household use during
the summer period and an error in
estimating the summer household use
translates into a smaller percentage
error in estimating the lawn water
use. For example, for Laramie, lawn
use ranged from 80 to 85% of total
use during the study periods* (Table
3.11), while winter household use
averaged 30 1lpcd greater than sum-
mer household use. Using the winter
household use rate as a basis for
estimating summer household use
gives an estimate 13% high.

255=-225

# Error = 775

x 100 = 13%

However, using the 255 lpcd rather
than the measured value of 225 lpced

*The study periods did not include
the early spring and late fall lawn
watering seasons, which would tend to
lower these percentages if included.

Table 3.11. Lawn vs Summer Household Water Use.

Total Lawn Household Lawn Use
Use Use Use Total Use

{1pcd) (1pcd) (1pcd) )]

Laramie 1976 1110 883 227 30

1977 1280 1062 218 83

1978 1568 1339 229 85

Avg 1320 1095 225 83

Wheatland 1976 2159 1850 309 86

1977 1841 1541 300 84

1978 1810 1548 262 86

Avg 1937 1647 290 85
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to estimate lawn use would have pro-
duced an error in estimating lawn

use of only 3%—that is, lawn use
would have been estimated as 1065 lpcd
as compared to the measured value of
1095 1pcd.

1095-1065

1095 x 100 = 3%

% Error =

Overwatering and Deep Percolation

As indicated in the section en-
titled "Water Application vs Turf
Appearance," a considerable number of
homeowners overwater. The extra water
cither percolates into the ground
water system or runs into the gutter
and ends up in the sewer system. Ob-
gservations indicate that not a great
amount of water runs off of lawns in
either city; thus most extra water
would be expected to end up as deep
percolation.

The amount of deep percolation
(Table 3.12) was estimated by taking
the three-year average seasonal evap-
otranspiration rate and subtracting
it from the three-year average sea-
sonal application rate, as given in
Table 3.8, for each home. For those
homes with application rates above
the By, rate, the difference was mul-
tiplieg by the home's lawn area to
determine the average volume of water
per day that would go to deep perco-
lation. The average deep percolation
for each town was determined by divid-
ing the total volume of overwatering
by the total lawn area of all the
homes monitored.

Deep percolation averaged 0.11
cm/day and 0.22 cm/day in Laramie and
Wheatland, respectively. On a city-
wide basis these figures add up to a
considerable amount of deep percola-

111-30

tion, TFor example, in Cheyenne with
50,000 population there are a reported
11,433 residential customers being
served (AWWA, 1973). 1If the deep per-
colation was 0.22 cm/day (Cheyenne is
probably best approximated by Wheat-
land's conditions), 650 m? per home,
and the growing season was 140 days,
then the volume of overwatering

would be about 2.3 x 107 liters per
geason.

The volume of water entering the
ground water system is not the only
problem. Apparently water quality de-
gradation is also occurring. As
shown in Table 3.13, the excess water
passing through the root zone dis-
solves salts from the soil. This is
a common occurrence. Nevertheless,
research has shown that smaller total
amounts of salts will be dissolwved if
the deep percolation losses are reduced
(Van Schilfgaarde, 1977).

Considerable fertilizer is also
being leached from the lawn and moved
into the ground water system. Shown
in Table 3.14 are the NO3-N concentra-
tions for soil water below lawns. Ce-
ramic suction cups were installed at
various levels below the lawn to obtain
samples of the water moving through and
below the root zone. The root zone
during the time of sampling was approxi-
mately 45 cm in depth. 1t is evident
that considerable nitrogen is being
leached below the root zone. Further-—
more, the concentration of NO3-N in
the water below the root zome is far
in excess of the 10 mg/l which is the
maximum allowable for drinking water.
Nursing mothers and voung infants
should be careful of drinking water
from shallow aquifers beneath residen-
tial areas.



Table 3.12.

Estimated Deep Percolation.

Laramie Wheatland
Estimated*  Lawn Deep Estimated® Lawn Deep
House Overwatering Size Percolation House Overwatering Size Percolation
No. fcm/day) (m?) {1/davy) No. (cm/day) (m?) (1/dav)
2 -0.03 419 - 1 0.12 606 727
3 0.10 555 555 2 0.00 764 0
4 ~0.05 661 - 3 -0.05 1080 -
6 0.18 508 914 5 0.25 1125 2813
7 0.33 424 1399 6 -0.05 835 -
8 0.02 590 118 7 0.38 923 3507
9 -0.03 375 - 9 0.33 591 1950
10 0.10 306 306 10 0.81 643 5208
11 -0.03 416 - 11 0.35 667 2334
12 -0.03 283 ~ 12 0.58 315 1827
13 0.38 310 3078 13 0.02 657 131
14 0.66 443 2924 15 0.61 301 1836
15 -0.05 582 - 16 0.12 557 668
16 0.58 677 3927 i7 0.15 1030 1545
17 0.10 566 566 18 0.18 1071 1928
18 .25 493 1233 19 0.28 721 2019
1¢ -0.05 979 - 20 0.08 693 554
20 0.02 1075 215 22 0.33 526 1736
21 ~-0.05 670 - 23 0.56 353 1977
22 -0.15 447 - 25 0.15 673 1010
23 -0.05 376 - 26 0.23 616 1417
24 0.23 501 1152 27 0.78 341 2660
25 0.20 729 1458 28 0.35 507 1775
26 0.00 548 0 29 0.02 1810 362
27 -0.13 1745 -
28 -0.15 604 -
29 -0.18 539 -
30 0.33 308 1016
Totals 16629 18861 17405 37984
Avg. Deep Percolation = 0.11 cm/day Avg. Deep Percolationm = 0.22 cm/day
* Estimated overwatering = (Seasonal Appiication Rate) - (Seasonal Egp)
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Table 3.13. Total Dissolved Solids (mg/l) of Deep Percolation Water, Laramie

Pate 30 R e 75 105
June 5 2560 3320 3000 2980
June 11 1360 1670 1860 2480
June 18 - 2370 2740 2840
June 25 2580 2940 3020 3280
July 2 2470 2510 2910 3020
July 9 2540 - 3100 2600 3270
July 16 2310 2450 2600 2840
July 23 2330 2770 2930 3040
Average 2307 2641 2708 29569

Table 3.14. Nitrate - N (ppm) of deep percolation water, Laramie

Depth (cm)

bate

30 45 /5 105
June 5 12.0 0.3 5.0 4.0
June 1} 2.3 U.6 19.0 22.0
June 23 3.0 1.5 11.0 15.0
July 2 9.4 1.2 6.8 11.0
July § 7.5 1.3 4.1 18.0
July 16 7.0 1.2 12.0 11.0
July 23 8.3 1.6 11.0 17.0
Average 7.1 1.1 9.8 14.0
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Chapter &

SPRINKLER TESTS

Distribution patterns of six typi~
cal types of lawn sprinklers were de-
termined during the summer of 1977,
Tests were conducted on four sprinklers
from each type under three pressure
levels. Christiansen's Uniformity
Coefficients (UCC) were calculated for
the original pattern and for various
overlaps of the sprinklers. Overlaps
required to achieve minimum acceptable
UCC values were then determined. The
pattern sizes and application rates
were determined for each sprinkler
at the three pressure levels.

PROCEDURES

Equipment and Layout

The various lawn sprinklers were
divided intc six basic types: oscil-
iating, impact, rotating, stationary,
buried head, and traveling. Four
sprinklers of each type, as described
in Table 4.1, were then chosen from
regular production lines of sprinkler
manufacturers. Each sprinkler was
tested at three pressures — 69, 138,
and 207 kPa — and three replications
at each pressure were made. The pres-
sures were regulated at the head of a
1.6 ¢cm inside diameter hose 15.2 m
long.

Used as a guide for sprinkler
testing was the American Society of
Agricultural Enginecers' '"Recommenda-
dation 330," Procedure for Sprinkier
Distribution Testing for Research
Purposes (ASAE, 1974). The Recommen-
datior states that "a minimum of 80
collectors shall receive water during
a test.” To meet this criteria, a
square grid pattern of collectors was
used with the total grid being 29.3 m
on a side. This prid was first mark-
ed off with a 1.2 m spacing hetween
collector points. Within the large
grid, two smaller grids— 7.3 m x 7.3 m
and 3.7 m x 3.7 m — were then marked
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off from center in increments of 0.61
m and 9.30 m, respectively. This
allowed for sprinklers with either a
small or large area of coverage to be
tested by moving the collector cups
in a relatively short time. The
collectors used were plastic cups
measuring 9.6 cm top inside diameter
and 12.1 cm depth with a total volume
of 700 ml. The lip at the top of the
cups was removed to give a sharp edge
to minimize deflection of water drop-
lets.

A platform was built for the
sprinklers to sit on to simulate a
surface condition relative to the top
of the cups. This platform was center-
ed in the grid, and all sprinklers
were operated at this level. Buried
head sprinklers were recessed into the
platform so the spray would come from
the level of the top surface of the
platform, again to simulate a lawn
condition.

Traveling sprinklers were tested
using a procedure differing from that
of non-traveling sprinklers. A 30.5
cm wide runway was built at the height
of the cups. Cups were placed in a
single row, side by side, with the
sprinkler runway crossing perpendicu-
lar to the center of the row. The
sprinkiers were started with the for-
ward end of the spray pattern entering
the cup row and were stopped when the
rraliling end had completely crossed
the row.

All tests were conducted at low
wind speeds. The maximum wind speed
at which tests were run was 8.0 km per
hour. The wind speed was checked
throughout each test and tests were
terminated during a run when wind
speed was found to be at or above the
8.0 km per hour limit. Total wind
run during each test was also measure-—
ed.
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Data Analvyses

The method of analyzing sprinkler
tests for uniformity of distribution
was adopted from Christiansen (1942).
The Christiansen Uniformity Coeffi-
cient (UCC) is a numerical expression
that serves as an index of uniformity
for a sprinkler system's distribution.

n ——
uce = 1- 2 |X, - x|
. i
i=1
nx
where ¥; = a single observation
x = mean of the individual
observations
n = the total number of obser-

vations

With this numerical value, com-
parisons of sprinkler patterns and
determinations of how various spacings
affect the resulting distribution of
water could be obtained. As appears
to be commen practice {(e.g., Hart and
Heerman, 1976} 0.70 was selected as
the minimum acceptable UCC value.

The data from the sprinkler runs
were analyzed using a computer pro-
gram developed by William E. Hart of
Colorado State University and modified
for use on the University of Wyoming
computer. This pregram derives the
UCC from individual spriankler patterns
with or without overlap as desired.

