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GENERAL INTRODUCTORY STATEMENTS 

Changes in Personnel:

William Co Mills,, Agricultural Engineer, reported for duty on 
February 18, 1963s and has been working on assignments in watershed 
engineering researcho

William Ra Moores JrQ, Engineering Technicians under a temporary 
appointments resigned August 23, 1963 to continue his studies at the 
graduate l e v e l o  This position was filled by John Ho Howerton, Jr«, at 
the time Mr o Moore lefto

Wo To Forsee, III, was hired as an Engineering Aid from May 20,
1963, thru August 28, 1963, to assist in servicing the instruments and 
collecting data on the water-table plots at the Everglades Experiment 
Station»

James Eo Browning, Engineering Technician, has been on sick leave 
since May 299 1963 and expects to return to duty in May I96I4.0

Program Activity;

Research Outline SWC 11-bij. (Fla PL-9), which was concerned with 
strontium~90 accumulation on plant foliage, was terminated as of Octo 
7, 1963o A report was prepared and published in Science on the signif­
icant findings of this study0

Research activities continued essentially unchanged on all other 
lines of investigationso Research outlines in watershed engineering 
investigations are to be revised in early I96I4. to conform with approved 
work and line project objectives.. New research outlines are to be 
prepared to cover precipitation studies and organic soil subsidence 
from a watershed aspeeto Research outline SWC 6-bl (Fla PL-l) on 
evapotranspiration studies is to be amended in I96I4. to study evapotrans­
piration of grass under partial sod cover conditions»

Climatic Conditions?

Ground“water levels in southern Florida were below average at the 
beginning of the water year due to a prolonged deficiency in rainfall 
during normal wet season, except in isolated areas of south-central and 
southwestern Florida, where levels were slightly above average« Water 
levels declined through the normally dry winter and spring, then rose 
to near average levels during June in response to heavy rainfallo During 
the last quarter of the water year levels declined again to below average 
for the period of record, then rose sharply due to belated seasonal rain­
fall in the latter part of Septembero

Water levels in souih Dade County and the Everglades National Park 
area were near record low during the spring months for the second consecu­
tive year, but major losses were averted in most of the highly urbanized 
coastal areas within the regional water-management systemo



The freeze in mid-December 1962 caused severe damage to citrus trees 
and vegetable crops in central Florida and scattered areas south of Lake 
Okeechobee. Monthly rainfall in 1963 was inadequate for Januarys March, 
April and October for the Belle Glade area,, The total annual rainfall 

of about 50 inches is near normal®

Cooperative Activitiesg

Agricultural Research Service personnel of the Crops Research Divi­
sion and Soil and Water Conservation Research Division held a work confer­
ence on April 3s 1963 to discuss recent results and future plans with 
cooperators and other interested agencies. Assistance was also given in 
cooperation with two state field day meetings held at the Plantation 
Field Laboratory on May 1 and 2, 1963. Total attendance at the work 
conference was 389 and for the two field day meetings approximately 210«



THE EFFECT OF WATER TABLE LEVEL, CLIMATE AMD 5ELATED FACTOR 
ON EVAPOTRANSPIRATION AMD CROP GROWTH

Line Project Ho.; SWC 6-bl Code No,,: FLA PL-1

Prepared by: Eo Ho Stewart

Location of Experiment: Plantation Field Laboratory, Fort Lauderdale9 and
Everglades Experiment Station, Belle Glade, Fla0

Personnel Involved;
ARS - Eo Ho Stewart, J 0 Ro Carreker, W, Ho Speir, W. Ho Moore 
Fla0 Agro Expo Sta0 - Eo Oo Burt, F, To Boyd, and Frank Thomas

Date of Initiation: July 1957

Expected Duration: 7 years

Obje ctives:

To determine the inter-relation of evapotranspiration and yields 
between climate, soil moisture level, and growth stage for crops.

To determine the effects of water-table level on evapotranspiration, 
yield and quality of various crops grown on sandy and organic soils«

Need for Study: See I96I Annual Reporto

Design and Procedure; See I96I Annual Report0

Experimental Data and Observations:

Mean daily evapotranspiration, ET, data for each month by Tifway 
bermudagrass with 12-, 21+-, and 36-inch water-table levels for 1962 and 
1963 are shown in Table lo A complete tabulation of daily ET by plots 
with appropriate means are listed in Part IV, Division 3« °f the Appendix,, 
Water-balance data for bermudagrass grown in nonweighing evapotranspirom“ 
eters with the various water-table levels in 1962 and 1963 are shown in 
Table 2o The data includes total annual rainfall, subirrigation, drainage 
water removed, and evapotranspirationo Yield data of bermudagrass
clippings for 1963 are shown in Table 3° A total of 13 clippings were
made with 9 being weighed for comparative growth ratingso Fertilizer
applications were made 6 times during the year using a complete MPK
fertilizer mixture» Graphic relations of recorded thermal radiation 
measurements with evaporation and evapotranspiration are shown in Figure

lo

Comments and Interpretations:

Total rainfall for 1962 and I963 was nearly the same although the 
monthly distribution was quite different; particularly for the months
of February, March, April, and December Total ET for the respective
water-table depths was essentially the same for the two y e a r s o  However,
there were significant differences in the mean daily ET for the same
months for the two years (Table l)o These differences are usually
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directly related to the available soil moisture and relative thermal 
radiation received during the respective periodso One exception is for 
the last quarter of 1963 v/hen the mean ET for the 2i_|.-inch water-table 
plots was signifipantly lower than for the other two water-table levels. 
This was due mainly to a heavy infestation of nematodes in one of the 
plots of the 2i|.-inch water-table treatment* All of the plots were 
treated with a nematicide the early part of December which corrected 
this problem. As in 1962, the average daily ET ranged from about 0.07 
in. for the 3 winter months to about O.ll). in. for the period April 
thru August. During a six-week rain-free period between the latter part 
of February and early April, ET was about 23 percent less for the 36-ineh 
water-table plots than for the 12-inch water-table plots.

Yield and quality of vegetative growth from the 2l|.-inch and 36-inch 
water-table plots appeared to be better than from the 12-inch plots, as 
they werq in 1962, but not of the same magnitude. The general health 
of the grass during the second year was below that of the first year.
This may b<? contributed to nematode infestations and some disease 
problems but the extent of each was uncertain. Two complete years of 
data from a full stand of grass will be obtained by April I96JL1.0 Follow­
ing this, present plans call for amending the research outline to cover 
new studies op potential ET from partial stands of grasses.

Graphic relations of radiation data obtained from various radiation 
measuring instruments tq standard pan evaporation and evapotranspiration 
of Tifway bermudagrass are shown in Figure 1. These data are plotted 
as langleys per day based on ten-day means. Similarity of the curves 
indicate a high degree of correlation among the data from the various 
sources. Data from the Gunn-Bellani instrument was very close to that 
of measured evapotranspiration in both magnitude and rate of change.
This instrument gives a measure of the integrated radiation reaching a 
blackened copper sphere, which contains water. The water vaporizes 
and condenses in a graduated receiver. The difference in readings between 
any two times is a measure of the total radiation utilized during that 
interval.

Similarly, the Beckman and Whitley thermal radiometer, which measures 
the net heat exchange, yielded data which were very close to that obtained 
from the standard evaporation pan. This instrument’ s radiometer sensing 
element is composed of thermopiles capable of sensing the net difference 
of the incoming and outgoing thermal radiation by generating a thermo­
electric current. A coupled counter, which has the capacity of recording 
500 counts per minute at 20 millivolts sensed from the radiometer sensing 
elements, records the total net radiation for any selected period of time.

The Campbell-Stoke s sunlight recorder records, over a 2l|.-hour period, 
sunlight reaching the instrument with sufficient intensity to bum a 
charred line on the chart by focusing the sun* s rays to a point on the 
chart. Usually, if the sunlight is sufficient to cast a shadow it will 
be recorded on the chart. Although this instrument does not give a 
measure of highly diffused sunlight through clouds a good correlation 
of its measured sunlight and measured ET is obtained as shown in Figure 1.
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From a practical standpoint any of the three radiation instruments 
mentioned above will furnish sufficient information to determine good 
estimates of potential ET when correlated for periods of known potential 
ET conditions. The data plotted in Figure 1 are for periods of ten days. 
Further studies of the data on hand are to be made to determine the 

degree of correlation based on from one- to five-day means. During 
periods of high potential ET the sandy soils of the area can hold only 
enough soil moisture in the root zone to last from 3 to 5 days before it 
becomes a limiting growth factor.

Summary:

1 . With similar total annual rainfall for 1962 and 1963, the total
ET of bermudagrass was very nearly the same for the two years. However,
monthly ET varied somewhat depending on available soil moisture and 
radiant energy.

2. Average daily ET ranged from 0.07 in. for the 3 winter months 
to O.lij. in. for the period April thru August.

3. During an extended dry period of 6 weeks ET was about 23 percent
less for the 36-inch water-table plots than for the 12-inch water-table
plot s.

1+. Good correlation exists between recorded radiant energy measured 
at the earth’ s surface and measured potential ET and standard pan evapo­
ration.
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Table 1. Evapotranspiration by Tifway bermudagrass grown in lysimeters 
at various water table depths, 1962-65

Average
1/

daily evapotranspiration

Month 1962 1963

Water table depth Water table depth

12" 2l+" 36" 12" 21+" 36" Ave rage
inche s inche s inche s inche s inche s inche s

Jan.
Feb.
March

April
May
June
July
Aug.
Sept.
Oct.
Nov.
Dec.

0.068
.108

.115

. 11+2

.176

.120

.157

.122

.130

. 121+

.091+

.070

0.062
.105
. 101+
.131+
.170
.118
.11+3

.11+3

.128

.121

.087

.066

O.O56 
.098 
.100 
.128 
. 161+ 
.139 
• 131; 
. 11+8 
ol32 
.108 
.076 
.058

0.075

.089

.137

.159

.156

.118

.151;

.132

.095

.111

.081+ 

. 066

0.073
.085
.119
.11+1+
.150
.125
.157
.121
,091+
.090
.063
.052

0.078
.087
.106
.135
0U4S
.126
.155
.151+
0IO9 
.092 
.069 
• 057

0.069
0O96
.111+
.11+1
.161
.125
.11+7
.137
.115
.108

.079

.062

Ave rage .117 .115 .112 .115 .106 .110

Bermudagrass was sprigged on November 16, I96I and the water table 
maintained at 12, 18, and 21+ inches, respectively, until March 15 „ 
1962 to assure uniform stand establishment.

Table 2. Water balance data for Tifway bermudagrass grown in lysimeters 
at various water table depths, 1962-63

Year Water table 

depth

Rainfall Water added, 

subirrig.

Sain water 

removed

Evapotrans­

piration
Inche s of water

12" 51.5 31 -5 59.7 1+5.3
1962 2l+" 51 o5 26.3 55-2 1+2.6

36" 5 1 .5 20.1+ 30.7 1+1.2

12" 52.9 29„8 1+1 oO 1+1.7
1963 21+'" 52.9 2l+ol+ 38.8 38.5

56" 52.9 19.5 3 2 .1 1+0.1



Table 3. Yield of Tifway bermudagrass as affected 
by water table depth, 1963

Cutting
dates
1963

Water table depth

12-in. 2i4-in<, 36 -in .
Pounds per acre

1/2 li+2 279 235

1/15 119 100 117
1/29 265 lijS 166
2/13 132 150 126
2/25 70 121 181

3/18 121 103 87

9A 136 200 325
9/16 89 101 105
10/15 105 li+1 Ilk

Total 1180 13U0 1U60
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THE EFFECT OF WATER TABLE LEVEL IN ORGANIC SOIL ON 
SOIL PROPERTIES AND CROP PRODUCTION

Line Project No.: SWC 6~bl Code No©: FLA PL-2

Prepared by: Eo II. Stewart and Wo Ho Spe ir

Location of Experiment: Everglades Experiment Station, Belle Glade, Fla©

Personnel Involved:
ARS - E. H. Stewart, W„ H. Speir, Jo Ro Carreker, and ff» To Forsee,III. 

Fla. Agr. Exp. Sta. - Frank Thomas, H. W. Burdine, V .E. Creen, Jr.,
Eo Do Harris, Jr», J»Eo Orsenigo, P. Lo Thayer,
Fo To Boyd, and Victor Guzman

Date of Initiation: October 1958 Expected Duration: 7 ysars

Objectives’. To determine the effects of depth to water table in Ever-
glades peaty muck on:

1. Physical, chemical, and biological soil properties
2. Fertility requirements

3* Yield and quality of vegetable and fiber crops

k. Insects and their control

5. Weeds and their control
6. Incidence of diseases and control

Ifeed for Study: See I96I Annual Report©

Design and Procedure: See 1961 Annual Reporto

Experimental Data and Observations:

The periodic 5~year survey of the organic soil subsidence lines was 
made in June, 1963° The graphs incorporated in Figures 1 through 11 show 
the organic soil loss for the period of record for each of these lineso

Considerable work was done on the project toward getting the irriga- 
tion and drainage facilities modified to improve the water control systenu 
After installing the recirculating pump at the east end of the test it was 
found that the rock elevation in the drainage ditches leading to the pump 
were too high to permit sufficient water flow to the pump for efficient 
operation. This necessitated moving the pump to another location on the 
west side of the test. If it is found necessary, a smaller pump may be 
installed at the east for better drainage» Contours on rock surface of 
the water table plots are shown in Figure 12.

A recording rain gage and seven water level recorders were installed 
on the test site to record water levels in 'the irrigation-drainage 
ditches and 3 of the 9 water-table plots© Alsoa piezometers were 
reinstalled on the water-table plots as originally installed© Continuous 
water-level data have been recorded from July 26, 19&3 present.
Some piezometer data were obtained in July and August for correlating 
with the continuous recorded data«



Figure 13 presents graphic data of an irrigation-drainage and rain­
fall events occurring on a selected water-table plot from December 11- 18,
1963o

Comments and Interpretations;

A test run was made on the water-table plots the first part of Decem­
bers, 1963s to determine the capabilities of the irrigation-drainage system 
to control the water-table level in the plotso The results obtained on 
one of the high water~table plots as indicated by continuous water-level 
recorder s shown in Figure 13= Mean ground surface is approximately
llo5 feet above mean sea level, and the data are plotted using ground 
surface as a base and expressed as feet below mean ground surface,. At 
the beginning of the irrigation cycle the water-table level in the plot 
and ditch was 2o0 and 2 d  fto below ground surface, respectivelyo Water 
level in the ditches reached ths maximum set by the controls in about I4. 
hoursp and maintained the level between O065 and Oolj.5 ft° below ground 
surface until the irrigation pump was turned off» Total irrigation 
period was about 18 hourso Almost immediately the water-table level 
began to rise in the plot reaching a maximum rate of 0o075”f’to rise per 
hour, and the maximum water=table level reached at the measuring site was 
loi+3 fto below ground surface „ In a subsequent test in which the irriga­
tion system was on for nearly ijB hours the maximum water-table level main­
tained was about 102 fto below ground surfaceo This appears to be about 
the maximum that can be maintained under present conditions®

Water-table levels started dropping very soon after the irrigation 
pump was turned off s and with the drainage pump running,, in the low water- 
table system, the rate of drop of the v/ater table in the high water-table 
plots reached a maximum of about 0o033 fto par houro The water level in 
the ditches and th® plots continued to drop for about 3 dayss leveling 
off at about 2 o05 and I 09I4. fto below ground surface, respectivelyo

One of the most important features brought out in these data concerns 
the question of seepage through the rock strata underlying the organic 
soilo The data indicate that considerable seepage occurred in that th® 
plot water-tabla level dropped Q0II4. fto in the seven-hour period it took 
ths water level in the ditch to drop to the same level as the maximum 
water=table height reached in the ploto Evidently the plot water table 
dropped about O0I4.O fto before the ditch water level was low enough to 
influence the drainage of the plot unless appreciable drainage occurred 
above the locus of points at which the pressure in the ground water was 
equal to atmospheric pressureo It is possible that some of the water 
moved up into the unsaturated &on« above the water table after the sub~ 

irrigation was discontinuedo

A slow rain of about I 0O6 in» fell during a IjB-hour period between 
noon December 16 and noon December 18o The effect of this rain on the 
water levels is also shown in Figure 13o The drainage pump was still in 
operation during this periodo The free water-table level in the plot 
reached within lo27 fto of the ground surface and started dropping rapidly 
after the rain stoppedo

12 a
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Summary s

1„ Water-table levels responded quickly to changes in the irrigation- 
drainage control syst«m<> Under present conditions ths maximum water-table 
level that can be maintained is about 1«2 feet below ground surface.

2» Seepage through the rock strata underlying the organic soil 
appears to be an important factor affecting water-table controlo

3>o A summary statement on organic soil subsidence is made in the 
last paragraph of Page ll| of this report»
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Organic Soil Subsidence

In June of I963 the periodic 5“"year surveys to determine the con­
tinuing loss of organic soils in the Everglades were made. One of the 
lines at the Everglades Experiment Station was abandoned due to the 
installation of buildings and rock fill "that had been placed over a 
large portion of the area traversed by the survey line .

Die graphs incorporated in Figures 1 through 11 show the organic 
soil loss for the period of record for each of these lines® An exam­
ination of the charts shows that the loss-in-elevation rate has remained 
fairly constant with variations due to periods of drought or flood*.

Diere is a slight acceleration of loss between 1958 and 19&3® Diis is 
to be expected since water tables were abnormally low for most of this 
period, and the rate of subsidence is directly proportional to depth 
of water table.

In Figure 6 the accelerated rate after 1958 does not present the 
data accuratelyo It will be noted that an extension from the 1953 to 
the I963 elevation points would be more in line with the normal rate to 
be expected. Die 1958 surveys were checked^ and it was fbund that the 
area traversed by this line had been plowed and disksd just prior to 
the survey. Due to the flocculent nature of organic soil ’when cultivated 
it is felt that the elevations taken in 1958 were in error and that 
normal subsidence had occurred<>

Die apparent leveling off of subsidence indicated by Figure 1 is
due to the fact that this line parallels the Bolles Canal„ Water
tables in this area are maintained almost at ground surface, and very
little subsidence could be expectedo

Land use histories for each of the subsidence lines with geographic 
locations follow.

Figure 1 - Section 36s Tl+i+JSr, R3&E ~ Okaelanta peaty muck with 
gravity drainage prior to 19i+Sj sporadic plantings of truck crops prior 
to 1953 at which time the entire area was concerted to pasture. Years 

of observations 1913”1963l total psat lost: 7=57 ftoj mean annual loss: 
.1519 ft/yr.

Figure 2 - Section 13» TI4J43s R36E - Okselanta peaty muck with 
gravity drainage until 1927s generally planted to sugarcane and truck 
crops after pumps were installed in 1927° Years of observations I91I+” 
1963; total peat lost: 5 «8S fto} mean annual loss: <,131+6 ft/yr<>

Figure 3 " Section 3s R37E ~ Everglades peat having had
initial subsidence under controlled drainage? planted to truck crops 
during years of observations 193U” 1963l total peat lost: 2 oi+3 ft°s mean 
annual loss: .0853 ft/yr.

Figure b - Section 3» Ti4i_j.Sc, R37E - Everglades peat covered with St. 
Augustine grass li). years before and during years of observation: 1938" 
1963; total peat lost: 1»90 ft.} mean annual loss: .0755 ft/yr.
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Figure 5 “ Section 30 s Ti+2Sa R3I4E - Everglades peaty muck having 
had initial subsidence prior to the years of observation; planted to 
sugar cane during the years of observations 1935“1963? total peat lost: 
2.10 ft.; mean annual loss: <,07/46 ft/yr u

Figure 6 - Section 10s II4I4S, R37E ~ Everglades peat with virgin 
growth (sawgrass and elder,3 ) until 1950; planted to field crops after 
1950; poor drainage prior to development; converted to pasture about 
1959; years of observations 1932-1963; total peat losts 2<>82 ft of mean 
annual loss: .0905 ft/yr.

Figure 7 " Section 10, TiilfS, R37® " Everglades peat with virgin 
growth until I9I4I+; planted to field and truck crops through years of 
observation: 1938-1963; total peat lost: 2 .7I+ ft .; mean annual losss 
.1089 ft/yr.

Figure 8 ~ Section 8 S Tlti+S*, R58E - Everglades peat in virgin saw- 
grass until 19381 in cultivation until about I9I4I when it was converted 
into pasture; converted into field crops 1962; years of observations 
1938-1963; total peat lost: 2 .I4.O ft.j mean annual loss; .0973 ft/yr.

Figure 9 “ Section 5s Tl-1 jSs R38E - Everglades peat in virgin saw™ 
grass until 1937; intensively cultivated for tr.uck crops through 1950 
when it was converted to pasture; years of observations 1938=19631 
total peat lost: 1.65 f t . ; mean annual losss 0O669 ft/yr.

Figure 10 - Section Qa TljliS, R38E - Everglades peat in virgin 
sawgrass until 1938; in cultivation until about I9I4I  when it was con­
verted to pasture; years of observations 1938-1963? total peat lost: 
2.22 ft .; mean annual loss; .0900 ft/yr.

Figure 11 - Section 8 fl Ti+l+S<, R38E - Everglades peat in virgin saw­
grass with moderate drainage until 1937s truck crops through I9I46; 
converted to pasture in 191+71 years of observations 1938-19631 total 
peat lost: 1.96 ft.; mean annual losss 0O79I4 ft/yr.

Average loss over total area represented by subsidence lines;
.0959 f't/yr.

This loss of .10 ft. per year for the 50 years since drainage 
began would indicate a loss of 5 fto of organic soil over the entire 
Everglades-"s0me 5s500s000 acres. This change in topography over such 
a vast area has a tremendous effect on water yields, rates of runoffs 
soil storage, and other watershed characteristics. During the next 
year an additional experimental outline will be written to incorporate 
these data into a study for evaluating subsidence in terms of watershed 
engineering research.
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COLLECTION OF BASIC AGRI-HYDROLOGIC DATA 
IN CENTRAL AMD SOUTHERN FLORIDA

Line Project No.: SWC 2-bl, 2-b2, 2-bI). Code No.: FLA. PL-3

Prepared by: W. H. Speir

Location of Experiment: Central and southern Florida, headquarters at
Fort Lauderdale, Fla.

Personnel Involved:
ARS - W. H. Speir, J. E. Browning, J. II. Howerton, Jr ., F. E. Cherry 

and W. R. Moore 
Fla. Agr. Exp. Sta. - F. II. Thomas, F. T. Boyd
Central & So. Fla. Flood Control Dist. - J. P. Clawson, R. L. Taylor 

Date of Initiation: January 15, 1950

Expected Duration: Continuing

Objectives:

To systematically measure, record and preserve basic hydrologic data 
in a form suitable for various analyses in approved agricultural investi­
gations in central and southern Florida.

Ifeed for Study: See I96I Annual Report.

Design and Procedure: See I96I Annual Report»

Experimental Data and Observations:

The collection of basic hydrologic data was continued in cooperation 
with the Florida Agricultural Experiment Station, the Central and Southern 
Florida Flood Control District, the U.S. Geological Survey, and other 
agencies.

Monthly hydro logic data for Plantation Field Laboratory, the Ever­
glades Experiment Station, Indian River Farms Drainage District (Fla W-l) 
Upper Taylor Creek (Fla W-2), Upper Taylor Creek (Fla W-3) and Monreve 
Ranch (Fla W-I4.) are shown in Tables 1, 2, 3> 5> and 6 , respectively.
Data for Plantation Field Laboratory and the Everglades Experiment Station 
are shown for the calendar year, while the watershed data is based on the 
water year as established by the U.S. Geological Survey.

Elevations of groundwater at weekly readings are given for well lines 
"A" and "B" in Table 7 .

All data have been tabulated on a daily basis and are included as an 
appendix to this report.

Comments and Interpretations:

The purpose of this outline is to measure, record, present, and
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preserve basic data in a form suitable for use by the Agricultural Research 
Service and Cooperators. The use of this data in specific investigations 
is presented under separate research outlines within this report.

Summary:

The collection of basic hydro logic data continued at six sites over 
central and southern Florida. Two additional water stage recorders were 
installed on Well Lines "A” and "B" for continuous records on ground 
water movement near the main watercourse in the Upper Taylor Creek Water- 
sheds W-2 and W-J. Monthly tabulations of hydrologic data are shown for 
each observation site. Watershed tabulations are made on a water year 
basis, while other sites are tabulated by calendar years.
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TABLE 1 
MONTHLY HYDROLOCIC DATA 

PLANTATION FIELD LABORATORY 
FORT LAUDER)ALE, FLA.

DATE EVAP RAIN V'EJD MN TEMP SUNLICHT PEAK RAINFALL

1963 (IN) (IN) (MN. MILES) Op MN. HOURS 2I4. HRS DATE I4.8 HSS DATE

JAN 3.62 1.29 1*2.7 65.7 J4.8 0.28 16 0.30 16-17

FEB 3.66 5.09 1+7.8 6U-7 5 0 2.97 13 3.03 12-13

MAR 6.90 0.19 55-2 72.3 7.1* 0.15 30 0.15 30

APR 7.08 0.81 60.5 72.7 7-9 0.61+ 8 O.6I4. 8

MAY 7.55 6.51 36.14. 76.0 7.7 2.67 1* U.07 3-1*

JUKE 7.00 7.15 25.8 80.0 7.2 1.56 11 1.61 11-12

JULY 8.38 3.20 31.3 82.7 9.1 0.85 5 0.90 5-6

AUG 7.12 1+.61 28.9 82.7 8.3 1.1*3 20 2.U5 20-21

SEPT 5.52 10.68 19.2 81o 5-2 1.69 20 2.61 20-21

OCT 6.16 7.76 21+.0 75 .u 6.1+ 3.62 3 3.91 3-1*

NOV W l 1.30 2li.2 70.5 6.0 0.55 6 0.60 10-11

DEC 3.13 U.30 15. h 61.2 6.7 3.30 31 3.30 31

TOTAL 71.63 52.89 5b. 3 73.8 6.8 - - - -

REMARKS:



TABLE 2 
MONTHLY HYDROLOGIC DATA 

EVERGLADES EXPESIMElfT STATION 

BELLE GLADE, FLA.

DATE PAN EVAPORATION TANK EVAP RAIN WIND MN TEMP PEAK RAINFALL

1963 P2 P3 T7 T8 (IN) MN. MILES °F 2l+ HRS DATE 1+8 HRS DATE

JAN 3.26 3.37 3.01 3.06 0.98 66.6 63.2 0.35 27 0.1(6 21-22

FEB 3.26 3.37 3.1+1 3.27 3.1+9 86 J+ 6 1 .1+ O.79 13 1.07 12-13

MAR 5.91* 5.9U 5.00 5.0U 0 .1+2 68.2 69.I 0.12 7 0.22 7-8

APR 6.99 7.29 6 . H 6.08 0.28 73-3 70.5 O.25 7 0.25 7

MAY 6 .1+9 6.31 5.1(2 5.68 7.06 1+7.1 71+.5 3*66 1+ 3.81 3-1+

JUNE 6.58 6.83 5.89 5.62 11.59 37.1 78.8 2.60 29 3-80 28-29

JULY 6.83 6.11 6.20 1.78 31+.5 80.9 0.81 31 0.81+ 30-31

AUG 6.50 0
M 5.82 5.77 1+.95 33-1+ 81.1 1.10 19 1.83 19-20

SEPT 5.09

>J‘
O
5* - — 1+.90 1+.60 9.27 36.0 79.9 2.01+ 23 2.09 22-23

OCT 5-35

*-3 l—1 
g 5.16 5.26 1.60 69.6 73-7 0.58 3 0.61+ 2-3

NOV 3.86
e0 3.21 3.53 2.79 58.2 67.2 1.78 11 2.36 11-12

DEC 3.15 3.03 3.07 5.66 61+. 3 58.8 l+.ljii 31 1+.10+ 31

TOTAL 63.30 - , 57.07 57-18 1+9-87 56.2 - _ - _ _

REMARKS:



TABLE 3 
MONTHLY HYDROLOGIC DATA. 

