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A Pan Evaporimeter for Rainy Areas

BEsseL D. van't WoubpTt

INTRODUCTION

Pan evaporation serves widely as a reference level for estimating water
losses, by evaporation and transpiration, from surfaces of water, soil,
and crops. In combination with a knowledge on rainfall, it can be used to
estimate total irrigation requirements. Additional knowledge on the size of
the soil moisture reservoir available to plants in the rooting zone allows
pan evaporation to be used for timing irrigation applications. Particularly
m a humid, tropical climate, as prevails in Hawai, it has proved to be a
useful tool in this respect (Chang, 1961).

The U.S. Weather Bureau Class A (W.B.) pan has been recommended
by the World Meteorological Organization as the standard instrument for
pan-evaporation measurement. This pan is 4 feet in diameter and 10 inches
high. It is placed on 2- by 4-inch lumber on the ground surface. Water in it
is maintained between 2 and 3 inches below the rim by periodic water
replenishment or by removal of water after rain. Evaporation is measured
by a depth gage with Vernier scale up to an accuracy of 0.01 inch. In the
computation of evaporation, the difference between water levels measured
on consecutive days is increased by rain measured by a nearby rain gage.

Errors are introduced in measurement from the following sources:

(1) incorrect reading of the depth gage,

(2) a fluctuating water level,

(3) overflow of the pan during heavy rain, and

(4) the assumption that rain intercepted by a pan is the same as that
collected by a nearby rain gage.

Because of the requirement ol daily attendance of the W.B. pan and
the susceptibility of the measurements to errors, a need has been felt for a
long time to develop an evaporation pan that could be handled as a rain
gage, an instrument that would discharge rain automatically and could
supply a record of accumulated evaporation over an extended period. Sev-
eral attempts to develop such an instrument have been made in the past.
The earlier attempts were discussed by van’t Woudt (1960); the recent work
in this field is reviewed below.

The attempts made to develop a recording evaporation pan have all
entailed the creation of a constant water level in an evaporation pan. The
only constant-water-level pans that have proved satisfactory are the ones
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operating during extended nonrainy periods, e.g., in the states of California
and Washington (Pruitt, 1960; Jensen et al., 1961). In the instruments in
question, a simple float valve controls the water supply from a nearby tank
and maintains a constant water level in a standard W.B. pan. In rainy areas
this principle is unsuited, as water-level fluctuations are not only introduced
by rain, but also by temperature fluctuations.

Mihara (1961) reported on an evaporimeter used in paddy fields in
Japan in which, by an ingenious system of levers, corrections are made for
contraction and expansion of the water body under the influence of tem-
perature changes. This instrument, however, does not appear suitable for
routine evaporation measurements under field conditions.

OBJECTIVE

The objective of this study has been to develop a pan evaporimeter
with a constant water level during rainy as well as nonrainy periods. This
required the automatic and instantaneous discharge of rain by a mechanism
that can operate under field conditions without electricity and that is in-
expensive, and corrosion- and dirtproof.

In developing the instrument, an attempt has been made not to alter
the energy balance applying to a W.B. pan.

PROCEDURE

Water expansion and contraction

Volume changes occur in the water body within a pan due to daily and
seasonal temperature fluctuations. For the 7- to 8-inch depth of water in
the W.B. pan, the water level varies 0.019 inch for a change in temperature
from 68 to 86 degrees F. (20 to 30 degrees C.). For this reason, it was con-
sidered unavoidable to reduce the size of the water body in a pan and, thus,
the effect of temperature fluctuations on the water level. This consideration
led to the development of a constant-water-level pan (University of Hawaii,
or U.H., pan) with the same diameter as the W.B. pan (4 feet), but with a
height of 2 instead of 10 inches. The water level in the U.H. pan is main-
tained at approximately 1 inch instead of 2 to 3 inches below the rim, as
in the W.B. pan. The water depth was thus reduced from 7-8 inches to
1 inch. For l-inch depth of water, the water-level fluctuation is reduced
to 0.0023 inch for a change in temperature as above. This fluctuation was
considered acceptable. However, the change in pan depth and water depth
has necessitated calibration of the U.H. pan against the W.B. pan.