For calculating UCC's using the
original matrices, a critericn was
established to eliminate those columns
and rows in the matrix which contained
only overspray and were not part of
the main sprinkler pattern. Generally
those outer columns and/or rows in
which over 50% of the cups individually
contained less than 5% of the pattern'’s
highest cup value were eliminated.
However, because cof their various
shapes, some patterns were analyzed on
an individual basis.

Ten UCC's were calculated for
each test of the non-traveling sprink-
lers - one for the original pattern
and one for each of nine different
overlaps. Overlaps were considered
in two different directions based on
the original matrix in terms of col-
umns and rows. Overlaps used were 257,
50% and 75% in one direction along the
columns, in one direction along the
rows, and in both directions (Figure
4.1). Results when overlapping in cne
direction along the rows are not given
herein since no significant difference
existed from the results when overlap-
ping in one direction along the columns.
It should be noted that the computer
program used for calculating the UCC's
oriented the matrices so that the pre-
vailing wind was from the same direc-
tion for all tests, even though the
tests were run only at low wind speeds.

Since the forward movement of
the traveling sprinklers provided a
continuous overlap of the pattern in
one direction the ounly additional
overlaps required were in the direction
perpendicular te the forward movement
of the sprinklers. Thus UCC's were
calculated for the traveling sprink-
lers for overlaps designated by 0% x
100% overlap, 257 x 100% overlap, 50%
x 100% overlap, and 75% x 100% overlap
where the 100% refers to the direction
of forward movement.

All sprinkler tests did not pro-
duce matrices with columns and rows
which could be overlapped exactly 25%,
50% or 75%. For example, if an 11 by
11l matrix were overlapped 50%, the
edge of the pattern would lie between
a column or row. The computer program
was designed to sum those values in an
overlap which fell on the same point.
Therefore, the sizes of patterns which
could not be overlapped evenly were
rounded to the closest size which
could be overlapped evenly {Table 4.2).
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Table 4.2. Rounding

Sequence for Patterns not Overlapping Fvenly

QOverlap Number of rows or columns in matrix
None 7 9 10 11 13 14
25% 5 b 7 8 9 10
50% 4 4 > 6 6 7
75% 2 2 3 3 3 4
RESULTS The means, sum of squares and ob-
served F values are presented in Table
Statistical Significance 4.3 for the five non-traveling types.
The estimate of the variance component
After the UCC's were calculated GZS(T) is listed at the bottom of each
for all sprinkler tests, statistical column, and the estimate of residual
comparisons of these values were ob- error variance is the R {TSP). Statds-
tained, thus providing a reference tically significant differences with-
for determining acceptable distribu- in the factors compared are Indicated
tions of sprinkler patterns and the by stars. The comparison of types
various overlaps. {(T) shows a significant difference for
five of the seven overlaps. This
To compare sprinkler distribu- difference is most predominant for the
tions, the two main factors of concern three overlaps in both directions of
were tue type of sprinkler and water sprinkler patterns. Upon comparison
pressure. The main effects of each of the UCC's with respect to pressure
factor and the interaction of the two (PY, a high level of significant
factors were investigated. Sprinklers difference was found for all sprinkler

are manufactured by several different
companies each with some differences
in construction, design, or materials.
Tt was not an objective of this study
to compare sprinklers of specific
companies. Therefore, a random selec-—
tion of companies and sprinklers from
those companies was made to obtain

the sprinklers used in the study.

This introduced a third factor of
sprinklers nested within type which is
a random effect. Thus there are three
fFactors in the experiment—five differ-
ent types of sprinkiers (the sixth
type, traveling sprinklers were analy-
zed separately), three different pre-
sures, and four sprinklers within

each type. Three replications were
conducted cn each of the 5 by 3 by 4
combinations for a total of 180 indivi-
dual tests.
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pattern overlaps. Little significant
difference was found for the inter-
action of sprinkler types and pressure
(T x P), meaning sprinklers generally
respond the same to a change in pres-
sure.

A high level of significant
difference was found throughout all
overlaps for the sprinklers within
type effect S(T)}. The S(T) effect
also indicates significant variation
from sprinkler to sprinkler within
type relative to the variation within

the three replications of each sprinkler

at the three pressure levels. The
&%g(T) variance estimate for sprinkler
to sprinkler within type compared to
the R(TSP) variance estimate for re-
plications of sprinkler tests reveals
this higher variation between sprinklers
within type than within replications.
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Mean UCC's of Non-Traveling Types

The means of the UCC's for each of
the non-traveling types and overlaps are

presented in Table 4.4, At the bottom
of each column is the minimum differ-
ence required for two means in that
column to be statistically signifi-
cant at the 0.05 level, using Fisher's
ieast significant differences.

As mentioned earlier the 0.70 min-
imum acceptable UCC was used as a
basis for determining satisfactory
performance of sprinklers. By com-
paring this minimum with each
sprinkler's UCC means {(Table 4.4), it
is shown that none of these types
reach the acceptable minimum UCC of
0.70 until overlapped 25% X 25%. Of
the five types of sprinklers compared,
only the impact shows a UCC greater
than the 0.70 minimum at 257 X 25%
overlap. When considering the 50% X
50% overlap, three types of sprinklers
are within the minimum acceptable
range. These include impact, station-
ary, and buried head, with the latter
being on the border line. Not until
the largest percentage of overlap,

75% X 75%, are all types of sprinklers
considered minimally acceptable. The

impact sprinkler type had the highest

UCC's when overlapping was combined

in both directions of the patterm.

Effects of Pressure for Non-Traveling
Types

The main effects of pressure for
the non-traveling sprinkiers are re-
presented in Table 4.5. Comparing
the mean values of all sprinklers for
each of the overlaps with the three
pressure levels, UCC's for all pat-
terns improve with increased pressure
except for the 75% overlap at the 207
kPa level. The greatest overlap, 75%
X 754, gives the highest UCC's--all
being well above the minimum accept-
able ievel of 0.70. Generally an in-
crease in pressure will give an in-
crease in the UCC's. When comparing

UcC's for individual types, rather
than for the means, some exceptions
were noted.

The performances of the five non-
traveling sprinkler types on an in-
dividual basis under the three pres-
sure levels at varilous overlaps are
also given. The mean UCC's of the
three tests for each individual type
at each pressure level are given. A
wide variation of UCC's can be seen
between the five types of sprinklers
at the three pressure levels of the
various overlaps. This variation is
the widest at the 69 kPa level and
seems to close as pressure and over—
lap are increased.

One sprinkler, the impact type,
stands out as being affected very
little or as showing a smaller varia-
tion in UCC when pressure is changed
in contrast to the four other types.
At 50% overlap, the stationary type
also stands out as being insensitive
to changes in pressure, but only at
this overlap. The buried head type
shows a small change in UCC at the
50% X 50% overlap when pressure is
altered but shows a large UCC varia-
tion at other overlaps.

Comparisons of Traveling Sprinklers

As stated previously, forward
movement of the traveling sprinklers
provided a continuous overlap of their
pattern in one direction and the only
additional overlaps required were in
the direction adjacent to the forward
movement of the sprinklers. These
overlaps were designated 0% X 100%,
25% ¥ 100%, 50% X 100%, and 754 X
L00%.

The mean UCC values were used to
compare the traveling sprinklers with
the five non-traveling types. These
values at the three pressure levels
(Table 4.6) show the UCC's for the
traveling sprinklers comparing favor-
ably with the values found for non-
traveling types when overlapped in
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Table 4.6.

UCC's at Different Pressures for the Traveling Sprinklers

Overlap®*

Pressure 0% 25% 50% 75%
(kPa) X X b4 X
100% 100% 100% 100%

69 .65 .57 .67 .90
138 .61 .60 .65 .85
207 .61 .66 .68 .86

#The 100% overlap is due to the forward movement of the sprinklers

both directions. For an overlap of
25% X 100%, the traveling type shows
littie, if any, improvement over its
original distribution pattermn. For
the 50% X 100% overlap, however, the
UCC's border on being acceptable and
exceed the minimum (0.70) at an over-
lap of 75% X 100%.

Analysis of Pattern Sizes and Applica-
tion Rates

Pattern sizes of the individual
sprinklers vary with change in pres-
sure. The various pattern sizes cov-
ered by each sprinkler within all six
types are presented in Table 4.7. 1In
all cases the pattern size increased
with an increase in pressure. The
impact type in general covered the
largest areas under all pressures in
comparison to the other non-traveling

types. These measured areas were
used for calculating the application
rates,

The average application rates
(Table 4.8) of the various sprinkler
types were calculated from the appli-
ed volume of water that was measured
with a water meter during the tests,
As shown previously by the UCC's of
the six sprinkler types, these appli-
cations were not evenly distributed.
Upon overlapping the sprinkler pat-
terns, however, these applications
should develep more uniform coverages.

By increasing the pressure, the
area covered also increases, but at
the same time the application rate for
that area decreases. The application .
rate for the sprinklers with adjust-
able arms or deflectors, such as the
traveling or impact type, could be
changed by directing the spray to
cover an area of different size.
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Table 4.8 Application Rates for Sprinklers Tested

Sprinkler Pressure Application rates for each of the four
type (kPa) sprinklers described in Table 4.1.
{cm/hr)
Buried Head 69 1.98 1.91 * 1.68
138 1.55 1.07 1.75 1.75
207 1.07 0.74 1.35 1.24
Stationary 69 3.43 2.82 6.63 1.55
138 2.24 1.65 3.00 1.12
207 2.11 1.55 1.96 0.91
Impact 69 # 0.84 1.14 0.97
138 0.41 0.51 0.43 0.67
207 G.48 0.48 0.38 (.38
Rotating 69 1.83 2.41 4.37 5.28
138 0.74 1.17 1.47 1.96
207 0.46 .86 1.02 1.04
Oscillating 69 2.06 2.29 1.12 2.67
138 0.94 1.12 0.76 0.74
207 .76 0.74 0.61 0.66
Traveling 69 2.62 1.52 1.65 1.60
138 1.88 1.12 0.58 1.30
207 0.51 0.89 0.56 1.12

*Pressure too low for sprinkler cperation.
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Chapter 5

LAWN WATERING GUIDELINES

A major objective of this study
was to prepare lawn watering guide-
lines that could be used to conduct
educational programs in water use
and conservation or that could be
used directly by homeowners. Prior
to this study, information to properly
develop such guidelines was not avail-
able. Guidelines which did exist were
often general in nature and usually
not based on measured data.