INDIAN RIVEH FARMS DRAINAGE DIST. 
FLA W1

INDIAN RIVER COUNTY, FLA.

DATE PAN EVAP RAINFALL RUNOFF PEAK RAINFALL PEAK RUNOFF

1962 (IN) (IN) (IN) 2lj. HRS DATE U8 HRS DATE 2I4. HRS DATE 1+8 HRS DATE

OCT 6.97 0.1+9 * 0.20 13 0.21 12-13

NOV 5.60 3.H+ 1.90 9 2.77 8-9

DEC 3.58 O.I48 0.20 21+ o.l+o 214-25

O

A

1965
<S>

■S'

JAN l+.io 0.82 0.25 26 0.27 26-27
0

4*

FEB U.15 5.00 1.35 26 1.35 26

MAE 6.07 I .90 0.72 : 0.99

APR 7.73 0.62 O.I4I+ 30 0.1|1+ 30 •?>
*

MAY 7-58 3 . 31+ 0.9U 30 1.38 29-30 O

JUNE 7.59 6.09 0.71 H+ 1.22 26-27
4*

<*
»

JULY 7.92 l+.l+o i. ia 11 1.1(2 11-12

AUG 8.58 1+.56 0.90 18 1.22 18-19

SEPT 6.81 16.22 6 .lil 21+ 7.26 23-21+

TOTAL 76.68 1+7.15 - - - -

REMARKS: *Provisional data only.



TABLE 1+
MONTHLY HYDRDLOGIC DATA 

UPPER TAYLOR CREEK, TOTAL AREA 
FLA W2 

OKEECHOBEE COUNTY, FLA.

DATE EVAP RAIN RUNOFF
MEAN
TEMP

W.T.* PEAK RAINFALL PEAK RUNOFF

1962 (IN) (IN.) (IN) °F (FT) 21+ HRS DATE 1+8 HRS DA IE 21+ HRS DATE 1+8 HRS DATE

OCT 1+.88 1.21 0.58 77.0 2.22 0.53 3 0.5U 3-1+ .061+ 5 .120 5-6

NOT 3-39 2.31 0.13 65.8 2.55 1.16 9 2.18 8-9 .011 11 .021 11-12

DEC 2.75 O.36 0.09 60.2 3.12 0.12 2l+ 0.12 21, .001+ 12 .007 12-13

1963

JAN 2.80 0.85 0.08 62.5 3.50 0.30 21 0.30 21 .001+ 22 .008 22-23

FEB 3.52 1+.20 0.29 61.5 3.02 1.73 26 1-73 26 .075 28 . 1J+3 27-28

MAR 5.77 1.10 0.19 71 .0 2 . 51). 0.22 30 0.22 30 .01+9 1 .068 1-2

APR 7.23 O.75 0.03 72.8 3.9U 0.50 25 0.50 25 .001 26 .002 26-27

MAY **>
3 ro U.75 0.03 78.9 It. 10 1.31+ 3 1.3 !4 3 .001 b .002 b

JUNE 6 J+8 5 .U ; 0.13 82.0 3.26 0.91 b 1.51 1+-5

00• 7 .011+ 7-8

JULY 6.?8 3.12 0.09 8 5 .I4. 3*37 O.65 17 1.23 16-17 .007 1 .012 1-2

AUG 6.93 3.1+8 0.03 •
k
\

CO 1+.10 O.96 20 1.13 19-20 .002 22

-+
OO• 22-23

SEPT
. . . .  • ....

7.36 O.36 81.9 3-38 1.17 23 2.32 23-2I+ .056 29 .112 29-30

TOTAL 62.98 31+-93 2.03 73. b 3.26 - - - - - - - -

* MEAN WATER TABLE DEPTH BELOW GROUND SURFACE 
I® MARKS:
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TABLE 5 
MONTHLY HYDROLOGIC DATA 

UPPER TAYLOR CHEEK, SUB AffilA 
FLA W3 

OKEECHOBEE COUNTY, FLA.

. DATE EVAP RAIN RUNOFF
MR AN 

TEMP
W. T.* PEAK RAINFALL PEAK RDHOFF

1962 (IN) (IN) (IN) OF (FT) 21+ HRS DATE 1+8 HRS DATE 21+ EES DATE 1+8 HRS DATE

OCT 1+.88 1.05 O.I46 77.0 1-75 0.71 1 0.71 1 • 159 1+ .21+5 3-1+

NOV 3.39 2.99 0.13 65.8 1.79 1.60 9 2.61+ 8-9 .026 10 .050 9-10

DEC 2.75 0.35 0.03 60.2 2.31 0.18 21+ 0.13 2i+ .001 - .002 -

1963

JAN 2.80 0.81 .02 62.5 2.63 0.23 7 0.26

LTN
rH17=1 .001 - .002 -

FEB 3.52 1+.17 .12 61.5 2.23 1.73 26 1.73 26 .038 27 .060 27-28

MAR 5.77 1.30 .13 71.0 1.91+ o.ia 30 0.1+1 30 .017 1 .031 1-2

APR 7.23 0.80 .01 72.8 3.51 0.1+6 25 0 .1+6 25 .001 1 .002 1-2

MAY 7.23 5.65 .01 78.9 3*1+5 1.1+3 25 1.52 25-26 .001+ 27 .007 26-27

JUNE 6.1+8 5*93 •15 82.0 2.25 0.87 28 1.67 27-28 .008 30 .Ollk 29-30

JULY 6.78 5.03 .16 83.1+ 1.98 1.50 17 1.76 17-18 .018 19 .032 18-19

AUG 6.98 1.81+ .02 83.3 3.06 0.62 20 0.89 19-20 .003 1 .005 1-2

SEPT 5.17 8.62 • 93 81.9 2.61 1.71+ 11+ 3.10 23-21+ .250 25 .500 25-26

TOTAL 62.98 36.59 2.1? 73-1+ 2.1+1+ - - - - - - - -

* MEAN WATER TABLE DEPTH BELOW GROUND SURFACE 
REMARKS:



TABLE 6 
MONTHLY HYDROLCGIC DATA. 

MONREVE RANCH 
FLA Wi+

MARTIN COUNTY, FLA.

DATE EVAP RAIN RUNOFF
IRRI­

GATION PEAK RAINFALL PEAK RUNOFF

1962 ( nO (IN) (IN) (nO 21+ HRS DATE 1+8 HRS DAIE 21+ HRS DATE 1+8 HRS DATE

OCT 1+.09 0.26 •93 .22 0.09 13 0.11 13-11+ .117 1 .222 1-2

NGV 2.78 0.68 .20 .56 0.21 21 0.28 8-9 .020 21+ .033 27-28

DEC 2.31+ 0.27 .51 1.72 0.22 21+ 0.22 21+ .027 11 .051+ 11-12

1963

JAN 2.93 1.06 .18 .72 0.72 21 0.72 21 .010 15 .019 15-16

.FEB 3.70 3.8!+ .18 - 1.11 26 1.11 26 .007 26 .011+ 26-27

MAR 5.18 O.98 •29 1.02 0.37 9 0.37 9 .019 21 .036 21-22

APR 5.75 0.77 .29 2.02 0.77 25 O.77 25 .019 7 .033 19-20

MAY 5.90 5»5b .1+0 .70 2.12 3 2.12 3 .086 3 .151+ 3-1+

JUNE 6 . 114. i+.lt.2 .29 .18 O.96 25 1.63 25-26 .037 29 . 066 28-29

JULY 6.78 3.72 • li+ •53 1.21 6 1.21 6 .012 6 .019 6-7

AUG 5 .7 7 1+.02 •19 .21+ 1.07 16 1.09 15-16 • 033 22 .063 21-22

SEPT 5.01 7.91 .62 - 1.55 11 2.05 11-12 .117 25 .210 25-26

TOTAL 56.37 33.27 1+.22 7.91 - - - - — - - -

REMARKS:



Table 7 . Water Table Elevations - Well Lines "A" and "B", Upper Taylor Creek 

Watershed, Okeechobee County, Florida, Water Year I962-I963

Well No. A1 A2 A3 Ait- A5 a6 B1 B2 B3 B4 B5 b6

Ground Eleva, 

at Well site 

(F t . MSL)

stream 38.8 39-1 U0 .3 U2.0 U5.0 stream 24-4 21+.3 25.2 25.8 32.8

Horz. D ist . 

from stream 

(F t .)

0 10 36 104 535 2000 0 10 38 104 535 2000

Date (Water Table Elev. - Ft. MSL)

10/ 1/62 36.29 36.70 3 7.1 1 38.03 4o.2i 43-04 25.25 25.25 25.26 25.30 25.40 30.69

8 36.22 36.74 37.20 38.22 40.59 43.24 25.57 25.15 25.15 25.ll 25.60 30.47

15 36.02 36.36 36.77 37.62 39.90 1*2.73 23.99 25.93 25.70 23-1)4 25.40 30.07

22 35.96 36.22 36.59 37.34 39-67 1*2.43 23.51 23.39 23.24 23.13 23.13 29.74

29 35-87 36.10 36.44 37-10 39.1)8 42.20 23.24 23.13 25.02 23.00 22.97 29.52

ll/5 35.81* 36.04 36.34 37.45 39.27 1*1.88 23.10 22.99 22.86 22.83 22.82 29.29

12 36.17 36.80 37.39 58.26 40.68 43.16 24.54 24.36 24.1)4 24.52 24.83 30.52

19 36.08 36.43 36.94 3 7.7 1 40.12 1*2.65 23.80 23.69 23.65 25.59 25.73 29.60
26 36.08 36.45 36.89 37.66 4o .12 1*2.59 23.50 23-58 25.31 23.27 25-59 29.59

12/3 36.05 36.35 36.73 37.1*2 39-87 1*2.34 23.40 23.31 23.20 23.18 23.22 29.26

10 36.02 36.32 36.68 37.34 39.72 1*2.17 23.70 23.66 23.62 25-58 23.60 29.10
17 36.00 36.29 36.63 37.25 39.55 41.98 23.58 23.50 2 3 .1)8 23.50 25.49 28.96

23 35-97 36.25 36.59 37.19 39.50 41.83 23.51 23.51 23.47 25.4b 23.43 28.86

1/7/63
35.97 36.26 36.61 37.17 39.4s 4 1.70 25.81 23.38 23.52 23.32 25.1)0 28.78

35-93 36.19 36.70 37.23 39*35 41.56 23.81 23.84 25.88 23.91 23.72 28.66

14 35.91 36.19 36.51 37.04 39-10 4i.l)4 24.00 24.21 24.50 21*. 55 21). 06 28.57
21 35.96 36.37 36.81 37.22 39.25 41.1*2 24.29 24.38 24.65 25.05 25.13 28.58

28 35.93 36.21 36.51 36.55 39.01 41.32 25.69 23.61 25.68 23.69 23.93 28.82

2 A 35.94 36.22 36.65 36.50 38.95 41.22 24.13 24.29 24.50 24.83 24.88 28.60

11 35.83 36.06 36.32 36.85 38.82 4 1.12 25.37 23.21 23.19 23.21 23.1)2 28.59

18 36 . 04 36.51 36.97 37-63 39.47 41-58 24.25 24.25 24.47 24.62 24.99 28.98

25 36.02 36.1*2 36.82 37.52 39.43 4i .74 24.01 23.95 25.98 24.01 24.37 29-38

3 A 36.22 36.73 37.25 38.02 40.06 1*2.45 24.58 24.57 24.63 24.68 25.13 50.06
11 36.12 36.54 36.99 37.78 39-83 4i.99 23.98 25.91 23.94 23.88 24.50 29.99
18 36.01 36.29 36.65 37.33 39.47 41.88 23.1)2 23.26 25.18 23.17 25.47 29.68

35.76 35.96 36.26 36.89 39.08 41.52 22.82 22.68 22.56 22.57 22.81 29.26

4 A 35-73 35.96 36.25 36.83 38.96 41.28 22.77 22.61 22.47 22.146 22.58 28.97

8 36.40 35.56 35-85 36.52 38.68 41.09 22.62 22.45 22.30 22.27 22.55 28.71

15 35.06 35.27 35-60 36.29 38.49 40.87 22.40 22.22 22.06 22.09 22.19 28.40
22 34.84 35.05 35.40 36.09 38.29 1*0.68 22.37 22.15 21.95 21.94 22.01 28.18

29 34*68 34*84 35.25 35-97 38.13 40.55 22.51 22.33 22.10 22.04 22.01* 27.99
5/6 35.1)4 35-67 36.01 36.69 38.88 41.30 25.10 22.94 22.78 22.68 22.76 28.30

13 35.25 35.45 35-79 36.30 38.53 40.87 22.55 22.35 22.17 22.15 22.19 27.90
20 34.58 34.80 35.22 35-94 38.14 40.59 22.21* 22.01 21.79 21.79 21.82 27.62
27 36.12 36.28 36.51 37.11 39.57 41.71 23.01 22.88 22.68 22.55 22.55 27.53

6/3 35-96 36.13 36.37 36.93 39.07 41.52 23.61, 23.09 22.81 22.67 22.60 27.51
11 36 . 1l* 36.60 37.01 37.82 40.09 1*2.74 24.09 24.26 23.45 22.68 22.38 27.50
18 36.27 36.22 37-27 38.28 40.57 43.15 25.47 25.32 25.20 23.05 22.86 27.57
25 35.92 36.16 36.47 37.15 39.49 42.23 22.90 22.68 22.56 22.25 22.08 26.75

7/2 36.27 36.54 36.85 37.57 39.83 1)2.85 24.33 24.49 24.22 23.97 23.70 28.20

9 35*95 36.03 36.31 36.90 39-18 41.99 23.21 25.06 22.83 22.67 22.62 28.04

17 56.09 36.33 36.66 37-07 39.22 41.89 23.57 23.55 23.36 23.21 22.94 27.65

25 36.19 36.45 36.77 37.32 39.52 42.52 23.25 23.07 25.83 22.75 22.67 27.47
31 35-95 36.12 36.55 36.85 39.05 41-97 23.16 23.03 22.77 22.68 22.1|2 27.26

8/7 35-51 35.66 35-94 36.50 38.67 41.54 22.88 22.75 22.55 22.1*4 22.33 27.05
11+ 35.21 35.35 35.66 36.23 38.39 41.27 22.41 22.37 22.17 22.07 22.00 26.87
21 35-78 35.98 36.29 36.71 39.01 41.51 25.12 23.17 23.05 22.96 22.81 26.79
28 35.59 35.72 35.96 36.45 38.60 41.39 23.29 23.22 23.09 23.12 23.50 28.20

9 A 35.35 35.47 35.71 36.06 38.20 40.90 25.05 23.01 22.94 22.90 23.10 27.87
11 35.53 35.67 35-94 36.1*8 38.57 1*1.1*6 22.89 22.80 22.65 22.62 22.78 27.60
18 36.28 36.23 36.65 37.02 39.05 41.92 22.81 23.46 23.66 23.69 24.11 28.60

25 38.93 38.90 38.87 39-08 41.03 43.65 24.80 24.70 24.88 25.20 25.79 30.55
10/2 36.73 36.98 37.33 37.82 39.79 42.66 25.00 25.00 25.00 25.33 25.78 29.86



THE INFLUENCE OF EVAPORATION, TRANSPIRATION, AND WATER 
LEVELS ON WATERSHED RETENTION AND STRSAMFLOW

Line Project No.: SWC 2-bl, 2-hl\. Code No.: FLA. PL-ij.

Prepared by; W. C. Mills and W. H. Speir

Location of Experiment: Central and south Florida

Personnel Involved:

ARS - Wm. C. Mills,. J. C. Stephens, W, H. Speir, E. H. Stewart

Fla. Agr. Exp. Sta. - Open
Central & So. Fla. Flood Control Dist. - J. P. Clawson, R. L. Taylor 

Date of Initiation: May 18, 1959

Expected Duration: 5 years

Objectives:

To develop techniques for separation of the evaporation losses 
between water, soil and plant surfaces.

To test methods used in computing the water budget.
To relate climatic factors with consumptive use and water yields 

on a watershed basis.
To seek the contribution of condensation to water yields.

Need for Study: See I96I Annual Report

Procedure: See I96I Annual Iteport for overall procedure. The following
additional procedure applies to 19&5 studies.

Methods for estimating watershed evapotranspiration developed from 
data collected on experimental watersheds are checked for application 
to other watersheds in Florida by computing water budgets and comparing 
computed runoff to measured runoff for those basins.

Experimental Data and Observations:

Table 1 shows monthly water budget computations for Joshua Creek 
Watershed covering the period from October 1955 through September I96I.

Comments and Interpretations:

Checking the Water-Use Curve

A water-use curve has previously been developed to compute monthly 
water use (evapotranspiration) for typical Coastal Plain watersheds in 
central and southern Florida where pan evaporation and monthly rainfall 
amounts are known. The curve, methods of development, and instructions 
for use are explained in detail in the i960 Annual Us port.
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To determine the magnitude of error inherent in such a generalized 
relation and consequently its usefulness, the water budget for water 
years 1956 through i960 was computed for Taylor Creek Watershed using 
the curve to estimate evapotranspiration. (!friese calculations are pre­
sented in the i960 Annual Report.) A deviation of computed runoff from 
measured runoff of only 1 .5U inches for the five-year period indicates 
that the method is generally valid. However, since the water-use curve 
was developed from data collected on Taylor Creek it could not be certain 
that this curve would apply to other watersheds in central and southern 
Florida without further verification.

It was desired to check the validity of the water-use curve for 
another typical watershed in central or southern Florida by using the 
curve in computing the water budget of that watershed,. Joshua Creek 
Watershed, which is located in the southwestern section of peninsular 
Florida, was chosen for this check.

The 6~year period from October 1955 through September I96I was 
selected for water budget computations since the range of monthly and 
yearly rainfall and runoff was such that both extremely wet and dry 
conditions are represented during this time.

Joshua Creek, a tributary of Peace River, extends in a north-east­
ward direction from its mouth near Hocatee. The drainage area of this 
basin above the lowest stream gaging station has been estimated by the 
U.S. Geological Survey as approximately 115 square miles. The center of 
Joshua Creek Watershed is located near Latitude 27° 10s N, Longitude 
83° U05 Wo

Streamflow and rainfall records are necessary in computing the 
water budget. Streamflow has been measured by the U.S. Geological Survey 
at Nocatee since 1950 and these records were obtained from. U.S0G0S0 pub­
lications. The only rainfall gaging station in the vicinity of Joshua 
Creek Watershed is located at Arcadia and rainfall records from this 
station were acquired from climatological data compiled and published 
by the UoS. Weather Bureau.

Monthly Class A pan evaporation figures from Taylor Creek were 
employed in the computation of watershed evapotranspiration for the 
period June 1956 through September I96I 0 Pan evaporation records from 
the University of Florida* s Everglades Experiment Station at Belle 
Glade were used for the period October 1955 to June 1956 since the 
evaporation pan had not been installed at Taylor Creek at that time.

Computation of the water budget is essentially a straightforward 
substitution of values into the equations

Qc :  P /  C /  A S ^  M - ETW, whe re

Qc is computed watershed runoff in inches;
P is precipitation;
C is rainfall carryover; (when heavy rains occur during the

latter part of a month, a portion of recorded rainfall
for that month is carried over to the next month)
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^  S is storage change in watershed between beginning and 
end of months (determined from the daily discharge 
vs basin storage curve)

M is soil moisture deficiency; (Tfllhen the water-use curve
indicates an ET,  ̂ value greater than apparent available 
water, this term is added and then subtracted for the 
following month) and 

is water lost from watershed by evaporative process as 
determined by ratio of E^/fep. (Figure l)

Table 1 gives the elements of calculation and computed runoff values 
for the six water years from October 1955 through September 196l„ Also 
shown are measured runoff values and deviations of computed runoff from 
measured runoff.,

Water-balance calculations for Joshua Creek basin give greater 
computed than observed runoff for most years considered and show an 
accumulative deviation of 31°92 inches for the six-year period.. This 
large discrepancy between computed and observed runoff indicates a 
bias in one or more elements of the water budget. A further study was 
made in an attempt to determine the cause of this bias«

It was noted,, from a closer examination;, that the highest devia- 
tions usually occurred during the wettest years, and especially during 
the wetter months» This might suggest that the upper limit ratio of 
watershed ET to pan evaporation as indicated on the water use curve is 
too low..

Several consecutive months of high rainfall for Joshua Creek Water­
shed were selected for further analysis» During these periods the 
water supply should provide for ETW rates which approach the potential 
ETo Using measured rainfall and runoff figures, watershed ET rates were 
obtained by substituting values into the water balance equation..
Impossibly high ET^ rates were indicated by this method for two of the 
high rainfall periods„ Computed evapotranspiration was 10i+ percent of 
pan evaporation for the period May through October of 1959 HU 
percent for the period June through September of I960* Plainly, these 
rates are incorrecto The laws of physics do not allow such great rates 
except perhaps on small isolated plots where both the oasis and clothes- 
line effect may occasionally give these high values., But, obviously, it 
is impossible to obtain these rates on a large watershed with mixed 
cover over a period of months»

Although the upper limit ratio of ET .̂ to pan evaporation indicated 
by the water-use curve cannot be verified from this observation, it is 
evident that seme error in the data is contributing to a discrepancy in 
the water balance of Joshua Creek ?Jatershedo An effort was then made 

to isolate and adjust for incorrect water-budget data;

(l) It was considered that pan evaporation data, which were obtained 
from Taylor Creek and Belle Glade, might not represent that which would 
occur in the immediate vicinity of Joshua Creek« However, a check on pan 
evaporation records at other locations in various directions from Joshua
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Creek was made and pan evaporation values for Joshua Creek interpo- 
lated from this information were found to be not significantly 
different from the Taylor Creek and Belle Glade values*

(2) Since only one raingage is available for rainfall measure­
ments in the Joshua Creek area it might be suspected that records from 
this gage give an overestimate of basin rainfall. However, this would 
require a consistent and rather high overcatch and it is extremely 
doubtful in such terrain that this is the case.. We would normally 
expect discrepancies, but over the 6-year period the plus and minus 
values should more or less balance *

(3) Consistently low runoff measurements would cause such an 
accumulated error as was found <> However, as in the case of rainfall, 
this would be hardly probable.

(ij.) An incorrect estimate of watershed area is another possible 
cause of error» The Joshua Creek drainage area was listed as 115 
square miles by U«So Geological Survey until revised September 30,
1963» 3he revised figure gives an area of 132 square mileso If this 
larger area were used in the calculations, however, it would show an 
even greater bias in the water balance for water years 1956-1961.
From topographic maps it can be seen that this additional area in the 
revised figure has been included because of artificial drainage of 
adjacent areas into Joshua Creek basin» Evidently, these drainage 
ditches were only recently constructed and the revised area does not 
apply to the period October 1955“September I96I 0

(5 ) The only other apparent explanation of a water balance bias 
worthy of consideration is that water from Joshua Creek basin spills 
over into adjacent watersheds at high stages and the total runoff does 
not pass through the measuring station at Nocatee» This supposition 
is supported by the fact that the greatest water balance discrepancies 
appear during months of high rainfall when high water stages are most 
likely to occuro Also* a closer study of topographic maps of the Joshua 
Creek area reveals several possible high stage outlets from the watershed.

This suspected occurrence of unmeasured flow from Joshua Creek 
Watershed was discussed with the U0S0 Geological Survey, and they concurred 
with the conclusion that it is very probable water runs from the water­
shed at high stages, through outlets other than the one at the Nocatee 
measuring stationo

The conclusion then follows that observed runoff figures for months 
having very high deviations are in error and these deviations should be 
removed from consideration in the 6-year net deviation. With the elim­
ination of extreme deviations for months of January 1958, July 1959s 
July i960, and September i960, the accumulated deviation is 15«ij.l inches. 
Based on computed runoff, this is a 12-percent difference between com­
puted and observed runoffo In hydrologic studies of this type an error 
of such magnitude is not uncommon»
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From the foregoing analysis, it is evident that application to 
Joshua Creek Watershed of the water-use curve developed from Taylor 
Creek has not been verified,, However, because of erroneous runoff data, 
elimination from the water balance calculations of extreme deviations 
for wet periods seems to be justified. With these extreme values 
eliminated„ the total difference between computed and observed runoff 
is such that it would be reasonable to place greater confidence in 
application of the water-use curve to other watersheds in central and 
south Floridao

Summary;

An attempt was made to verify a previously developed water-use 
curve (see i960 Annual Report) for determining U.S. Weather Bureau 
pan coefficients for Florida watersheds. The water budget of Joshua 
Creek Watershed was computed for six water years from October 1955 "to 
October 1961, using the water-use curve to estimate monthly ET. In­
sufficient data on runoff during high rainfall periods hindered a 
complete check of the method. However, with the elimination of suspected 
erroneous data a fair comparison of cumulative computed and observed 
runoff provided some basis for confidence in application of the water-use 
curve to other watersheds in south Florida.
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Table 1. Joshua Creek Watershed Water Balance

Water Rain- Rain­ S Moist Ep Comp. Qob. Devia­
Year Ta ll fa ll

carry
•

Defic ET* tion

( in ) ( In ) ( in ) ( i n ) ( in ) ( in ) ( in ) ( in ) ( in )
1955-56

/•38Oct. .66 / .1 6 5.25 .05 .a& .56 .18
Nov. • 31 /.02 -111 Ji.67 .10 • 1*7 0 .01* -.01*
De c. 1.1*0 .00 3.00 • 36 1.06 .18 .02 / .1 6
Jan • 1.22 .00 3.71 .31 1.15 .07 .02 / .0 5
Feb. .26 .00 .12 U.23 .09 .38 0 .03 -.0 3
Mar. .02 .00 .16 6.1*8 .01 .06 0 .009 -.0 1
Apr. 2.98 .71 .00 6 .76 .28 1.39 .22 .006
May 5*33 .00 7.21 .77 5-55 .1*9 .01 / . 1*8
June 2.88 1.03 .00 6 .7 0 .22 1 J*7 • 38 .005
July 5.66 .00 7.35 .78 5-75 .96 .02 /•9l*
Aug • 6 . or, .00 - .1 5 .13 7.08 •71* 5.2U 0 .07 -•07
Sept. 5.29 -.0 2 U-97 ■11 3.83 2.11 2.05 /.0 6
Total 7 ^ r 2 7 n T TH97
1956-57

/.1*8Oct. 2.09 /.10 1*.1*0 .26 1.11* 1.05 • 57
Nov. 1.05 /■06 3.1*0 .26 .89 .22 .07 /.15
De c . .65 -.0 1 3.28 .17 .56 .08 . 01* /.ol*
Jan. 2.16 .00 3 .H • 52 1.62 .51* .07 /.1*7
Feb. It.U5 .11 3.81* .78 3.00 1.3U .07 / l . 27
Mar. 1*.33 / . 0 7 5.11 • 59 3.01 U i l i .1*9 /.95
Apr. 5.97 .71 - . 1 7 5-79 .72 l*.17 .92 .61 / .3 !
May 7.57 .07 -.1 8 6.31 .78 li.92 3.11 2.02 /1.09
J une I1. 0J* .01 / . 1 3 6.27 .55 3-)i5 .73 0.67 / . 1 1
Ju ly 10.13 .26 - .1 9 6.90 .78 5.33 l*.3i 2.60 A  .7 1
Aur. 8 .1 7 / .O l 5.72 .78 l*.li6 3.98 3.80 / .is
So p t . 11.72 1.52 -.6 8 5.06 .78 3.95 5.57 7.20 - 1.63
Total -•97 36.55 23 - ?i* 18.21 /i>.13
1957- 55

