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CONVERSION TABLE

For the convenience of readers who may want to use the International
System of units (SI), the inch-pound units used in this report may be
converted by using the following factors:

Multiply inch-pound units by To obtain SI units
inch (in.) 25.4 millimeter (mm)

2.54 centimeter (cm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
acre 4047, square meter (mz)
acre-foot (acre-ft) 1233. cubic meter (m3)
gallon per minute (gal/min) 0.06308 liter per second (L/s)
degree Fahrenheit (°F) °C = 5/9 x (°F-32) degree Celsius (9C)

Specific inch-pound unit combinations

1 Acre-ft = 226.2 gal/min during one day
1 ft3/s = 448.8 gal/min

1 ft3/s = 0.65 Mgal/d
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WATER REQUIRED FOR IRRIGATION (Continued)

Infiltration (Continued)

Table 1. Water lost due to infiltration at selected test farms

Water Lost
Test Farm Soil Type Cycle Date (inches per day) (acre-feet per acre)
Mean Maximum Minimum Accumulative

Vega Baja 1.1 Bajura From: 10/27/84 0.061 0.510 0.001 0.595
To: 03/15/85

Vega Baja 1.2 Bajura From: 05/24/85 0.075 0.269 0.011 0.808
To: 10/15/85

Vega Baja 2.1 Coloso From: 02/14/85 0.045 0.176 0.002 0.445
To: 06/12/85

Vega Baja 2.2 Coloso From: 06/27/85 0.026 0.062 0.005 0.276
To: 11/01/85

Manati 1.1 Toa From: 02/01/85 0.032 0.123 0.001 0.258
To: 04/26/85

Arecibo 1.1 Coloso From: 11/01/84 0.035 0.135 0.005 0.376
To: 04/01/85

USDA Toa --- 0.020 0.096 0.008 0.200

Evapotranspiration

Evapotranspiration is the amount of water lost due to a combination
of evaporation and transpiration. Poor correlation between pan
evaporation and evapotranspiration was observed. Because rice fields are
continuously flooded, evaporation is treated as a free water surface.

The effects of temperature and wind on evaporation are attenuated by the
presence of rice plants in such a way that the evaporation from rice
fields is somewhat lower than that of free surface. However, it appears
that the magnitude of the attenuated evaporation was small as compared to
transpiration. Daily evapotranspiration was consistantly higher than the
pan evaporation (fig. 14).

Results showed that evapotranspiration during a crop cycle ranged
from 2.541 acre-ft/acre to 4.395 acre-ft/acre of water. Daily values
range from 0.280 to 0.443 inches per day (table 2). Evapotranspiration
measured by using the cylinder and the box were very similar (fig. 15).
Correlations between temperature-evapotranspiration and wind
velocity-evapotranspiration were very poor. However, water lost by
evapotranspiration was greater for those crop cycles measured during the
dry season, when higher winds and higher temperatures occur, than those
measured during the wet season.



21

120 140

60 80 100

40

50 60 70 80 90 100 O 20

10 20 30 40

L | I R R w AR I I B T
- o
n - < s
-
- m L > =
(o]
N " WB Q i Pt egteiogingigindininii i
o RN o 1  TTETTTEsse
w -
5 m i =9 -
" Sz 2k
i - O3 & 8 |
S [~ - - &a L
||||||||| «© B a € 20
B L, x oz i
L o € 0 2« o I
| N o o < % - ¥ © L TRy
™~ © | -l > TT
- R < QO mm B
M b e n M X z < Q -
- < - w < >> - - O
o 4 | o [ TTT] o
L . | a
< | mAu ' o O
- O =] ' « - W
N « w ! ('s
L > - > 1 <
[ S T | o ¥ SR NN W W o [
[}
L ' ! ..u ! I ! 1 T ° T L
o - N
- - - o
b
o = v emamaalTiTiI=
i s .- coooooo
- L Q -
[} = T (=4
- S “ =4
s 9 3 ' i
< - e 2 _Es
- = [«] | g, r il
~ T L I [ S
< B . -
| o o I .- A
< © I 2
F O (=4 - B R i | el dde ettt N
w ? Fa T oot
- > w |« o | -
—-aasweseSsanx - ~ ——
- m A T
-5 | <
5 o o Z
[ - < N <
- e |3 =2
{ | 3 1 o V- 1 | Fllrllrll_-u 1 o 1 | 1
T N @ Q @ @ ~ QW o IR
O 0 0 © o > - O 0O © o © o - o o ©