GUIDELINE PUBLICATIONS

The Agricultural Experiment Sta-
tion publications at the University
of Wyoming are readily available to
potential users. In addition, pre-
paring guidelines in this form makes
them easily desseminated by the Ex-
tension Service personnel. Copies
of published bulletins and drafts of
proposed Experiment Station bulletins
are included in Appendix E. One bul-
letin—'"Watering of Lawns," Univer-
sity of Wyoming Agricultural Exten-—
sion Miscellaneous Publication 39—
has been published, while two—'"Mea-
suring Lawn Water" and "Selection and
Use of Lawn Sprinklers''—are in draft
form for publication. Each of these
publications have been prepared based
directly on information obtained dur-
ing this study. More technical infor-
mation has been presented in a variety
of iournal articles and at profession-
al meetings. A list of these papers
is given in Appendix F. In addition,
joint publications combining pertinent
Arizena, Colorado, and Wyoming data
are belng prepared.

One additional publication is
beinz prepared for Wyoming. The cal-
ibrated Blaney-Criddle formula is
beinz used to express lawn water re-
quirements on a probability basis
thrcughout Wyoming. Monthly and an-
nual lawn water requirements will be
estimated using the Blaney-Criddle

formula for at least 40 years of exist-
ing climatic records. These estimates
will then be used to calculate the
probability of occurrence of various
levels of water requirements.

SUMMARY OF SPECIFIC GUIDELINES

It was found that homeowners who
applied water at a rate near the po-
tential evapotranspiration rate (Etp)
of the grass could maintain aesthet-
ically acceptable lawns as readily as
those homeowners who applied much
greater amounts of water (Chapter 3).
However, a large number of homeowners
applied excess amounts of water, indi-
cating a real potential for developing
guidelines to save considerable water
on a city-wide basis. Guidelines to
make most efficient use of water need
to include information concerning:

1. The water requirement of the
grass.

2. The amount of water that is
actually applied.

3. The desired frequency of ap-
plicatcion.

4. The uniformity of application.

Water Requirement of the Grass

The water requirements of grass
cannot easily be measured directly by
the homeowner. However, estimates
are readily available, Measured data,
such as those acquired in this study
(Chapter 2), can be used as a guide-
line to the water reguirements. For
example, Table 5.1 is a summary of
daily water requirements for Wyoming.
Applying water at rates near those of
Table 5.1 would be a reasonable guide-
line for the homeowner — with precipi-
tation included as part of the water
applied. Laramie's data would be
recommended for locations above 1,800
meters altitude while Wheatland's data
would be recommended for lower loca-
tions.
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Table 5.1 Water Requirements of Kentucky Bluegrass in Wyoming (cm/day).

Month Laramie Wheatland
April 0.19 0.33
May 0.37 0.40
June 0.52 0.52
July 0.59 0.54
August 0.43 0.40
September 0.31 0.38
October 0.19 0.23

For locations not having mea-
sured data the homeowner is dependent

catch cans to calibrate the sprinklers,
(3) metering the amount of water applied,

upon information provided by local
city water managers through local news
media and other sources. A recom-
mended method for obtaining water re-
quirement estimates for dissemination
to the public is by use of the empir-
ical formulas which were calibrated
in Chapter 2. Another option would
be to measure water use directly by
methods such as the small weighable
lysimeters or evoporation pans.

Amount of Water Applied

One of the factors which plays a
critical role in overwatering is a
lack of knowledge regarding the amount
of water that is being applied. As
stated previously in Chapter 3, home-
owners can avoid underwatering by
noting the visible water stress that
occurs and applying water. However,
most homeowners whose grass does not
become water stressed do not know
whether they are applying excess
water.

Any of several methods can be
used to determine the amount of water
applied. The most common methods in-
clude: (1) wetting the soil profile
to a recommended depth, (2) using

and (4) following average estimated ap-—
plication rates for specific sprinklers.
Each of these methods are discussed in
more detail in the proposed publication
"Measuring Lawn Water," included in
Appendix E. The most accurate of these
methods is direct metering of the amount
of water applied, yet any method that
provides some guideline to the amount

of water applied is useful in reducing
excess water application.

Frequency of Application

The frequency of water application
and the daily water requirement of the
grass (Table 5.1) determine the amount
of water that needs to be applied dur-
ing a single irrigation. Basically,
enough water should be applied to wet
the soil profile to a depth te which
the roots of the grass extend. In
this study Kentucky bluegrass roots
were found at the bottom of the 24
inch deep lysimeter. The other factor
to consider besides depth is the water
holding capacity of the soil varying
from low for sandy soils to high for
clay seoils.
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Uniformity of Application In order to obtain acceptable
uniformity of distribution, nearly

The degree of overwatering which all home lawn sprinklers need to be
occurs depends largely upon the uni- overlapped in two directions (Chap-
formity of distribution of the sprink- ter 4}, Overlapping in only ome
ler being used. To cobtain relatively direction is not usually adequate
uniform distribution of water, the to produce acceptable uniformity.
distribution pattern for each sprink- In general, at least 50% overlap
ler (for solid set systems), or of in two directions is desirable for
each set (for movable systems), must most lawn sprinklers. Detailed
overlap with the pattern of adjacent information regarding required over-
sprinklers, or sets. lap is given in Chapter 4.
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Chapter &

SUMMARY

A three-year study of residential
water use with emphasis on lawn water
use was conducted. Lawn water appli-
cation rates, potential evapotrans-—
piration rates (Eyp) of lawn grass in
an urban setting, and household use
were monitored in Laramie and Wheat-
land, Wyoming. Tests were also con-
ducted to determine distribution pat-~
terns of typical types of lawn sprink-
lers and the overlaps required to
achieve minimum acceptable uniformity
cf water distribution.

Weekly lawn water application and
requirement data were taken during the
summers of 1976, 1977, and 1978. Po-
tential evapotranspiration was measured
using small weighable lysimeters in-
stalled in lawas surrcunding single
family residences at three locations
in each city. Five lysimeters were
placed at various positions at each
lgcation. Lawn water application
rates were monitorved by attaching
water meters to all outside spigots
of cocperator's homes. City water
meters were read to obtain household
water use.

Distribution patterns of six types
of lawn sprinklers were determined dur-
ing the summer of 1977, Tests were
conducted on four sprinklers from each
type under three pressure levels.
Christiansen's Uniformity Coefficients
(LCC) were caleculated for the original
pattern and various overlaps of the
sprinklers. Overlaps required to
acnieve minimum acceptable UCC values
were then determined. The output of
each sprinkler was measured and ap-
plication rates were calculated for
individual pattern sizes at the three
pressure levels.

Specific findings from this pro-
ject Include:

1. Blaney-Criddle formulas cal-
ibrated for lawn grass estimate higher
water requirements early and late in
the growing season than previously

11143

listed calibrations, which were not
prepared specifically for lawn grass.
The calibrations compare reasonably
well during the middle portion of the
growing season.

2. Water use of Kentucky blue-
grass was found to decrease as tem-
peratures increased above an optimum
level (this appeared to occur as
daily maximum temperatures exceeded
approximately 33°C). During the
warmer months, Laramie's lawn water
requirement exceeded Wheatland's even
though the temperatures in Wheatland
were higher.

3. Homeowners who applied water
at a rate near the E¢p rate of the
grass maintained aesthetically accept-
abtle lawns as readily as those home-
owners who applied much greater amounts
of water, yet a large number of home-
owners applied excessive amounts of
water.

4. Few homeowners know the amount
of lawn water they are applying. This
amount must be defined for each home-
owner if significant water conserva-
tion is to be achieved.

5. The "Winter Base rate” method
of estimating summer lawn water use is
reasonable accurate under dry Western
conditions where irrigation supplies
75% or more of the required consumptive
use.

6. Deep percolation on a city-wide
basis was considerable for the two
cities monitored. The percolate had
high levels of dissolved solids and
nitrates.

7. Home lawn sprinklers generally
need to be overlapped to achieve accept-
able UCC levels. At least a 50% over-
lap is both directions of the pattern
is required for most sprinklers. Ob-
servations show that common practices
of most homeowners do not approach these
acceptable levels,
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Cooperating Homeowners for Water Application Measurements (Laramie}

Name Address Years Sampled
1. Andersen, James D. 2519 Sheridan (1975)
*% 2, Becker, Clarence 2010 Thornburgh (1975-1978)
3. Brosz, Don 1905 Spring Creek (1975-1977)
2304 Hillside Drive {1978)
*% 4, Pochop, Larry 1906 Hillside Drive {1975~1978)
5. Fair, Bob 2449 Park Avenue {(1975)
6. Rechard, Paul 316 Stuart (1975-1978)
7. Hoadley, M. 1813 Bill Nye (1975-1978)
8. Hasfurther, Vic 1710 Bill Nye (1975-1978)
9, Haddenhorst, G. 911 Sanders {1975-1978)
10. Thompson, Thomas 615 Russell (1975-1978)
11. Perkins, J. L. 702 Scuth 3th (1975-1978)
%%]2. Borrelli, John 814 Park (1975-1977)
2161 North 16th (1978)
13. Hoffman, J. 419 South 1lth (1975-1978)
14. McNamee, Mike 408 South 1lth (1975-1978)
15. Goslin, W. A. 456 North 7th (1975-1978)
16. Fester, Mrs. John 601 Gibhon {1975-1978)
17. Adams, John 1003 Reynolds (1975-1977)
18. Spackman, Everett 1132 Curtis {1975-1978)
19. Burman, Robert 1214 Downey (1975-1978)
20, Fornstrom, Jim 1731 Downey {(1975-1978)
21. Backer, August 1220 Lewis (1975-1978)
22. Pietens, Brad 1516 Rainbow (1976-1978)
23. Lush, Jerry 1622 Ord (1976-1978)
24. Ankeny, Margaret 2505 Sheridan {1976-1978)
25. Spiegelberg, F. W. 1315 La Prele (1976-1978)
26, Cerullo, Mike 1705 Symons (1976-1978)
27. Guthrie, J. 1200 Ivinson (1976-1978)
28. Merrian, Don 1115 Renshaw (1976~-1978)
29. Miller, Alan 2062 Nerth léth (1976-1978)
30. Pliley, Larry 1868 North 15th (1976-1978)
31. Jensen, Randy 770 North 10th (1976-1977)

*% Lysimeter locations
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Cooperating Homeowners for Water Application measurements {Wheatland)

ok

Name

. Pitcher, Warren

. Wakkuri, Myron

. Dent, George

. Nicholson, Lowella
. Wickam, John

Bowen, Joe

. Kendig, A.

. Chasteen, Russell
. Hoth, Bud

. Cline, Roy/Erickson, Norm
. Baker, Mrs. Kathryn
. Ballard, John

. Dunham, James

. Utter, Emerson

. Payne, Sue

. Chappell, Sharon

. Previt, Charles

. West, Bertha

. Gloyd, Joe

. Stumpff, Mrs. C. R.
. Foster, Mrs. Margaret
. Twiford, Ruby

. Rawlings, Mary

. Lipps, Ray

Sater, A. M.