/•52Oct. k.?h .68 / l .  27 1*.28 .77 3.30 3.73 3.21
Nov. 1 .79 /.02 3.67 .28 1.03 .10 .09 / .O l
Dec. 1.95 -.ol* 2.96 .66 1.95 .61* .16 /•*3
ja n . 7.93 -.U o 2.83 •78 2.21 5.32 2.33 /2.1*9
Feb. 1.91 /•35 3.61 .1*8 1.73 • 53 .1*7 /.06
Mar. 7 .1 0 • 31 - J i l li.58 .78 3.57 2.31 3.05 -.21;
A p r. 2.79 / .I46 5.53 .1*0 2.21 1.35 1.11 /.2 1*
May 9.57 -.3 1 6 . 31* •78 14.95 1*.31 2-51 /1 .30
June 8.68 1.7U -.1*7 7.0 0 • 78 5.1*6 1.01 1.76 -.7 5
July 5.16 1.01 /•1*6 6.78 .77 5.22 1 .1 3 2.80 -1 .67
Au<r. 5J*0 /•25 5.97 .78 1*.58 2.03 1.1*6 /.62
Sept. li.96 -.1 5 5.62 .68 3.82 .99 2.72 -1 -73
Total 61 J*f! / l .  03 1*0.03 21*. 00 22.17 /1.83

IQ5.3- 9
/•93Oct. 5.63 /.12 I*.65 • 76 3.53 2.22 1.29

Nov. 1.59 / .0 9 3.33 .1*0 1-33 • 35 .21* / . 1 1
Dec. 3.27 .70 -.0 9 2.77 . 6I4. 1.77 .71 .19 /•52
J an. 2.09 -.0 2 3.11 •70 2.18 • 59 .35 /.2l*
Feb. 2.15 .80 / .O l 3.28 • 35 1.15 .21 .22 - .0 1
Mar. 6.U9 -.0 7 j*.l*5 .78 3.U7 3.75 5 .U /.bl*
A nr • 1.69 /.21 5.91* .20 1.19 • 71 .61* /.07
May 7.99 ■ Ik - .2 2 6.1*0 .78 1*.99 2.01* .91* / 1.10
June 11.87 /.ol. 6.21 .78 1+.81* 7.31 6.01 / l .80
Ju ly 10.61* /.03 6.27 •78 1*.89 5.73 1.1*0 A - 38
Au.t . 10.26 .08 0 5.70 • 78 I* .1*5 1*.93 U.25 /.68
S*i pt. 7.97 -.0 9 U-89 • 78 3-31 U.95 5.79 -.31*
Total T l t t 37.60 ■5ET05 7 9 ^ 5
1959-60

/1.76Oct. 8.26 -.1 6 1*.79 .73 3.71* l*.3o 2.60
Nov. 2.65 /•33 3-37 .61* 2.16 .82 .56 /.1*6
Dec. 1.96 .00 2.59 .14-9 1.27 .69 .19 / .5 0
Jan . .86 • 51 /•0l* .03 3.52 .12 .1*2 0 .11 - .1 1
Feb. 1i .92 -.0 9 3.57 ■IS 2.78 2.55 .55 /1.98
Mar. U.50 -.ol* 5.18 .62 3.21 1.25 2.30 -1 .05
Apr. 3.1*3 / .0 3 5.96 •1*5 2.68 .73 .63 * 1 5
May l.S )4 .51 / .1 0 6.99 • 15 1.05 .38 .28 /.10
June 5.89 1.66 - .3 1 5.73 .66 3.78 .65 • 35 /.30
Ju ly 13.06 - 1.69 6.91 .78 5.39 7.61* 2 . 6)4 /5.00
An 5.73 O l / l .30 5.80 .75 1*.35 2.92 3.77 -.9 5

Total
17.05
70

.73 - .3 3 n . 55 .78 3-55 
31*. 38

12.70
3in73

8.06
s n s i n

A .  61* 
4a .30

1960-61
Oct. 5»6U 1.13 /.li3 1*.52 •Jo 1.91* 1.73 2.77 -.9 9
Nov. .10 /.0 9 3.36 .52 1.08 .21* • 55 - .3 1
Jec. 1.25 0 2.81 .32 .00 • 35 .11 /.21*
Jan. 5 .1} -.01. 3.15 .78 2.1*6 2.63 1.13 /1.50
Feb. • 95 /.0 2 .01 3.90 .25 .98 0 .29 -.2 9
Mar. 1 .01; /.0 2 6J*3 .22 1.1*1 .u* • 17 /•27
Apr. 2.07 / .O l 7.63 • 37 2.82 .06 .17 -.1 1
May h.07 - .i l* .3)* 1.11 • 55 li.27 0 .11 -.1 1
June 5.77 -  .06 .13 7.U* • 77 5.50 0 • 25 -.2 5
Ju ly 3.11 /•13 6.82 .1*0 2.73 • 38 • 57 -.1 9
Auft. 5.71 2.08 -.1*8 5-35 .1*3 2.57 .58 .83 -.2 5
Sept. 1 .U0 /•53 5.80 .1*6 2.67 1.31* .39 M 5
Total 5d .5'U 7 3 T 7751* ^ o 5

535-^ l j T f 205.00 123.88 96.96 31 .02



THE BASE STORAGE AND BASE FLOW RELATIONSHIPS AS INFLUENCED BY 
CLIMATE, CHARACTERISTICS AND CONDITIONS OF AGRICULTURAL WATERSHEDS

Line Project Noo: SWC l-bl̂ , 2-bl, 2-bI|. Code No<>: FLA PL-5

Prepared by: W., H» Speir

Location of Experiment: Central and southern Florida

Personnel Involved:
~ “ ARS - W.TTTSpeir and W» C„ Mills

Central & So° Fla» Flood Control Dist. - J. P. Clawson, R« L. Taylor

Date of Initiation: May 27, 1959

Expected Duration: 5 years

Objectives;

To derive techniques for separating surface runoff, interflow, and 
base flow from the hydrograph.

To associate the several components of the hydrograph with corres­
ponding storage retained in the watershedo

To correlate interflow and base flow rates with physical character­
istics of agricultural watersheds such as size, shape, stream pattern, 
soil, geology, etc.; and with basin conditions such as land use and 
treatment, soil moisture and season.

Ifeed for Study; See 1961 Annual Report..

Design of Experiment and Procedure: See I96I Annual Report.

Experimental Data and Observations:

Daily discharge hydrographs for Water Year 19&3 for Indian River 
Farms (Fla W-l), Upper Taylor Creek (Fla W-2), Upper Taylor Creek (Fla 
W-3) and Monreve Ranch (Fla W-I4.) are plotted in Figures 1, 2, 3> a^d 1+.

Figures 5 &nd 6 show the mean daily ground water depths below 
ground surface for watersheds W-2 and W-3 for Water Year 1963. Figure 
5 is the average of data from seven well sites, and figure 6 is the 
average of two siteso

Figure 7 shows the mean daily depth-below-ground-surface of water 
tables at the recorder sites on Well Lines WAM and ”Brt in the Upper 
Taylor Creek Watersheds»

Figures 8 and 9 are monthly means derived from the period of record 
data on watersheds W-2  and W-»3° Figure 8 shows mean monthly depths of 
water table below ground surface, low and high months of record, and 
21+ hour maximum and minimum depths of water tables for Watershed W-2. 
Figure 9 presents the same data for Watershed W-3»

Figure 10 is a composite figure of Upper Taylor Creek (W-2 and W-3) 
giving iso~depth lines far a mean year (all season) winter months and

k2
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summer months, together with water surface contours for the mean year.

Figures 11 through ll; show the daily fluctuation of the artesian 
piezometric surface in the Indian River fkrms drainage for the period 
1959- 1962o  These data were "based on two capped artesian wells designated 
as "North’’ and "South" wells.

Comments and Interpretations;

An examination of the hydrograph for Indian River Farms Drainage 
District (Fla W=l) shows the usual fluctuations in flows produced by 
wasted artesian irrigation water* Sector gate controls on the three out­
fall canals maintainfhirly uniform water levels over the District. A 
comparison of Figure 1 with figures 2 and 3 will demonstrate the diminish­
ing effect of these controls on the range of maximum and minimum flows. 
Figures 2 and 3 are hydrographs for Water Year 1962-6 3 , Upper Taylor 
Creek Watersheds W~2 and W-3» For the first time during the study, rain­
fall was so distributed in tin© that storm events occurred after periods 
of drought and had minimal effect on runoffo This is shown by the narrow 
range of flows for both watersheds; 2-200 cfs for W-2, and 0-105 cfs for 
W-3„

Figure 1+ illustrates the seepage effect that irrigation water has on 
runoff during periods of no rainfall, "Irrigation Days" refer to days 
on which significant pumped irrigation occurred, and usually amounted to 
about o2Q inch per day. An examination of the hydrograph in April, when 
sustained irrigation during a four-week period occurred with no rainfall„ 
shows that seepage contributes about 1 cfs to runoff. Since this amounts 

to 0OO6 in ./area» it can be estimated that approximately three percent of 
irrigation water is wasted as runoff, Siis is conservative inasmuch as 
runoff was increased in the amount of about 1 cfs instead of diminishing 
along a normal recession rate.

Figures 5 an<3 6 show the daily mean water-table depths-below-ground 
surface for watersheds W=2 and W»3 during Water Year 1962-6 3, It can be 
seen that average depths were about 2,5“3®0 ft, for both watersheds. At 
this depths there is potential groundwater storage in excess of 3 inches 
which accounts for the small increments of runoff that occurred as inter­
flow and surface runoff for the total water year.

Figure 7 is a water-year plotting of mean daily water-table depths- 
below-ground-surface for the two recording gages on well lines "A" and 
"BWo These wells are situated so that recordings are average for a 
2,000 ft, reach normal to the stream (1962 Annual Report), Well line "A" 
is in the upper portion of the watershed and normally reflects influent 
streamflow patterns. Well Line "BM is in the lower portion of the water­
shed and reflects effluent streamflow conditions due to the backwater 
stage of the stream above the newly installed control structure. A com­
parison of the two parallel well-line plottings shows these drainage and 
irrigation cycles. The wider range of rise and recession in Well Line nBw 
(backwater stags influence) is readily apparent. The two lines are seven 
miles apartj, but the peaks and troughs show that rainfall is uniformly 
distributed ever the areas and that rises or falls in the water table 
reflect the same response to rainfall through the same depths in the soil 
profile o
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Figures 8 and 9 show the mean monthly, the low and high months of 

record9 a*id the 2l|~hour maximum and minimum, water=table depths-below- 
ground=>surfaee for Upper Ikylor Creek Watersheds W-2 and W-3•

A comparison of Figures 8 and 9 with Figure 10 will fairly well 
characterize ground^water conditions in the two Upper Taylor Creek 
Watersheds for the period of record,.

Figure 10 demonstrates the mean depth of water table during periods 
of high evapotranspiration - (March, April, May, June, July, August,
Sept., O c t o )  and low (November, December, January, February) for this 
latitudes. The component of this composite figure shows the all-season 
water-surface contours,.

It is noteworthy that the upper central portion of the watershed 
seems to have deeper water tables than other areaso This is attributed 
to the density of drainage canals, overall land development in the area, 
and its location in relation to the fall line between marine terraces,
A comparison of the water surface contours with watershed topography 
shows that water tables in the watershed are closely parallel to ground 
surface regardless of slope..

Figures 11 through lij. show the daily fluctuation of the artesian 
piezometric surface in the Indian River Farms Drainage District from 1959" 
1962 „ These four figures demonstrate the periods of heavy demand during 
the year, and the shortening of use in wet years (i960) and extended use 
in drought years (1961=62)<> The expanded use of artesian water in the 
area is very clearly shown by a close comparison of these figires,. From 
1959 until 1962 there has been a steady decline in piezometric surface 
elevation for the area,. In 1959 this elevation (height abcve well outlet) 
was about 19 fto It has steadily declined until it stands at about ll). 
fto during 1962o

The two wells ar" situated in relation to each other elevation-wise 
such that the actual piezometric surfaces would be approximately the same 
if the reference datura were elevation rather than well outleto This 
would indicate that the two wells are faily well representative for the 
area0

Annual daily mean plottings of flow rates from 1+ experimental 
watersheds show the variation in rates of runoff as determined by; area 
of watershed, degree of development, contributions from pumped and 
artesian-supplied irrigation, and natural-against-artificial control of 
runoffo

Ground-water depths as determined from monthly means, monthly 
maximums and minimums, and 2i[.-hour maximum and minimum are shown 
graphically in combination with iso-depth contours for an average year, 
average summer, and average winter for watersheds W=2 and W“3°
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An analysis of the hydrograph for Monreve Sanch indicates that 
approximately 1 cfs runoff is caused by seepage from pumped irrigation 
water during rainfree periods,,

Daily plottings of piszometrie surfac® elevations show a decline 
of approximately 5 fto in the artesian pressure head in the Indian 
Eiver F&rms Drainage District between 1958 and 1963 ( 1959“ 1962)0
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RATES AMD AMOUNTS OF RUNOFF AS AFFECTED BY CLIMATE, CHARACTERISTICS 
AM) CONDITIONS OF AGRICULTURAL WATERSHEDS

Lins Project No.; SWC 2-bl, 2-bl). Code No.; FLA PL-6

Prepared by; W. C. Mills and W„ H. Speir

Location of Study; Central and Southern Florida

Personnel Involved;
AHS - Wo Co Mills s Wo Ho Speir, J» C«> Stephens^ Jo Ho Howerton, Jr.
Fla. Agr. Exp. Sta. - F. H. Thomas
Central & So0 Fla0 Flood Control Disto - J .P . Clawson, R.L. Taylor 

Date of Initiation; June 12 s 1959 

Expected Durations Continuing 

Objectives;

To derive the rainfall runoff relations as affected by climate, 
characteristicsa and conditions of agricultural watersheds as applied to;

(a) Total annual volume of runoff with respect to distribution in 
time and to type of flowo

(b) Developing procedures for determining rates of storm runoff.
(c) Deriving methods for estimating the frequency of excessive or

deficient volume and related rates of runoff.

Need for Study; See I96I Annual Report.

Design and Procedure; See I96I Annual Report.

Experimental Data and Observations;

1. Rainfall and runoff data together with information on soil 
moisture storage and depletion rates for the entire periods of record 
from Florida experimental watersheds W-l, W»2P and W=3 were used in a 
study of the Cypress Creek runoff formula. Figure 2 gives yearly 
maximum 2iHaour runoff rates and relation to watershed size. Figure 3 
gives these yearly runoff events as represented by corresponding WCW 
values and their relation to causative rainfall excess amounts.

20 Drought conditions during most of 1963, coupled with the 
occurrmce of storm rainfall on almost record“low water tables created 
new records of low runoff on all of the experimental watershed but the 
artesian irrigated W-l. Assuming the previous limits established for the 
various types of flow for the experimental watersheds, a breakdown of 
flows for the period of record is shown in Table I. The runoff data for 
Fla W-l is known to be provisional and subject to change and will be 
included in next year's reporto

Table II gives a summary of the annual precipitation, runoff, 
and ET as estimated from precipitation minus runoff relation corrected 
for basin storage..



60

Figures 7 s 8 , 9 s and 10 show the accumulative ratio of runoff 
to rainfall for Watersheds W-l, W-2, W~3s and W-I4., with their graphic- 
ratio line for the periods of record. On W-I4., the period of record being 
short and covering both wet and dry years, no characteristic ratio has 
yet become apparent. Figures 11 and 12 are flow duration curves for W-2 
and W-3 derived from flow distributions for the period 1955" 1962.

Comments and Interpretations;

1. Cypress Creek Drainage Formula Studies

Using data from three experimental watersheds in south Florida, 
a study was made to determine the suitability for drainage design of the 
Cypress Creek formula (Q s C M 5/6) and to develop a relation to provide 

for selection of C values based on probability of occurrence of design 
storm. In this formula, Q is the peak 2ij.-hour runoff rate for a storm 
event; M is drainage area in square miles; and C is a coefficient*

This study was reported in a paper by John Co Stephens and W. C. 
Mills entitled ”Use of the Cypress Creek Formula to Estimate Runoff in 
the Southern Coastal Flatwoods” , which was presented at the national 
A0S.A0E. meeting in Chicago, December 11, 1963. The report as it appears 
here is a condensed version of that papero

The three watersheds from which data were collected--Florida 
Watersheds W~l, W-2, and W-3, are generally representative of soil and 
slope conditions in the Southern Florida Flatwoods and can be considered 
characteristic of agricultural watersheds of this area ranging in size 
from 15 to 100 square miles. They also represent decidedly different 
stages of drainage and agricultural development® These locations are 
judged to be similar in many ways to the Gulf and Atlantic Coast Flat- 
woods9 and level sandy parts of the Southern Coastal Plains» Figure 1 
gives location of the experimental watersheds in relation to applicable 
major land resource areras0

Storm events causing annual maximum 2i(.“hour runoff rates were 
used as a basis in this study of the Cypress Creek drainage formula.
These runoff rates and dates of occurrence were found from an 11-year 
record on Indian River Farms Drainage District (W-l) and six-year records 
on the two Taylor Creek watersheds (W-2 and W-3)•

In comparing runoff rates for the three watersheds, it was 
first necessary to obtain the rainfall excess for each storm event.

Soil moisture was found to decrease during rain-free periods 
in accord with the equation 1  ̂ = I0 where I 0 is the initial amount
of water in storage, 1^ is the reduced amount t days later, and K is a 
recession factor« Values of K s O096 for winter months and 0o9U for 
other months were obtained from observed ground water recession curves 
and laboratory=-determined desorption curves. Vfater stored in the soil 
was then calculated on a daily basis, assuming the water table was at 
ground surface with 5 inches of evaporable water in storage 30 days 
prior to storm runoff. This assumption was, of course, not strictly true 
in most cases; however, over a 30"day period the effect of this error was
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negligibleo The rainfall excess was found by subtracting water storage 
available in the soil at the beginning of a storm event from the total 
storm rainfall*

A graphical analysis of the equation Q = C Mx was made by 
plotting on log-log graph paper peak 2i4.-h.our runoff rates against water­
shed areas for annual maximum storms* Figure 2 shows the resultant 
regression equations fitted to peak daily flows from rainfall excess 
amounts of 7» 5« a^d 2 inches* Corresponding individual total storm- 
rainfalls were approximately 10, 8 , and 5 inches* Since most of the 
storms had durations of about 21; hourss such events were estimated from 
U*S* Weather Bureau rainfall frequency charts to occur on an average of 
once in 50* 10, and 2 years at the watershed sites*

The best fitting equation Q - 131 M °^  was obtained from peak 
2i;=hour runoff following the largest storms of record* The two lower 
lines, Q = 115 M °79 and Q ~ 97 M ^ , were located by interpolation 
for computed rainfall excess amounts of 5 and 2 inches*

The validity of the exponential term M 5/6 j_n the Cypress Creek 
Formula for the 50~year frequency storm_is indicated by the excellent 
fit of the regression line Q s 131 M The trend shown by the
interpolated regression lines for lesser storms connotes a decreasing 
exponent for decreasing storm size* However* the actual plotted points 
give too much scatter for these two regression lines to be significantly 
meaningful in contrast to the good fit of the upper-envelope line of 
Figure 2*

It is therefore considered prudent to accept the upper-envelop” 
ing line Q * 131 M 5/6 as the proper form for expressing flow from 
these watersheds* Thus, it is recommended that the exponential value 
of 5/6 be retained as a constant, and the value of the coefficient C be 
adjusted to give proper runoff rates for lesser storms* That is to say, 
the formula Q s C M 5 /° -will give reasonably accurate runoff values for 
watersheds of different size with appropriate values of C*

A method for selecting C values was developed from experimental 
watershed data by evaluating the coefficient C in terms of rainfall 
excess, and then relating both to probable storm recurrence periods*

Values of the coefficient € for annual maximum 2l|.-"hour runoff 
events were obtained by direct substitution of these runoff rates and 
corresponding watershed areas into the Cypress Creek formula* These C 
values were then plotted'as a function of rainfall excess. (See Figure 
3)o Based on 20 runoff events, the regression equation y = l6«2lj. /
III.*75 x was computed by the method of least squares* Here y is the 
predicted value of the coefficient C, and x the rainfall excess (inches) 
for individual storm periods*

The coefficient of regression r, coefficient of determination 
r^ 5 and the ^0 and 95 percent confidence levels were also determined and 
are shown on the graph*
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The probability of occurrence or return frequency of rainfall 
excess* shorn superimposed on the x-axis in Figure 3, was established 
from the relation of rainfall excess to total storm-rainfalls and the 
statistical frequency of the latter. Available storage in the soil prior 
to rainfall events was assumed to be three inches and this amount was 
added to rainfall excess to obtain corresponding total rainfall. This 
available storage naturally varied somewhat, depending on antecedent 
rainfall, but the 3-inch value gave best and surprisingly good fit. 
Probability of occurrence for the vicinity of experimental watersheds in 
South Florida of total 2l|.-hour rainfall was then obtained from U„ S. 
Weather Bureau rainfall frequency charts.

This method of obtaining return frequency of various size 
runoff events from storm frequencies was checked by the Hazen Method; 
that is, peak 2l4.-hour runoff rates for maximum annual storm events 
were plotted on logarithmic* normal-probability paper. Resulting annual 
flood frequency lines indicated the size flood expected for the various 
probabilities of occurrence. Values of C computed by the two methods 
compared favorably for the 11-year Vero Beach (W-l) record, but were very 
different for the 6-year records of both Taylor Creek watersheds (W-2 and 
W-3). Since Benson (M. A. Benson. Evolution of Methods for Evaluating 
the Occurrence of Floods. U.S. Geol. Sur., W0S. Paper I58O-A, Washington, 
Do Cos 1962o) found a minimum record of 12 years is needed to establish 
the mean-annual flood (return frequency of 2«33 years) within an accuracy 
of 25 percents at the 95 percent confidence level* it is no surprise to 
find results from the 6-year records at variance. However* when the 6- 
year Taylor Creek records were normalized by using the maximum runoff 
of 1956 as the 50”year event (as established on nearby streams with 
longer records)* flow frequencies were reasonably in line with the Vero 
Beach results, and consequently with the concomitant C values shown on 
the graph in Figure 3, derived purely from rainfall frequency.

In drainage design* the degree of flood protection planned is 
usually based upon economic considerations and is directly related to the 
probability of occurrence of a design storm. Once the degree of protec­
tion and design storm probability of occurrence have been decided upon* 
values of the coefficient C can then be determined from the relations of 
Figure 3 for areas where soil and rainfall conditions are similar to 
those at the experimental sites.

The prediction equation of Figure 3» which involves only C 
values and rainfall excess amounts, can also be applied to other 
flatwoods areas that differ from the experimental area in soil storage 
and rainfall probabilities. The relationship showing probability of 
occurrence of various rainfall excess amounts would have to be adjusted 
for these other areas. Such adjustment would require a knowledge of 
occurrence probability of various 2lj.-hour rainfall amounts and storage 
to be subtracted from total rainfall,, Local soil conditions would 
determine available storage; however* for much of the flatwoods areas 
soil storage would be expected to be approximately the same as that 
of the experimental watersheds. The occurrence probability of various 
2i_|.»hour rainfall amounts can be obtained from UoS»W.B0 rainfall frequency 
charts, such as Figure J40
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Figure 1+ is an isopluvial map, adapted from the U. S. Y/eather 
Bureau (Do Mo Hershfield» Rainfall Frequency Atlas of the United States. 
Techo Paper No« 1+0j, U0g0 Depto of Commerce, Y/eather Bur., Washington D.C ., 
I96I .) ,  which shows expected 10-year, 2l|.-hour rainfall for the region 
under discussions The experimental watersheds are seen to be in an area 
of medium high rainfall intensity between the Atlantic and Gulf Coast 
regions^ From this and similar isopluvial maps the 2-, 10-, 25-, and 
50-year frequency 2ij.-hour rainfalls at the experimental sites were found 

to be k°75» 7 »509 8 „50s and 10 inches; from which the inches of rainfall 
excess of Figure 3 have been related by abstracting the 3 inches of in­
filtration storage normally available,,

The 10-year isopluvial map, Figure Ij., shows maximum 2lj.-hour 
rainfalls for the lower Gulf Coast are several inches higher, and for 
the South Atlantic Coast several inches lower than at the Florida 
experimental sites« The same trend holds for storms ranging from the 
2= to 100-year return frequency. Therefore, other conditions being equal, 
values of the coefficient C in the Cypress Creek formula would normally 
increase along the lower Gulf Coast and decrease along the South Atlantic 
Coast in accord with differences in the probable maximum 2l4.-h.our storm 
rainfalio

To illustrate9 and adopting a 100-square-mile watershed as 
standard for comparative purposes, the 2i|-hour flow rates for the 
Southern Florida Flatwoods may be computed from C values in Figure 3 

for the mean annual Q2 „3 3» the 10-year Qjo* anc* ^ e  25-year Q25 frequency 
as follows:

Q2 „33 = i+U ^ 100e833 .  2,01+0 cfs/day 
QlO - 83 x 100*833 s 3,850 cfs/day
Q25 - 98 x 100’853 _ J+,550 cfs/day

For the same size watershed in the lower Coastal Plains of North 
Carolina, the 2-year isopluvial line is approximately 1 inch less than at 
the Florida sitess the 10-year line (Figure I4) is 1-g- inches less, and the 
25-year line also 1-g inches less. ?/hen infiltration capacity is the same, 
the corresponding C values are found from Figure 3 by shifting toward 
lower readings on the x-axis by 1 , 1-g-, and lg- inches to give the resulting 
computed flows%

Q2 o33 s 30 x 100*833 _ 1,390  cfs/day 
Qĵ O s 61 x 100°833 - 2,830 cfs/day
Q25 s 76 x 100'833 = 3,530 cfs/day

For a similar watershed along the Gulf Coast in Northwest Florida,
near the Alabama State Line, where the 2-, 10-, and 25-year, 2l;-hour storm
rates are increased by !■£, 2, and 2-| inches, the C values are found by 
advancing these amounts on the x-axis, projecting an upward, vertical line 
to meet the regression line, and then a horizontal line to the y axis to 
obtain C„ Computed flows ares

Qo 77 :  6l x 100-833 - 2,830 cfs/day 
QX0 £ 112 x 100-833 - 5,280 cfs/day
Q25 s 137 x 100»833 - 6,360 cfs/day
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Ihus„ by simply adjusting for differences in rainfall intensity, 
the predicted flow rates for the Atlantic Coastal Flatwoods are about 75 
percent, and for the Gulf Coastal Flatwoods about ll).0 percent of those 
indicated for a 100-square-mile watershed in the Southern Florida Flat­
woods in the Lake Okeechobee-Vero Beach area.

As a check, flow rates computed by the Cypress Creek approach 
were compared with those computed by the regional flood frequency method, 
developed by the U.S. Geological Survey (T» Dalrymple. Flood Frequency 
Analyses. U.S. Geol. Sur. W.S. Paper 15l;3“A, Washington, D«C. i960)

Essentially the regional flood frequency method applies statis­
tical and hydrologic theory to past flood records of selected stream 
basins to define: (a) Curves relating the mean annual, Qg.jj* index flood 
to basin characteristics, and (b) composite curves relating discharge, 
expressed as a dimensionless ratio, of the index flood to recurrence 
intervals for streams in certain areas. That is, specific historical 
stream records are generalized to represent the flood regime for broad, 
related hydrologic areas. This method is completely different from the 
Gypress Creek approach.

The flow rates for the standard 100-square-mile basin calculated 
by the regional flood frequency method are shown for the Coastal Plains 
of North Carolina, South Carolina, Georgia, Florida, and Alabama in 
Table 1. These were computed from material in individual state reports, 
which follow* plus correspondence (Personal communication, A.E. Johnson, 
Dist. Engr., U.S0 Geol. Sur., Water Resources Div., Surface Water Br., 
Columbia, S.C ., Sept. 1963)* and combined as shown.