H3lvm

40

FROM PLANTING

DAYS

Figure 14.--Pan evaporation and evapotranspiration at selected test farms.
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WATER REQUIRED FOR IRRIGATION (Continued)

Water Required

Results showed that water required at the test farms ranges from
3.129 to 5.254 acre-feet per acre for a complete crop cycle (table 3).
In general, water required was larger for those crop cycles during the
dry season. Average water required was 4.118 acre-ft/acre per crop
cycle; the rate of water required decreased as the cycle advanced:

Average water required, in acre-ft

First month of the crop year 1.827
Second month of the crop year 1.026
Third month of the crop year 0.938
Fourth month of the crop year 0.171

The average water-required values support the estimates of Vicente-

Chandler (1977, p. 33 and 34) and Allen Cox (Consultant Hydrologist for
the Puerto Rico Rice Corporation, oral commun., Nov. 1984) that approxi-
mately 4 acre-ft/acre of water per crop cycle will be necessary for rice
irrigation on the north coast.

Table 2. Water lost due to evapotranspiration at selected test farms

Water Lost
Test Farm Cycle Date Soil Type (inches per day) Kacre-feet per acre)
Mean Maximum Minimum Accumulative
Vega Baja 1.1 From: 10/27/84 wet 0.330 1.426 0.029 3.210
To:  03/15/85
Vega Baja 1.2 From: 05/24/85 Dry 0.380 0.760 0.091 4.116
To: 10/15/85
Vega Baja 2.1 From: 02/14/85 Dry 0.443 0.938 0.010 4.395
To: 06/12/85
Vega Baja 2.2 From: 06/27/85 Wet 0.280 0.787 0.031 2.981
To: 11/01/85
Manati 1.1 From: 02/01/85 Dry 0.311 0.811 0.029 2.541
To:  04/26/85
Arecibo 1.1 From: 11/01/84 Vet 0.248 0.929 0.045 2.729
To:  04/01/85
USDA --- --- 0.244 0.336 0.124 2.440
Table 3. Water required at selected test farms
Water lost by Continuous
Test Evapotranspiration flooding Water
Farms Season and Infiltration technique required
(1) (2) (3) (243=4)
Vega Baja 1.1 vet 3.805 0.33 4.135
Vega Baja 1.2 dry 4.924 0.33 5.254
Vega Baja 2.1 dry 4.840 0.33 5.170
Vega Baja 2.2 wet 3.257 0.33 3.587
Manati 1.1 dry 2.799 0.33 3.129
Arecibo 1.1 wet 3.105 0.33 3.435

NOTE: All units in acre-ft/acre.
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IRRIGATION WATER DEMAND

Irrigation water demand was considerably lower than the water
required for those crop cycles measured. Rainfall data collected at the
rice-growing areas during the investigation showed that rainfall can
supply from 48 to 70 percent of the water required for the crop cycles
during the wet season and from 31 to 39 percent of the water required
for the crop cycles during the dry season (table 4). The contribution
of rainfall must be considered as an alternative to irrigation water
because the streams that presently provide most of the irrigation water
are not capable of supplying the total water required. Although rain-
fall would not be capable of supplying the amount of water needed for the
initial flooding of the rice field (approximately 5 inches in 48 hours)
it seems feasible that rainfall can provide a portion of the water lost
daily by infiltration and evapotranspiration (0.4 inches per day).