. Goertz, Allen
. Eisenbarth, Ron
. belgado, Denise

. Patrick, A. G.

%% Lysimeter locations

Address

1450 Mitchell
1356 Mitchell
73 13th

1254 Loonis
94 13th

106 13th

301 10th

408 11th

1007 10th
1008 9th

1350 Rowley
1160 l4th
1240 11lth

805 13th

1157 Walnut
54 14th

68 1l4th

72 13th

1357 Loomis
83 13th

1056 High Street
1004 10th Street
10533 Spruce
1509 1ilth
1250 Rowley
803 13th

801 1l4th

Box 582

L4th & Walnut

809 11lth

ITT-55

Years Sampled

(1975-1978)
(1975-1978)
(1975-1978)
(1975-1978)
(1975-1978)
(1975-1978)
(1975-July 22, 1976)
(1975-1978)
(1975-1978)
(1975-1977)
(1975-1978)
(1975-June 10, 1976)
(June 10, 1976-1978)
{1975-1978)
(1975-1978)
(1976-1977)
(1976-1978)
(1976-1978)
(1976-1978)
(1976)
{1976-1978)
(1976-1978)
(1976)
(1976-1978)
(1976-1978)
{1676-1978)
(1976-1977)
(1976-1977)
(June 30, 1977-
Sept. 22, 1977)
{1978)



Cocperating Homeowners for Water Quality Analyses (Laramie)

John Adams
August Backer
Clarence Becker
John Borrelli
Don Brosz

Dick Cottrill
W. A. Goslin
Vic Hasfurther
J. Hoffman

Mike NcNamee
Brad FPietens
Larry Pliley
Larry Pochop
Jack Raymond
Thomas Thompson

I11-56

1003
1220
2010
2161
2304
2449

Reynolds

Lewis
Thornburgh
North 16th
Hillside Drive
Park Avenue

456 North 7th

1710

Bill Nye

419 South 1lth
408 South 1l1lth

1516
1868
1906
2108

Rainbow

North 15th
Hillside Drive
Hillside Drive

615 Russell
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ET FORMULA CALIBRATLIONS AND WEEKLY DATA
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CALTBRATION PROCEDURES FOR BLANEY-CRIDDLE FORMULAS

The following outlines the pro-
cedures for estimating evapotrans-
poration (Etp) using each of the two
versions of the Blaney-Criddle form-
ula, as presented by Criddle et al.
{(1962) and the SCS (1967). Also
described are the mthods used for
calibrating each of the formulas.

Criddle et al. (1962) Formula:

The Criddle et al. (1962} ver-
sion is:

u = 25.4 kf

where '

u = consumptive use, Etp’ for
the period {(mm)

k = consumptive use coefficient
for the period

f = (l.8tl;032)p, a consump-~
tive use factor

t = mean temperature for the
period (°C)

p = percent of annual daytime
hours occurring in the
period

Monthly periods were used for

all calculations and calibrations
herein.

The -consumptive use coeffi-
cient k is dependent on a seasonal
consumptive use factor, F, which is
Lf for each month in the growing
Season.

(1) Determination of the growing
season (Table 2.4): Defined here-
in as the number of days between
the last occurrence in the spring
and the first occurrence in the
fall of three consecutive days of
sub 4.5° mean temperatures. In-
cluded the last day of the spring
interval and the first day of the
fall ianterval in the count.

e.g. Laramie, 1978
Spring - May 6, 7, 8

Fall - Oct. 22, 23, 24
Growing Season = May 8 through
October 22
{or, May = 24, June = 30,

July = 31, Aug. = 31, Sept. =
30, and Oct. = 22 days)

(2) Find p(percent daytime hours
of the year) for each month:
Use the latitude of the city
and interpolation from a table
such as in Trelease et al.
(1970) ,* page 6.
e.g. Laramie, May

Latitude = 41° 19'

% daytime hours in May = 10.09

{(3) Determine f for each month in
the growing season:

£ = (1.8t + 32)p
100
e.g. Laramie, May, 1978
t = 7.4°C, from Table 2.2
£ = [(A.8 * 7.4) + 32]10.09 _

100
4.57

(4) Determine F for the growing
season:

F = If, correcting for partial
months at the beginning and
end of the season,

e.g. Laramie, 1978
24

F= Sif (May) + f(June) +
f + £ + £
(July) (Aug) (Sept)
22
£& =
* 31 foery T2

Other F values for 1976, 1977,
and 1978 are given in Table 2.5

)

% Trelease et al. 1979. Consump-
tive use of irrigation water in
Wyoming, Wyoming Water Planning
Report No. 5, July.
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(5) Determine k values:

Consumptive use coefficients,
k, as presented by Criddle et
al. (1962) for grass, hay, and
pasture are given in Fig. 2.2,
Chapter 2, of this report.

e.g. Laramie, May, 1978 with

F =29 kapig = 0.57

To determine calibrated consumptive
use coefficients for lawn grass,
the following procedure was used:

(1) Actual k values for each month
referred to as keale or "cal-
culated" k values—were de-
termined for each year (Table
2.6) using

| _ u
ccale = 55 ¢
where:
u = measured Etp for the month,
from Table 2.1
f = consumptive use factor for
the month as determined

above.

e.g. Laramie, May, 1978
u 135 mm

135
Ke I - A
calc 550 % 4.57 1.16

f

{2} The calculated k values (Table
2.6) were regressed against the
Criddle et al. (1962) k wvalues
(Table 2.7) for all ¥ factors
concurrently, with Kegje as the
dependent wvariable. The re-
sulting equation was

k’Calb = 0-5630 + 0-4090 1{Crid
e.g. Laramie, May 1978

RKepig = 0.57, from Table 2.7
Kealb (.80

fl

A table of calibrated consump-
tive use coefficients, kecalb s
is given (Table 2.8).

(3) The calibrated consumptive use
coefficients kgg1p (Table 2.8
were plotted for the specific
F factors providing a means of
estimating kcalp for future F
values, which will vary with
the growing season (Figure 2.4).

SCS Formula:

The SCS wversion is

u = 25.4 kekef

where all terms are defined the same
as for the Criddle et al. (1962) wver-
sion with the exception of the con-
sumptive use coefficient, k, which is
defined as the product of ki and kg
values. The coefficient ky is relat-
ed to temperature by

ky = 0.0311t + 0.250,
while the coefficient ke is a crop
growth stage coefficient for the
period.

The major advantage of the SCS
formula (1967) over the formula pre-
sented by Criddle et al. (1962) is
that determination of the seasonal
consumptive use factor, F, is not
necessary, thus definition of the
growing season is not required. To
estimate evapotranspiration:

{1) Determine the consumptive use
factor f for each month. The
method is identical to that
used for the Criddle et al.
(1962) version described above.

e.g. Laramie, May, 1978

t
il

7.4°C, from Table 2.2

[(1.8 x 7.4) + 32]110.09 =
100

~h
It

4.57
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(2)

(3>

Petermine the temperature
coefficient, ki:

e.g. Laramie, May, 1978

t = 7.4°C, from Table 2.2
ke = 0.0311t + 0.240
= 0.470

Determine the crop growth
coefficient, ke!

The crop growth stage co-
efficients for pasture grass-
es as presented by the S5CS
(1967} are given in Fig.

2.3.

e.g. May

ke = 0.90

To determine calibrated crop growth
stage coefficients for lawn grass,
the following procedure was used:

(1)

Actual k. values for each
month—referred to as calcu-
lated kc values—were deter-—

11I-61

(2)

mined for each year {(Table
2.9) using

calculated k. = EE—EE~§
. t

e.g. Laramie, May 1978
Calculated ke =

135
25.4 x 0.470%4.57

= 2.47

Calibrated k. values (Table
2.9) were determined for each
month by averaging the cal-
culated ke values across years.

e.g. Laramie, May
Calculated k. for 1976 = 1.46
Calculated k. for 1977 = 1.78
Calculated k. for 1978 = 2.47
Calibrated ke =
. + 1. .
1.46 1.78 + 2.47 1.90

3




Table B.1. Weekly Etp Rates (cm/day), Laramie, 1976
i Becker Borrelli Pochop

Feriod T % T 2 3 4 5 1 5 4 TS Ave
Apr 9-14 - - .20 .18 - - .20 - .15 .15 .28 - - .23 .18 20
15-20 - - - - - - - - - - - - - - - -
21 -28 - - .15 .20 -~ - .28 - .20 .15 .15 - - .15 .18 .18
29 -5% (25 .33 .41 .36 .30 .23 .41 .25 .23 .28 .33 .18 .36 .30 .33 .30
May 6-12 .20 .30 .15 .25 .25 .28 .33 .30 .25 .25 .28 .18 .25 - .25 25
13-19 .33 - .46 .41 .38 .36 - .36 .23 .30 .41 .28 .38 .38 .41 .36
20-26 .15 .15 .15 .08 .13 .28 .20 .23 .20 .23 .20 .15 .18 .23 .18 .18
27 -1% .33 .38 .43 - - W43 41 .41 .28 .28 41 .33 .46 .36 .41 .38
Jun 2-8 .46 .48 - .48 .41 .51 .46 .56 .41 .51 .51 .51 -— .58 .51 .49
9-15 .43 41 .46 .36 — 43 43 .48 .38 .41 .61 .56 .46 .56 .38 45
16~22 .33 .38 .28 .28 .33 .36 .30 .33 .28 .20 .18 .43 .38 .48 .41 .34
23-29 .56 .48 - .33 - .58 .64 .66 .53 .56 .71 .69 .69 .74 .86 .63
30-6% .46 .36 .43 - .30 .58 .53 .56 .48 .56 .64 .58 .56 .LR .56 .51
Jul 7-13 .43 .43 .43 .41 .38 .58 .53 .56 .41 .41 .56 .69 .69 .76 .66 .53
1420 .36 .36 .51 .48 .36 .46 .43 .38 .33 - 46 AR .43 .43 .43 A2
22-27 .46 .41 .43 - .25 .56 .69 .58 .51 .51 .64 .76 .69 .69 .64 .56
28 -3% - .30 .33 .33 - .43~ 41 .38 .38 .43 .38 .41 .46 41 .39
Aug 4~10 .51 .51 .51 .43 - .61 -~ .61 - - .58 .56 .71 .71 .66 .58
11-17 - = = .36 - .23 - .33 .25 .36 .43 .38 .43 .33 .28 .34
18 ~ 24 .20 4L .46 .23 .30 .43 =~ 46 .36 41 .41 43 L43 L4848 .37
25-30 .20 .23 .41 .30 .18 .28 .51 .38 .36 .38 .43 .38 .51 .51 -~ .36
Sep 1-6 .36 .30 .43 .20 - .33 .48 .30 .20 .23 .43 .41 .56 .41 .51 .37
7-13 .20 .30 .33 .30 - 28 - - .41 .25 .33 .38 .53 .36 .33 .35
14-20 .18 .25 .13 .13 - - - 18 .20 .30 - .23 - .36 .33 .23
21-27 .15 .33 - .15 .10 .18 .18 .13 .23 .20 .25 .18 23 .25 .23 20
28 = 4% .23 .20 .28 .13 - .18 .30 .23 .28 .18 .30 .20 L30 .20 .28 .24
Get 5-131 .05 .03 .15 .15 - - - .03 .18 .08 .08 .05 .20 3 .15 .10
12-18 .13 .20 .30 .30 .18 .15 .10 .15 .28 .25 .23 .20 .30 .20 .23 .21
19-27 .03 .10 - .08 - .05 .13 - .10 .05 .20 .08 .10 .18 .10 .10
28-1 .10 .18 .08 .15 .08 - .08 .23 .08 .18 - .08 .23 .18 .08 .13