♦ Peiree, L.B„ Floods in Alabama - Magnitude and Frequency.
Geol. Sur. Cir. 31)2, Washington, D .C ., 195U 
Forest, W,Eo, and Speer, P. R. Floods in N.C. - Magnitude 
& Frequency. U5GS open file report, Raleigh, N.C., I96I 
Bunch, Co Mo & McGlone, P. Floods in Ga. - Magnitude and 
Frequency, TJSGS open file report, Atlanta, Ga. 1962 
Pride, L  0 . Floods in Fla. - Magnitude and Frequency,
USGS open file report, Ocala, Fla., 1958

The 18 individual areas delineated in Figure 5 represent 
separate hydrologic areas, considered homogeneous because of reasonably 
common flood characteristics. They are defined on a broad-scale, drainage- 
basin pattern, and while they are generally related to major physiographic 
provinces and land resource areas, it is not uncommon for them to cut 
across the lesser geomorphological units.

For comparison later with examples worked out by the Cypress 
Creek method,, the mean annual flood, Q2.33? the probable 10-year flood,
Q-̂q; and the probable 25-year flood, Q25’ still for a 100-square-mile 
watershed, are shown for each area. However, these are maximum 
instantaneous flows, whereas the Cypress Creek formula estimates the 
maximum 2l;-hour flow rate, so the two may not be strictly comparable#
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The amount the instantaneous peak rate exceeds the 2i;-hour rate 
depends on watershed size and storm magnitude. For large watersheds and 
high-volume storms the two rates are not much different, but the spread 
becomes greater as watershed size and 2l4.-hour storm intensities decrease. 
The effect of watershed size is shown in the graph, Figure 6 , for the 
several previously described experimental watersheds, plus an additional 
nearby watershed of approximately 6 square miles with a short-term 
reeordo In this case the 75-square-mile Vero Beach watershed, drained 
by an interconnected network of ditches through three main outfall 
canals, has been arbitrarily divided into three equal basins of 26 square 
miles each. The resulting graph in Figure 6 gives a smooth curve with 
increasing spread of the 95 percent confidence limits as the watersheds 
become smaller*

The ratio of the instantaneous to the 2i;-hour peak rate for the 
100“ square “mile watershed has been accepted, from the curve, as l.llj..
This value is used in Table 2 to revise upward the Cypress Creek rates 
previously computed for the South Florida, Northwest Florida, and North 
Carolina areas, for comparison with those computed by the regional flood 
frequency method.

The ratios in Table 2 show reasonably favorable comparison 
between the two methods except for the North Carolina area, where the 
Cypress Creek approach gave double the flows estimated by the regional 
flood frequency method. While data are not available to calculate the 
coefficient of variation using the regional flood frequency method, the 
appreciable difference in computed flows frequently shows between two 
adjacent downstream hydrologic areas, separated only by a state line, 
illustrates the wide range to be expected.

In general, the two methods are judged to give comparable 
results for most Coastal Plain areas in Florida, Georgia, and Southeast 
Alabama within the limits of chance inherent with hydrologic variables.
On the other hand, the extreme disparity indicated ty the ratio of 
computed flows for the Coastal Plains of North Carolina and South 
Carolina shows a significant difference between the two methods. The 
differences could result from a greater infiltration capacity in the 
Carolinas as compared to Florida. Or, it may result from the relatively 
few small agricultural watershed records available for flood frequency 
analyses, which could give biased results. Other variables could, of 
courses contribute, but in view of the relative similarity of the coastal 
flatwoods regions, plus the high coefficient of determination, r^ = .82 
between flood flows and excess rainfall, the most probable explanation 
is either (a) a meaningful difference in rainfall excess between the 
Southern Florida and North Carolina Flatwoods, or (b) a scarcity of 
stream-flow records for analyses in the Coastal Plains of the Carolinas. 
Further studies are needed to clarify these differences and establish the 
most accurate method for computing flood peaks in these areas.
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2# Flow Components and Runoff-Rainfall Ratios

Table I gives the breakdown, by years, of base flow, interflow, 
and overland flow (surface runoff) as defined within the limits character­
istic of watersheds Fla. W-l, W-2, and W-3 . Florida W-I4., Monreve Ranch, 
has not been included due to the fact that pumped irrigation during dry 
periods hinders the preparation of a base storage curve for the upper 
limit of base flow# This pumped irrigation water sustains flows by 
seepage during normal rainfree flow recessions#

The runoff data furnished by the U.S. Geological Survey from 
Fla. W-l, Indian River Farms Drainage District, is known to be in error 
for the I963 Water Year, and was provided only at our request for the 
provisional data on hand. The corrected data will appear in next year’ s 
report #

It is noteworthy that 100 percent of the runoff from Fla. W-2, 
Upper Taylor Creek, 63,100 acres, occurred as base flow. Low water 
tables during the major portion of the year provided soil storage to the 
extent that mean daily flow rates never exceeded the flow rate of 333 
cfs, the upper limit of base flow. For W-3, the upper limit of base 
flow was reached only one time during the year until the last week of 
September when 8#62 inches of rain used up the available soil storage 
during the month. As usual, for Fla. W-l, wasted artesian irrigation 
water dampened any influence that areal or time distribution of rainfall 
would have had on runoffs

Table 2 gives a summary of the annual precipitation, runoff, 
and ET as estimated from the P - R values corrected for basin storage.

A comparison of the rainfall, runoff, and P - R, figures for 
W-2, W-3, and W-I4. shows a low value for P - R for W-l;, while the runoff 
is disproportionately high in view of the smaller amount of rainfall#
This is explained by the 7 °91 inches of irrigation water which con­
tributed both to ET (P - R) and runoff — in what proportions is not 
known at this time #

Figures 7s 8, 9s and 10 demonstrate the double mass plotting 
technique for finding gross changes in the runoff-rainfall relations of 
the four experimental watersheds# In plotting runoff against causative 
rainfalls accumulatively, in figures 8 and 9 (Fla. W-2 and W-3) it is 
apparent that the overall graphic mean line would take the course giving 
a mean r/p ratio of for W-2 Watershed, and 2~{% for W-3# Wet years 
and drought years have caused abrupt deviations; but as the years of 
record increase, the ratio approaches a straight line relation. In 
Figure 10 (Monreve Ranch, W-ij.) the period of record is short, and 
drought years coupled with pumped irrigation have influenced the ratio 
to the extent that no characteristic alignment can be detected#

In Figure 7 (Indian River Farms Drainage District, Fla. W-l) 
the straight line ratio of was maintained from 1951 until 1959> when 
an increase in the runoff ratio began to be apparent. The graphic mean 
line of this ratio from 1959 through I96I4. has assumed an alignment of 55%*
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This change is apparently due to urban development beginning in 1958 a*id 
expanding rapidly, and the installation of many new artesian wells which 
are allowed to run continuously for decorative waterfalls and artificial 
ponds and lakes-

Figures 11 and 12 are flow-duration curves for W-2 and W-3 which 
have been computed from daily mean flows from 1955 through 1962 for both 
watersheds.

Summary;

1, Data from Watersheds W-l, W-2, and W-3 were analyzed to determine 
the suitability of the Cypress Creek Formula (Q ;  C M 5/°) for drainage 
design, and to develop a method for selecting values of the coefficient
C according to probable flood recurrence frequency. The formula appears 
to be suitable for estimating required drainage capacity in the flat­
woods areas of the Southeast if appropriate values of the coefficient C 
are applied® C values were found to be related to rainfall excess by 
the regression equation C - 16.21). /  ll(..75 x Rainfall Excess. Probability 
of occurrence of various rainfall excess amounts depends upon occurrence 
probability of total rainfall and portion of total absorbed by soil 
storage,

2. Urban development and increased use of artesian water for irriga­
tion in the Indian River Farms Drainage District since 1958 has changed 
the mean ratio of runoff to rainfall from to 55%” This ratio has 
remained fairly consistent at 32/2 and for Upper Taylor Creek Water­
shed W-2 and W-3®

Time distribution of rainfall in 1963 caused record lows on 
runoff from both W-2 and W-3 Watersheds with no interflow or surface 
runoff from W-2, and only negligible amounts from W-3 .

Pumped irrigation water caused a distortion in runoff and P - E 
values when compared to rainfall for drought year 1963 on Watershed W-I4..



FIGURE 1. LOCATION OF EXPERIMENTAL WATERSHEDS IN RELATION 
TO ASSOCIATED MAJOR LAND RESOURCE AREAS.
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FIGURE 4. MAXIMUM 24-HOUR RAINFALL AMOUNTS (INCHES) 
FOR EXPECTED 10 YEAR RECURRENCE INTERVAL.



FIGURE 5. HYDROLOGIC AREAS AS DESIGNATED BY USGS
ACCORDING TO COMMON FLOOD CHARACTERISTICS.
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Table 1« Peak flow rates in cfs as computed by USGS 
Regional Flood Frequency Method for 100- 
square -mile watershed

Hydrologic 
Areas*

Recurrence Interval 

Q2.33 QlO Q25
^2.3(1 yr) (10 yr) (25 yr)

1 800 1,560 2 , 11+0

2 830 1,530 1,780

3 1,170 2,620 3,010

k 1,170 2,800 3,910

5 1,370 3,270 U,56o

6 2,800 6,690 9,352

7 2,3i;0 5,030 6 ,1+60

8 3,100 6,660 8,560

9 5,000 10,750 13,800

10 3 ,Uoo 7,515 10,370

11 2,620 5,790 8,000

12 1,320 2,920 14,020

13 1,000 2,210 3,050

Ik 1,900 3,225 I4,180

15 3,700 6 ,i480 8,1140

16 1,200 2,100 2,6140

17 3,700 8,180 11,280

18 1,900 14,200 5,800

* See Figure 5*



Table 2. Comparison of maximum flood flows computed by the Cypress Creek approach and 

the regional flood frequency method for selected hydrologic areas in Florida and 

North Carolina for a 100-square-mile watershed

South Florida 

Hydrologic Area No. 18

Northwest Florida 

Hydrologic Area No. 10

North Carolina 

Hydrologic Area No. 1

Recur­

rence - 
Interval

Cypress 

Creek 
x 1.14

Regional 

Flood Fre­

quency

Ratio of 

Cypress Creek to 

Regional Flood 
Frequency

Cypress 

Creek 
x 1.14

Regional 

Flood Fre­

quency

Ratio of 

Cypress Creek to 

Regional Flood 
Frequency

Cypress 

Creek 

x 1.14

Regional 

Flood Fre­

quency

Ratio of 

Cypress Creek to 
Regional Flood 

Frequency

cfs cfs cfs cfs cfs cfs

^2.33 2,330 1,900 1.23 3,230 3,400 0.95 1,580 800 1.98

Q10 4,390 4,200 1.05 6,020 7,520 .80 3,230 1,560 2.07

Q25 5,190 5,800 .90 7,250 10,370 .70 4,020 2,140 1.88



TABLE I

* 1951_______ 1952_______1953_______ 19^ _______I955_______1956_______1957_______1958_______ 19^9_______ i960_______1961_______ 1962_______ 1963

A Tin} (in) Jo T in )"  '% TinT T ~ T E T " * ' (in) % (in') (in) % (in) % (in) J (in) % '(in) % (in) %
1 8.148 89
2 .72 7
3 -33 1+

16.72 86 
1.32 7 
1.36 7

19.78 82 
2.68 11 
1.56 7

23.10 77
3.142 11
3.69 12

17.22 89 
1.51  8 

.68 3

13.30 85 
.83 5 

1.1+5 10

21+. 21+ 78 
3.07 10 
3.82 12

18.31 93 
•96 5 
.36 2

22.18 80 
2.50 9 
3.17 11

26.87 61 
5.30 12 

12.03 27

17.00  95 
0.72 1+ 
0 . 11+ 1

214.1+3 9U 
0.89 1+ 
0.50 2

**

T 9.33  100

B
1
2
3
T

C
1
2
3
T

19.1+0 100 24.02 100 30.21 100 19.I+1 100 15.58 100

J+.31 98 
.07 2 

0 0

31.13  100

18.83 63 
6.09 20 
5.06 17

19.63 100

11 . 11+ 90 
1.29 10 
0 0

27.85 100

I I .H 4 57 
14.35 22
24-07 21

141+.20 100

19.53 58 
11.89 35 
2.39 7

17.86 100

3.3U 68 
1.1*24 30 
0.10 2

25.92 100

10.71+ 63 

6.09 36 
0 .li+ 1

2.02+ 100 
0 0 
0 0

14.38 100

2 . 11+ 1+1 
1.93 37 
1 .1 1  22

29.98 100

5.67 25 
1+.66 21 

12.12 51+

12.1+3 100

5-36 5U 
3.19  33 
1.30  13

19.56 100

3.87 33 
2.52 22 

5.19  1+5

33.81 100 

24.77 15
10.70 33 
16.514 52

1+.88 100

1-324 63 
0.78 37 
0.00 0

16.97 100

3.26 23 
5.68 2+0 
5.22 37

2 .0U 100

1-37 63 
0.59 36 
0.20 1

18 100 22.1+5 100
9* ^  160

11 . *  100 3 ..0 1  100 2.12 160 11+. 16 100 2.16 100

* **

A - Indian River Farms D.D. FLA. W1 Provisional data only.
1 Base Flow (less than 350 CFS)
2 Interflow (35° to 670 CFS)
3 Overland Flow (over 67O CFS)

B - Upper Taylor Creek Watershed FLA W2

1 Base Flow (less than 333 CFS)
2 Interflow (333 to 1100 CFS)
3 Overland Flow (Over 1100 CFS)

C - Upper Taylor Creek Watershed FLA W3
1 Base Flow (less than 15 CFS)
2 Interflow (15 - 65 CFS)

3 Overland Flow (over 65 CFS)

T - Total Runoff



Water

Year 1952 1955 195I+ 1955 1956 1957 1958 1959 i960 1961 1962 1963

TABLE II

Indian River Farms D 0 Do “ (Wl)

A J480O3 51=78 63 ■,11 145=75 38.32 63o63 I+60 29 60o20 73 = 12 35 = 11 l+l+=09 *
B 19=1+0 2l+o02 30.,21 19»1*1 15° 58 31-13 19°63 27 085 I4I+020 17=86 25=92
C 29*13 28ol6 33.>50 26o7U 22o55 32o00 27o36 32ol5 2607I+ 18 061 18.17
D 7=37 8 0I4I4. 3<= 00 9=76 13»95 1+0 50 9oil+ l+=35 9=76 17089 18=33

Upper Taylor Creek (W2)

A 1+1 = 12 660 98 1+9 0 27 5̂ -=37 68 o6l 29»90 51068 32*o93
B l+o 38 29=98 l2oi+3 19 = 56 33=81 5=12 16=97 2o03
C 36=1+1 36o53 37o58 3I+061 33=08 26076 3l+=21 32o90

Upper Taylor Creek (1 3 )

A 1+0.02 61+0 57 50,20 1+7=33 72=32 31=29 1(8.06 38o 59
B 5 d 8 22 01+5 9o85 11,58 32=03 2 ol2 1I+0I6 2 ol7
C 3U-83 1+2 0 09 iiOo39 35=7U 39=87 29o61+ 33=90 360I+2

Monreve Ranch (Wl+)

A 76060 1+0 0 71+ 55=97 33=27
B 360 03 IO 09I+ 11+=03 l+o 22
C !+Oo57 ** 33=77 29=05
E 2o06 5=31 80I7 7=91

A - Precipitation (inches)
B - Runoff (in/A.)
C - P-r» corrected for storage change
D - Esto Artesian inflow (36=5 /~&sto ET minus A f-s_ 7  ) 
E - Irrigation (inches)

* Provisional data only.
** Base storage curve not yet derived<>
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INVESTIGATIONS OF SANDY TROUBLE SPOTS IN DUG WATER CONTROL CHANNELS,
FLORIDA

Line Project No»g SWC l~bl|. Code NooS FLA PL”7

81+

Prepared by8 William H0 Speir

Location of Experiment; Fisheating Creek and Taylor Creek Watershed
Areas of Florida

Personnel Involveds
ARS Sedimentation Lab», Oxford, Miss» - Earl Grissinger, Do Ao 

Parsons, Go Stanford, H0 Ro Turner, and Ro B0 Wilson 
ARS, SWC9 Fort Lauderdale, Fla„ - W0 H0 Speir, E. Ho Stewart,

Wo Co Mills, and J Q Eo Browning 
SCS ■= Jo Luke, Lake Placidj, Flaoj So McCollum, Stuart, Fla»; and 

E0 Vanatta, Sebring, Fla0

Date of Initiation; May I96I

Expected Duration; J years

Obje ctives:

To observe and study the unstable channel bank problems along dug 
water control channels in the Fisheating Creek Area»

To obtain representative soil samples from the areas and determine 
various physical and moisture characteristics that may contribute informa­
tion concerning the unstable conditions»

Need for Study;

Unstable banks of dug water control channels cause considerable 
trouble in maintaining adequate channels for movement of water in water” 
shed management and for irrigation and drainage management on farms» 
Factors contributing to these unstable conditions need to be determined 
and possible solutions formulated and testedo

Experimental Data and Observations:

Two lines of groundwater observation wells were established in 
October, 1961, at selected points along Taylor Creek in the watershed 
area north of Okeechobee, Fla0 One is located upstream (Well Line nAw) 
from Potter Road in a channel reach where evidence exists of sand troubles 
in old channel dredgings; and one downstream (Well Line WB”) in a place 
where soil auger samples show deep sand with probably enough clay present 
to make stable channel bankso

The well lines at each site are at right angles to the stream channel 
with the wells placed 10, 38, lOl+s, 535» and 2000 feet from the stream 
edgeo A continuous water level recorder was installed at Station 70 on 
well line "AM and at station 535 °n well line nBw in June 1962» These 
locations were selected for the recorder sites after preliminary water= 
table data indicated they most nearly represent the mean water table for 
each line of wellso
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Water-table data of well lines ’’A1* and MBn from the weekly observa­
tions for the year are listed in Table 7s Page

Graphic plottings of water-table depth below ground surface for well 
lines ”AW and ”BW are shown in Figure 7s FLA PL-5» Page 51»

Comments and Interpretations;

A comparison of daily mean depths below ground surface from well 
lines "A" and "Brt for water year 1962-63 show that rainfall is uniformly 
distributed ever the arsa and that rise or fall in the water table reflect 
the same response to rainfall through the same depths in the soil profile,.

Summary g

None to be made at this time0
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SUB IRRIGATION OF SOD WITH POROUS TILE

Line Project No.: SWC 5“bl Code No.,: FLA PL-8

Location of Experiment: Plantation Field Laboratory, Ft. Lauderdale, Fla.

Personnel Involved: ARS - E« H. Stewart, J. R. Carreker, and J. H.
Howerton, Jr.

Fla. Agr0 Exp. Station - E» Oo Burt and F» To Boyd

Date of Initiation: October I96I

Expected Duration: 3 years

Obje ctives:
To determine:
1. Effectiveness of porous tile for subirrigation of sod crops 

(Tifway bermudagrass) in comparison to sprinkler and water- 
table irrigation;

2. Water consumption of each of four methods of installation of 
porous tile in sandy soils;

3. Water flow characteristics of porous tile as affected by 
water quality.

Need for Study: See 1962 Annual Report

Experimental Design and Procedure: See 1962 Annual Report

Experimental Data and Observations:

Table 1 shows the average monthly irrigation flow rate of the porous 
tile by monthly periods and placement of the tile.

Figure 1 and 2 present graphic data on the flow rate of the porous 
tile as influenced by various tile treatments and quality of the irriga­
tion water.

Comments and Interpretations:

The subirrigation flow rate of the installed porous tile has decreased
very slowly but continuously during the year except when treated to
increase the flow as indicated in Table 1. In January the irrigation 
lines were treated with sulfur dioxide gas and allowed to stand for ij8 
hours9 after which the lines were flushed and put back into operation.
This resulted in an average flow increase of about 73 percent to a flow 
rate of about 0.0i),5 in. per day. Although a definite improvement, this 
still was not adequate to meet the water requirements of the bermudagrass. 
Laboratory tests were then undertaken in an attempt to determine the 
nature of the trouble and possible solutions. Four representative tiles 
were selected that had initial flow rates ranging from 0.32 to 3*96 inches 
per day with distilled water at a 2ij.-indi head. These tiles were soaked 
and left submerged in the distilled water for 3 days and then rechecked
and found to have increased in flow rate by 50 percent. This indicated
that the decreased flow experienced with the installed tile was not 
associated with relatively pure water. However, when these same tiles
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were tested with tapwater from the laboratory the flow rate dropped about 
70 percent within 2 hours and leveled off at about 0,08 in. per day with­
in three weekso

Another approach was tried whereby a porous tile was used as a pre-filter 
under regular tapwater pressure of 1+0 to JO psio This failed to increase 
the flow rate in the test tiles indicating the pre-filter was ineffective. 
In fact, the tile under tapwater pressure clogged in a short time and 
failed to supply sufficient water to the irrigation system.

The raw materials that are used in the manufacture of the porous tiles 
tested are silica sand, talc (soapstone), bentonite and wood flour»
Water mixtures of these materials (2,5 to loO) had the following Ph 
readings? wood flour, I4.08? silica sand, 6<>9; bentonite, 8,5s and talc,
9°5“ Distilled water passing through the tiles was found to have a pH 
well over 9°0 after 10 days of continuous runningo Undoubtedly the talc 
and bentonite was contributing to the high pH conditiono Since the water 
used in the irrigation system is highly mineralized it is likely that 
chemical precipitation occurs in the tiles under the high alkaline condi­
tion that existedo Such a condition may have been one of the contributing 
factors causing the reduced flow rates,

A laboratory study was made to determine the effect of acid treating the 
tiles before hand, as well as lowering the pH of the source water, on 
the flow rate. Figure 1 presents graphic data of the results, Pretreat­
ment of the tiles with dilute nitric acid (3-normal) greatly increased 
the initial flow rates but within 17 days the flow rate was essentially 
the same as the untreated tile, H-10 vs U-l and l\T-2, Adjusting the pH 
of the source water from slightly alkaline to l+®0 result in maintaining 
the tile flow rate approximately 0,10 in, higher than that from the 
untreated water^ N-ll vs N-l and N-2, Figure 1, However, a slow decrease 
in flow rate was indicated over a period of six weeks for both systems,

A second set of tiles was used to determine the effect of lowering the 
pH of the irrigation water to pH 2,0 on maintaining flow as well as 
clearing up the clogged tiles after the rate had dropped to an undesir­
able levelo Figure 2 shows the results of this test. It appears that 
the flow rate of the water can be maintained at a desirable level by 
adjusting the pH to 2,0, Also, a significant increase in flow rate was 
obtained by adjusting the pH of the water to 2,0 after the flow rate 
had dropped to about 0,07 in, per day. The flow rate was increased to 
about 0,15 in, per day v/hich would meet the moisture requirements of the 
bermudagrass most of the time. However, when this procedure was used on 
the installed tile system the flow rate was not increased adequately.
The problem of getting the installed porous tile line flawing adequately 
still has not been solved. Further efforts will be made to find a 
practical method of correcting this situation. In the meantime, to 
avoid future problems of this nature it may be more practical to explore 
the possibility of making the porous tile with some other type material 
that will not have these undesirable characteristic features.



Summary;

I* Flow rate of porous tile installed for subirrigation of Tifway 
bermudagrass continued to decrease slowly during the year*

2. Treating the porous tile with sulfur dioxide gas and dilute 
nitric acid increased the flow rate significantly but not sufficiently 
under field conditions to meet the moisture needs of the bermudagrass«

88

3» Laboratory trials showed some success with maintaining tile 
flow rate by lowering the pH of the irrigation water.



Table 1 <. Irrigation flow rate of porous tile 
placed over various materials in sandy soil

Flow period 
month

Placement of tile
v

Organic
soil

Sandy
soil

Pea
soil

Plastic 
she et ing Average

Inches per day

Jan. 1-18 
Jan.. 21-31

0e025 , 
oOUq2/

0.023 . 

•05S£/

0.027 
• 0I4.6 2,/

0.029 . 
.ol+3£ /

0.026
=ol+5

February „ol+o 0 01+9 =ol+7 «ol+3 =ol+5
March .039 o01l6 .01+8 .01+2 oOl+l+
April .037 =ol+l+ .01+6 .01+2 .01+2

May .035 oOl+l 0OI+I+ .036 .039
June o033 .ol+o .0I+7 .01+0 .ol+o

July .032 .038 .01+3,/ 
.061+3/

o039 .038
. 036fAugus t ,032 0037 .038

September »028 .035 .066 .037 .033
October <>028 .033 .060 .031+ .032
November o026 ,

0 03142/
<•031.  /
.01+32/

.053 .031 /  
. 01+33/

.027
December .01+5 .ol+o

l /  Tile placed 36 inches apart on centers and 10 inches below 
the soil surfaceo Organic soils pea gravel, and plastic 
sheeting placed under tile in bands 18 inches wide for the 
full length of the ploto Organic soil and pea gravel are 3 
inche s in depth*

2 /  Tile system treated with sulfur dioxide gas.

3 /  Tile system treated with dilute nitric acid.

1+/ Average from August through December does not include the 
third columno



0.85" / day after

3 days

FIGURE 1. FLfflY RATE OF POROUS TILE AS AFFECTED BY ACID 

TREATMENT AND pH OF IRRIGATION ’-ATER

1 .I|.9,,/ day after
6 days

•11-10 acid treated, 
filtered v/ater used

I'l-ll acid treated and 

adjusted to pH 2+.0

Mean of II-1 
and N-2 
Filtered water only
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STRONTIUM-90 ACCUMULATION ON PLANT FOLIAGE 
FROM DRY FALLOUT AND RAINFALL

Line Project Ho.s SWC 11—bi+ Code No.s FLA PL-9

Prepared by: Ernest H. Stewart

Location of Experiment: Everglades Experiment Station, Belle Glade, Fla.

Personnel Involved:
ARS - Ronald Go Menzel, Ernest Ho Stewart, and J. Hc Howerton, Jro 
Fla. Agro Exp. Station - Victor Guzman and F» To Boyd

Date or Duration of Experiment: Expected duration 1 year.

Objectives:

To study the accumulation of strontium-90 on plant foliage in order 
to determine the magnitude of direct contamination from fallout during 
dry weather and during rainy weathera

Need for Studys See the 1962 Annual Report.

Experimental Design and Procedures See the 1962 Annual Reporto

Experimental Data and Observationss

No data are to be presented in this report. The results were 
published and the experiment terminated in 1963° See the publication 
list in this report for source of publication.

Comments and Interpretations:

In way of a brief summarys accumulation of strontium-90 in field- 
grown crops was measured during the spring of 1962, a period with a high 
rate of fallouto Each rainfall markedly increased the strontium-90 con^ 
tent of the crops, except when they were very smallo Accumulation 
between rains was comparatively small, about equal to the expected uptake 
from the soilo

Summary?

See comments above.
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MISCELLANEOUS

At the request of Dr» W« To Forsee, Jrn and Dr, Fo To Boyd of the 
Florida Agricultural Experiment Station* surveys were made, topography 
maps were prepared, and a drainage plan proposed for the new 100-acre 
Field Laboratory site at Forman Field,

At Dr. Forsee*s requests space-allocation buildings were planned to 
meet the desired needs of State and Ftederal staff members of the Planta­
tion Field Laboratoryo

The following four figures are maps of the new experiment station 
site, and show ground surface contours, rock surface contours,, iso­
depth contours, and a proposed drainage piano The next two figures are 
floor-plan layouts of the proposed office building and service building 
for State and Federal employees now housed at Plantation Field Laboratory0

The next five figures are plans and specifications for construction 
with operational details of a constant-head multipie-sample permeameter 
that was designed at this station and has been in use for several years.

The drawings should give enough detail for constructing a similar 
apparatuso Specifications can be varied to make use of material on hand.