Water supply

A water-supply tank of 2 feet diameter and of 2 feet height was selected.
This gives a convenient ratio of 4 between tank area and pan area. It allows
the water level in the supply tank to be read from a gage in centimeters
and to be recorded in inches of evaporation, on division by 10. The accurate
conversion figure is: 1/2.54 % 4.00 = 0.984, so that long-term records and
records for experimental purposes, obtained as described, should be m::iti-
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plied by 0.984 for accuracy. A continuous record of drop in water level in
the supply tank and, therefore, of evaporation, can be obtained by placing
a float recorder on the supply tank.

Under Hawaiian conditions the tank holds supply for 1 to 2 months of
evaporation.

Conversion of a fluctuating water level to a fixed one

For water-level control and rain discharge, a number of float-controlled
mechanisms have been tested. These included the following:

(1) stainless steel and brass carburetor valves and their related valve

seats,

(2) stainless steel, Nylon, and Teflon balls fitting into sharp-edged valve

seats of the same materials in various combinations,

(3) Nylon and Teflon tapered plugs fitting into tapered valve seats of

the same materials, and

(1) Styrofoam floats, some of them impregnated or painted to prevent

water absorption.

Three years of work have gone into the testing of various types ol mate-
rials and mechanisms. This considerable length of time required for testing
resulted from different findings under laboratory than under field condi-
tions. Materials and mechanisms which performed well under shelter, broke
down under field conditions because of the effects of corrosion, dirt, and
wind, effects which often only showed up after several months of field
testing.

The most satisfactory results were obtained by the use of a tapered plug
fitting into a tapered valve seat, but the choice of material turned out to be
critical. Nylon corroded slowly under field conditions. Teflon was satis-
factory but no leakproof Teflon-Teflon combination of plug and valve
seat could be made to work without exercising pressure in excess of that
which is practicable.

The following mechanism has been found satisfactory.

Water is fed from the supply tank to the pan via two float-controlled
valves in series. One of these valves is an inexpensive, commercial one
which gives approximate water-level control in a small container attached
to the supply tank. Water from this container is fed to a second float valve
in a stilling well attached to the pan rim. This valve consists of a conical
stainless steel plug fitting into a tapered Teflon valve seat and ensures at
any time a fixed water level within the pan with an accuracy of 0.005 inch.

Rain is automatically discharged with a general accuracy of 0.01 inch,
via a third float valve of the same shape and material as the second float
valve (used for accurate inflow control), but placed in an inverted position
with respect to the latter. This float valve is similarly placed within a still-
ing well attached to the pan rim. The two stilling wells can be placed
adjacent to each other on the pan rim. The two stilling wells are inter-
connected with the main water body in the pan by copper tubing, but are
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wave- and dirt-insulated by the introduction of plastic pan-scrubbing mate-
rial within an intermediate compartment. The assembly view is shown in
figure 1. Details of critical parts are shown in figures 2 to 13.

Critical points in the over-all water-level control mechanism have been

found to be the following:

(1) The rod arm of the commercial float valve (figs. 4 and 5) must be
reduced from the normal 8-inch length to 5 inches. Stickiness of the
float mechanism, experienced during the early stages of experimenta-
tion (resulting in persisting closure of the float valve), was eliminated
as a result of the shortening of the float rod.

(2) The Teflon valve seat and stainless steel plug must not be installed
till after a laboratory test has proved that they are so well machined
that the plug and seat combination is leakproof under minute pres-
sure.