* These dates are the beginning of the next month.
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Table B.2. Weekly Etp Rates (cm/day), Wheatland, 1976
Period Ballard Utter Wakkuri A

erio 7 3 4 5 1 2 3 & 5 1 2 3 4 5 VE-
Apr 9-14 .28 .20 .30 .23 .20 .28 .38 .28 .38 .25 .10 .20 .20 - - .25
15-22 .28 .13 .20 .15 .10 .18 .25 .23 .33 - .20 .28 .20 .23 .30 .22
23-29 ,15 ,15 .18 .15 .23 .20 .28 .20 .33 .15 .13 .20 .20 .18 ~ .20
30 ~-6% .51 .36 .48 .36 .33 .38 .53 ~ - .36 .38 .h1 .46 .38 .43 A5
May 7-12 .33 .43 .56 .43 .41 .51 .33 .41 46 .36 .46 .51 - .56 .48 A
13-20 .38 .38 .43 .38 .36 .33 .36 =~ .33 .36 .33 .48 .48 .51 .48 A0
21 - 27 .20 .15 - .28 .23 .20 .23 - .18 .13 .18 .23 .20 .23 .23 .21
28 = 3% ,53 .53 .48 .56 .46 .48 .48 .41 .38 .43 .51 .66 .69 .64 .58 .52
Jun 4 -9 .58 .56 .36 .41 .46 .51 .69 .48 .51 .56 .51
10-16 .58 .43 .36 .43 - .36 .51 .30 - - .46 .64 .76 .71 .51 .50
17 -23 .56 .43 .41 .41 - .43 .43 .36 .28 - - J48 .43 .33 - 41
24 -30 .81 .69 .56 .56 .48 .69 - .58 - .58 .76 .79 .74 .71 - .66
Jut 1-7 .85 .71 .58 .76 .76 .41 .48 - - 48 - .74 - .53 .53 .62
8-14 .79 .66 .48 .58 .56 .46 - .56 .41 .58 .71 .89 - .61 .53 .60
15 -21 .36 .41 .38 .38 .56 .38 .41 - - .36 .48 .48 .43 - - 42
22 -28 ,87 .76 -— .81 .71 .74 - .74 .84 .641.07 .661.04 .65 .65 .78
29 — 4% - - .33 41 .56 .38 .36 .28 .30 .20 .36 .58 .66 .46 .48 .41
Aug 5-11 .41 .46 .41 .38 .46 .46 .48 .43 .43 .43 .36 .61 .30 .48 .46 A
12-18 .20 .36 .36 .46 .25 .33 .33 .36 .43 .33 - - - - - .34
19 -25 .58 .38 .38 .41 .56 .46 .43 .38 .38 .41 .48 .43 - - .53 W45
26-1% .41 .33 .36 .25 .48 .33 .36 .38 .37 .30 - - 41 - .53 .38
Sep 2-8 - .38 - .33 .33 - .38 .30 .33 .43 .33 .36 .23 - .28 .33
9-15 .36 .25 .23 .33 - ,20 .33 .30 .20 - .13 .25 .18 - - .25
16=-22 .23 .23 .25 .28 .36 - .15 .20 .23 .18 .30 .15 - .15 .23 .25
23~29 - ,20 .25 .20 .30 -~ .18 .25 .18 .18 - .25 .05 - - .20
30-6% - .23 .23 .25 .36 .15 .20 .23 .28 .20 .38 .38 .38 .36 .25 .25
Oct 7-13 = - .41 .30 .48 .15 .20 .20 .23 .18 .33 .33 .38 .43 .25 .30
14-206 - .23 .13 .13 .18 .15 .15 - .20 .18 - .20 .15 .23 .15 .17
21-27 - .13 .15 .13 .23 .15 .08 - .03 .10 .25 .10 .20 .05 .05 .13
28-3% .20 .10 .13 - .23 ~ .13 .18 .18 .08 .36 .35 .23 .23 .i5 .18

* These dates are the beginning of the next month.
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Table B.3. Weekly E¢p Rates (em/dav), Laramie, 1977

Becker Borrellil Pochop

Period == Ty, 5 {9 3 43 Avg.
Apr 15-19 .03 - - .05 - - .10 - - .25 - - - - _ 11
20-26 .23 .25 ~ .28 .20 = .38 .25 .28 .25 - - - .20 .20 .25
27- 3% .08 .18 .08 .23 .25 .13 .25 .23 .18 .28 -  — .41 .25 .23 .23
May 4-10 .28 .36 - .48 .53 .48 .64 .56 .53 .56 .56 .41 .41 — - 48
11-17 .38 .41 .33 =~ .41 — .46 .48 .41 .51 .38 .23 .53 .43 .41 41
18-24 = = .38 .23 .38 - .33 .33 .36 - .36 .33 .28 .41 .36 .34
25-31 .30 .41 .41 .36 .36 .33 .28 .47 .33 .38 .4b .46 .53 .48 .38 .39
Jum T—=7 .43 .43 .48 .43 .48 .56 - .48 = .66 .66 .41 .58 .43 .53 .51
8-14 .51 .43 .51 - .41 .61 -~ .53 .41 - .58 .43 .66 .61 .46 51
15-01 .56 - .69 .66 .56 .56 .56 .58 .48 - - .76 .79 - .74 .63
29207 .56 .56 .41 .33 .33 .41 .58 .56 .28 .48 .48 .41 .53 .48 .46 46
28-99 = - = =~ - ool -
30-5% .56 .53 .53 .41 .28 .61 .74 .61 .48 - .56 — .61 - .61 .54
Jul 6-12 .56 .41 .61 ~ .36 .58 .53 .53 .53 .51 .69 .64 .61 .74 .69 .57
13-19 .30 .51 .56 .28 .41 - - - - = .51 .61 .6l .48 .61 .49
20-26 .28 .48 - - .20 - .23 .13 .18 .15 — .28 .25 .28 .36 .26
27-2% .36 .53 .53 .43 .28 .64 - .56 .51 .64 .61 .69 .86 .69 - .56
Aug 3-9 .38 .38 .36 .20 - .38 .30 .33 .33 .30 .23 .25 .28 .38 - .32
10-16 - = .51 .33 .30 .53 .46 - .48 .58 .51 .43 .71 .58 - 49
17-23 .33 .36 .30 .25 .43 .30 .33 .28 .30 - .36 .30 .51 .30 .33 .33
24 -0 .30 .43 ~ .20 .33 .53 .46 .51 - - .48 .53 .51 .56 .56 45
31-7#% - .43 .38 .30 .20 - .36 .53 .51 .58 .36 .33 .43 .46 .25 .39
Sep 8-13 .33 — .15 .36 .15 - = = .51 .56 .53 .48 .56 .56 .41 42
14-20 - .46 .36 .30 .30 - .30 - .46 .58 .36 .43 .48 .41 .36 .40
21-98 .33 .36 .28 .28 ~ .41 - .51 .66 .53 .33 .36 .41 .33 .28 .39
29 -5% .23 .23 .23 .25 .28 - .38 - - .58 .28 .28 .53 .46 .36 .34
Jct 6-12 .20 — - .20 .20 ~ .13 - - .30 .23 .23 - .25 - 22
13-19 - .13 .18 .15 - - .15 - - .33 .18 .18 - - - .19
20-26 .05 .08 .05 .15 .05 - .15 - ~ .25 .10 .13 .18 .18 .18 13
27 - 2% .08 .05 .08 .23 .08 - .18 - - .23 .15 .20 .25 .25 .18 16

L

* These dates are the beginning cof the next month.
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Table B.4. Weekly E,, Rates {(cm/day), Wheatland, 1977.
tp

Ballard Utter Wakkuri

Perlod 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 AVE.
April 15-21 .58 .23 .30 .15 .38 - - - - — .48 .38 .41 =~ - .36
22-28 .43 .46 .48 .43 .53 - - - — - .48 .56 .33 .51 -~ 47
20-5% .53 .43 .46 .56 .46 .36 .48 .43 .30 .36 .56 .53 .58 .43 - .46
May  6-11 .46 .38 .53 .41 .66 .46 .46 .38 .33 .33 - .56 - .84 .66 .50
12219 .41 .53 .43 .36 .46 .36 = .36 .41 .56 - .66 .43 .53 .30 .45
20-26 .41 .36 .48 .28 .53 .25 .38 .33 - .20 .43 .66 .51 .46 .28 .40
57-2% .38 .46 .58 .36 .46 .41 .43 .38 - .41 .36 .53 .36 .51 .53 .44
June 3-9 41 .53 .51 .46 .56 .41 .41 .51 - .43 .56 .48 .58 - .71 .50
10-16 .41 .53 .61 .51 .69 .61 .43 .56 - .64 - .71 .66 - 1.02 .62
17-23 - .33 .23 .20 - .25 .36 - - .33 .61 .38 .51 - - .36
24-28 .51 - .69 .58 .71 .66 .61 .53 - .58 - .53 .38 .56 - .58
29-30 - - - - e - 2 . o - oo - - Z
raly 17 ST - .66 .61 .61 .86 - .64 - .69 .86 .94 .71 .61 .91 .72
914 .46 .53 = - .51 .64 .43 - .43 .48 - .76 .71 - .86 .58
15-21 .46 .33 - .38 .61 .58 .61 .38 .36 .49 - .66 .48 .51 .56 .49
22-28 .30 .41 - .28 .38 .38 .38 .23 .33 .36 =~ .41 .36 - .58 .37
0-4% A1 .46 — .48 .53 .46 .64 - .43 .64 .53 .79 .36 - .58 .53
Aug 5=l .30 .36 .25 .25 .36 .33 .33 .20 - .30 .36 .46 .33 .36 .56 .34
1218 .30 - .38 .43 .33 .25 - .33 .25 .33 ~- .69 .33 - .66 .39
19-25 .46 .25 .33 .38 - .43 — .33 — .33 - .56 = .43 .71 .42
26-1% .41 .38 .38 .36 - .28 - .25 .38 .30 - .56 ~- .64 .56 .41
Sept  2-8 48 .46 .30 .43 .36 - .36 .20 — .43 - .30 .41 ~ .61 .41
9-15 .13 - .10 - .13 = .15 = - = = = .36 .28 .36 23
16-22 .66 .53 .36 .43 .43 .23 .30 .23 .25 .15 .28 .51 .30 .53 - .39
23-29 .43 .30 - .46 - .20 .23 - .36 .38 = .48 .25 - - 34
30-6% .18 .20 .15 .05 .05 .38 .38 .30 .38 .33 - .30 - .25 .23 .24
Oct  7-13 .25 = = .25 .28 .20 - .20 .30 .36 .18 .23 .15 .18 .25 .24
14220 .15 .18 .20 .20 - .08 .18 .13 .18 .20 .38 .36 - - .36 .22
21-27 .28 - .15 .18 - .25 .25 - .28 - .15 .10 .15 .23 - .18
58-3% .28 .18 .15 .13 - .20 .23 .23 .25 - .33 .38 .6l .36 - .28