The actual operation is quite simples with the sandy soils tested 
locally, the bottom of each 3“inch core sample is covered with cheese 
cloth to keep the sand from flowing through the supporting screen (=$20 
in drawing)o An empty 3-inch aluminum core container is set on top of 
each sample and made water-tight with masking tape ($15)° Graduated 
beakers (optional, but preferable) (#19) ai’e then placed under each 
sample o A small piece of cheese cloth is placed on top ofj, arri in the 
center ofs each sample to prevent washing from the end of the syphon 
tube o The syphons are then placed in position in the empty cylinders 
(11, 12, li|.) and then primed as described and allowed to run until the 
flow rate through the samples has reached equilibriumo During this opera­
tion the head on each sample (#1?) is checked through cut-out (#10) to 
see that all syphons are functioning properly. Using a stopwatch, each 
beaker is then emptied and reinserted under each sample at one-minute 
intervalso After a sufficient time interval (15 minutes for most of the 
samples) the beakers are then removed in the same order9 at one-minute 
intervals j, and the volume of water measuredo
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PERMEAMETER AND MOUNT ASSEMBLY

CONSTRUCTION AND OPERATIONAL DETAIL OF 
CONSTANT-HEAD MULTIPLE - SAMPLE PERMEAMETER

LEG END•

( T )  R E G U L A TE O  WATER SOURCE 

@  1/2“ R UBBER HOSE

( ? )  P L A S T IC  C O N TA IN E R  I8 ‘ HIGH W ITH 12“ I D TO P  AND 
9 “ ID . B O T T O M  (O R  E Q U IV A L E N T )

( ? )  1 /4 ' A LU M IN U M  TU B IN G

( ? )  1/8" I.O. P L A S T IC  T U B E  SY P H O N S

©  A L L  P E R FO R A TIO N S  S E A LE D  W ITH P L A S T IC  CEM ENT

©  4 "l.O . A LU M IN U M  F U N N E L FOR L E V E L  O VER FLO W

( 5 )  M E TA L  CLA M P  FOR A D JU S TIN G  C O N STA N T HEAD LE V E L

©  W ATER  L E V E L  FIX E D  BY OVERFLOW

@  C U T -O U T  FOR M EASUR IN G HEAD IN CYLIND ER  (O P TIO N A L) 

(TT ) 1/4" » 3 -1 / 4 “ PLYW OOD CAP 

@  1/4" x 2 -7 / 8 '  PLYWOOD C YLIN D ER  IN S E R T

©  1/2“ A LU M IN U M  TU B IN G

@  S TA N D A R D  3 "A LU M IN U M  CYLIND ER  FOR UH LA N D  SAMPLER 

@  2“ M A S K IN G  T A P E  S E A L

©  3 /8 " O VERFLOW  W A S T E -W A T E R  R UB B ER  H O SE

U N D IS T U R B E D  3 " S O IL  CO R E IN C Y LIN D E R  

GR AD UA TEO  B E A K E R  FOR FLOW  D E TE R M IN A TIO N  

2 0  M E SH  COPPER S C R E E N  

4 ’ I D. ALU M IN U M  F U N N E L



TABLE MOUNT FOR CONSTANT HEAD PERMEAMETER



CUTAWAY VIEW OF PERMEAMETER TANK 
WITH EXPLODED VIEW OF SAMPLE ASSEMBLY





CONSTRUCTION AND OPERATIONAL DETAIL OF 
CONSTANT-HEAD MULTIPLE -  SAMPLE PERMEAMETER

LE G EN D =

© R EGU L AT ED  WATER SOURCE

1/2" RUBBER HOSE

PLASTIC  CONTAINER 18" HIGH WITH I2"I.D. TOP AND 
9" I.D. B O T T O M  (O R  E Q U I V A L E N T )

© 1/4" ALUMINUM T U BI N G

1/8" I.D. P L A S T I C  T U B E  SYPHONS

© A L L  PERFORATIONS SEALED WITH PLAST IC  CEMENT

© 4 " I.D. ALUMINUM F UN NEL  FOR L E V E L  OVERFLOW

© M E T A L  CLAMP FOR ADJUSTING CONSTANT  HEAD LEVEL

© WATER L E V E L  FIXED BY OVERFLOW

® C U T - O U T  FOR MEASURING HEAD IN CYLINDER (OPTIONAL)

© 1/4" x 3 -1 / 4 "  PLYWOOD CAP

© 1/4" x 2 - 7 / 8 "  PLYWOOD CYLINDER INSERT

© 1/2" ALUMINUM TU B IN G

® STANDARD 3" ALUMINUM CYLINDER FOR UHLAND SAMPLER

© 2" MASKING T A P E  S E A L

© 3 / 8 " OVERFLOW W A S T E - W A T E R  RUBBER HOSE

© FIXED HEAD ON SAMPLE

® U N D I S T U R B E D  3" SOIL CORE IN CYLINDER

© GRADUATED BEAKER FOR FLOW DE TERMINA TION

© 20 MESH COPPER S C R E E N

© 4" I.D. ALUMINUM FUNNEL



103

SUMMATION OF SIGNIFICANT FINDINGS BY LINE PROJECTS

SWC 2-bl

The Cypress Creek formula (Q s C M <̂ ) appears to be suitable for 
estimating peak 2>4~hour rates of runoff from various size drainage areas 
of the 15 to 100 square"mile range in flatwoods areas of the Southeast»
The coefficient C in this formula is related to rainfall excess by the 
empirical equation C s I602J4. /  llj.a75 x Rainfall Excess, Rainfall excess 
depends upon available soil storage (approximately three inches for 
experimental watershed area) subtracted from total 2l4.~h.our rainfall,, 
Probability of occurrence of various runoff rates can be obtained by- 
considering the foregoing relationships and the occurrence probability 
of total 2l4==hour rainfall amountsa (Fla PL-6 )

SWC 2-bij.
Analysis of the hydro graph for Monreve Ranch s FLA W-ij., shows that 

pumped irrigation during rainfree periods contributes approximately 
.006 inch to daily runoff by seepage0 (Fla FL=5)

Analysis of artesian pressure data from two artesian wells in the 
Indian River Farms Drainage Districts W-l, shows that artesian piezometric 
surface elevations have declined approximately five feet in the four-year 
period 1959-1962o (Fla PL-5)

Increased use of artesian water wasted to runoff, and urban develop­
ments, in the Indian River -Flarms Drainage District has changed the normal 
ratio of runoff to rainfall from l±3% prior to 1958 to 55^ since 1958o (Fla

PL-5)
swc 5-b i

Flow rate of porous tile installed for subirrigation of Tifway 
bermudagrass continued to decrease slowly during the year,, Treating 
the tile with sulfur dioxide gas or dilute nitric acid increased the 
flow rate significantly but not sufficiently under field conditions to 
meet the moisture needs of the bermudagrasso (Fla PL-8 )

SWC 6-bl
Seepage through the rock strata underlying a peaty-muck soil at the 

Everglades Experiment Station appears to be an important factor affect” 
ing water-table control, (Fla PL-2)

Surveys over established subsidence lines on the organic soils of 
the Florida Everglades in 1963 show that the average rate of subsidence 
sines 1912 has been *0959 fto/yro (Fla PL-2)

During an extended dry period of 6 weeks evapotranspiration of 
bermudagrass was about 23 percent less for a 36-inch water table than 
for a 12“inch water table on an Arsdell fine sandy soilo (Fla PL-l)

SWC ll-blj.
Strontium-90 in field-grown crops was markedly increased by each 

rainfall during the spring of 1962*, a period with a high rate of fallouts 
Accumulation was comparatively small when the plants were very small and 

between rains in later growth stageso (Fla PL-9)
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Summation of Significant Findings by Line Projects^ continued 

SWC 1-bU
No significant findings to be reported at this timeo However  ̂ data 

are still being taken on two well lineso Studies will be re-established 
after the drainage ditches are constructed on the Taylor Creek Watershed,.
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PUBLICATIONS

Technical papers and research reports published or prepared for publica” 
tion by personnel of the Everglades Project;, Soil and Water Conservation 
Research Division* So, Branch, Agricultural Research Service - 1963°

Published

Menzel, Ronald Go, Howard Roberts9 Jr0, Ernest H0 Stewart, and Arnold J. 
MacKenzieo Strontium-90 Accumulation on Plant Foliage During Rain­
fall, Science , Vol. Ilj2, Ko. 3592. Pp„ 576-577. Nov. 1, 1963.

Speir, William H. Installation and Operation of Non-Weighing Lysimeters» 
Soil and Crop Science Society of Florida Proceedings* Volume 22,
Flas Agro Expo Sta0 Journal Series Noo 1629° 1962c

Stephens, John Co I 0 Resources . o 0 2. Water, a, Ground Wateri
IVo Services . . » E, Central & Soo Fla. Flood Control Districto 
Progress by Design, Diamond Jubilee Anniversary edition of Sunshine 
State Agricultural Research Report, Volo 8, No0 1, March 1963°

Stephens, Jo Co, Ro Do Blackburn, Do Eo Seaman, and Lo Wo Weldono Flow 
Retardance by Channel Weeds and Their Controlo Proeo Paper 3550« 
Irrigation and Drainage Div,, American Society of Civil Engineers 
Journal, Volo 89, No0 IR 2, Pp. 31"53° June 1963°

Stephens, John C»s and Ernest Ho Stewarto A Comparison of Procedures
for Computing Evaporation and Evapot r an s p ir at i on, Publication No, 
62 of the I 0A 0S0A 0 Commo for Evaporations, Transactions of IUGG,
Ppo 123-133„ Fla. Agr0 Exp. Sta» Journal Series No® I66I4.0 August
1963o

Stewart, Ernest Ho, David P« Powell, and Luther Co Hammondo Moisture
Characteristics of Some Representative Soils of Florida® ARS I4I “63 •
April 19630

Annual Progress Report, Eo Ho Stewart, Wo Ho Speir, and Wo Co Mills, 
Multilithed (100 copies) for limited distribution0 1962»

Approved for Publication

Menzel, Ronald Go, Howard Roberts, Jro, Ernest H. Stewart, and Arnold Jo 
MacKenziso ABSTRACT, Strontium-90 Accumulation on Plant Foliage 
During Rainfall, as published in Science, Nov, 1963* Modern Medicine, 
The Journal of Diagnosis and Treatment. U0S0 and Foreign Editions, 
65th at Valley View Rd o ,  Southdale Park, Minneapolis 21;, Minn.

Bardsley, Co E 0 , Suman, Ro F c , and Stewart, Eo Ho The Sulfur Status of 
South Carolina Crops and Soils. Approved for publication, Div»,
Oe to  15, 1963s. S o C .  Exp, S t a ,  Techo  B u l o
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Approved for Presentation

Stephens, Jo Co,and WD C® Mills® Use of the Cypress Creek Formula to 
Estimate Runoff in the Southern Coastal Flatwoodso ASAE Winter 
Meeting, Chicago*, Illo Deco 11* 196J®

In Preparation

Carreker, Jo R», 0® Lo Bennett, Bo Do Doss, Jo  0. Sanford, G® No Sparrow, 
Eo Ho Stewarts and Ro Bo Williamsono Evapotranspiration from Crops 
in the Southeast® USDA Bulletin®

Speirs William Ho, and Ernest Ho Stewarto Moisture Tension and Hydraulic 
Conductivity Measuring Apparatus® ^Instrumsnt News” typs release, 
ASAE  Joumals or similar publication

Sp®ir9 William H o ,  John C® Stephens, and Wm« Co Millso The Hydrology of 
Two Florida Watersheds; a Progress Report, Oct® 1, 1955 thru Septo 

30, 1962o ARS-Ul Series®



APPE1TOIX

Part I - Monthly Hydrologic Data* Indian River Farms Drainage 
District (W-l), 10/1/62 - 9/30/63-

Part II - Monthly Hydrologie Data, Upper Taylor Creek (W-2), 
Upper Taylor Creek (W-3), 10/l/62 - 9/30/63 =

Part III - Monthly Hydrologic Data, Monreve Ranch (W-1+),
10/ l /62 - 9/ 30/63 o

Part IV - Monthly Hydrologic Data, Plantation Field Laboratory - 

1963.

Division 1 - Rainfalls Air Temperature, Wind,
Relative Humidity

Division 2 - Solar Radiation, Standard Pan Evapora­
tion, Water Temperature

Division 3 - Evapotranspiration of Tifway Bermudagrass 
at 12-, 18-, 21+-, and 36-inch depth -

12/ 1U/62 - I.2/ 2I /63

Part V - Monihly Hydrologic Data, Everglades Experiment Station 

1963.

Division 1 - Bainfall, Air Temperature, Wind 

Division 2 - Standard Pan and Land Tank Evaporation

Part VI - Daily Mean Ground Yfeter Stage - Upper Taylor Creek 

Watershed (W-2 ), (W-3)



PART I

Monthly Hydrologic Data 

Indian River Farms Drainage District (W-l)

10/1/62 - 9/30/63



U.S.D .A - AGRICULTURAL RESEARCH  SERVICE - FORT LAUDERDALE, FLORIDA

COOPERATING WITH 

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT a
UNIVERSITY OF FLORIDA , AORICULTURAL EXPERIMENT SWTION u s d a . t  ̂  ̂ _

M O N T H L Y  H Y D R O L O G IC  D A T A  IN D IA N  R I V E R  F A R M S  D R A IN A G E  D I S T R I C T  Irevi.ed' jan. i .

F L O R ID A  W A T E R S H E D  W —  I ♦ NOTE: Runoff data provisional only.

C-5S)
DATE RAIN FA LL S T A G E D IS C H A R G E

V o  V EASURED RAINFALL WEIGHTED RAINFALL TOTAL
WEIGHTED

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

TOTAL
DISCHARGE

TOTAL
DISCHARGE
(Qx.00047)

PAN
EVAP.

MONTH M

YEAR GAGE GAGE 
2 3 4 5

RAINFALL

P A | C | 0 R 14% 16% |26% |l9% 25% ( IN. OVER 
DISTRICT)j N9h£ S) (|NGHES) (INCHES) (F T . M .S .  L.) (SEC. F T .) (INCHES )

1
O? . o r

9,/ 2 7  8 / 5 J * / 5 tl /•?<s -
2 .o s o .r ,01 0(\ Of O/ ( 3 . ^ 4 ?  2/ 2  7 3 3. c?8 i ° S 1 1 IO IZ<7 ,21
3 o?. .or> 0 . -5 ^ 7 2 V v / ' IO 2 .6  5 f. .23
4 .0 5 CZ o r .0 / 0 1 ol ot 6  <5<f 9 2 4 2  7 2 3  /<= , ' 2 16 10 I3Z ■ 6  ?
5 2  7 2 ;■ ' <?£ t° it S .A OS"* ,/4
6 © 5 5 3 33 7 / s 1 a . 6 2 4 ./ff
7 .o? .5 0 3  'i ip & 9 7  / 3 6  0 :  ' 7 ./ 9
8 ! tn .ff4 7.< .7 0 ,2 4 i4- O & l ? 7 7 3  ' < U  / i2 ! & ' / 3_? ,2 7
9 ? 0(r p. 36 1.55 23C ,?a >2$ / .0 z£f / 9<3 < » 2 0 <j 4 7 524- >7° 2 ‘t s ± -»<> 3 . / *7

10 7 ^ 3 / 0 S 5 ! 3 7 *  'S ’ . 19 ir .2 4
i 1 ^  54 •? ' / ■13 ^  1 7 0  / .0 3 3 . / '
12 9 < / ? 2.61 2 i f : 1 7 .- -/ . aSCi 1(0
13 T 3 Z 2  CZ ■?;T  V . 0 7 0 . i6~
14 9 ->'<£ 2  6 1 ! ' / E f - 4 J 3 /■<? ■ - 2 ■ <9
15 9 9 9 2  iO 7<i ;4 , ('-<?(£» , 2Z
16 -  7/ 2  5 8 .? g<s 51 7<± . 3 7/ 4 . 0 3 7 ./g
17 2  S B 2 . - 5 ' 7=? ; 2 _ < 99-4
18 .3 2 ,oc> 0  0 6 2  i V 2 ‘/O

-  ^
H / o -  7 . 6 5"/ . /6

19 .? 2 ! 1 . 6 ^ 4 / 7
20 ' 2 .6 a 2  <?<£ 1 1 (S'?- S . ■ .
21 .Off , 10 .o s ■ '■ * .61 Ot .6 ^ (?l ■ o( o .o T ~ 6 / '- - 7  7 - S 5 7 . 6 3  / 14
22 .2 0 ,3 0 .22 .3,5 .Of) .o f .0 (e ft/ 0  z z 2 ' 3

2  6 7 ?  A 3 c>6 / / . 6 5  r 25
23 z  ( .3 .2 ^ 2 A-'.' e  7 7 6  ^  s 2 &
24 g . ' r . r 2 6 3 r o •e?,7 ■T £ f ;&  r . 19
25 «  9 0 2  6  3 2  '  3 6-) 0 ?  O

:7 .r  3 6
.19
.i S26 f? e r 0  / 9  d

27 9 6 2 2 2 tor- <^4 9 9  S’ r . 4 4 ( i .23
28 9  0 / 2 n 2  9 4 7 » 9  # 9 9 7 < ? . <d^(^ j  a
29 8 rf i 7 ■ ■ c.4 i  J T f . . ’ ^ .. "  : .22
30 .0 / 0 0 o .o c S’. 6 (i 2  A'- .-5 ' > 'r? 8 ^ . 9 . 0-7 J ,o<f
3 1

TOTAL 2 °tO 3<LZ 2 So A I  L 4 3 3  /4* — • — ’ ------- :  0 ^  o’ i*
3 2 0 )



U .S .D .A  -  A G R IC U L T U R A L  R E S E A R C H  S ER V IC E -  F O R T  L A U D E R D A L E , FL O R ID A  

COOPERATING WITH 

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT a
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION ______________________

IU.8.D.A., A.R.8., APRIL I9B11

M O N TH L Y  HYD R O LO G IC  DATA INDIAN R IV E R  FA R M S  D R A IN A G E D IS TR IC T 1"EVI8ED -- J

FLORIDA WATERSHED W —  I *U0TE: Hunoff data provisional only.

DATE R AIN FA LL S T A G E D IS C H A R G E

F £ 3
MEASURED RAINFALL WEIGHTED RAINFALL TOTAL

WEIGHTED
RAINFALL

(INCHES)

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

TOTAL
DISCHARGE

TOTAL 
DISCHARGE 
(Ox.00047)

PAN
EVAP.

mM T h

15&1 .
'•'FAR GAGE GAGE

P A 1 C I 0 R 14% 16 % {26%]|9% 25% ( IN. OVER
(|NfHE 5) (INCHES) (F T . M .S .  L.) (SEC. F T .) (SEC. FT.) DISTRICT) (INCHES )

1
2 — T e c y 3  a f 3 7 6 / 5 7  J _ . « • ’ 7 . 2 7

8 GI ?. 7 3 ?  9 S ’ 3/ 6  / ? r - X  S. , . ■ l . 'I

3 70 ,.rn ^}r> ,6fP /o l/H IO in 0 5 4 8. CO ?.73 2  9 4 3*? £. 1 5  3 ■- ' I 1
“  4 CnO ■+< , ir> Ifi , '4> .lO II O  S 7 5 -1 7 2  77 i i d 7  4 9 0 4 . 6  7 ft1 . IS0*

j _ 2 7 2 73 t<C ^ 7  Z j t  % . 1 1
6 T 5 -° 3 2 7 7 2 96 g o 7 .4 5  3 ' ' , -  5
7 2  75 - S r 1 «  7 5  3 7 2 . 0 O J 4 . * -
8 8 7 ^ 2.7(4 2 9 S -/S' 7  a 5 3 : 3 , 0 2 .7
9 9 &4 2  7-S- 2  5 * 1 4_7 ' i . -  2 - .2*^
10 ^ 5 -? ? 7 74 V? _  7 ^ -j ^ 2 7  8 . . ' ■
1 1 
12

S’ 9 7 2-7C J  00 72 7 " >  3 ' v  ? . 0 ^ 0 . ^ ..
9 <f / of? i &7 .22 .i .r .2 7 72 1 o u - 7 2  91 3  o i - " “7 e 7 "■< . 0 (^ 4

13 _S 34 2  9C 3 Zl
7 *

5  3 . 7 '7 2 . / 5  *
14 5  <52 , 3 M 3 - 2 \52 $ . ^ 7 Z
15
16 
17

.53 J l L .6 7
~S><s4

S<SS
£?9?
9 -2?

2 3 $ .
2 T>

J  0 4  
3

3d ____ 7 i
^ 7 4  4

_ ^ 9  j r
J -/ . /

( . 2 3  
, 6 2  4

. * _
5o So 6 7 J4r\-10 . i 2 o S2.

2 78
2 7 7

3  3 7  
3 <i<i

___ Z 7
74 - . .3

<9^. / . j  -? /
18 T : , / 7 , f> tl
19 l '3 •11 GO ,25 ■70 ,i a .2 4 .K . 7 P.(* 7 3 / 2

2  9 4
3  IP
2 I 1

!Z1
<iC

7 . r i  7 7 . 6 ^ 5 " .
IO 7 - “ . ^ .• . /5

21 9 30 2  s>z 3 i T 12-t ;  ' ; - ^ . > 7
22 s . t r 2 .7? ? ■ \/ g o : . 0 2  7 . / .-
23 oA o f 0 ? ,0/ a  oy, ?■> 2 ?  7* :> is 2 - 7 _ i f  ^ . 1
24 o< J O /A r>6 t\ ? * 4 0  0  7 9 '2 Z 70 r  • 7 74 7 7 >..7 . o s  Z.

29
26 J-ZL

J  27 2 -7 7 ■! / 170 7 4 _ 4  6
:  7 ; 7

. 0 6 4  

. i r  z
. 2 .f  .

3 P \4o 2,<r "7 17 9 ,r / 3 .T <? -? ^7 3  9 J 150 ■74 /30
27 9-?<S 3 4.2 B .Jii 0 6 33 32-7 i . r . 2.
28
29

9. < r 7 9 4 2 i S  . IO 7 ■ , o r x

30
3 1

. t o t a lk  (Z_ S’yo 15-5 56 .7 / '1 3 .8 7 1 /13 5 ~ o o — — — 2 ,3 6 ^ 4 0 a 2 \ h l . $ A  / ,? .o > -t? r . 'f. i.'T .I V I-. ' i i v  I i' :.w ji _v —-  -------------------------------------------------- i--------------------------------------- — -----------------— —-—i ■ ‘— '  ------------------------ ‘ 
ssc'Cj -x Mr**/

D A T E RAIN F A L L S T A G E D IS C H A R G E

A ; / •.
TOTAL

WEIGHTED
MAIN
CANAL

NORTH
RELIEF

SOUTH
RELIEF

MAIN
CANAL

NORTH
m<5NTh

RELIEF RELIEF DISCHARGE DISCHARGE EVAP.

'Y E A R ' GAGE
?

GAGE
3

RAINFALL CANAL CANAL CANAL CANAL (Qx.00047)

A C ; 0 R 14% I6 % [26% J19 % 25% ( IN. OVER

(I NCHE 9) (INCHES) (INCHES) (F T . M . S . L .) DISTRICT)

.2 0
,//

. IO  
.10

. 2 0

. IO
2 9

,IC>
r 4 - o 7 9  2 C, 2  ‘? Z 2 J4 ;

2 9 C .
t 'C , 7 ^ . •

rtZ o~\ 0 2. f>Z O ' 2  7 ?  ~ o l_20 5* 1 „ IO / 3*-' v T . 2 8
\  1 7 2 .? ? 2 . 9 ^ 0 < i f  / " 7 . ' 4

4
— . . . . .

?  o r 7 9 S ' 6 3
* $ ■

f  r / <7 .7  V . i a"

" 3 .0 7
—

J O ? ,02 6  04- 7  6 0 2  <yC 7(1 . f ■ •'
---------

r  fi - j O L  
.a  i I R

^ .7 6 , JZ *
W

- o</ z ' 7  _
—  7

• 07 T o S , 0 . 20 70J .0 2 . a r 0  -7 ? 7  7 2 . 
2  7 . r

2 9 5 f  / 9 / 5- . c 4  2 .2 /
9 < L i 7 "■/ 5  0 100 0 ■ 7

.9 5 <ro ,S6 7 *°8 13 t z O - S S 7 o s ’ 2 7 3 3  a o T 4 7̂ / cl ‘l  5 T . o 7 y 2 3
‘ " f 7 7 ? 3  c.2. -  /a , 7 0- /Oj? £ • 7 .2 /
— T J B 2 7 7 3 C [ ■ ' 7 7 •. ^  S’ / 3*9 9 3 . / 2

7  7 3 " 3 o £ f - 4 <? c* , ■ <  ; . / *
- f  6/ 2 7 3 3 j 3 7 7 9<y / . / 7

.0  f a  o  / 7 6 ? 7 ^ 3  o3 7 7 < . 6 2 7 /3 .
ff 73 2  7 / ?  ->7 ^ 3 -. '7 ^  *• 5 ^  Z • /9

‘ © 1 / 2 4 ^ "> j ' 6-9 7 ,3 7 9  r ; 7  -

u ?
3  c56 7 i 4 7 9 1 Z  . 0<7 a, . / 4

--
3  £>7 76 £ 4 9 o  9 ,o < / ^ 2/

a  s * 3  o S C£> w t •y / 75* 2 . /■ ■? *r 25~

.0 ? 00 A .  i f f  
§ 3 4

2 ^ 3 ? ^ r 23. $  S L1 L 2 /
2 C l •>>3 2 3  0 o  / / 2 ?

3  3 - r 2 .C 7 3  O’! 7 7 r r 6  ! < 2C
2 C -i 3 33. 2  0 7 • - 2 7

24 ;. r 2  c ? 3  ' 7 W 7 -A •: t 6 9  9 ■ A ?.j 2 :
25 9 <■' 2 6 3 3  fC> 6  ^ ~-f -T 9 - *1/ . 2 v»

c; 7  7 ^  (  3 3 . / ^ (7 4  7 - j : .•
S 5 / 2 .C  2 3  12 2 6 7  ' -V- - - j  ' 7 . i 5"

26 ,% t . O f < 3 .0 4 5  75s" 7 W 3  i a 7  4 <rw o . . -3 0 2 ?

•j?5L
, i O

ofi lO 1 T .0/ ,0-4 0 2 .// a . 2 o Z -  c 4  / t  7 7 .2 -S 2 2
30 LJ.1 .^ 5 " / nfT ■rT) 0 3 .2 2 ,-20 , / . r O  7 9 7 '7 2. C l y  -■<- c 7 )*> i 4 ? .  7 0 J> 7 . 2 4

3 I 7 l - 2 ( - ‘r 3 .2 5 " L i , 7 5 ‘ /3 2 2 -
■ 4

TOTAlL 7><S 17 f 2 ££> ? 2 4 .18 ■4 2 •3? S 4 / ? ? ------- ?, J 7 £  / 2 3 ? ;  r 271 0 2 .7 ^ 2  C, / " ) 7 ^  7
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U.S.D.A - AGRICULTURAL RESEARCH SERVICE - FORT LAUDERDALE, FLORIDA

COOPERATING WITH 

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT 8
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION ______________

MONTHLY HYDROLOGIC DATA INDIAN RIVER FARMS DRAINAGE DISTRICT ^ l>e°

FLORIDA WATERSHED W —  I ♦NOTE: Runoff data provisional only.

DATE RAINFALL STAGE DISCHARGE

Ju/Vf
MEASURED RAINFALL WEIGHTED RAINFALL TOTAL

WEIGHTED
RAINFALL

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

MAIN
CANAL

NORTH
RELIEF
CANAL

SOUTH
RELIEF
CANAL

TOTAL
DISCHARGE

TOTAL
DISCHARGE
(Qx.00047)

PAN
EVAP.