(3) The connections between the interior of the pan and the stilling
wells must be made of Ve-inch copper tubing. Tubing of larger size
will not sufficiently dampen ripples at the water surface in the pan.
Tubing of smaller size tends to become clogged by dirt. Connections
made by noncuprous materials tend to become blocked by algal
growth.

Collection of test data

During the first 214 years, almost daily attendance was given to the pans
to check on their performance under laboratory and field conditions. Field
conditions were simulated by exposing the pans on the lawn of the Agricul-
tural Engineering Institute.

From July 27, 1961, to March 13, 1962, covering a period when the
mechanism had almost been perfected, measurements were taken more
systematically but at longer intervals. At that time, the U.H. pan was set
up in duplicate with two W.B. pans on the lawn, at a site where all pans
appeared to have equal exposure (fig. 14). The height of the bottom of
the two U.H. pans was approximately 1 foot above the ground surface. The
ground surface was uniformly covered by grass over the extent of the lawn.

At that time, readings were taken at intervals varying between 1 day
and 14 days, depending on the opportunity for attendance, on rain and
wind storms, on the necessity for cleaning, and on water-level control in
the W.B. pans. Except for the time of recording, the pans remained un-
attended.

Dirt accumulation due to algal growth was suppressed by applying once
a week a few drops of Roccal, a commercial sterilant, commonly used for
swimming pools. However, other dirt accumulating in the pans necessitated
periodic cleaning of the pans, usually once in 3 weeks.

Measurement of rainfall at the test site was made by a standard W.B.
rain gage (8-inch-diameter receptacle). Wind was recorded at pan level by
an anemometer with totalizing record.
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Ficure 14. Testing site on lawn of Agricultural Engineering Department.

A determination ol possible variation in albedo (energy reflection) from
the shallow U.H. and deep W.B. pan was at first unsuccessfully pursued
by the use of a photometer and a photoelectric tube. Some results were
obtained by suspending simultaneously two inverted pyrheliometers (acti-
nometers) 4 feet above the centers of a U.H. and a W.B. pan. The instru-



HAWAII AGRICULTURAL EXPERIMENT STATION

1%

ments were provided with a 6-inch-long shield set at such an angle that a
hypothetical extension of the sloping side coincided with the pan rim (fig.
14) .

RESULTS

The readings taken with the various versions of the U.H. pan from
October 27, 1959, to July 27, 1961, are shown in table 1.

The readings taken from July 27, 1961, to March 13, 1962, are given in
table 2. Table 3 shows evaporation and rainfall records at the bauxite
reclamation area, Kauai, from February, 1959, to September, 1960.

Table 4 shows evaporation records taken during 2 months by a U.H. and
a W.B. pan under farm conditions by farm labor.

Figure 15 gives a graphical comparison of the average readings from two
U.H. and two W.B. pans, and tables 5 and 6 give a summary of results and
coeflicients of correlation ol the readings taken from July 27, 1961, to March
13, 1962.

Figures 16 and 17 show copies of the float record of the water level in
the supply tank and W.B. pan expressed in inches of evaporation.

Figure 18 shows an example of the daily fluctuation in air- and pan-
water temperature, of rate ol evaporation, and of accumulative evaporation
for a U.H. and a W.B. pan.

Figure 19 shows the rate of rain discharge from the U.H. pan, at various
heads.

Figure 20 gives the time required for the completion of rain discharge
from the U.H. pan.

DISCUSSION
Analysis of test data

The records taken from October 27, 1959, to July 27, 1961, (table 1)
show a reasonable correlation between the U.H. and W.B. readings during
24 out of 27 nonrainy periods. During rainy periods 74 records appeared
satisfactory. There were 27 records in which the U.H. readings were too
low and 2 periods in which they were too high with respect to the W.B.
readings.