The rainfall patterns need to be well defined and the intensity of
the rainfall events needs to be relatively low if rainfall is going to
represent a major water source for rice irrigation. A larger percent of
rainfall can be used for rice irrigation if the sequence and the
intensity of the rainfall events do not produce unacceptable water levels
in the rice fields. Farmers must exercise good water-management
practices in order to effectively use a large percent of the rainfall.

A statistical model was prepared to define what percent of rainfall
would be usable for rice irrigation in the rice-growing areas along the
north coast of Puerto Rico. Daily accumulative water levels in a rice
field were calculated from daily rainfall from NOAA historical files as
the water input to the rice fields. The mean daily water lost by
infiltration and evapotranspiration (0.4 in/day) was modeled as the water
output from the rice field. The resulting water-level values were
arrayed in a monthly water-level probability table (tables 5, 6, and 7).
The table presents the percent of occurrence that at any day during a
particular month the water level will be equal to or less than the value
shown in the table. The model considered that the initial water level
is 2 inches, and that water levels in the rice field could range from 2
to 6 inches above land surface. Accordingly, the water level could be
raised to 4 inches and 100 percent of that rainfall would still be
usable. Any computed water level higher than 4 inches implies that some
accumu-lated rainfall must be drained out, diminishing the percent of the
rainfall usable to irrigate rice. Negative water levels imply a water
deficit (water levels less than two inches above the land surface) and
that irrigation water needs to be supplied to the rice field.

Results of the statistical models show that as much as 95 percent of
rainfall is usable for rice irrigation at any of the rice-growing areas.
In addition, the analyses indicate that the probability of having to
supply irrigation water to the fields ranges from 60 to 90 percent
(tables 5, 6, and 7). The results obtained from these analyses, the
monthly normal rainfall, and the mean monthly stream discharge provide
the information required to determine when to schedule the crop cycles.
It was determined that for the areas of Arecibo and Manati, the first
crop cycle could be scheduled to start in May and end in August, whereas
the second cycle could start in October and end in January. For the Vega
Baja area, the first cycle remains the same, however, the second cycle
could start in November and end in February.
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Percent of water
Water % required, provided Irrigation
Test Season required Rainfall by rainfall required
Farm Date 1) (2) (2) - (1)x100 = (3) (1) - (2) = (&)
Vega Baja 1.1 | From: 10/27/84 wet 4.14 2.00 48 2.14
To: 03/15/85
Vega Baja 1.2 | From: 05/24/85 dry 5.25 2.05 39 3.20
To: 10/15/85
Vega Baja 2.1 | From: 02/14/85 dry 5.17 1.62 31 3.55
To: 06/12/85
Vega Baja 2.2 | From: 06/27/85 wet 3.59 2.51 70 1.08
To: 11/01/85
Manati 1.1 From: 02/01/85 dry 3.13 1.12 36 2.01
To: 04/26/85
Arecibo 1.1 From: 11/01/84 wet 3.44 2.07 60 1.37
To: 04/01/85

NOTE: All units in acre-ft/acre, except for percents (3).
* Adapted from Romin-Mas, A., and Green, B., 1987.

Table 5. Monthly water-level probability analysis of daily computed water levels at a rice field in the
area of Vega Baja, using rainfall as the only water input to the field