MONTH

YEAR GAGE
1 2  3 4 5

GAGE
'

P A 1 C 1 0 R 14% 16% [26% jl 9% 25% ( IN. OVER
( N9HE5) (INCHES) (INCHES) (FT. M .S . L.) (SEC. FT.) (SEC. FT.) DISTRICT) (INCHES)

1 .28 ,c& ■ OZ ^ 4 J 2 2 . .Ol e>. IO
\_n 2.74 2 83 50

8 T
J5 / 
“? 3

-? 7 
S  7 4-S’ o

VI . ,.24____ZZ
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RELIEF
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PART II

Monthly Hydrologic Data 

Upper Taylor Creek (W-2) 

Upper Taylor Creek (W-3) 

10/1/62 - 9/30/63



CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT &
UNIVERSITY OF FLORIDA, AGRICULTURAL EXPERIMENT STATION

M O N T H L Y  H Y D R O L O G IC  D A TA  UPPER TA YLO R  C R E E K  W A TE R S H E D

U.S.O.A. - AGRICULTURAL RESEARCH SERVICE-FO RT LAUDERDALE, FLORIDA

COOPERATINO WITH

FL O R ID A  W A T E R S H E D  W - 2  ft 3



U. S. D. A. -  AGRICULTURAL RESEARCH SERVICE -  FORT LAUDERDALE, FLORIDA

COOPERATMS WITH

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT ft 
UNIVERSITY OF FLORIDA, AQRIOULTURAL EXPERIMENT S TA TIO N

MONTHLY HYDROLOGIC DATA UPPER TAYLOR CREEK WATERSHED
FLORIDA WATERSHED W - 2  8  3
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U.S.D.A. * AGRICULTURAL RESEARCH SERVICE-FO RT LAUDERDALE, FLORIDA

COOPERATING WITH

M O N T H L Y  H Y D R O L O G IC  D A TA  UPPER TA Y LO R  C R E E K  

F L O R ID A  W A T E R S H E D  W - 2  ft 3



PART III

Monthly Hydrologic Data 

Monreve Ranch (W-ij.) 

10/l/62 - 9/30/63



CENTRAL AND SOUTHERN FLORIDA FLjOOD CONTROL DISTRICT 8 
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION

M O N T H L Y  H Y D R O L D G IC  D A T A  M O N R E V E  R A N C H

U .S .D .A  -  AG R IC U LTU RAL R E SE A R C H  S E R V IC E -F O R T  LA U D E R D A LE , FLORIDA

COOPERATING WITH

F L O R IO A  W A T E R S H E D  W — 4

D A TE R A IN FA LL S TA G E IRRIGATION R U N O FF EVAP.

o c T MEASURED RAINFALL WEIGHTED RAINFALL TOTAL ST. LUCIE 
CANAL

OUTLET
WEIR

CFS X HRS (.006I7XCF9 OUTLET
WEIR

.OOM rlyy- STD.
» N
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1 2 3 4 , 5 .
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D A T E R A I N F A L L S T A G E IR R IG A T IO N R U N O F F E V A P .
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U.S.D.A  -  AGRICULTURAL RESEARCH SER VICE-FO R T LAUDERDALE, FLORIDA

COOPEMTINS WITH 

CENTRAL AMO SOUTHERN FLORIDA FLOOD CONTROL DISTRICT ft
UM Voam r of flqmoa , asricultural experiment  station 

MONTHLY HYDROLOGIC DATA MONREVE RANCH

FLORIDA WATERSHED W— 4

DATE RAINFALL STAGE IRRIGATION RUNOFF EVAP.

IEA9URE0 RAJ N FALL WEIGHTED RAINFALL
total ST. LUCIE 
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OUTLET
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WEIR
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i £ 3 4 5
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YEAR
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DATE RAINFALL STAGE IRRIGATION RUNOFF EVAP.
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5 ?;■' i t  1 f j ; / : ■A- .
6 IS. a a / 1 <5 . / 8
7 n,< . m . 10 i,S . to .O l .o 4 ,07 a  1/ /V .S 3 il  n /
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total ■ 751 , 9 ? /« < ) 1 a i . / 4 ■ >7 . l i J & , 2 ^ 0 3  & 170. 1 /.  o2<3 -7S . 2 . . 2 ^ L r / S



CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT 8 
UNIVERSITY OF FLORIOA , AGRICULTURAL EXPERIMENT STATION

MONTHLY HYDROLOGIC DATA MONREVE RANCH

U .S .D .A  -  AG R IC U LTU RAL R E SE A R C H  S E R V IC E -F O R T  LA U D E R D A LE , FLORIDA

COOPERATING WITH

FLORIDA WATERSHED W— 4

DATE RAINFALL STAGE IRRIGATION RUNOFF EVAP.

MONTTH
TOTAL ST. LUCIE OUTLET CFS X HRS(.006I7XCF9 OUTLET :.006I7XCFS) STD.

l°lC3 WEIGHTED CANAL WEIR WEIR FftN
YEAR i - 2 3 4 5 2 3 4 ’i.

18 X | 17 % 1 16% 24 % 1 25 %
(INCHES (INCHES) (INCHES) ( FT. MSL) (CFS) (IN./AREA) (CFS) (IN/AREA)
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2 3S ■ 0(t ■ °! C 0 7 i 3 IC 2 7 / / ? J .£>( ., R
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5 C. S' .Cl 5 .7.5' ,4 ,r I 2ft .1? .0 / .04 .a ,.3d O 58 13.49 /C 2Z \ \ I 7 c ! a
6 I3.44T 1 6  z r \ \ P.O b l 2. .21*
7 ! 3 S2, /C 22 \ ) I 7 ■ IS
8 13 4l IL lS J / . i S’
9 ■ l£ , o " ■ °3 .'5 5, , 0 4 0 / 0 1.3 S S l(s /c, / / ).Z 007 . lZ
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1 1 13 S I ( 6  /O S .oof .20
12 ■:s -5 2 U  ^5 \ \ . 7 .004 .28
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14 ■ - . of . / r ,2 ft .Ol ■ o l ■ 04 o,r O i l f 3 J 6 14, V .If
IS 13 41 !(. /3 7  5” .04S~ 1 C, ■ Ol £>
16 . 10 ■ O ? o  o z 13.SO .. ? 2 i 7 . 0 1 6 .20
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18 . 20 ,5-0 . ofj! e>4- &4 o r o :-S 13.SO U cS . 6 £>«■? .21

I 19 0.-13 >i ;3 .3 . Oil3 .C 20
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2 1 13. 3 C f< ,■> 7 ■7 .21
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25 .SI I3H 1 o& .nr : t , < 7 2 6 ?./ C 13.24 16 S- g .oos 2i,
26 , ^5 ,HO .Ho IO ■ t? • i T l<i IO £ > 6  7 ‘3. >8 1 6  io A 21
27 ■ 10 .1-5" . ilT 0 1 £>?, 0 4 .04 0.1/ 13 37 it, !* ■a oĉ S" .IC.
28 , TO Ho .-.J; n7 . ('<> i ? ? ? 1<?> C- 7 5 /,? 33 / '■ : 7 \ \ 1 7 .02 9 AC,
29 /3 J3 ;c &C> (1.3 7 . 1 8
30 13 3/ IC 30 2 e ,01 7 21
31

”r>TAL 4(1 4 2 3
>

4 Sti <?ci 4 4 6 .7? 7^ •74- iiZ. /o1} -? 3 0  O -Ul£ o * 7  3 . :?•?£) k i 4

D A TE R A IN FA LL S TA G E IRRIGATION RU NO FF EVAP.
JO/.V

EASURED RAINFALL WEIGHTED RAINFALL
TOTAL ST. LUCIE 

CANAL
OUTLET
WEIR

CFS X HRS (.006I7XCF9 OUTLET
WEIR

:.006l7XCF3) STD.
R\N

MONTH

f i t  3 SAGE
2 3 4 5

GAGE
1 2  3 4 5

WEIGHTED
YEAR

18% 1 17% 1 16% 1 24% 1 25%
(iNCHE (INCHES) ( FT. MSL) (CFS) (IN./AREA) (CFS) (INCHES)

1 13 3 2 /C / 3 I 0 .2 J
2 13 ZC /6 A T l l  7 . i 0 0 4 - 26
3 1 3 . " 2 1 4 o5^ 5 ; . 03 5- . 6 oo<! 24
4 ■ oS _j &57 ,O I O ' <? <5? ao4 tC.
5 it  oS f. 0 04 22.
6 / 7/ I-/Q /.OO i . io i w< , ' V ,2 < i , z i 1 > /3 37 IC 24- \ I ^ .01 2 2*7
7 13-3C l i  IC \ / 2 Or, ~7 5 O
8 13 46. iC i 7 ) i 7 2 2
9 13 3 7 l i  A / <306

10 ■ .7 OH O 0 4 13 3 S l i  o 3 . r
1 1 /■* a. o i 13. i t l i  60 6  7 0*0 4 6 0 2 2<
12 . IC> ■ °5 J * 4 0 ■ ° Z .6 1 ■ 0 4 ■ I o O 1 7 ;3 18 l i  22 6 . 7 . 0 4 0 .012. 67
13 , / p . O 1 c ■ 3 13. IO ic 10 ? 2
14 .So .5 S >S ■ otf ,*9 04 O . Z I 13 IC, l i  04 i 2 r
15 J3  / I !/. 0 2 r 3 ^
16 .31 ■ f S .20 < J f , 0 i , * S ’ U r i o g l&L 6 I V .<V
17 Z J  off n  oo S ' S o j y 4 1 /
18 13 o r - /6 / Z <s r I o .2 6
19 -7“? ?V c r . (. ,oo4- JO20 , ' U ■ i o ,o ? O i r> o 4 12̂ 8 / 6  <52. s 2-T21 'lS J Z IC on 002. /622 >3 o5 n  oo ,T. tf> 0 3 0 .002. t S ’
23 13 >7 IS  9 5 0 0  2 3o
24 :  -  ? ('O M  ■?- 4 u o 2 /4
25 , / o ,02 6  0  z J2  9 0 / i <5i z o  a . IZO
26 , io .0 * . za 67 01 o x n  c A 12 7  r l i  l l S'  s ,o 3 T 24
27 / J  4  7 l i  <36 <;
28 . <40 .20 3* ■ 70 ‘ ■1 ■ o;i i7 . 14 0 5 / f?2 /6 - r /_ <7
29 f -1Z L I /■?o 70 ,7.0 3 6 ■ IO ■I17 ‘1 i k o / 2 . 7 r L i  °S - /■. f /
30 u . i e l i  oS L 03
31 , i O . l l .o p ■ Ofi a  2 7 12 82. u  ot i • o c S ' . l l

•^TAL 4,7-5 4.5^
7,

3,^0 .& & ■ h -7 ,f 71 ^ . 7 ^ 8 8 -1 .5  3 0 —Z2.. 7 •139 k z f t l



PAST IV

Monthly Hydrologic Data 

Plantation Field Laboratory

1963

Division 1 - Bainfall, Air Temperature, 
Wind, Relative Humidity
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HYDHDLOGIC DATA -  PLANTATION FIELD LABORATORY 
TORT LAUDERDALE, FLORIDA

D A lK

M A Y
AIR IEMP. (°F ) MEAN WTD. 

IEL.HDM.
(MO.) (m . ) JELl -LULuL

I9l>3
(TB .)

1 m . _ 4 S 7 4 - £ B -

4o _ & x 2Z£_ =74
2.67 _2iL J Z 5 . 4&
. o  I JZ2L _ 4 ± 4 2 9/

6 0 JZo_
6» 44

8 7 -57 7-Z 2 6 _ i > 3 _

7 4 6 5 ~77

- £ 2 _ _ 5 7 _ 7g 29
- & 3 3 2 . 7  I J3 75-

0̂2- 3 3 7 7

_ 2 s _ 6 2 76z_ 3 1 7 5

9 2 6 5 7 & _13_
_o33 87 7 2 6 5 ^ S S _

_ £ Z _ 6o 47 83
J S O . 6 5 7<jg 2 5 _ Z £ L

3 £ _ _ ^ ± _76l 2 8 S o
9(7 6 6 J Z & - 3 1

9o 6 7 _ Z S _ 2 5

3 3 7 5 _£ d _

_ s & . 7 6 _ & £ _ S S
o. I l 6 9 76 22

_&3_ J o _ 3 3 - 33- 9 o

j?J7 3 2 l Jk2_ 7 & . 3 2 .
5 6 7 0 2L5_ 4-Q
_SZ. 32- _ 7 £ _ 2 4 _ a & _

3 2 _ JZe. 3 < l 4  I 86?
3 2 _ _ 2 4 _ _ a o .

_22_ g ,Q 5 9 3 ± . 3 2 _ 4 4 & 4
jo_ J 3 . _S2_ _ 7 J _ S lQ 3 3 3 2 _
J L _ 0. fo3 86 0 < 2 _

6.51 2 6 6 S Z o S o 2359 3 £
<55.9 Ca(a • I 7 6 ..

HYDROLOGIC DATA -  PLANTATION FIELD LABORATORY 
TORT LAUDERDALE, FLORIDA

DATE
.TlJklB

RAINFALL AIR IEMP. (°F ) WIND MEAN TO). 
IDL.HDM.

IEMAHKS

MAX. MIN. MN f MI. ̂ _ ................

| 9 ^ 3

'£ ,6 6 9 -7 >2, 5 9 S 3

(YR.)

1
2 8 7 6 9 7 8 3 3

3 8 8 6 8 7 8 3 6 —

L n. 3 2 8 8 7 o 7<? 2 S . l i  l i

>5 o.o(*> 8 9 7 t f &o 2 5 i i i i s s i
6 n o  A 9 2 0,6 So 2 3 . ^ 8 .  .. .

7 1.00 9  1 6>5 7 8 9 Z

8 n.oZ 9 o 0,0 7 5 1 0 f t q

9 6 5 6 7 7 6 . 1 7 S 6

10 0.04 *9 1 no 8 0 Z 9 —

11 1 .5 6 . 8 9 6 5 7 8 7 q  0
12 0 . 0  5 7 4 A 2 3 1 A - 7  ...
13 1. 1 O °)o 7 5 8 2 2 3 q  1
lit o.o-4 8 f t 7 3 8 0 6 9 .... . _ .S 3 _______

15 9  1 7 3 f t '? „  * ^ 5  ...

16 0. 5  3 <3 1 7 3 *><2 4  ̂ _. 9  c? _ .

17 0 . 5 2 9 2 7 Z 8 "2 4
18 9 o 7  I fbO 2 2 .. J J ^ . .  ....

19 9 o 7 3 A 'Z 3 4 __ i . :

20 /?9 7 4 ;:7:7 a p  * . .
21 8 9 7 5 6-2 2  6

22 8 9 7 2 S o 5 Z '.O
23 o.Z2. 9  1 7 4 8 2 3 1 O  . . ..
2U 9 o 7 2 81 4 0

25 0. Z 7 9 o 7 3 f.b'Z 2 5

26 0 . 9  3 8 9 7  / & o 2 .7 . 7 .-:_

27 0 . 1 3 8 3 7  1 -1~7 8

28 0 . o 2 8 8 7 9 1 4 ... _ .8

29 0. 4 5 8 9 10 8 0 2 6 9  0
30 8 9 7 5 . 2 1 A

.31
TOT. ■■ C.,7 r- Z I Z S 7 7 3
MN. 8 9 - 2 7 0 -6



HYDHOLOGIC DATA - PLANTATION FIELD LAB OKA. TORY 

TORT LAUDERDALE, FLORIDA

DATlS
Se.PT. 

(MO.)

la^ai
(ra.) 

__1

_12_
1 1

12 

- 22—  

- M l .

. 16
17
18

19
20 

21 

22 

23 

2U

25

26

27
28 

_22_
30

31

TOT.

MN.

RAIN HALL

.(H I.)

P ,  I'Z 

.1 ,VL

o, il 

U 3.2

0 , o &

0 . 13

O . q ?  

0.00  

o- 0=0
o ,
1 ■oq

AIR TEMP. (°F)

MAX.

_3 o_
& &

g o

q 'z

g a

q s

_ 9 g _

q s

g a .

,a ^

g o

_33l_
g o

a a

q i

a a

a ?

s o

£>5

g o

. 3 3

& 4

- 83 .

g o

q i

2, u rn  
& ° t ' Z

MIN,

1  Co

1 4

-174

-15

_1.3
7 3
7 3

7 4 . 
7?  

JZ2_
1-2
7 ?

I O .

1 4  

— I d - .

. J73 

■JZ.&
~7g>

"7-2

I ' Z

I ' Z

T ' Z

7-2

3 A -

J ' l

J A

I ' Z

1 5  

7 q  

1-2

73-4

JflL

_ a s _

s i

ag_
& a .

8 ? .

f t 3

S 3

3 3

_S l2_
5 2  

8 2

.3  !— 
64. 
8 4  

- 8 2 -  

- & Q ..
5 3  

8 Z  

7 f t  

77  

l ( e  

1 f t

. j& L -

i s

. T & _

7 9

& 4 _

, & 4 _

2 . 4 3 7  

81.2

WIND

(M I.)

S I  

I Co 
I o  

I Cp
_za _

_ L 3 _

JZ1_

_Iie_

i o  

I 6> 
14

JZ4_
2 1

__a_

JZ2_

I Q 
IC> 
I O

J24_
3Cs
rZCo

SCg

s i  o>

MEAN WTD. 

j3iiL« HUM«

_aa_
_ 3 5 _

- 3 Q -

ft4-

& 3

8 7

a s ?

* 4

S 7

_3 1 _

S 3

8£ >

7 f t

_ £ j _

_ £ 2 _

8 5

_ ± 2 _

_ 3 £ l _

g>T
a

64-

HYDHOLOGIC DATA - PLANTATION FIELD LABORATORY
FORT LAUDERDALE, FLORIDA

DATE

Oc.T.
RAINFALL AIR TEMP. (°F) WIND MEAN WTD.

HjL» hum.

REMARKS

(MO. } (TN.l MAX. MIN. MN fMI.) . . -J  _ ....
iq & 3

q i 7 1 a/ 14 1 <̂
(YR.)

1
2 O . 0 3 « 4 1 1 7 ^ 3 o
3 3 - ^ 2 11 7-q 1*7 q s
li o  .f=? 14. 8 o 31 ____ ^
■5 1 4 8 0 C o . 1 1 ___
6 a s 1 1 7 ft 1 1 4
7 <9 . IO S  4 -74 7 q 57; .. a s
8 o. <c>4- 8 5 I S 8 0 4-1 ■
9 is. 0*2 6 5 1 1 iq 8 5

10 ,£>. <i>g> 6>4 1 4 23
11 £>. 4-0 « 4 7Co 3 0 S 4 -
12 1 8 6>3 7 0 19 <
13 8 3 1 4 /Z4 1  ^
li+ a -2 C,A 1 5 ^ 5 1 7
15 1 .0 3 S 4 C.*b 1 4 31 ___ 7.9______
16 3 o 6?5 1 5 'Z 'l .
17 11 s -z 6?6 1 5 Z o
18 o . ta. fKo U>U> 1 3 'ZZ —

19 i 8/2. U.O 11 .„ !7 ....S 4  . .
20 8 3 6>3 7 3 fS4- ,...- .
21 S 3 5& n o ■ ......
22 S& 5 8 7-7 - 1 7 d
23 6 7 (&Co 10> 3 5
2h 8<& 6jE> ~7Co ■27 —

25 6 4 ci'b 7 4 3<2 —

26 8<i Co& 1 1 /"2 —

27 6»q 1 8 —
28 8 ft Lei# 1 7 —

29 6 q Lfi(s> ~ . . '
30 ,* 7 Z 4 2 3  7  .

. ?i 1=1 5 1 /Z4- I 'Z
TOT. i . i < ^ 'Z .^ K -2, 1 C 53 8 1 4 4
MN. 8 4  3 .3 7 5 .4



PART IV

Monthly Hydrologic Data 

Plantation Field Laboratory 

1963

Division 2 - Solar Radiation* Standard Pan 
Evaporation, Water Temperature



HYDHOLOGIC DATA. - PLANTATION FIELD LABORATORY 

TORT LAUDERDALE, ILORIDA

DATE SOLAR RADIATION FTEE HAIER EVAP. - CLASS A PAN)

. J A M DURATION TOT. INC. LI GET TOT. RADIATION ALUM. BLACK WA3DR TEMP. (°F .)
(MO.)

1 V  (? 4

(HOURS) (GUNN-BELLANI)

UNITS

(IN .) ( M . ) ALUM. BLACK
MAX. MIN. MN MAX. MIN. ’ MN

(YR.)

1 _ £ ■ . ? .......... i i - _ 8.4 . 2 4
2 ..... 3  4  2 , 0 7

—3 5 . 8 3  3  <5 S . 6 4  4

4 _ ..... ____3&L C 2 .___- ________ "2 7 I L ,
.... 5- - 7 . 7  . . . . -..........7 7 ;  ■.. s ...... 2 . 3 . 1 o

6 _____ 2 n ________ L . s , 1 ^

"t .... . 2 .6 . ________ 7 . . . . .  . 6 . 5 .o°>
p. ......- ~ :. 7  . .. 2 2 .7 . .  . , 1 4
9 - - .4 ,7 ________ ......... 7 4 7 . . 4.-7 .1 O

10 . ... . I 2 , 7 _____  . ,1 1
11 . . 7 . 7 ______ ......... 4  m ■- 2 , c  5

_-12_ . . ......  . . ‘ 7 -  ...... =5.3 4
1? ...... 4  4  2 9 . 3 , 1 2
lii 4 . 6 - z <■ 7 7 ’ . 1 o
15 C ____ - 2 2  1 ' - , . 7 . 5 , 2 . O S

.. is  . ■Z .0 - 2 ^2-. - 7 . S o &
- 1 1 7  i i ,• 2  . . 1 ■ £ . o S
.18 -  £ .7 ._________ U ........ 4 . 7  .2 .. -= ) .^ . \ 2-

_  _________ ________2 7 7 , : . . .  . 2 , 4 , 1 3
a? . I  . 7 , 4  ________ . . 7 _ ^ ;  ... , 1 o

.2 1 8 . 6 ■7 ? v . 1 Z .Z . . 1 &
po 0 . 8 _ _  L ; 2 2 ......... ' Z . o . \ 7
22 _ S ,4  _  ... 3 S 6 , 9. g . 1 1

_  3k .... ______ 3  S o , , ' . 1 Z
25 ._  . .5^3 .1 _____ 4- .^ . 1 A
26

1 ^
:2 -7 .0 s. o , o &

..27 Z 4 o £ . 6 .
7 . . X A _ “f  4 2 _______ 1 1 ,4 . 1 =5

[2° .. .... 7 7  .. 1 2 2 4- 7 . 1 5
30 . 7  7 Z  5 8 7  1 . 1 4

P 1
3. 2 3 , o o 6 .  0 . n ‘9

TOT. !J}£ ' ......... . 7 7  4  & 1 0 4 . ,  1
MN. 4 . ft (a, Cp .M 2



HYDROLOGIC DATA - PLANTATION FIELD LABORATORY
FORT LAUDERDALE, ILORIDA

DATE SOLAR RADIATION FREE WATER EVAP. - ( CLASS A PAN)

J u k j g DURATION TOT. INC. LIGHT TOT. RADIATION ALUM. BLACK HATER TEMP. (°F .)
(MO.) (HOURS) (GUNN-BELLANl)

UNITS
( m . ) (IN .) ALUM. BLACK

MAX. MIN. MN MAX. MIN. MN
( m )

1 7 • ... 3 3  3 _______ i A  n . l i e
2 ______*  -________ ^ 3 7 1 1 . 3 , 17

. 5. ______ 3  77 ..... 7  A  o n . c . , 7 3
h _ ......2 , -  ... 3  7^7 .. 3  c  . 3 . 4

. .......  . .. 3- &  3 14-7 . 17
6 f\ ,<n 5 4 5 1 5  7 .'ZS

7 . 5  5 _______ .3 .77  . A ' l ,2 1
n 5  :.......  . . . . . . . ,3 7 7 .......... i 7  3 13

X . .. ...........- ^ _______ 3 . 3 ^  . q  ,-7 , !3
- -7 -- 3 .7 7 . .  .. 14-7 . ^ O

ii 3  3  3 -7 , 1 . 3 A
12 ______ 3  " 4 _______ ______- . c? 1<=>.<i ,'23>

13 3 . 1 3 / 7Z<S

Uj. s 3  7-- 1  ’ Cp , / o
16 7 . 5 3 3  i \3.<* . 2 3

. 24 .. 7 2, ■4 cj 7 7 . 5 , )<=,
17 7  , A 5 - 2 6 1 4 - Z .<21

IS .. ... 1 5 .  . '  / / I fi ,4? , 2 A

. ..... I 'Z .? , 7  / 3 is , a -?a
£0 ______7 3 . .....  . l«? 3 7  -4=3 -

.2 1 4 7 o 7 0 2 ' l o - ' l ■ p , i
22 / 3 3 l o o ' i  i . a , 3 0

..........L L ( P . _ ....... .<*3?^ l o . & . 3 2

H4 .... <*.<* ... & 5 o n .< 2 .31

- 25 . . . .  P ,  u? ^  3 iq - 4 • 3 2
26 4 - 4 1 1 . 5 ,-2̂ 0
27 o ,  'Z / q 4 /2. 1

^  ...

....V.... 3,<=T 5 ^ 0 q .  1 .I 'Z
29 4 ,  A 4  I B q . 5 .!Ce
30 I O .c I i q . 4 . . 2 7
31
TOT. 2  7  ■ O 16, 4 < i f e 4-1 £». fe 7 . 0 0
MN. is.q . 2 3



HJDROLOGIC DATA - PLANTATION FIELD LABORATORY 

PORT LAUDERDALE, FLORIDA

DATE SOLAR RADIATION FFEE ItAffiR EVAP. - (CLASS A PAN)

S e p t . DURATION TOT. INC. LI GST TOT. RADIATION ALUM. BUCK WATER TEMP. (°F .)

(mo .)

H G 3

(HOURS) (GUNN-BELLANI)

UNITS
(IN .) (IN .) ALUM. BLACK

MAX. MIN. MN MAX. MIN. MN
( m )

1 <~r 7-
2 _____  : . 3  . . - z.a . 2 8

*5 (_ ____ _____  3 S o  ... . -: - ; . . o ' !
4 9 , 7 5- 7 1 1 7  ,,, .3-3

- - .7 -iT 17.4- I
6 -p I *f£ 7' A .:,7 7. . . . 7? 1

- .2 7  5 - O b ______ , i  . 3 .... ■ 3 7  .
ft . .......P ri .. ...... A  » ‘7; m m  . 23

9 r  ? - 7.7-:______ .. . 3 3  .
10 .. S _. 4  3  3 : c- , I S

il s  1 ■ 4-1  1 . ; 3  S  . 13
12 ■■ 4  S  ft 1= .. 1 ■ 'Z o
13 a  :- 7  7 0 1G .E ) . 3 4

Hi 7 , Co 4 ^  a i s  : ■ '3
IB - 4 ,S 7 7  ■ : 3 /

16____ 4 _____ 7  4  o . 7 , 7
17 3 -4 c, / I S ,^4-

. 13 ...7... ... . . _____■ _. , 1-2
I ?  ... .. ______  4 ?  1 - 1  c- , 1 1

..2£l _ .. 7 . j< L ........ _....3 1 . 3 ,1 8

21 . _ ._3:: 3 ........ .... 7 i 4 - . o , I S
22 . ._ ». .7______ 7 5 L 5 3 2 _____ 3 . 7 , 0 5

23 T ..7  . 77  ! 3 ' 3 . 1?
.24 O - ' l i “7 3 . 3  3 .Ola

331 .... 3  —  1 .7177 . ... _..7  4- , I 3
26 _ -..777 . . . 3 . G
27 ______ 3  . _____ -7 0 7 1 1 . -2 I

25 . - - 4 2 .= ? IS , A . I S

29 R .  1 &  . :: 1 4 . 0 ,^2o
30 1 O . o 6 5 ^ H=3.<2 , 3 0

Pi
TOT. 5 , 1 1;  P > 4 3 .^0=1 ,^
MN. 5 .  1 IO- => - '£>



PART IY

Division 3

i

&

Monthly Hydrologic Data 

Plantation Field Laboratory 

1963

- Evapotranspiration of Tifway Bermuda­
grass at 12-s 18*, 2I4.-, and 36-inch 

depth - 12/31/62 to 12/51/63



HDROLOQIC K i t  -  FLAHTATIOH FS & 3  UBOBATOSDT
f o r t  XAmsEanu® f l a .

tiath OTAKHKISBmmOH * “ t T O ilf fl COHTEST

M & V W.T LEVEL -  I 2 -  " W.T LEVEL -  -2.4" W.T XOTEL -  - U J ’ UPPER rr.  soi l **
(MO) 1 1 2 1 1 1 U 1ATOi, 1  1 2 3 k | a«5„ 1 2 1 3 ! k 1 AVQ. < w " V A V. T.