In nearly all cases the unsatisfactory records were due to dirt interference
with the water-level-control mechanisms. In the beginning of 1961 this
difficulty was virtually overcome by the introduction of a dirt-settling com-
partment filled with plastic pan-scrubbing material between the two stilling
wells and the main body of the pan (fig. 6). Installation ol these compart-
ments and other improvements were completed in July, 1961, and, there-
fore, the records taken from July 27, 1961, to March 13, 1962, (table 2) have
been selected for analysis.

Even during this period a few records were missed, as indicated in the
footnotes in table 2. On 7 days, records were missed [or reasons not related
to the satisfactory functioning of the evaporation pans. On 5 days, records
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TasLe 1. Rainfall, and evaporation measured by U.H. pans and W.B. pans, from
October 27, 1959, to July 27, 1961, in inches of water

EVAPORATION"

DATE RAINEALL U.H. Pan U.H. Pan W.B. Pan W.B. Pan
No. 1 No. 2 No. 1 No. 2
1959
Oct. 27 0.06 0.25 0.24 0.24
Nov. 2 0.71 0.29 0.38 0.37
4 0.01 0.22 0.27 0.27
5 0.09 0.21 0.17 0.13
6 0.01 0.21* 0.26* N.R.
8 - 048 0.59 0.54
10 - 0.34 0.31 0.33
12 0.02 0.13 0.17 0.15
13 - 0.06 0.06 0.07
16 - 0.44 0.48 048
Dec. 17 0.03 0.16 0.16 0.17
24 0.07 0.16 0.16 0.12
27 0.03 0.18 0.17 0.18
30 - 0.14 0.16 0.18
31 0.01 0.11 0.12 0.11
1960
Jan. 4 0.15 0.73 0.72 0.70
6 0.02 0.33 0.37 0.39
7 0.14 0.20 0.18 0.18
8 0.04 0.23 0.19 0.17
11 0.03 0.20 0.20 0.18
15 0.02 0.11 0.13 0.10
18 0.22 0.58 0.44 0.60
TOTAL—Excluding figures marked** 5.55 5.67 5.66
Average 5.665
1960
Apr. 4-5 0.02 0.21 0.22 0.26 0.26
s 0.05 0.34 0.37 0.38 0.38
711 0.76 0.66 0.85 0.59 0.60
11-14 0.13 0:53* N.R. 0.68% 0.81*
16-18 0.19 0.31 0.39 0.36 0.34
18-20 0.02 0.49 0.42 0.51 0.49
20-22 0.06 0.45 0.44 0.56 0.54
22-25 0.21 048 0.50 0.67 0.70
25-27 0.04 IN: R 0.50% 0.58% 0.54*

27-29 0.02 0.46 0.49 0.49 0.55

(Continued)
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TasLe 1. Rainfall, and evaporation measured by U.H. pans and W.B. pans, from
October 27, 1959, to July 27, 1961, in inches of water (Continued)