Percent Water Level, in inches

of

proba-

bility JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT Nov DEC
5 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
10 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
15 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
20 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 ~-0.40 -0.40
25 -0.40 -0.40 -0.40 -0.40 -0.40 ~-0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
30 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
3s -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
40 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.35 -0.36 -0.40 -0.40 -0.35 -0.35
45 -0.40 -0.40 -0.40 -0.40 -0.37 -0.40 -0.30 -0.32 -0.37 -0.40 -0.30 -0.31
50 -0.36 -0.40 -0.40 -0.40 -0.32 -0.38 -0.25 -0.28 -0.32 -0.37 -0.23 -0.28
55 -0.32 -0.40 -0.40 -0.38 -0.25 -0.33 -0.18 -0.22 -0.28 -0.32 -0.17 -0.20
60 -0.30 -0.37 -0.40 -0.32 -0.16 -0.27 -0.10 -0.15 -0.22 -0.28 -0.08 -0.12
65 -0.24 -0.33 -0.40 -0.26 -0.02 -0.20 -0.00 -0.07 -0.17 -0.21 -0.03 -0.02
70 -0.18 -0.30 -0.39 -0.18 0.14 -0.09 0.10 0.03 -0.07 -0.15 0.20 0.08
75 -0.10 -0.24 -0.35 ~-0.04 0.33 0.05 0.22 0.16 0.05 -0.06 0.36 0.28
80 0.00 -0.17 -0.30 0.13 0.55 0.25 0.40 0.30 0.20 0.10 0.58 0.53
85 0.15 -0.07 -0.23 0.38 0.87 0.50 0.58 0.47 0.42 0.30 1.00 0.85
90 0.32 0.10 -0.15 0.76 1.25 0.86 0.83 0.72 0.80 0.60 1.53 1.35
95 0.73 0.60 0.01 1.30 1.94 1.54 1.15 1.08 1.37 1.00 2.51 2.38

100 B.44 4.80 4.38 19.20 10.73 6.49 4.75 4.71 5.80 7.67 8.63 11.23
a/ 4.82 3.17 2.98 5.02 6.16 5.24 6.77 7.36 5.51 5.50 6.98 7.18
b/ 4,982 3,278 3,342 4,821 5,106 4,167 3,937 2,976 3,383 4,859 5,774 3,752

a/ Monthly normal rainfall, in inches, adapted from the U.S. Department of Commerce, 1983.
b/ Mean monthly stream discharge in acre-ft adapted from Quifiones, F., Colén-Dieppa, E., and Juarbe, M., 1984, p. 33.
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Table 6. Monthly water-level probability analysis of daily computed water leveis at a rice field
in the area of Manati, using rainfail as the oniy water input to the fieid