1 ^ 4 3 (IN) (Of) (Bt) (IN) ( m) (IS)
( f t )
1

3 4
. 1 2

9  
. i i

1 2
• I'Z. •I'Z

I
.1 Lo

6. 
.1 o

S
. 1 5

l 1
. 2  1 . 15

2
, 2 4

s
. 1 *

~ 7
. 1 7

! O  
3 o , z z

2 , \ z . 12 I 1 1 2 . 1 2 .2 3 , n ,Z 1 . 2 2 •1C* , 2 5 , 2 S . 1 3 .2 0
3 1 7 .1 3 . 1 1 . 1 2 . 1 2 . 0 9 I | . 1 5 . 1 1 , I-2- i ? , / Z • l*? , 2  | . 1 4
1* \ ? .1 Z .1 1 . 1 2 , 12 0 9 .1 2 ; 4 . 1 O • 12 , ;  - .1 1 , 1 s? . 2  1 .10=
5 1 7 . 1 3 . 1 1 .1 2 . 1 2 . 1 o . 1 7 o 3 .1 1 . I o , I Z ■ I ' Z . 0 5 .o&
6 1 ? .1 Z .1 I .1 2 . 1 2 . 1 o . 0 9 . 1 4 -J - ■ I 1 4 i 4 . o 5 1 o ■ 1 I
7 1 1 .1 2 . 1 2 ,1 & 1 3 ■ 1 4 1 4 . 1 1 . \ 3 ■ 1 4 , 1 z -  5 . 1 o

"IT ' . 1 8 .1*9 . 1 & . 1 9 . 1 9 . 1 4 . 1 4 . 1 5 • 1 1 < ,1 1 , 1 4 . 1 o . >5 ■ I 1
9 1 * . I~7 .1 le 1 7 1 7 1 4 . 1 2 . I S 1 1 ■ I 3 . O k . 0 5 . 1 2 , I Z . 0 ?

10 . 1 7 . I S . 1 7 .1 7 . 1 7 1 3 1 4 1 3 1 4 . 1 4 , 1 3 , I 5 - . o f t .! .■
1 1 .1 la . 1 0= , 1 A . 1 2 1 2 1 3 , 1 3 1 3 . o 4 .© 1 . O S ■0 /
12 . Z O .1^) .2.0 ,1 <6 . 1 **) , 1 1 7 17 . 1 U> .1 7 Z O ■ 2 . 3 . o(& . o  8 ■
13 2 1 . 2  1 A S I 9 . l o . 1 (s’ . 1 7 , 18 ,!*=> ■ 1 6 1 4 , 1 (e .2 0
Hi 19 .1 ft .1 7 1 7 1 3 l«=? , 7 , 4 , | 9 , 5 8 , 2 5 , 4  / ■ 4 7 . 3 4 . 2 3 ■:r i

'■ 35 18 . 1 8 . 1 8 1 « I S . 2 0 , 2 5 , 2 0 . c ') t -? , 1 9 . 0 3 . o ° ) . 2 2 , I 1
16 1 3 . 1 8 . 1 7 . 1 7 16 . 2 0 . 1 3 .1=9 . 1 o , 1 Gj o & i ■'/ , r z .0=7 1 2
17 1 8 . I°5 .1 3 .1=7 .1=5 . 1 3 . 1 Le . 1 2 , \ i . 1 u . I i , 1 o .1 Z -
i i 1 9 1 8 1 & , 1 7 . i a . 1 2 . 1 2 , 1 A l z 1^ - . 1 Cs> ■ 1 '<i . o & . l o
19 1 * . 1 7 . 1 5 . 1 7 1 7 1 4 1 * 14 , I0> • I4» 4  k  .. . 0 4 , 1 O . 1 O
20 7 o .2/ . 1 9 .l<§ Z o 1 5 , 1 7 , 1 * ‘ . I/o f . 2 - 4 , | Z . 2  0
a . 1 “5 . 1 S .1 Co . 1 k . 1 4 . 1 2 . . 1 3 ■ I 2 • 1 3 , 1 3 . 1 1 , o  e ■! - ,1 1
22 . 1 o . 1 1 . 1 1 .1 I . 1 1 . 1 2 . 1 5 . 1 4 i , n .0 4 . c - e . i i , o 7
23 . 1 1 . 1 1 ■ 1 1 . 1 o 1 1 | =5 . 1 5 I 5 ■ 1 1 1 4 a: . : i  o ■ 1 4 • 1 7
2it , 1 o .1 O .1 1 o°) 1 o |f t 1 4 ■lf> , Z  1 l<p . 1 3 ■ O ' ’’ • I 3 ■ ’ . | 2

' SS 1 1 . 1 o .1 1 , 1 O 1 1 I 5 ■ 1 s . | 4 . 0 4 ,12. . 1 o . \ u, ,08 . 1 o
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PART V

Monthly Hydrologic Data 

Everglades Experiment Station

1963

Division 1 - Rainfall, Air Temperature, Wind



HTDROLOGIC DATA - EVERGLADES EXPERIMENT STATION 

BELLE GLADE, FLORIDA

DATE
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HYDROLOGIC DATA - EVERGLADES EXPERIMENT STATION 

BELLE GLADE, FLORIDA

DATE

m
RAINFALL AIR TEMP. (° F) WIND MAX. - MIN. 

fSSIj* HUM*
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HYDROLOGIC DATA - EVERGLADES EXPERIMENT STATION
BELLE GLADE, FLORIDA

DATE

/ M V
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>96 3
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HYDROLOGIC DATA - EVERGLADES EXPERIMENT STATION
BELLE GLADE, FLORIDA

DATE

JUHE
RAINFALL AIR TEMP. (°F) WIND MAX. -  MIN. JE MARKS

MO. (IN.) MAX. MIN. MN (MI.) (55)
/7«v
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PART V

Monthly Hydrologic Data 

Everglades Experiment Station

1963

Division 2 - Standard Pan and Land Tank 
Evaporation



HYDHOLOGIC D A tt -  EVERGLADES EXFERIMEST STATION 
BELLE GLADE, FLORIDA



HTDR0LOQIC DAI*. -  KVEROLAUES EZPEBIHEFT STA.TIOS 
BELIE GUIDE, FLDHDA



HYDHOLOGIC DATA -  EVERGLADES EXPERIMENT STATION 
BELLE GLADE, FLORIDA
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PART VI

Daily Mean Ground Water Stage 

Upper Taylor Creek Watershed 

(W-2), (W-3)
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v
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MEAN n A T T .T  CHOUHD-WATER STAffi (WATERSHED AREAS) 

(FEET BELCW GRD. SURF.)
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MEAN DAILY GROUND-WATER STAGE (WATERSHED AREAS) 
(FEET BELOW CRD* SURF*)
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U . S . D . A  -  A G R I C U L T U R A L  R E S E A R C H  SERVICE -  F O R T  L A U D E R D A L E ,  F L O R ID A

COOPERATING WITH 

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT ft
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION ____________________I U.8.O.A., A.R.8., APRIL IWT

M ONTH LY HYDROLOGIC DATA INDIAN RIVER FARMS DRAINAGE DISTRICT t"EVI8ED

FLORIDA WATERSHED W —  I *NOTE: Runoff data provisional only.
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M O N TH LY HYDROLOGIC DATA INDIAN RIVER FARMS DRAINAGE DISTRICT UH- '***----------
FLORIDA WATERSHED W—  I *HOTE: Runoff data provisional only.
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COOPERATING WITH 

CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT a

UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION ________________________
I U.t.O.A., A.R.S., APRIL IMI

MONTHLY HYDROLOGIC DATA INDIAN RIVER FARMS DRAINAGE DISTRICT L»»ymo ■>*»■ i.m —

U . S . D . A  -  A G R I C U L T U R A L  R E S E A R C H  SERVICE -  F O R T  L A U D E R D A L E ,  F L O R ID A

FLORIDA WATERSHED W—  I *NOTE: Runoff data provisional only.
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PART II

Monthly Hydrologic Data 

Upper Taylor Creek (W~2) 

Upper Taylor Creek (W-3) 

10/1/62 - 9/30/63



C E N T R A L  A N D  S O U T H E R N  F L O R ID A  F L O O D  C O N T R O L  D IS T R IC T  a  
U N IV E R S IT Y  O F  F L O R ID A , A G R IC U L T U R A L  EXPERIMENT S T A T I O N

MONTHLY HYDROLOGIC DATA UPPER TAYLOR CREEK WATERSHED 
FLORIDA WATERSHED W ~ 2  & 3

U . S . D . A .  -  A G R IC U L TU R A L  R E S EA R C H  SERVICE -  F O R T  LAUDERDALE, FLORIDA

COOPERATING WITH



CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT a  
UNIVERSITY OF FLORIDA, AGRICULTURAL EXPERIMENT STATIO N

MONTHLY HYDROLOGIC DATA UPPER TAYLOR CREEK WATERSHED 
FLORIDA WATERSHED W -2  & 3

U .S .D .  A. -  A G R IC U L TU R A L  R E S EA R C H  S E R V I C E - F O R T  LAUDERDALE, FLORIDA

COOPERATING WITH
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CENTRAL AND SOUTHERN FLORIDA FLOOD CONTROL DISTRICT a  
UNIVERSITY OF FLORIDA, AGRICULTURAL EXPERIMENT STATION

MONTHLY HYDROLOGIC DATA UPPER TAYLOR CREEK WATERSHED

U.S.D.  A. -  A G R IC U L TU R A L  R E S EA R C H  S E R V I C E - F O R T  LAUDERDALE, FLORIDA

COOPERATING WITH
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f73C
— 13̂ 1.̂ 44,1 £32. I.3?r If 17

ItU-P.A.. A.R.&. JULY IMOl **



PART III

Monthly Hydrologic Data 

Monreve Ranch (W-Ij.)

10/1/62 - 9/30/63
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CENTRAL AND SOUTHERN FLORIDA FljOOO CONTROL DISTRICT ft 
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION
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CENTRAL AND SOUTHERN FLORIDA FLOOD OONTROL DISTRICT 8  
UNIVERSITY OF FLORIDA , AGRICULTURAL EXPERIMENT STATION
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PART IV

Monthly Hydrologic Data 

Plantation Field Laboratory 

1963

Division 2 - Solar iRadiation* Standard Pan 
Evaporation, Water Temperature

4



HTOHOLOGIC D ili - P1AITATT0* I E U  LABOMSttT 

PORT LATDHUU1E, 11.08SUL

d a ie SOLAR RADIATION F1BE WAIER EVAP. - (CLASS A PAN)

A p r . DURATION TOT. INC. LIfflT TOT. RADIATION ALUM. BLACK HATER TEMP. (°F .)
(MO.)

l U b Z
(HOURS) (GUNN-BELLANI)

UNITS

(IN .) ( m . ) ALUM. BLACK
MAX. MIN. MN 1a x . MIN. ’ im

( m )

1 ... ' Z Z o __  .. s .  r . . \ u
2 .J , : " ?  . Z  =?<? 3  .. ,Z  Z.

.3.. .......5 ^ .  ...... 5 6 S ...........3 , 0 .........._ .2  S>

,  h  . -7.1 5 2 « 1 4 . 6 • Z  5
A _____ 3 . o . ...... ....... 5 & S  ... . \ 7 .  1 ■ -
6 .... .... .-’L jb . . . _______ .v > i . . . I 6 , 4 - . Z  4

- 7 . _______ 4 8 3 .... 1 3 .- 7 ______ „ .  .
a - a.:....:,... ... :7. - , !

-9.
10 -

.... . . 3  +  o
Co 1 S

1 .0  
&  s>

______ 7 .  ...

_u  . <9 <2 s  *50 ■ f l ----- .. . 3  ......

. 12 S . 3 . , 7 ,  S- ,Z  4
15 . ®  7 , ' 7 f 7 / 7  ...... ,Z
Hi .7- 2. ________5  2 J ______ 3 , 4 ,2  6
1<5 . \ '  1 ^  S  e 7 ’ 7. • 5
16 ... . .. 7 ,  7  ______ . . . ......:.3i ' ;___________ .7. : ,
17 _____ o . \  . ........... a^oCi. ,  . . ! S ,  ci. _. .. . 2 4
IB _____ \0 - W i .  _._! . _ _ 3  2 . A i i . . . . . . . 2  ^9
i2 9 . a .... . & 0 0 7 . 4 •7 4

..20 C7. J . . . 3  0 0 _____ 5 ' ^ .Z  /

. 21 . . 7 3 7  .... ,7 ; 4 T 2 _______ .Z  6

..22 ______9  -3. _ . ... - < o °  S  ... ... ... • 2  &
23 .... .L.3L .7 £  5£> .. 1 7 7 3 .2  fi

( U . O 4  S 3 . 7  e
15 . ____ ... r . f c ? 3 _______ 3 - Z • Z  3
26 7 3. 7  .......... _ . . . 5 j  a  _ 1 4 . . z  z
27 ...iTC  ....... c  v  .. 1 -7.-7 h ; «

. iS ... . 7 , 7 .....  . ___ ______3 .7 7 7 . . i 7 , ? . 3 4
...S? . . ..SL .iL ........... v 0 7 / 5 .  1 . 3 7
..I ° _ .... . S 3 _______ - f . s s 1 : , 4 ■ Z-fi

...
TOT. . _______ ... . 4 *7  £ -f. A s
UN. 7 .  q •26.
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HYDHOLOGIC DATA - PUlrATCOI FULD LABOBATDRT 

PORT IATEERDALE, JLOHEQA

DA IE SOLAR RADIATION FIEE HA1ER EVAP. - 'CUSS A PAlfl
N o v DURATION tot. In c . licht TOT. RADIATION ALUM. BLACK HATER TEMP. (°F.)
(MO.) (HOURS) (GUNljl-BELLANI)

jjNITS
(IN.) (nr.) ALUM. BUCK

MAX. MIN. MN MAX. MTU. ' MN
(YR.)

1 &■=■ _____ 4  4  ....... ....... . 4
1
, *

2 !_.. 8  - 6 ..... 4 U * . .,......... \ o • <? . 1.4

-  3 .... 4 , ^  ..... . .. ~  i ft . 2 , IG,
. k L .... i  a _______4 2 3 _____ I I  , 3 .-2 2

* --- J—7  .... ■ 2 3 0 , 1  1
& .. h a  ... ...... 7 3 4 :  ... . ^ , 5> , 1 0
7 ... 3 4 o  _ _ .  . & : 4 , / £

_ a _____ e._2. _ .. 4 - 3 ^ 1 1 . A , 1*7
9 . A -1 4 - 4 7 ......... 4 2  4  . , l?>

10 . _.._3:<4 .. 7 0 4 7< 1 ,0 9
11 . - 3 u ( .5  6 ______ . 4 4 ,o<#

. 12 . . .  t ______ ._ 147 4........ _____z n

12_ _ . .. .. 3 - 4 . . - ,3 5 4 ._____ < * •  4 . 12
—2 h ..... .5? 4Z _____  4  4.4 q  , q ,27

15 ... _______ ______4 . 4 - _ & ' £ , 1 16>
16 F ~ ... ...... ........: 4 3 ....... ... 7  -7

_17 ______‘-'-.a .. S S 4 & ' 4 , i &
IS _____ j 3 _ 4 ____ ....... i- PS ft -4 ■24IP . ._s-.c. ... ______,4 4 4  .. 47

. . z n . .. /. 7 •- &  -  ? . .... . <q , 4
. 21 . ...3 ., P 2  ;  . .. *7 5. ,<2 =i
- . 2 2 . ...3 ,ft. . ... . 4 . 3 . 4  __ 10 .^3 ,-2 i

. . 5 3 S & 7 . 4 . ,17
4 ....4_i6  . j _______ 7 , . 1
2 5 4-. 3 - . . 4 - 0 .... 1 . 026 ... . ... :4 4 , 4 _____ <=) ,<7

• * $L_2Z_... .... 77,: <3 ...... 7 3 3 3  . «- O *1
P $ ._ 7  <? . .. ._______ 3  ‘ 1 4  . A , 14

29 _. .... 2 . 7 3  5=- ,oa
4 4 -  Q .  _ . ___ 4  7 .. , ft
51
T O T .

l M ' Z .... LP 34J . ■ '1 4  4 7 '
MM. ( j > . 0 ft,/ ■ i L >

DA IE SOUR RADIATION FIEE HATER EVAP. -  (C U S S  A PAN)

D E C . DURATION TOT. m e . L IfflT TOT. RADIATION ALUM. BUCK HATER TEMP. (° F .)
(MO.)

i q < ^ 3
(HOURS) ( GUNN -BELLANI) 

UNITS
(nr.) ( I N . ) ALUM. BUCK

MAX. MIN. MN MAX. MIN. ‘ MN
(YR.)

1 a . s 4 -< ? S 7 . P 4
2 f t , 5 4 ^ 3 > =1. 1 , 14

7 -< 5 . -  _______ ^ 7  4 •5
4 . ^ 2 7 4 6. .4- ,11
S .  f t 4  3 7 7 , t ^

ft A . 3 - 4 4 A . 1

7 4 - 4 , ....... 4  4. .. 4
n . . .  - 2 - 7 2 , - 7

9 4  3 S S w ;3
10 .......... . > 4
11 f t , 4 3 ^ 0 ° 'C > ______ , 4
12 A , e . <7 , 4 - ,<?7
15 f t , s 5 S \n-o ,1 1

lk f t , 4 3 & 7 <=! .<=? ,1 4
16 a ,  1 3 S O f t  . - 7 3
16 , : ■ 3 1 , / <?
17 0 . 0 1 -4 cv 0,(*> ,,... 3...
18 ____  4 ' 4 ......... 1^1-0 e  £ , . 4
19 4  .../ . . . . .  .3 7:_______ :-4->
20 . .4 - ...: _ P i 5 ,  1
21 £>, 4 3 4 1 I .C e
22 4  .7 S  2 9 a . o , 1 1
23 4 , 4 3 * 7  a < 7 ,0 I S
21+ 4 _____ 4 ; . ;4> »  . . .  4 '  ...._
25 3.-S ■; .:?C? 4- 3 , i 3
26 £  f i t 7 ,  1 , 1<S>
27 3<=?3, 7  < Es ,<?A
28 4 - 4 3 ^ 2 . 4  : 1 . : , O
29 6,- 3 A^- 5 a ,7 , ofe
30 s . 3 3 7 3 4 . 7 . . :3_
31 . . B  7 i _____ 3  4  4 4 , -= )
TOT. i q i . 5 IO ,  3 5  3 - Z I S . S I 3
MN. ............4 3 7.<3



PART IV

Division 3

Monthly Hydrologic Data 

Plantation Field Laboratory 

1963

- Evapotranspiration of Tifway Bermuda- 
grass at 12-s 18~, 2l+-s and 36-ineh 

depth - 12/ 31/62 to 12/31/63



EDROLOCIC DMA - PLANTATION FIELD LABORATOKI
FORT UUDERnALE FLA..

.DATE EVAPOIRUaFIRATION * - O T T W E r r o B T E B T ---

J U L Y W .T . LEVEL - 1 2. " W .T . LEVEL - 2-4 * W .T . LEVEL - 3£, * UPPER rr, s o il  * *

(«0) 1 1 2 1 3 1 It Ulflt}. 1 1 2 1 3 1 k I A W . 1  1 2 1 3 j H | AVO. ■VIS “W3. V .T .

1 (IN)
_  ^

I H O " 1 ............'..... (IN) (m ) (i n )

(ta)

l

3  

■ 11

-4

.1 ^

■5>

.1 k

1 z . 

. 7 • r,

1
.1 5

6?

■ 77

&  

■ i

11

. 1 2 , / &

■

. 1 0
S

• 0 7

7

14

1 <5 

A 2 1 1 1
£ ,1 1 • I O .0*9 iCs . 1 0 . 1 - ! ■ -! ■ C l 1 1 7 - 7 . 0 3 .o S . 0 s)
3 - • 1 3 . 1 3 . 1 to 4 , o & 7 7 1 1 ■ c- ' j ■ 1^ 1 4 . 0  s ■ i 4 •1 Z- 4 2
U . 1 s . 1 . 1 6 7 ; 7 . 1 7 I-5: . 1 6 . \& .1 7 .2 0 ! 'r> .2  1 • 1 7 . 1^
5 ! - . 1 I i ,ii« ! ' 7 . 1 : . 1 3 17 ■ . 2  1 , 1 7 , !<?
6 - 1 7 1 i-1 ’ ./il,. ; 3 , i £ , 1 «•, .2 0 . 1 & . 2 2 1 • |C5
7 • I S .1 U> .165 i ■■■' ■■ Ce \ 1 -■ i 7- ! P ,2 o 7 .2  1 4 7 •1 j .
a . 1 5 .1 <0 . 1 65 1 7 1 4 1 7 7 - ( . ! 3 , \*> •z | 7 . ) H
? ,|5 .1 U> . 1 to .11 , 1 u .-2-3 17 . 2 0 . 1^ . t o , 1 o . 2 . 0 , 2  1 .■20

10 | 5 A Co ■ | S . n , 1 Co , n ■ n 1 7 ■ 1“? , 1^ . Z o . 7 . 0 . 2 0 . t o
1 1 . 1 =3 1 l/> . I S . \ “7 , 1 (Vo 1 ^ . 1 & . 1 7 .Z<5 , IP, . 2 0 .7 .0 ■ Z o . 2  1
12 1 5 1 3 . 1 1 . 7 ' r ? . 1 0 i I ! ,.P . 0 9 \ t . 1 7 1 .-•> ...

13 .1 5 7 ■ 7 , 12 . . 11 . 1 4 ,1 1 . 1 2 '7 .<7 2. - : 7 , o 6 > . I P
lit -- . 1 3 4  1 7 |4 , 1 0 , 1 4 , 1 & . 1 1 1 ? , o 7 . o k . 1.1
i3 ■1 <r 1 ? , ie . 1 4 ■ 1 5 .1 I \ » . 1 4 , <2 . , Z 8 . 0 5 • 0 7 . 0 5 , 1 1
16 1 S . 2 3 . 1 4 , 17 ■ 17 . O S . ! 4 o h . 1 0 . 1 Y . 1 Ip 1 2 . 7 ,oO>

1 1 2 ■ 1 1 . 1 c r. 7 ' 1 4 .0 7 . 1 (s • i 1 - ■ 7 7 . 1 S . O U . 0 Co 4
18 ,2 o . 1 & , 1*=? . Z 2 , 2 0 ■ 1* . 3  0 7-± 2  ‘p .7 , . 2 0 . 2 . 5 77- 7 7

19 . 210 , \^> . Is? ,7-1 • - 2 0 • 1* 3  1 . 2 ^ .-2i . 0^ 0 7  7 . 2 3 7 7 • 7 ;
20 •2  f ■ \°> 1 3 . 2  0 . 1 ft \°> . / £ , 1 : i 7 . 1 & . 2 2 . 1 2 • 17
21 .7.0 \°> .1 4 .4  0 , 1 A 2

,| g
. 17 .1 7 ■ 1 7 . \ 7 7  m , 7 7

A?.. - -1 4 . <*> 1 IS . 1 U . / 6? 1 A 7 7 1 . 1 O
23 -I- 4 . 7 i / 3- . 1 6 1 1 z  1 7 . 1 ^ . 2 % : 2 ' ‘
2U ir. - , I=> . i l . IO 7: ■ t>& ■ 1 O ■ 1 7 ■ 1 8 .2  2 i 7 7 7

■ 1 7 .IC*

.

' ! 7 - j -c 7 . 1 Cf . 1 0 3 , 12
26 ; ! l ; - 1 4 . 1 6. .1 7 ■ 1 , 1 U . \ 0 . 1 ^ .1 2 !<=? 1 1=3
27 • I S . I t . 1 C" i 1 *3 , 2 . 3 ."2 5 . "£ ^ ■Z 1 • 7 4 . 1 £ . Z-4 2 7 . I<6
28 2 14 - ! • 7 4 . I c o A < 1 0 . 1 U> . 1 0 ALo . o ? , 1=,
29 c a .1 0 . 0 ^ Oft 1 f .1 -L . 1 1 , 1 1 . 1 1 .2 . 0 r. .7 .0 7
3° i •1 4 ■- ■ 1 4 r . ! - •1 ^ , 1 4 . 1 c / I f . d 5 ■ 0 7 .(9^ • O ^ .

31 . 2.1 . 2 / 3 • ■41 is ip s s ■ 17. ■ 1 4 . 1 1 4 7 . 0  ^ . oC. o & . 0 9 ,o p .
K T . 4 ~ 3 4 ~ _ 4 . 4 o 7- 2 4- 6 .3 3 4 .4-7 4 ..6 S R 7 4 4 .3^2 4 . ^ 7

I MEAN , • tr • 15 . 14 < 17 ■16 • 14 7 . 7 . ■15 < 1 • 16. ■ IB . 17 7 4 , l<i

DATE EVAPOTRIISPIRATION * A W .  WATER CONTENT

A :> -  1 W .T . LEVEL - 1 'Z  " W .T. LEVEL - <24. * W .T . LEVEL - 3 ^ * UPPER FT. SOIL * *
(MO) 1 ( 2  i 3 i !* 1 1 2 1 3 1 l» U w . 1  1 2 ] 3 Jt 1 AVO. ■vts ■W3. V .T .

H(b^> (IN) (IN) (Of) (IN) (IN) (IN)
(IR)

1

4-

•

\7.
4 f t • 1 c?

1

v -
Co
\

&
11?>

11
, 1 0 , 1-2

-2

,OP> 9 '
7

4 .

I O

:>■') , 1 O
£ - & . 1A 1 -> ' 7 ' , )* . 1 ; , ' ■ n<^ . 7 , ^ , 0 ^ , 1 O
3 7^7) 7 ■- 1 7 .10 7 ; 4 . 7 7 - , / 7' , 2 , I (7 , 1 O
U , 14 . 1 = 1 1 6s 1 1 Co 1 / ?. , 1<3 11 1 /**> , 14 . 1 O , 1 5 , 1 4 • 1? , 1 3
5 • \A 7 : 7 ,17 , / * 5 7- 4 ' 4 . '77 4 ' 7 : 7 | 5
5 , 1 => , : 7 - ; 7 , 17 ,1=5 • 14 , • 15 , 17

7 '< 4 • 7 - • 14 , K 7 7. 77 7  3 , , 4 3- : - n
_.