# These dates are the beginning of the next month.
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Table B.5. Weekly Erp Rates (cm/day), Laramie, 1978
, Becker Borrelld Pochop
Period 1 7 3 4 5 1 3 4 1 3 3 4 % AVE -
Mar 30-6% .13 .15 .20 .18 .15 .05 .1C .08 .13 .28 .15 - - .15
Apr 7-i3 .08 - .08 - - .23 .2G .13 =~ - ,08 .08 .15 .13
14-20 - 18§ .23% .13 .13 .20 - .15 .15 .15 .30 .20 .25 .19
21-27 .28 .36 .28 .15 .36 .43 - .43 .30 .25 .20 .41 .30 .31
28-4% 10 - 15 - 23 .20 - .20 -~ = - .15 .23 .18
May 5-11
12-22 .81 .54 .33 .64 .38 -~ - - .33 .76 .66 .BE .51 .59
23-25 .76 .84 .74 .56 .58 .80 .59 .56 .53 .61 .94 - -~ .70
Ze-1% 28 41 .33 .36 .23 .46 .46 .38 .33 .33 .41 - - .16
Jun Z-8 25 .28 .33 .22 .38 .23 .20 .28 .36 .33 .33 .28 .30 .29
9-15 .41 .74 .64 .56 .38 .74 .71 .71 .61 .36 .71 .38 .60 .60
16-22 .46 ~ = .53 .51 .74 .58 .74 .86 .84 .74 .79 .81 .57
23-29 .66 .79 .81 .58 .74 .71 -~ .76 .71 .79 .89 .34 .64 .69
A0-6* .72 .61 .71 A6 .74 .99 .86 .94 .97 .641.04 .81 .86 B2
Jul 7-13 .76 1.07 .86 .41 .84 .89 .94 .84 .91 .94 .86 - .69 .83
14-20 .46 - - .58 - 07 L7440 .94 - L69 .97 -~ .76 .78
21-27 - - AR 43 - .53 - .53 - .56 .46 .69 .41 .51
28-3% 48 - .36 - - .38 .64 .51 .56 .56 .79 .28 .69 .55
Aug 4-10 .13 - - .25 - .03 -~ .25 .23 .10 .08 .10 .08 .14
11-17 .38 - .48 .28 - .71 .64 .69 .61l .53 .66 .53 .48 .54
18-24 .30 ~ ~ .33 .36 .43 .38 .43 .51 .46 .69 .51 .46 -y
25-31 .36 - .36 .36 - .56 .58 .53 .33 .36 .51 .46 .38 LA
Sep 1-7 - - .33 .33 - .53 .48 .48 .51 .71 .66 .38 .48 .51
8-14 - - .41 - - .69 .48 .51 .38 - .48 .58 .48 .50
15-21 .18 - .15 - - .15 .30 .23 .30 .30 .41 .20 .28 .26
22-28 .25 - - .20 .18 .38 .36 .41 .28 .20 .38 .51 .33 .32
29-5% .33 - ,30 - .18 .36 .33 .18 .38 .30 .41 .25 .28 .30
Cet 6-12 28 - .30 .33 .15 .30 .15 .30 .23 .15 .30 .41 .33 27
13-19 - = .15 .20 =~ .15 =~ .20 - .20 .28 .20 .20 .20
20-24 - - - - - .10 - .25 - - .13 - - .16
25-1% .13 - .23 .08 .13 .i3 - .18 .10 .05 .10 .15 .05 .12

2
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Table B.6. Weekly Etp Rates (cm/day),

Wheatland, 1978.

Poriod Ballard Utter Wakkuri A
erio 1 2 3 4 1 2 3 & 5 1 2 3 4 5 VE-
Mar 28-4% .48 .43 .36 - .33 .28 .33 .36 .33 .36 .46 .38 - .36 .37
Apr 5-11 .20 .25 .23 .15 .38 .43 .41 .36 .46 .36 .46 .38 - .33 .34
12-20 .33 .30 .33 .28 .36 .41 .46 .25 .25 .25 .25 .28 .33 .30 .31
21-27 .41 .25 .33 .36 .25 .41 .23 .36 .41 .18 .36 .30 .33 - .32
98-2% - - - - .28 - .33 - - - =~ - .20 - .30
May 3-9
10-16 .36 .23 .46 .33 .46 .46 .25 .30 .25 - - .58 .58 - .38
17-92 .20 - .36 .28 .43 .33 .30 .30 .43 .58 .33 .41 .23 - .35
23-30 .33 .53 - .43 .43 .38 .36 .28 .30 .58 .64 .58 .41 .48 4
31-6% ,20 .23 .28 .28 .20 .41 .36 .30 .28 - .41 .25 .30 .36 .28
Jun 7-13 .48 .38 .41 .41 .71 .58 .46 .41 .41 .41 .76 .53 .43 .48 .49
14-20 .43 .41 .64 - .33 .46 .56 .51 .51 .41 .69 .38 .53 .46 48
91-27 .60 .71 .58 .71 .64 .66 .55 .61 .58 .41 .89 .64 .79 .81 .66
28-5% .51 - .58 =— .66 .64 .53 .46 .61 .43 .86 .33 .53 .66 .57
Jul 6-11 .66 .58 .79 .48 .74 .76 .66 .61 .71 .53 .64 - - - .64
12-18 .74 .64 - .84 .81 .84 .71 .61 .79 .89 .94 .51 .89 - .75
19-25 .53 .64 .66 .51 .79 .74 .36 .38 .66 .48 .69 .69 .66 .64 .60
26-1% .33 .23 ~ .43 .41 .46 .41 .25 ,28 .30 .58 .46 .28 .48 .37
Aug 2-8 .25 .43 .56 .28 .33 .36 .33 .28 .36 .43 .53 .46 .28 .41 .38
9-15 .33 .41 .20 .48 .28 .36 .43 .25 .25 .18 .36 .36 .36 .51 .34
16-22 .36 - - .43 .25 .53 .36 .38 - .38 .51 .58 .53 .51 4l
29-29 .38 .36 .41 .36 ~ .46 .43 .38 .33 - .33 .38 .51 .61 41
10-5% .30 - -~ — = - .38 .28 .30 .36 .48 .56 .64 .38 .39
Sep 6-12 .61 .71 .69 .53 .51 .66 - - - .74 .38 .56 .33 .81 .59
13-19 - .33 - .33 - .25 .33 .25 .25 -~ .28 = .20 .56 .31
20-26 - .38 .46 .18 .25 .30 .36 - - .27 .48 .48 .38 - .35
97-3% .25 - - - .13 .28 .25 .18 .25 .15 .28 .41 .18 .48 .26
Oct 4=10 .30 .38 .23 - - .25 .25 .20 - .36 .28 - .33 .30 .29
11-17 .13 .23 - .15 .30 .25 .36 .28 .13 .10 .10 .13 .23 .15 .20
18-24 .20 - - .23 - - - = - = —= - .18 = .20
75-31 .18 .18 .18 .10 .18 .20 .23 .18 .13 .18 .10 .28 .25 .23 .19

* These dates are the beginning of the

next month.
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APPEXNDIX C

WEEKLY APPLTICATION RATES AND APPEARANCE RATINGS
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Appearance Ratings, Laramie, 1976
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Appearance Ratings, Wheatland, 1976

Table C.8.
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Appearance Ratings, Laramie, 1977

Table C.9.
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Appearance Ratings, Laramie,

N I

{

Fabice

ag8raaAy CWOHOHMNC KOO MmN
Teuoseas P P 00 T~ T P~ [~ 1A D 00 T D W
T "3des M~ @Oy OY 00 G0 M~ WO O 0 M WO D
-z 30y
g 80y P~ N 00 €0 60 00 I~ D \D 00 00 ™~ O
-LT "3y
L1 '8“‘;,7 P Y 00 00 T~ 00 M~ D O 00 P~ M~ n
-0 "3ny
0T 'an P = 00 P [~ [~ = D WO 00 M~ O N
- ¢ *8ny
€ -3ny f~ T 00 P~ P P~ T A0 WO 00~ DI
-Lz &In[
LZKIHF e P OO0 P~ [~ P~ [~ O O 00 M~ Do
-0z A1np
-¢1 L1nr
- g Anp
9&'[1’1[‘ P [P O [ = OO M~ WD WD 0D M~ M~ "
—-6¢ Unr
6Zaunr M~ ™~ 0 &0 I~ 0 uy D O 0D N
—Z7 @unp
zzaun[‘ [ i » ol o I i« ] TalENaRE- ol c s JRTa BT S]
-GT =unfg
gTaun[‘ M~ M~ o0 0 WO M~ [FaltaiNe s R el
- g sunp
g oaunp @ -
- G aunp
"ON O] M D~ 000N O N ST U
28NOH —

i11-81

6.9
7.0
4.9
7.8
5.9
5.7
5.3
3.1
6.5
6.1
7.2
4.3
7.0

5.4

6.7

6.8

6.7

6.7 6.7 6.6 6.7 6.4 6.5 6.5

6.6

6.7

6
7.3

16
18
19
20
21
22
23
24
25
26
27
28
29
30
32

Avg .