Percent Water Level, in inches
of
proba-
bility JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
5 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
10 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
15 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 ~0.40 -C.40
20 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
25 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
30 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
35 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.39 -0.40 -0.36 -0.40
45 -0.40 -0.40 -0.40 -0.40 -0.35 -0.40 -0.38 -0.38 -0.35 -0.39 -0.31 -0.36
50 -0.37 -0.40 -0.40 -0.40 -0.30 -0.40 -0.35 -0.35 -0.32 -0.36 -0.25 -0.32
55 -0.35 -0.39 -0.40 -0.39 -0.21 -0.39 -0.31 -0.31 -0.27 -0.33 -0.17 -0.28
60 -0.30 -0.36 -0.40 -0.35 -0.07 -0.35 -0.26 -0.27 -0.20 -0.29 -0.07 -0.20
65 -0.25 -0.32 -0.38 -0.29 0.07 -0.30 -0.20 -0.20 -0.10 -0.23 0.07 -0.13
70 -0.19 -0.28 -0.35 -0.20 0.32 -0.22 -0.12 -0.11 0.04 -0.15 0.24 -0.05
75 -0.10 -0.20 -0.31 -0.05 0.62 -0.14 -0.01 -0.03 0.20 -0.02 0.47 -0.15
80 0.02 -0.05 -0.26 0.26 0.99 0.00 0.08 0.10 0.41 0.09 0.71 0.34
85 0.24 0.12 -0.18 0.71 1.44 0.18 0.25 0.2° 0.69 0.27 1.11 0.70
90 0.52 0.52 ~0.02 1.50 2.10 0.44 0.51 0.c. 1.13 0.52 1.75 1.14
95 1.10 1.60 0.25 2.47 3.23 0.87 0.92 0.71 1.96 0.88 2.82 1.90
100 6.15 6.73 7.76 17.41 10.43 2.85 6.10 5.23 4.23 10.38 7.53 19.35
a/ 4.89 3.59 3.63 4.79 6.40 4.24 5.24 5.53 5.87 5.59 7.30 6.45
b/ 12,373 9,167 8,735 10,596 13,040 8,512 7,812 7,620 14,271 19,806 17,918 15,993
a/ Written communication Calvesbert, B,, National Oceanic and Atmospheric Administration (NOAA), January 25, 1986.
b/ Adapted from Quifiones, F., Colén-Dieppa, E., and Juarbe, M., 1984, p. 30.
Table 7. Monthly water-level probability analysis of daily computed water leveis at a rice fieid
in the area of Arecibo, using rainfaii as the only water input to the field
Percent Water Level, in inches
of
proba-
bility JAN FEB MAR APR MAY JUNE JULY AUG SEPT ocT NOV DEC
5 -0.40 -0.40 -0.40 -0.40 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 ~0.40
10 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
15 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40
20 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 ~-0.40 -0.40 -0.40
25 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -| -0.40 -0.40 ' -0.40 -0.40
30 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 | -0.40 -0.40
35 ~0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 i -0.40 -0.40
40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 | -0.40 -0.40
45 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 -0.40 { -0.40 -0.40
50 ~0.40 -0.40 -0.40 -0.40 -0.35 -0.40 -0.40 -0.40 -0.40 -0.39 -0.31 -0.40
55 -0.40 -0.40 -0.40 -0.40 -0.30 -0.38 -0.40 -0.35 -0.34 -0.31 | -0.25 -0.32
60 -0.38 -0.40 -0.40 -0.34 -0.24 -0.30 -0.40 -0.32 -0.29 -0.24 i -0.16 -0.27
65 -0.34 -0.38 -0.40 -0.29 -0.14 -0.25 -0.35 -0.29 -0.24 -0.16 l -0.07 -0.20
70 -0.29 -0.33 -0.40 -0.17 0.02 -0.15 -0.30 -0.23 -0.15 -0.05 0.13 -0.10
75 ~0.20 -0.25 -0.40 -0.04 0.15 +0.02 -0.25 -0.18 -0.08 0.10 0.42 0.08
80 -0.10 -0.15 -0.34 0.21 0.38 0.24 -0.17 -0.06 0.11 0.29 0.75 0.27
85 0.05 0.02 -0.28 0.49 0.64 0.47 -0.07 0.11 0.31 0.55 1.17 0.60
90 0.24 0.28 -0.19 1.05 1.12 0.84 0.12 0.30 0.61 0.91 1.95 1.35
95 0.77 0.83 0.04 1.81 2.00 1.50 0.38 0.65 1.26 1.46 3.47 2.81
100 4.15 5.60 B.56 7.74 7.03 3.62 2.70 3.85 8.60 5.43 9.78 7.77
a/ 4.34 2.79 2.48 4.77 4.84 4.33 3.59 4.18 4.83 5.29 6.09 6.11
b/ 17,408 14,556 16,670 17,025 26,635 21,132 19,499 19,168 29,526 39,060 33,097 23,682

a/ Monthly normal rainfall, in inches, adapted from the U.S. Department of Commerce, 1983.
b/ Mean monthly stream discharge in acre-ft adapted from Quifiones, F., Colén-Dieppa, E., and Juarbe, M., 1984, p. 22,
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WATER CONSUMED AND APPLIED

Water consumption at each test farm was calculated by subtracting
the outflow from the water applied (inflow + rainfall). Results
indicated that water consumed was considerably more than that required
(evapotranspiration + infiltration + continuous flooding) at Vega Baja
1.1, 1.2, 2.1, 2.2, and Manati 1.1, whereas, at Arecibo 1.1 the consump-
tion was lower (table 8). It was concluded from field observations that
the differences between the amount of water required and that consumed
were due to unaccounted losses or gains: seepage in and out of the
irrigation and drainage canals as well as leakage through levees. The
field efficiency was calculated as follows:

unaccounted \5
losses or gains X 100 =

Water Required

Field Efficiency

Computed field efficiencies range from 53.7 to 86.6 percent (table 8).