EVAPORATION!
DATE RAINFALL U.H. Pan U.H. Pan W.B. Pan W.B. Pan
No. 1 No. 2 No. 1 No. 2
1960
May 2 0.02 0.75 0.74 0.72 0.89
2- 4 — 0.46 0.43 0.46 0.51
4- 9 0.13 1.26 1.33 1.32 1.46
9-11 0.20 0.50 0.44 0.48 0.55
11-13 1.80 0.39* 0.34* 0.45* overflowed
13-16 0.82 0.63* 0.56* 0.77* N.R.
16-18 0.08 N.R. 0.57* 0.45* 0.52%
18-20 0.03 0.81 061 0.54 0.62
20-23 0.06 0.42 0.74 0.71 0.79
2325 0.07 N.R. 0:32% 0.37% 0.42*
25-27 - 0.80 0.50 0.55 0.65
27-31 = 1.08* 1.22% N.R. N.R.
June 1 0.01 0.42 0.26 0.28 0.34
1= 3! — 0.50 0.41 0.47 049
3- 6 = 0.81* 0.80* 0.83* N.R.
6- 8 = N.R. 060* 0.64* 0.73%
8-10 0.05 047 0.57 0.63 0.68
10-13 0.09 N.R. 0.80* 0.90* 0.98*
13-15 0.07 051*% N.R. 0.62* 0.69*
15=17 0.05 0.51 0.58 0.62 0.70
17-20 0.03 0.91 0.90 0.96 1.07
20-22 0.03 0.61 0.55 0.59 0.63
2224 0.27 0.33 0.36 0.46 047
2427 0.12 0.63 0.62 0.79 0.88
27-29 0.20 0.25 0.49 0.54 0.54
July 1 0.07 0.24 0.34 043 047
1—.5 0.30 0.95 0.71 0.98 1.10
5~ 6 - 0.20 0.18 0.28 0.31
6- 8 = 0.24 0.26 0.32 0.35
8-11 0.25 0.78 0.79 0.85 0.77
11-13 0.18 0.30 0.35 0.48 0.54
13-15 0.01 N.R. 0.50* 0.54* 0.58*
15-18 0.01 0.80 0.83 0.96 1.07
18-20 0.02 0.34 0.49 0.57 0.63
20-22 £ 0.40 0.43 0.50 0.53
2225 0.05 0.99 0.92 0.90 0.96
25-27 - 0.43 0.72 0.59 0.68
27-29 - 0.57 0.60 0.63 0.72

(Continued)
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TasLe 1. (Continued)

EVAPORATION!
DATE RAINFALL U.H. Pan U.H. Pan W.B. Pan W.B. Pan
No. 1 No. 2 No. 1 No. 2
1960
August 1 0.02 0.89 0.81 0.83 0.82
1- 3 0.06 0.51 0.52 0.57 0.63
3-5 0.16 0.30 0.36 0.52 0.57
5- 8 0.03 0.84 0.79 0.85 0.94
8-10 0.09 0.41 0.39 0.53 0.58
10-12 — N.R. 0.53* 0.54* 0.59*
12=15 = 0:52* 0.71% 0.73* N.R.
15-17 = 0.97 0.55 0.58 0.62
17-19 0.11 0.30 0.39 0.54 0.60
19-22 0.02 0.58 0.78 0.81 0.83
22-24 0.05 N.R. 0.42% 0.55* 0.60*
24-26 0.06 0.43 0.65 0.64 0.69
26-29 1.30 0.22% 0.28* 0.02* overflowed
29-31 0.09 0.48 0.42 0.58 0.59
Sept. 2 0.01 0.42 0.46 0.48 0.52
2.6 0.14 0.98 1.02 1.09 1.18
6- 7 0.07 0.07 0.15 0.23 0.24
7-9 0.22 0.28 0.30 0.40 0.41
9-12 0.12 0.49 0.68 0.80 0.82
12=15 0.04 0.72 0.68 0.81 0.79
15-19 0.14 1.16* N.R. 1.03* 1.07*
19-23 0.04 0.73 0.88 0.82 0.88
22-26 0.01 N.R. N.R. 0.85* 0.80*
Oct. 5- 8 0.17 092 1.22 0.77 0.77
10 = 0.51 0.49 0.52 0.52
17 0.48 1.48 1.49 1.46 1.41
21 0.79 N.R. 0.90 1.09 1.4
31 0.15 0.84 0.87 0.89 0.98
Nov. 4 0.11 0.47* N.R. 0.61* 0.60*
28 0.16 1.54 1.45 1.61 1.59
12 1.38 1.13 1.18 1.28 1.30
26 1.03 1.31 141 1.73 1.87
1961
April 28-
May 1 = N.R. 0.51% 0.58*% 0.53*
15 0.12 1.56 1.56 1.68 1.58
22 0.55 1.54 1.55 1.69 1.77
24 — 0.73 0.78 0.70 0.73

(Continued)
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TasLE 1. Rainfall, and evaporation measured by U.H. pans and W.B. pans, from
October 27, 1959, to July 27, 1961, in inches of water (Continued)