1878

Table €.12, Appearance Ratings, Wheatland,
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Table C.13. Summary of Lawn Stress Ratings (1976-1977)

Laramie Wheatland
Home Average Stress Rating* Home Average Stress Rating®
Number 1976 1977 2-year Number 1976 1977 2-year
Average Average
2 5.0 1.4 3.2 1 2.3 1.1 1.7
3 1.0 2.9 2.0 2 15.8 4.4 10.1
4 1.3 0.7 2,0 3 29.3 20.3 24.8
6 4.7 1.8 3.2 5 13,0 13.1 13.1
7 0.0 1.1 0.6 6 41.8 15.8 28.8
8 2.5 0.4 1.5 7 2.1 2.2 2.2
9 i1.3 3.6 7.5 9 1.8 1.1 1.5
10 3.3 4.3 3.8 10 7.9 9.2 8.6
11 7.7 1l6.4 12.1 11 5.0 13.9 9.5
12 0.0 2.1 . 1.1 12 6.1 2.2 4,2
13 1.3 5.7 3.5 13 5.3 0.0 2.7
14 3.7 1.4 2.6 15 3.9 1.1 2.5
15 3.7 18.2 11.0 16 "16.6 3.1 9.9
16 3.0 8.6 5.8 17 25.8 20.6 23.2
17 24.7 8.6 16.7 18 21.4 14.2 17.8
18 2.7 8.2 5.5 19 13.2 3.6 8.4
19 38.3 31.8 35.1 20 91.2 31.1 6l.2
20 9.0 2.9 6.0 21 23.5 - -
21 20.0 13.9 17.0 22 ' 8.2 0.6 4.4
22 18.2 10.7 14.5 23 25.9 4.2 15.1
23 14.7 16.4 15.6 24 1.6 - -
24 0.3 1.4 0.9 25 15.8 25.6 20.7
25 10.7 13.6 12.2 26 45.0 2.3 23.7
26 7.9 6.4 7.2 27 11.3 0.0 5.7
27 1.0 1.4 1.2 28 24.1 10.0 17.1
238 19.2 5.0 12.1 29 24,7 1l6.1  20.4
29 41.2 34.6 37.9 30 - 22.3 -
30 8.7 2.1 5.4
31 36.5 - -
32 - 28.8 -
Ave. 10.4 8.8 9.6\§8 18.6 9.5 14Nl

* Stress rating is based on the percent of the lawn showing visible signs
of water stress.
Stress ratings were taken for each lawn on the same weekly schedule as
water application readings and appearance ratings (see Chapter 3).

ITI-83



Rain Bird 171-D
Rain Bird 1600
Rain Bird 1800
Rain Bird 2600
Nelson 6085
Nelson 6235
Nelson N-~48FC
Thompson 70
Thompson 100
Thempson 113
Burgess 503
Meinor 9510C
Helson N~137
Rain Bird SL-23
Burgess 351
Melneor 850
Neison N-54
Rain Bird RO-45
Burgess 372
Malnor 883
Nelson N-055A
Rain Bird 0-15
Nelson 1049
Craftsman

Sears Roebuck

Nelson Rain

Nelsen Rain Train

Thompson

APPENDIZ D

SPRINKLERS TESTED

Buried Head
Buried Head
Buried Head
Buried Head
Buried Head
Buried Head
Staticnary
Stationary
Stationary
Stationary
Twmpact
Tmpact
Impact
impact
Rotating
Rotating
Rotating
Rotating
Oscillating
Oscillating
Oscillating
Oscillating
Oscillating
Traveling
Traveling
Traveling
Traveling

Traveling

Nine tests were made for each sprinkler.
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APPENDIX E

COPIES OF GUIDELINE PUBLICATIONS

Watering of Lawns, June 1977
Measuring Lawn Water, October 1979
Selection and Use of Lawn Sprinklers, October 1979
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WATERING OF LAWNS

Agricultural Extensicn Service
University of Wyoming, Laramie

Miscellaneous Publication 39

June 1977

John R. Barnes, Graduate Student
Patrick K. 0'Neill, Graduate Student
John Borrelli, Assistant Professor
Larry 0. Pochop, Professor

Donald J. Brosz, Irrigation Engineer

A good quality lawn is largely
the consequence of proper water man-
agement. Correct management is a
year-round process that is most in-
tense during the summer growing sea-
son. Besides being an important fac-
tor in total lawn care, watering rep-
resents a major cost item of yard
maintenance.

Summer Watering

During the summer months (June,
July, and August), a healthy thick
blue-grass lawn in Wyoming will re-
quire approximately 0.25 inches of
water per day or between 1 1/2 to 2
inches of water per week. In general,
the higher the altitude the lower the
water requirement.

As a rule of thumb, the water
should be applied by watering once
a week for clay soils and twice a
week for sandy soils. However,
Tonger periods between waterings may
pe possible. A good way to minimize
water application is to wait for wa-
ter stress to appear in the Tawn be-
fore irrigating. Some dry areas gen-
erally will appear between watering
‘i@ to spots with poor soil, poor
distribution of water, or other rea-
sons. Water these small areas by
hand with a drag hose to minimize
water use. If larger areas than de-
sired show signs of water deficien-
cies, decrease the time between major
irrigations. However, be careful to
avoid applying more than 1 1/2 to 2
inches of water in any week.

The depth applied can be deter-
mined by nlacing small cans at least
3 inches deep at varying distances

from the sprinkler but within the
watering pattern. (Note: sprinkiers
with low application angles may be
difficult to calibrate with cans much
over 3 inches in depth). Once the
time required to apply the desired
depth of water has been determined,
watering may be done by use of a
clock rather than measuring the depth
of water in cans. There are some
commercially available mechanical
timer valves that will turn the water
off after a prescribed time. Re-
member that each sprinkler is dif-
ferent so for each different type of
sprinkier, the can test must be con-
ducted again.

Spring and Fall Watering

Only 60 percent of the seasonal
water use occurs in the three summer
months {Table 1). 1In the spring and
fall, time between major irrigations
should be increased to take into con-
sideration the decreased water needs
of the grass. Again, using stressed
areas to signal the need for irriga-
tion will help in timing the irriga-
tions.

It is of special importance to
realize that lawns do use consider-
able water during the five month
winter dormant period. Therefore 2
to 3 inches of water should be ap-
plied during the last week of October.
To start the lawn off in the spring,
a 2 to 3 inch application of water
may be made during the first week in
April or when the frost has left the
spil. If desired, early irrigation
need not be done and the grass can be
left dormant until later in the
spring.

fssued in furtherance of Agricultural Extension Work, acts of May 8 and June 30,
1914  in cooperation with the U.S, Department of Agriculture. Neal W, Hilston,
Dean and Director, Agricultural Extension Service, University of Wyoming, Laramie.

8-77--4C=--3 9-77--2M--2
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Sprinkler Irrigation

Sprinklers dc an excellent job
of applying water but they are not
perfect. A1l sprinkler systems will
over irrigated in some areas and
under irrigate in other areas, even
though the average application is as
desired. For best water efficiency
accept these areas of under irriga-
tion and water them with a drag hose
by hand as they show signs of water
stress.

00 NOT over irrigate to the
point where all areas are adequately
watered. The cost due to over irri-
gation is too high.

General lawn Care

Fertilizer: A healthy, thick
Tawn will require approximately 3
to 4 1bs of actual nitrogen per 1000
ft? per year. Ideally, it should be
applied in small amounts before each
irrigation. If this cannot be done,
a good compromise would be 4

Table 1

treatments of 3/4 to 1 1b each. For
good results in Wyoming, you should
select a fertilizer that contains

1 1/2 to 2 percent iron.

Mowing: Close cutting of the
lawn weakens the grass, causes shal-
low rooting and allows weeds to in-
fest the lawn. Therefore, proper
mowing of a Jawn is essential. Most
varieties of bluegrass grow best at
a minimum height of 1 1/2 to 2 inches.
When mowing, it is often recommended
that no more than one-third of the
blade length should be cut off per
mowing. The mower should be kept
sharp so as not to bruise and fray
the grass.

Raking: To achieve good water
infiltration, any thatch or accumu-
Tation of clipping over 1/2 inch
should be removed with a power rake
either in the spring or fall. In
addition, the Tawn should be aerated.
Aeration is best achieved by a coring
spike mechanical aerator.

CONSUMPTIVE USE* FOR KENTUCKY BLUEGRASS
1976 Measured Values**

Consumptive Use (inches)

Period Laramie Wheatland
7,200 ft altitude 4,700 ft altitude

Anri 2.37 2.79
May 3.53 4.74
June 5.58 6.06
July 5.74 7.16
August 5,15 5.02
September 3.21 3.12
U tober 1.67 2.64

TOTAL 27.25 31.53

*Consumptive use represents the sum of transpiration
“rom the grass and evaporation from the sail. Any
precipitation must be subtracted from the consumptive
use to determine the amount of water ta be appitied by
surinkling,

b *"'} "

aliminary data from a study at the University of

[ PP
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MEASURING LAWN WATER

Agricultural Extension Service
University of Wyoming, Laramie

Publication
October 1979

John Borrelli, Associate Professor
Larry Pochop, Professor

It is just about impossible to
guess how much water is being applied
to a lawn without some type of guide-
lines. In a study of lawn water ap-
plication rates at the University of
Wyoming, it was found that over 50%
of the homeowners in a sample from
Laramie and Wheatland overwatered
their lawns. On the other hand,
few homeowners underwatered. It was
obvious that most homeowners did not
realize how much excess water they
are applying, whereas most will avoid
underwatering by responding to vis-
ible water stress conditions. If an
aesthetically pleasing lawn is to be
maintained with a minimum of water,
the amount of water applied must be
known.

There are several methods for
determining the amount of water ap-
plied. These include (1) wetting
the soil profile to a recommended
depth, (2) using catch cans to cali-
brate the sprinklers, (3) metering
the amount of water applied, (4)
foliowing average estimated applica-
tion rates for specific sprinklers.

Wetting the Soil Profile

A commonly recommended method
for controelling the amount of water
applied is to water until the soil
is wet to a given depth—usually
about 8 inches. This is very diffi-
cult, since it can not be determined
what has taken place below the soil
surface without removing soil samples.
Even if the homeowner purchases a
proper soil core samples, it is gen-
erally impractical to take enough
samples te obtain a good indication
of the wetting pattern when consider-
ing the uneven distribution of most
sprinklers. In general, this method
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would appear to be the least precise
of those discussed herein.

Catch Cans

The use of catch cans to cali-
brate the application rate of a
sprinkler is often recommended. The
method consists of simply setting
several cans on the lawn to catch
the precipitation from the sprinkler.
The cans should be set at various
distances from the sprinkler head
but within the main watering pattern.
The major advantage over the above
method is that the application rate
is easily sampled in many locations
of the sprinkler's pattern rather
than testing the soil profile in one
or two locations. Even then, the
"catch can” method is not as accurate
as it is usually thought to be—
because more cans than are practical
are generally required.