S 7- 7 7 7 '7 . K ' = - ,1 2 • IP> , l<5 , 1 1 ft • 17

9 , ^i~> , 17 ■ 1 ^ 4  ? ■ 4 ■4 , :> 7 4 , 1^. , ICe 17' ,1ft 7
10 . 1A 2'. , 17 , 1 a, - 1-4 .L 17 7 . 5= .. ' lr_ ; 77 2 .
11 ■\f> ' IfC- , 17 1 I , 1 ft , 1 (“o , 14- , 1 O , 1 a, , 1/-, . 17 , \ V ■ 1^
12 ■'2 i 1 , If3 , 1//) , 1 a , 1 Co , 1 Cp , / ^ , 1 Co
13 • 1 1 i ...77 • 1 a .... 1 I S , 1 Cp 1 1 3 • |d« 4  Lp
Hi i ' 7  ;■ , 1 1 -7 , 1*5 , 77 • 1 =3 !<=■ ■ 1:7 . 1 L?
13 , I'? ■ ' 7 : . • 1 ! 7 3 , I-? . / ,c>4 , 15 , 1 , 1 ^ , 1 io -V16 7 ' 4 , \U> • 14 .. . 1 1 , 1 V , 7 7 7 , c?P> ,1^1 , ; v,« ' 4 4

1T ■ l-% , i Z . / A , 1 Co , 1 ?r> , 1 1 . 1 1 1 ) 4 , p A , 1 1 , a ~ i , 1 Ln , 1 Co , 1 1 1?
iS - ; i ' • 1 0 7 7 1 ' 1 1 - 7 72; - , 1 1
19 ,|(0 11 ^ i 0 ' • 1 0 77 : 1 ; ' 11 1 7 ■ 1-7 , 17 7 O - 2
20 ! 7 , 7 7 , 10 1 1 7  C? . 1 1 7  I . 11 • • 1 1 1 1 La 7 :7 "
21 1 1 7 r - ! ■ \ o .. 7 " 1 1 4 , 1A
22 .. : .r . 7 7777 , 1 1 . ; ; , / 1 , 1 1 , 1 A 1 1 to ' 1A -
23 " - f . IO • ! i , IO , 1 4T7 ' 1 1 ■ 19 , 1 7 , 13 3 i 7
21j. — 7 1 7 , \o : I ! 7  7 ■ i ; ; • 1 : 1 5 1 1 > 1 P> , Z |3 ■\P>
2i> , 1 O , 1 n . 1 0 , / O ■ 11 1 / 7 77 i 7 . > l f i
26 S 77 • 12 r2 . O l a . 1 O , 1 1 , O A , I'? ■ 1 P> , 1 4 f t , 1 P>
27 • \'s? r: 7 4 , I S 1 1 3 , 1 1 • B ,\c\ , 1 7 . , , 11
28 , 14 ! • 1-2 , i3- ,1̂ 3 ■ 77 , i 4 ,17. , i 4 , I67 • 14 . /o . ILo
29 • 14 I 1 7 7 , 1-4. !- ; -p : 7 1 m • 1 i = , 14 i 7 ,/<£ ;7
>' .... 4 • 12 , 1 63 • 14 ■1 7: : '17 -11 11A , Ida • 14 , id? , 1
31 ■' 7 7 " f '■ 47 ,7 • 1 1 ■ 1 1 >7A , 1 5 ,1̂ , 1 P

TOT. , 3.76. 4 ?74 '34 4 - . 0 8  ̂ .,7 -3 77-. .  ,7 3.31 3.74 4.74 4-M •3,01 4-,37 47^
MEAN • 13 .1-2 ,14 ■1% • 12 ■1$ • 14 ■ 1 1 3 7 3 ' : 4 :■ = , 15

* i
** ,

T l F W A Y  &El2VtUDAS,G./x'=»&



nDROLOCttC DATA - PLANTATION FIELD UBORATOHT
FORT LAUDERDALE FLA..

-DATE KVAPOTBimfflRATION *
W.T. LEVEL “ |Z  ” W.T« LEVEL ™ 2 A  ** W.T. LEVEL - 3 » UPPER FT. son *#

(MO) 1 2 J h m . 1 ? 3 k m . 1 1 2 3 AVO. ■HI MS. V.T.
(IN) (a) r  - - - um, - (IK) (nr) (IK)

tTR) 3 4 0 \ 2 I 6> S 1 1 2 3 ~7 IO
1 ■an r,?. ,o& ,o& ; . 1 <7 4f> ,n°> .OG> ,0"7
i. o S - o ■ Ola ■07 ■p i :7 . 54 m 0 4 ■ o l 4  4 ■ o 3 .OL, . o S ■ Of.
3 • 14 ■ 1 4 1 4 . 1 4 . 14 4 c ■ \ i . 0 (a . o°> .0 4 . 1 7 o'3}h 1.0 ■ ZZ ,z o ■ 1 - i 7 . i °> . t o Z o ,0.5 • 1 7 .Z o • ? 4 1 7
5 . , '3 ■ o f , r 4 . o 5 . o  4 .<5 3 .0 4 . 0  4 . o 4 .0 *9 0 'S .OCe . o 1 OS
6 • 04» ■ O S - . 0 5 . 4 -i o  S , o s . OCa . OC, . 0 1 rtf,
7 2 ■ Z*> ,Z 2 .22 .2 1 • 1 « \(r . 1 => • 1 (r O ft .06 • 1 4 . 1 o
8 c , 06, C / • 4 • £ 4 7' 4 r 3 : 4 C 4 .0 3 .0 4 . DA
9 ■ ’ 17 4 i ’ 1 8 f 4 i (- ■ I • 1 f> . 0 8 n A .0 ^ . OB

10 o 7 .0 4 ■ OZ . o S .0 4 , 1 O ■ OZ .OCs .ok . 0 7 . 06, .Of, . 0 7
- 1 1 ‘M£®f . i 7 ! 7 . ; ,4 ■ 1 7 7 1 i .1 -7 .11 . 1 -A • Ur- .0 7 . 1 6, . 0 4 1 112 ■ 4 . i m « S « .1 : , 7 7 ' , 1 o o 9 .0 7 . 1 o . 07 .zo . 1 I

13 5 ' i - i ; i 4 . | 4 ■ c . 1 O 1 2. . 1 o • 14 .Ofi . 1 o 1 1
tu - . 1 L? 1 4 . 1 Le ,12 I 4 ,i -z- ■I Z 1 5 •1 4 • 1 5 .IO ■17. ,17-

■ 4 1 • , 7 . ! 4 , i z . 0 8 .1 z . 1 z .o ^ .i i .1 4 . 1 z. . 1 z
16 _

-• 4 4 i , ■ 11 ■I 7- . 1 £ ,14 . I & .05 .OL, . 1 1
J-i i 2 4 .0 <9 . i i . 1 "2. . o-Z. . ZO .ICc • 1 118 7 i v 1 - . i 4 ■ 1 6 . | ^ ,1 tP m m ,7 ? .OK .1 . 1 <=>
19 ■ 1 3 ; - . 1 1 -■ 1 3 ,o°> .OS , I I . 1 o nS . 1 3 .Z o . 1 z20 . .. -r. V 1 4 . 1 L, 1 4 . / 4 • 17 ■ I I ■ 1 f> •1 ■ 1 z , 1 o . 0 8 -1 i21 .2 O .2 1 4 7 7 . 1 s 1 => . 1 -7 1 f> . z z . 1 6? . i & 1 ayy1

r . . . o .. f: ; r. . I i .1 -7 • 1 =i . 1-7 . i ^ . 1 z. o » . 1 4 . o ̂
23 ■ 1 a , I 4 . 1 u ') . 1 o • / 1 . 1 o . 1 n . n 7 . 1 s ■ 17 . O S . 1 o
2U • 1 c? . 1 4 ■ ! 7 .1 5 Z. . 11 . |?. . 1 1 ■ \ S . 1 Le .OZ ,14 . 1 o 1 1
Si' 1 4 , 1 s .1 6» 7 4 . 1 U • If- • 1 ? ,P?> .z s . 06, , 7.7.
26 o ■ 1 1: ■ ' 4 ■ ■: 4 .0 7 .o 3, .0 7 .0 7 15 .09 . O 6? .09
27 - : ; ! 7 : !> i . " '■ ,09 -1 3 • 1 1 1 . 1 z .04 .O 6, . o £>20 . 1t, . / 5 4 4 7 7 . 0 u . 1 1 ,1 ^ , 1 s . 1 Z . 1 3 . Z o 1 * . 1
29 . 0 °) 7 ■ - 4 OS . 1 o .0 7 .0 7 . I 1 . ( z .D 4 . o I .o 7

-7*4. 4 - 1 4 ■ 1 4 4 4 : 4 4 . 1 u • 1« • 1 °l . 1 1 . 1 1 l<r , z e | =>
.. 31 • . i7 • i : 4 4 . i 4 . 1 o . 1 4 . / s ■ 1 z. .1 4 , 1 o 1 4
TOT. 4 ' 4 4 7  4 4.1 Co 4.24 4=5., '■ 4 v ,: 3 1 5.70 3.26 3.t*o 3.oo 2 .3 0
MEAN 14 •14 • 1 i ,15 •14 . 15 •15 •If- .11 .14. .1 1 .IZ . 1 o • 11 ■1 1

-

4M.TE EVAPOTRAKBTRATION * AVO. WATER C6HTEHT

.4  : W.T. LEVEL - I ' Z ” W.T. LEVEL - '24" W.T. LEVEL - 3C,* UPPER FT, SOIL **
(MO) 1 1 2 1 3 1 U UvtJ. 1 1 2 1 3 1 1» U W . 1 | 2 I 3 | fa. | ATG. •HI ■HX' V.T.

(IN) (IK) (a) (IK) (IK) (IK)
(TO)
1

3
.CO-

■4
.P6

9
,o3

12
.02 .<=4

1 Co 
. 1

S  
.0 3

1 1
1 " ■ : 7

2
. 06

5
.oh

-7  
■' •;

10
Is?

2 ■ 1 4 .20 . Z 1 .2 0 . 1 7 ■ •- • / °> ■ i 7. = 7 ■ 1 s . 1 1 ■1 4
3 ■ 15 : 1 ’ _ . 1 6> 1 ,1 ? , 4 . , ; ■ 1 7 .2 4 , 44j . 1 0, , 17
u ■ 1 3 : 7 . ; / 4- ,lo .0 ^ 4 ! ■ O'-z, ■' ^ ' .0 7
5 , i A ■ IS . 1 4 . 1 4- . 1 4 7 .4.4 ,1 5 .1 fe : 7 ,Z Z 4 ,o& . 4
6 .! A . 1 1 7 . 1 4 7 1 : . 0 °) : i 7 . 06 , 0 6? , 17. : 1 <3 .O'?
7 .O' t .03 7 i- .0 S . 0 s .06, . r . 0 “9 . 07 7 .Zo .04 ■ 1 O • 1 Z

■ i . 1 6s __ i. 1 ',3- . 1 6> . 1=, • 1 7 , ! 7 . 24 l. 3 7:_j .2 7 .2 6
? , Mr . 1 U> ~ ■ 1 % ,1 p> . \°i . 1 & - 4 .3 2 - 4 .77 .2 6

10 . , 7 .1 7 • 1 f? 1 °! 1 7 4 * . Z  8 , 1 ̂ 5 ,|5 .2 1 3o .0 z . 1 Z ■ 1 3
11 ' - . 1 7 t— “ , i ! 7 . i & ■I 1 ■ 1 z O 1 .0 ^ . 1 0 . 1 0 . os>
12 .; 4 . 1 4 ... 4: . 4 1 <7 p 4 ■ i 4 . IS 1 1 7 .oC& . 1 1
13 ■ . 1 ^ ' - 4 - . IZ ■ , ,1 3 .0 7 .02 .on
Hi ,17 - - , 7- 0 • 17 • 14 ,72 . 1 0 , 7 ,oS . 1 8 .7 4 ,o& . 1 s
4 .4 4 ,ZS .2 4 .2 3 .40 . 1 U> ■- . 7 J ■ ( 7 . Z-o i - • 1 0 .2.0 . ! 7
16 .y.o . 2 o ‘ 1'-? . “ - • ZO , 7 ■11 ' ■ 4- 7
!'( ,i(o ,17 _ . fi . 1 7 . 1 63 . 1 4 I 4 . t 3 2 2 . 06, ■ - 77 ■ ! 4
18 , I 6» 4 ' . | 6= 7 . Z O ■ ■:.,. 1 4 .... L 4 , 1 Z .0 S . 1 6 , 1 ft .1 4
19 . i o . I (» . i 3 7 ■7 , I z , 1 3 • 1 1 .1 3 . 1 0 ! 4 ' ( . 06, i
20 i 1 .1 S I " ' . IS 1 4 ■ \°t 4 i 4 7 ■ 1 4 ,06 .1 4
21 - . \ Z I . - .. 4 .2.0 . 7 . . 1 0 ■ 4 -1 . 1 Z , 4
” ' : a . 1 4 I „ :: . 1 4 . 1 Z . 1 L, .2 6 . z s . C> Co .20 2 0
3 , 1 7 . 1 7 . 1 7 . 1 O 4' 1 4 ■ IS •14 .OS . 07 ,7. 3 ■ 14 ,/ z.

2U .if, 7 - .1 S . Z 4 . Z 0 . ■ 4 .1 & . Z 4 . 08 ■ 1 1 ■ IV
2i' . 17 • 1 7 v- - ^  -T, . 1 Z 1 4 ; 0 . / 4
26 ir, ■ i 4 7 . 1 4 ■ 1 4 , 1 1 .1 Z , / Z . 1 0 .oS ■ 1 z , 1 1
27 49 44 / • 1 ■=? r- ' 4 .7 7 , , 7 ■ 1 1 ■17 . 1 4 .70 ,|Z .06 ■ 1 f.28 .27. ■ 7 2 : •2. 1 ■- 7: 7 “ t  1 . 2  0 . 1 65 .2 S .22 • 20 ■ 2 z
29 .4 o .4 4 .-z 1 1 7 7 : ; 7 ■ 1 & , 1^ ■ 1 <r ■ 1 7 • 1 3 .0 © , 1 6» : .
.3' , i 4 • 1 2- . 1 1 4 , 3 7 ,0 & . O i , 0 7 .£>7 . | z. .1 S • O 1 .09
31

TOT. 4.^7 4 ,8b 4.4 Z 4.^7 4.76> 4.4 4,7 7 ■4 4 / 4/4 4 4 4 3-=)S 4 6 3 5 . 8 6 3 , 7 “=) 4
MEAN 4 6s . 1 60 ■IS • | 6, ■1̂ ■ 14 • 1 6= ■14 ■13 4 4 4 3 ■life 7 , 4 . 1 3 • l 4

* -  t i f w a y
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PART V

Monthly Hydrologic Data 

Everglades Experiment Station 

1963

Division 1 - Rainfall, Air Temperature, Wind
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HYDROLOGIC DATA - EVERGLADES EXPERIMENT STATION 

BELLE GLADE, FLORIDA

DATE

JuiV
RAINFALL A IR  TEMP. (°F) WIND | MAX. - MIN. 

IEL.HOM.

REMARKS
MO.

M S
( I N . ) MAX. MIN. MN (M I .) W

96 76 SO. 3 26 loo &R

(y r . )

1
2 76 76 So J 4 5 loo ao
3 7^ 70 *30.0 22 106 54
if 9/ 71 Si o 29 too 60
■5 0.32 92 7 0 fff.O 1? /oo 7?
6 o. o / f  "7 •’-* 72 S Z O 2 I oo 60
7 93 74 63 5" /  6s 1 O O t5<!

8 9 3 75 05.6 2 5 lOo 6< 3

9 .  * : 72 32. S’ 4 5 too 5 ' 4

IO 9 2 ' • 9 / 0 24 1 O O 52
11 7/ 8o.5 . 5 4

too 5 g
12 a  o r 69 (c 9 79-6 2 0 ( O O 60
13 L f t S .  - 69 0 / . 5 " 2  / f O © 46
iU O. 26 l o 68 7 9 0 / e too 62
i r 9 2 69 80.5 20 loo 6 /

16 ■■ v 92 ___ 7  f e / . r 1 7 loo 5 6

.17 0 .  / 6 8 5 : r ,r 1 8 l o o 6 8

18 92 7 / 9 7 t o o 5 - 4

. 19 92 7/ e / . J - 59 IOO 5S
20 9 3 (29 g/.o 5-/ /oo 5 6

21 0.0 4 92 7 4 © 3 d 23 / oo i-,0

22 9 3 7 4 • 83 5" 5 £ too 5 2
23 9 2 12 02 0 *  1 I 00 52

-?h 89 72 eo.fr 37 1 G O

25 92 _ £ 9 00.5" 39 ICO 5 /

26 92 72 82.0> 6/ 1 oa 5 7

27 9/ 11 8 / o 70 / O O 5R
28 o o / 7 ' 6? go. o 4/ / co -—
29 ? . v/ 69 £?e O -32 IOC 54
30 o  o3 57 ia 76. r 13 97 1.0
31 0 .8 / 9 ? 77.5 23 IO O &o

TOT. /. 78 ?,S2C 2./90 1 ,0 7 0

MN. 9/ 2 70. 6 So-?
...... . ..

HYDROLOGIC DATA - EVERGLADES EXPERIMENT STATION 

BELLE GLADE, FLORIDA

DATE RAINFALL AIR TEMP. (° F) WIND MAX. - MIN. 

REL. hum.

fflilMAKKiJ

MO. (IN .) MAX. MIN. MN (M I.) (%)

(YR.)

1 6 6 9 o I<£9 [ 7 9 .  r 2 4 • 9 9 5 4

2 9 3 & 9 0 /  o 2 8 9 9 4 *  ~

3 0 6 3 92 6 9 S o . 5 ' / (? 9 9 4 6

It l o g 9 o 7 / 6 b .  s ' 2 3 9 9 5 2

5 O . / O 9/ 73 (92.0 <26 ^ 9
—

6 9 0 7 / ( 3 0 5 3 0 9 9 6 0

7 93 7 1 8 2 .6 s s - / O O 5 2

8 9 o 6 g 7  9  0 z7 / o o 55
q 9 4 7 2 A 3 . 6 3 6 9 7 3 9

10 9 3 7 1 £ 2 . 6 :? 3

n 9 4 i 5 f i f  fr <£/ ' ? r 4 7

12 9 4 7 2 8 3  0 3 6 9 « * 8

13 9 5 " 7 2 S 2 .f r 4 / 1 0 0

lii o . o 2 9 / 7 3 # 2  6 4 0 1 8

is 0 . 0  1 9 4 7 2 © 5 . 6 10.0

16 9 3 7 ? 3 3 t o o S 3

17 0 . 5 1 9 4 7 0 £ 2 0 _ 3 3 / O O 5 ^

18 9 6 7 0 > 5 1 0 6 7 6

19 I / O 9 / 6 7 7 9  0 2 2 l o o 6 5

20 0 1 3 9 1 7 0 8 0 5 1 8 l o o 5 4

21 0 1 3 f f i 6 9 7  flfr 2 7 l o o 7 0

22 O  2 0 9 9 6 6 > 7 8 . r 2 5 I O O 75-
23 8 9 6 # 78 fr l<7 / o o a o

2U 9 / 7 / 8 / . 0 2 6 1 0 0 5 2

25 92 7 0 0 /  Q 3 “? J 1 6 0 1 8

26 O  o  1 9 2 7 0 8 ' 0 3 / 1 0 0 6-2

27 9 2 76 f t /  6 5 l a o 57
28 O  3 0 9 0 7 2 S l '5 5 6 t o o .9.0
29 9 2 7 0 9 /0 4 5 t o o 6 7

30 93 J 7 2 &2.T i l t o o

31 O  o  1 7£ _| 1 0 B o  o 3 9 IO O 5 9

TOT. 4 . 9 5 2 . 0 4 ! z.i aft /, o3<J — ----
MN. 9 / 6 7 0 .  £ g/ 1 ------- -—



HYD ROLOGIC DATA - EVERGLADES EXPERIMENT STATION
BELLE GLADE, FLORIDA

DATE

A o y
RAINFALL AIR TEMP. (°F) WIND IttX. - M il. REMARKS

JIO. ( IN .) MAX. MIN. MN (M I.) W
19*3
(Y R .)

1 66 <0 4Z 5, 5/
2 &l (*! 7/A 46 too 5 .5
3 -70 46 5# 0 &8 too 46
h 77 57 676 C.S 97 5/
5 0.30 So <£7 73 5 70 loo 40
6 a. OS' ft/ ■73.5 £8 100 66
7 6.01 flo 58 69 0 S~<4 \oo 60
8 4 7 59 {OO 14
q '15 5"/ 65 O ? 1 - IOO 47

10 o. 06 &3 6vT 74 6 39 ion 60
n /. 7 S 78 <57 72..r 7/ 100 7<T
12 <35-8 75" 6? - r 29 too 89
13 78 58 68.0 9? 98 74
lli 69 4/ 55.<o 87 l 9? 39
is <2/ 3? so n 90 4 3
16 72 49 Co.S' 69 loo £
17 76 5"/ 63 <r I I - 100 4 7
18 78 53 &5tr £3 loo 5-0
19 &0 <T3 100
20 0 / $-3 67 6 66 loo
21 01 0 7 , , n __Z0. _ 10 0 n
22 £2 5ff 70 0 69 100 5 ;
23 6 l 5 r 4S , :  ._ [ O O 51
2U R2 62 72 0 /6 1 0 0 SC

25 B3 5 7 70 b 10 0 / /
26 64 L 7/ 5 8 too *>'2
27 8*9 7 7  5 10 100 5
28 85- 60 72 r 12 l  . ll:.; ■-
29 <5 O/ Sl 72 .a 63 i i l s l l s 60

_ .50 78 62 5 2 3 r f 6

1̂ .— •

TOT. 2 79 2,3 ' v / , &  76 /. 74 7
J 6 \ 6 67.2. ---------

HYD ROLOGIC DATA - EVERGLADES EXPERIMENT STATION
BELLE GLADE, FLORIDA

DATE RAINFALL A IR  TEMP. (°F ) WIND 1 MAX. - MIN. REMARKS

MO.

/?63
( IN .) MAX. MIN. MN (IC.) ( »

1 62 4 5 /r.% r >79 7.5' 5-0
(YR. ) 

1
i 6 2 3? 50. ST / 6 96 1,36
3 7/ 4.3 57 A ~rS >00 7
1+ 73 4 3 5 8 0 if, 100 £-0
■5 66 4 3 54/1 S S 92 $■/
6 ^ 3 55-.5 <26 /OO 42.
7 63 4 3 5 -5 5 .6 6 1 06 43
8 7 2 5 T 6 3 5 23 100 j*r«
q ■78 50 64/5 Col 106 L50

10 6 6 3 7 5 / 5 6 2 IOO 5 6
11 6 7 4 4 5 5  j r 22 - -
12 -79 4 8 26 /oo 5"/
13 03 50 6 C S 3/ (o o  55"
Hi 8 ^ 5 5 69,‘r 3/ loo 54
is OOP 8 6 59 72 .S' 73 . ..-,7.......if7
16 0 0 2 6 8 5~C, 6 2 6 .  1 5S.
17 0. 17 6  a 5 6 62 <5 95" 100 pSS
18 0.89 62 6 6 6 / 2 / j. .

19 6 9 13 55,5 7 ; 160 56>
20 6 3 4 2 62 r 8/ loo (TS
21 6^ 4 7 06 S 4 5 /OO |6 /
22 72 4 4 SS.o 5 ' p i
23 77 53 6 5 6 .66 100 I53
2li 0.12. 76 5 3 6 4 .5 (OO 76
25 6<? 39 4 5  . r .'7/ 5.5 6 4  .

26 5 0 33 4 5 5 - 60 * loo 'f8
27 6 4 39 5 / .T 4 6 too So
28 73 4 4 58-5" 70 100 ^ 8
29 75 4 6 6 ^ 5 l l io 0 52.
30 76 S3 £>4 5" m

800

31 4 4 4 72 6 / f t. ; n > , 17 /oo 79
TOT. ■'j s ^  1 &5“
MU. 70. S' ^7 .2 rg?.g — ---------



PAST 7

Monthly Hydrologic Data 

Everglades Experiment Station

1963

Division 2 - Standard Pan and Land Tank 
Evaporation



HYDROLOGIC DAIA -  EVERGLADES EXPERIMEHT STATIOH 
BELLE GLADE, FLORIDA

A



HIDHOLOGIC DAIA -  EVEROLADES EXPERIMENT STATION 
BELIE GLADE, FLORIDA



HYDROLOGIC DATA - EVERGLADES EXPERIMENT SIATIOH

BELLE GLADE, FLORIDA



PART VI

Daily Mean Ground Water Stage 

Upper 5kylor Creek Watershed

(W-2), (w-3)



MEAN nATLT OROUND-WATER STA® (WATERSHED AREAS)
(FEET BELOW CRD* SURF*)

UPPER TAILOR CREEK INDIAN RIVER FARMS MONREVE RANCH
J2 FC 1 2 3 b 5 6 7 1 2 3 u 1 2 3 3 5

IS O 2.(4 3 W? ?• V 3 32 3 3/ / 66

@
AVS.

d )  
AVS- 
W-3_ 

(.9 7

4
2.92

e
2 ,$-y1

2 193 2 (6 S. 56 3 74 - ?r 3 343f ' 5 77 2.sr 2.06 a, vr 2 .^ 2
_ 3 Z 2c zs .r 33 ;' 3 j < 3.38 ; v- a.e? 2 16 2.5"/ 2. (i 7

b t  l i  - -r ? w 3 -7 .? ^ .391 2.93 2.13 2 .5-9 2.(19
5 I.S2 §ps» J.W .  ̂-7.V ■:■ --iz ■ *'3 2.A5 i7 7 / S'*. 2 .T9 2 .¥7
6 1 8 / 232 ' . ■ 3.44 2.c>9 ? - • 2 ad 2. i_a 2.^9
7 2 C6> 2 ay j? 72 " -i .7 _ 7 7 3. 06 2.26 2.5-7 a .9-9"8 2 38 7 7 5 4* 3 7 7 3 7 3.ol 2 2-2 2 . <£o 2.5B

.. ? 2.90 a. « r 7 ip. 7 - ■■ r' ■ .; 213 2.5-/ i./9-
10 £.60 2 44 3 77 385 349 7 l77._ r’ : .. . 3.62 22 2 2,.r9- 3 .2 ?
11 Z ; v P74 3 90 .9.5.1 =3TT^ 2.23 3; ' " 2.32 .̂■T9 7 i

.. 13 * ■; J-71/ ; ;2 3J.r P-3-3 . .: [-:3. . 23(5 2 -ii/ 2 .37
13 -7.' L_ 2 52? 3 SI 3. ‘7.3 3,r? 3SS 23(\ 3 /2 2 3Jr 2 .£3 2 .f /
li 2.26 3 62- ?-94 3vS 3S8 2.33 3.14- 2-35 2.V3
15 <? '9 ,?•« • ' 2 3jr J , ,. 2^ 6> : •* 2,£ 6 2.93
16 ? .2 :^ 3 ?3 3 'V 3 - ' 2 3 7 73 2 , 2 .9 2
11 2 IT ;? * : 3 .^ %Ab 3 z 77 3./9 2. 39 ■2..C7 ■5.̂ (0
13 2 ; T 2 6<! 3 3 3 ‘tT 3 7 7 S " 7 3 26 246 ■ 3 • 2 ,9 /
19 - / ? S r 39£ 4 oa 3' 3 23 292 2 .<J ? 2.9-2
20 2 77 2 - 7 .237. .7. i/._i  ̂66

.
3 BS 7 ^ 8 3 24 2 ^ 2.70 2.Y3

-7 .J l.i •9 0 / •- '. 7 \ .SLi .,.3 :7 . 2 2.7/ 2  >9
22 2 , - 2 70 3 9 S f  -■/ 3.7S~ 3.25" 2 *(. 2.72. 2.7-(i
23 2-2,r Z 70 ^ o o 4o£ 3 70 3.74 2 <̂i 3.2 7 2.<I8 2,79 2.9<i
2h 2 n P 7 / <>a 2 3.70 2. rg v 7 ? 244 2  . W
25 i 55 ,-• 37' - - s 3 1_7 '5 . 2 *9 ? 3 U. ? /4 2 . /«
zo J. ^ 7: . 3 3i 7 ■' : ' ? s 4 2,<i7 2.2 V
27 ?.o9 ■ 3 .3^7 t  3 '• 7/ ,7 ,.7 ; 3 25" 2.^ / 2,7/ 2.3 2
28 7 .7 2.74 3 17 4 " 4 3 7 3 ■; -7/ 2  CO 7 ~7 2.79 235"
29 2 2/ 2. 75" 4. £6 3 74 3 73 2 6 3 .? 3<0 29^ 2 .7(5
30 x 7.7 ' •'1' .3 1 ’ 3 79 .? 7^ 2 C.6. - 2.3* 2.7 /
31 1 .22. r 4 02- VOfc ^ J Z7T- 3 3</ 7,5-0 2 ,7¥ 2.5-7
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