Table 8. Water used, field efficlencies, and water management efficlencles at selected test farms

Water applied Unaccounted Field Water
Test Water Water losses (+) efficiency management
farm required Inflow Rainfall Outflow Consumed or gains (-) (percent) = | efficiency =

(1) (2) (3) a/ 4 (2)+(3)-(4)=(5) (5)-(1)=(6) (percent)
I

Vega Baja 1.1} 414 88.70 11.00 71.40 5.15 b/ +1.01 i 75.6 88.8
Vega Baja 1.2 5.25 167.77 11.28 140.29 7.05 b/ +1.80 65.7 72.5
Vega Baja 2.1 5.17 12.07 1.62 7.59 6.10 +0.93 82.0 4.3
Vega Baja 2.2 3.59 6.62 2.51 6.45 2.68 -0.91 74.7 5.1
Manati 1.1 3.13 7.76 1.12 0.94 7.94 +4.81 53.7 35.1
Arecibo 1.1 3.44 11.42 2.07 10.51 2.98 -0.46 i 86.6 0.3

NOTE: All units in acre-ft/acre, except inflow, rainfall, and outflow at Vega Baja 1.1 and Vega Baja 1.2 which are in acre/feet.

a/ Adapted from Roman-Mis, A., and Green, B., 1986.

b/ Water used = (inflow + rainfall - outflow) - 5.5

316._ (

Unaccounted

losses or gainsfj X 100 = Field Efficiency.
Water Required

4/ For Vega Baja 1.1 and i.2; fEstimated water required Inflow to Contiguous field
for coentiguous field Vega Baja 1 outflow + rain X 100 = Water Management Efficiency.
(water required at Vega Baja + + urnaccounted losses at Vega
1 X area of adjacent field Baja 1.
(28.93 acres))
For the other test farms; Amount of water demanded
by the continuous + outflow] X 100 = Water Management Efficiency.

flooding technique {0.33
acre-ft/acre)



WATER CONSUMED AND APPLIED (Continued)

The amount of water applied to the fields will be different from
that required because of unaccounted water losses or gains. However, due
to poor water-management practices, the amount of water applied (inflow +
rainfall) to each test farm was considerably more than the sum of the
water required and the unaccounted water losses or gains. Water-
management efficiency compares the outflow in terms of the water demanded
by the continuous flooding technique calculated as follows:

Amount of water demanded

by the continuous -+~ outflow| X 100
flooding technique

(0.33 acre-ft/acre)

Water management
Efficiency

Water-management efficiency is not dependent on the field efficiency. A
water-management efficiency of 100 percent implies that the amount of
water applied to the farm equals the sum of the water required and the
unaccounted water losses or gains. Therefore, as water applied is partly
consumed during a crop cycle, the water-management efficiency can only be
100 percent when the outflow equals the water required by the continuous
flooding method.

Test farm Vega Baja 1 consists of several fields in series which
means that the field outflow is the inflow for the adjacent field. Water
management efficiencies for the two crop cycles measured at this test
farm were calculated as follows:

Estimated water required Inflow to adjacent field

for adjacent field (Vega Baja 1 outflow + rain + X 100 = Water Management Efficiency
[Water required at Vega Baja 1 = unaccounted losses at Vega Baja

X area of adjacent field 1)

(28.93 acres)]

The unaccounted water losses from Vega Baja 1 were included as part of
the inflow to the adjacent field, as from field observations nearly 100
percent of these losses occurred through the levee that divided one field
from the other.

Table 8 shows the resulting water-management efficiencies. The
highest efficiency was 88.8 percent at Vega Baja 1.1, whereas the lowest
was 0.3 percent at Arecibo 1.1.