The application rate is deter-
mined by averaging the depth of water
in the cans. 1f watering is contin-
ued for ome hour, the average depth
in the cans will be equal to the ap-
plication rate in inches per hour.
The irrigation is then timed to put
on the desired depth.

Metering the Water

The most accurate method of de-
termining the application rate is to
directly measure the amount of water
applied. 1In some cases the city
water meter may be used. If not,
water meters that attach directly
to the lawn hose can be purchased at
a relatively low cost.

An alternative to metering is to
determine the discharge rate in gallons



per minute, This may be accom-
plished by discharging the sprinkler
into a container for one minute and
measuring the gallons of output. A
disadvantage of this procedure is
that the flow rate of a home water
system will change from time to time
due to the variabilities of pressure
and pressure losses. Also the dis-
charge rate of a sprinkler will change
as the area of coverage is varied, sco
the procedure needs to be repeated
whenever the area covered is changed,

Assuming use of meters, the vol-
ume of water applied to the entire
lawn can be measured. This volume can
easily be translated into an average
depth applied. For a given number of
gallons and area of lawn, the depth
applied is

Inches of Water Applied =
1.606 x Gallons of Water Applied
' Square Feet of Lawn Area

The number of gallons required to
apply a desired depth of water can be
determined by

Gallons of Water Required =
(Inches of Water Desired) x
(Square feet of Lawn)

1.606

For example, if 1.5 inches of water
iz desired on a 4000 sq. ft. lawn,

Gallons of Water Required =
{1.5 inches) (4000ft*)

1.6006
= 3736 gallons

It is important that this water be
appiied as uniformly as possible.
{This is also true of the other
methods discussed). JFew home lawn

sprinklers apply water with adequate
uniformity without considerable over-
lap of sprinkler sets. A study at the
University of Wyoming has shown that
a 75% overlap of the wetting pattern
is desirable for most lawn sprink-
lers, Observations indicate that
common practices of most homeowners
do not approach this degree of over-
lap. Most homeowners that do prac-
tice overlapping of hand move systems
seem only to move their sprinklers

in one direction and with seldom
more tham 25%, or at most 50%, over-
lap. Solid set systems are designed
to achieve overlap of the wetting
pattern of individual sprinkler
heads, however, seldom are they de-
signed for more than 50% overlap.

To apply the required volume of
water as uniformly as possible, the
time needed to discharge the total
required gallens should be determined.
Next, the number of sets required to
cover the lawn should be determined,
allowing for as much overlap of sets
as pessible keeping in mind that the
more overlap the better. Then the
sprinkletr would be lelt to run at
each set an amount of time equal to
the total time required to cover the
lawn divided by the number of sets.
The only exception to this procedure
is that if on some sets the area
covered by the sprinkler is greater
than on other sets, then the time
that the sprinkler is left on the
larger area should be increased since
application rates decrease as the
area covered increases (sece the next
section for guidelines).

Application Rates

The following table gives a gener-
al idea of the average application
rates and size of wetted pattern for
various sprinkler types without overlap.
Note that application rates decrease as
pattern sizes increase.
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Typicalt Application Rates for Lawn Sprinklers

Application
Sprinkler Pressure® Rate Sprinkler#®#
Type (1b/in%) (inches/hr) Pattern Size
Low (10) 0.93 12 ft diameter
Buried Head Medium (20) 0.86 16 ft diameter
High (30) 0.55 24 ft diameter
Low (10) 1.81 12 ft diameter
Stationary Medium (20) 1.01 16 ft diameter
High (30) 0.82 25 ft diameter
Low (10) 0.50 20 ft diameter
Tmpact Medium (20) 0.26 25 ft diameter
High (30) 0.22 40 ft diameter
Low (10) 1.74 12 ft diameter
Rotating Medium (20) 0.68 25 ft diameter
High (30) 0.42 35 ft diameter
Low (10) 0.80 16 ft x 16 ft
Oscillating Medium (20) 0.35 30 fr x 30 ft
High (30) 0.27 40 ft x 40 ft
Low (10) 0.73 30 ft width
Traveling Medium (20) 0.48 44 ft width
High {30) 0.30 48 £t width

T Values are averages of three tests on 4 sprinklers of each

type.
* Pressure measured at end of hose.
%% Some sprinklers can be adjusted to change size of pattern.
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SELECTION AND USE OF LAWN SPRINKLERS

Agricultural Extension Service
University of Wyoming, Laramie

Publication
QOctober 1979

John Borrelli, Associate Professor
Larry 0. Pochop, Professor

One of the most likely causes
of incorrect watering is the poor
water distribution efficiency of the
sprinklers used by most homeowners.
Actually no sprinkler will distribute
the water at equal depths over the
entire wetted or sprinkler pattern.
This unequal distribution will over-
irrigate in some areas and underirri-
gate in others. Most sprinklers do,
however, give adequate distribution
if overlapped and used properly. The
trick is to select the best sprinkler
for your situation and then use it
correctly.

Sprinkler Patterns

Fach sprinkler will distribuce
the water in a different pattern. By
pattern we mean not only the wetted
area, but the relative depths of water
within this wetted area. Shown in
Figure 1 are the cross—-sections of
sprinklier patterns for the six most
common types of sprinklers all operat-
ed at a medium pressure. Wote that
none of them have a very uniform
depth of distribution. This points
out the need to overlap sprinkler
patcerns.

Overlapping Sprinkler Patterns

To achieve a relatively uniform
distributicn of water, sprinkler pat-
terns are overlapped so that more than
one sprinkler sel or sprinkler con-
tributes water to an area {sce TFigure
2). Hopefully the total application
of water will be about the same in all
areas. To measure the success of dis—
tributing water, a uniformity coeffi-
cient (UC) has heen developed. A UC
ol 100 means a perfect water distribu-
tion has been achieved with all areas
receiving the same depth of water. On
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the cther hand, a UC of 70 (the lowest
recommended value) means at least 30%
of the area will receive 120% or more
of the average depth of water, and 30%
of the area will receive 807 or less
of the average depth of water. As an
absolute minimum, no sprinkler should
be operated so a UC of less than 60

is achieved.

Shown in Table 1 are UC's for
various sprinklers overlapped at wvari-
ous amounts. On comparing UC values
for the three pressure levels, no
sprinkler is acceptable according to
the 70 minimum UC value until over-—
lapped 75% in one direction or 25% x
25% in both directions. In general,
the more the overlap of a sprinkler
pattern, the higher the UC value. Tt
should be noted that overlapping a
sprinkler pattern in one direction
onily will not achieve a very high UC
value.

What Sprinkler Sheculd I Use

Since there is no perfect sprin-
kler only general recommendations can
be made. Tirst of all, the rotating
and oscillating sprinklers should be
avoided because of their apparent
poor distribution characteristics.

T1 used, they should be overlapped
in both directions by 75%. A choice
between the other sprinklers may be
as much a matter of convenience as
workability.

For Square Areas: A part-circle
impact sprinkler can be placed in each
corner of a square arvea. I[f the sprin-
kler pattern reaches the other side,
vyou have achieved a 507 x 50% overlap.
From Table 1 it can be seen thatr a
high (80% or more) UC would be achiev—
ed. VYor large square areas sprinklers




AN fan

Buried Head Stationary

Impact Rotating
Oscillating Traveling

Figure 1. Cross-section of sprinkler patterns
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Sprinkler Head
D = Diameter of Wetted Pattern

No Overlap Wetted Pattern

25% Overlap 25% % 25% Overlap
0.5D
; l ggggégggéééggigggg
|
50% Overlap 507 x 50% Overlap
0.75D

75% Overlap /5% = 75% Overlap

Figure 2. Schematic of overlapped sprinkler patterns.
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can be placed on a grid pattern to
achieve the desired overlap. Table
2 gives a general idea of the size
of wetted patterus for the wvarious
sprinkler types and the average
water application rate for that
wetted pattern with no overlap. It
should be noted that for a part-
circle impact sprinkler using only
one~fourth of a circle, the average
application rate should be multi-
plied by 4.

For Leng Narrow Areas: Long
narrow areas can best be irrigated
with a traveling sprinkler. Over-
lapping in this case is difficult,
but can be accomplished. Most travel-
ing sprinklers do not apply an ade-
quate depth of water when crossing a
lawm only once. 8o a traveling
sprinkler needs te be run across the
same area more than conce. In so do-
ing the arms may be readjusted for
each run to achieve overlapping.
However, a traveling sprinkler will
provide a relatively high UC witheout
anv overlap and is far better than
any other sprinkler tvpe with no
overlap.
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For Rectangular Areas: Many of
our lawns are rectangular in shape.
In this case, any sprinkler type would
work if overlapped properly. An im-
pact or traveling sprinkler would pro-
bably work best because they provide
relatively high UC values with small
overlaps. On the other hand, it is
difficult for one to get the 75% x
757 overlap necessary to achieve
high UC values with the other types
of sprinklers.

Yor Permanent Set Sprinkler
Systems: Buried head gprinklers are
generally used with permanent instal-
lations. These sprinklers should be
overlapped at least 507% x 50%. An
overlap of 75% x 75% would be optimal.
Impact sprinklers can also he used al-
though they would generally require
more work to use.

Caution: Repardless of the type
of sprinkler ome uses, water will be
wasted if one applies a greater depth
than needed. Some overirrigation
will always occur. To avoid wasting
water, measure ail your water and
overlap your sprinkler properly.
Irrigate those small dry spots by use
of a drag hose.



Table 2. Typical Application Rates for Lawn Sprinklers

Sprinkler Pressuré ¥ Avg. Application Avg, Sprinkler
Type (1bs/sq-inch) Rate Pattern Size
(inches/hr)
Buried Head Low {10) 0.93 12 ft diameter
Medium (20) 0.86 16 ft diameter
High (30) 0.55 24 ft diameter
Stationary Low {(10) 1.81 12 ft diameter®*
Medium (20) 1.01 16 ft diameter
High (30) 0.82 25 ft diameter
Impact Low (10) 0.50 20 ft diameter#®#*
Medium (20) 0.26 25 f+ diameterx
High (30) 0.22 40 ft diameter
Rotating Low (10) 1.74 12 ft diameter®®
Medium (20) 0.68 25 ft diameter
High (30) 0.42 35 ft diameter
Oscillating Low (10) 0.80 16 ft x 16 ft*#*
Medium (20) 0.35 30 fr x 30 ft
High (30) 0.27 40 ft x 40 ft
Traveling Low (10) 0.73 30 £t (width)#**
Medium (20) 0.48 44 £t (width)
High {30 0.30 48 ft (width)

* Pressure measured at end of hose.

e ale
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Some sprinklers can be adjusted to change size of sprimkler pattermn.
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