POTENTIAL WATER RESOURCES FOR RICE IRRIGATION

Ground-water use for irrigation is limited to the Vega Baja and
Arecibo areas where wells provide 11,000 and 600 acre-ft/acre per crop
respectively (Torres-Sierra, U.S. Geological Survey, written commun.,
January 25, 1986; and Quifiones-Aponte, U.S. Geological Survey, written
commun., January 28, 1986). Although the full potential for development
of ground-water resources in these areas has not been determined,
saltwater intrusion problems limit the expansion of ground-water
withdrawals in the rice-growing areas. Capture of seepage from streams
to the alluvial aquifers using wells located near streams, artificial
recharge, and the development of a deep artesian system may provide
substantial additional sources of water. These methodologies have not
been fully explored.

At present, Rio Cibuco, Rio Grande de Manati, and Rio Grande de
Arecibo are the major sources of water for rice irrigation. Because of
the wide variation in the measured amount of water consumed or applied
to the test farms, it is difficult to estimate the amount of surface
water development required for rice irrigation. However, a total
demand, based on 4 acre-ft/acre, was made and an analysis was conducted
for each area to see if the mean stream discharge could provide the
amount of water demanded. Actual ground-water withdrawals and rainfall
(tables 9, 10, and 11) were used in the analysis. Although rainfall may
reduce the water demand from streamflow significantly, the resulting
water demanded is in excess of that available from streamflow.
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SUMMARY

Water required for normal growth of a rice crop includes the amount
of water required by the irrigation method used and the water losses by
infiltration and evapotranspiration. The continuous flooding method
used in the rice-growing areas along the north coast of Puerto Rico
required 0.33 acre-ft/acre per crop. Based on experiments conducted at
the test farms selected on the basis of different soil types, average
water lost by infiltration ranges from 0.276 to 0.808 acre-ft/acre per
crop, whereas average water lost by evapotranspiration ranges from 2.541
to 4.395 acre-ft/acre per crop. Differences in values of evapotran-
spiration result from wet and dry season variations. Water required
ranges from 3.13 to 5.25 acre-feet per acre for a complete crop cycle.
Differences in the amount of water required also result from seasonal
variations. The rate of water required was observed to decrease as the
cycle advanced.

Rainfall is capable of supplying from 31 to 70 percent of the water
required for the crop cycles measured. A statistical model demonstrated
that as much as 95 percent of the rainfall is usable for rice irrigation
at all rice-growing areas. The models also indicated that the
probability that irrigation water would be needed ranged from 60 to 90
percent. Finally, to optimize the use of rainfall for rice irrigation, a
first crop cycle could be scheduled from May to August. A second cycle
could be scheduled from October to January, however, for the area of Vega
Baja it could be scheduled from November to February.

The amount of water consumed ranged from 18 to 154 percent more than
that required at the test farms Vega Baja 1.1, 1.2, 2.1, and Manati 1.1.
Water consumed at test farms Vega Baja 2.2 and Arecibo 1.1 was 25 and 13
percent less than that required, respectively. It can be concluded that
excess water consumed was due to unaccounted water losses or gains such
as seepage to and from the irrigation and drainage canals, as well as
lateral leakage through levees. Field efficiencies ranged from 53.7 to
86.6 percent. The unaccounted water losses or gains imply that the
amount of water applied to the fields is different from that required.
However, due to poor water-management practices, the amount of water
applied to the farms was considerably more than the sum of the water
required and the unaccounted losses or gains. Water-management
efficiencies ranged from 0.3 to 88 percent.

At present, major rivers within the rice growing areas are the main
sources of water for rice irrigation. Full development of the rice
growing areas will require more water than the rivers can supply.
Efficient use of rainfall may significantly reduce the water demand from
streamflow, however the resulting water demands appear greater than can
be supplied by the streams. Ground-water development within the areas is
limited because of seawater intrusion problems that affect the aquifers
underlying the valleys. Capture of stream seepage to the aquifers by
using wells located near streams, artificial recharge, and development of
the deep artesian system may provide additional sources of water.
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