EVAPORATION®

DATE RATNFATLL U.H. Pan U.H. Pan W.B. Pan W.B. Pan
No. 1 No. 2 No. 1 No. 2

1961

June 5 0.42 1.55* N.R. N.R. N.R.
11 = 1.11* 0.90* N.R. N.R.
20 0.04 1.27 1.11 1.17 1.27
23 0.06 N.R. 0.83% 0.80% 0.92*
26 0.03 0.68 0.87 0.74 0.81
27 0.09 0.38 0.33 0.33 0.38
29 - N.R. 0.48* 0.48* 0.48*
30 0.21 N.R. N.R. 0.13* 0.16*

July 8 - 0.53 0.54 0.62 0.69
i - N.R. 0.55* 0:52% 0.61*
10 - 0.83 0.83 0.81 0.92
17 1.01 1.65 1.62 1.66 1.82
21 0.06 N.R. 0.86* 0.84* 0.96*
27 0.02 N.R. 0.82*% 0/72% 0.84*

TOTAL—FExcluding figures marked** 45.57 47.86 51.98 54.44

Average 46.715 53210

IN.R.: No record.
2Figures marked with asterisk (*) excluded because data incomplete.

TasLE 2. Rainfall, and evaporation measured by 2 U.H. pans and 2 W.B. pans, from
July 27,1961, to March 13, 1962, in inches of water

EVAPORATION

AVERAGE
DATE E;J “f,if,'; RAINFALL IIZ;E I}j,afrf ‘}Yalr: ‘I\’]zﬁ. PX:INzn}\t:L
No.1 No.2  No.l1  No. 2 MILES/DAY
1961
July 31 4 004 0.89 0.88 0.89 1.03 103
Aug. 4 4 = 1.02 1.12 0.81 1.00
9 5 0.02 092 1.4 1.03 s i
12 3 — 0.64 066 0.63 0.67 93
15 3 - 1.06 0.99 0.97 1.09 90
18 3 - 0.96 091 0.97 1.05
21 0.36 NRI  0.52% 0.60* 0.60*} """"" 49
22 1 - 0.25 0.22 0.25 0.26
30 0.27 238% 239 N.R: N.R.l} """" L
NOTE: No record from August 30 to September 14; site of measurement changed.
Sept. 18 4 - 0.59 0.65 0.69 0.70 70
21 3 0.17 0.55 0.60 0.67 0.69 112
25 4 0.11 0.97 0.98 0.97 bh

0.89

(ContindédT
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TasLE 2. (Continued)

DATE

1961
Oct.

Nov.

Dec.

1962
Jan.

Feb.

Mar.

IN.R

9
16
23
27
30

99
L4

30

10
18
22
30

5
11
15
23
29

5
12
16
23
26

1
5

13

*Not analyzed. .
.: No record, instrument being adjusted.

2N.R.: W.B. pan overflowed.

3Interference by sprinkler irrigation.

NUM
()1‘? D’Z]?; RAINFALL llj’llill
No. 1
14 0.81 2.24
7 0.05 0.85
7 1.76 0.96
4 0.45 1.27
3 0.03 0.55
2.16 0.24*
4 0.12 0.50
3 s 0.60
4 = 0.83
0.62 1.48%%
2 0.32 0.62
0.14 0.50*
0.34 0.95*
1 0.01 0.70
1:39 N.R:!
8 0.10 1.09
4 0.11 0.72
8 0.06 1.15
6 0.02 0.92
6 — 1.00
4 0.06 0.64
8 0.23 0.80
6 0.33 0.77
7 0.58 1.13
7 0.03 1.32
4 1.24 0.55
7 0.02 1.19
3 0.62 0.42
3 0.61 0.32
0.18 0.75
8 1.06 0.91

EVAPORATION

U.H. W.B.
Pan Pan
No. 2 No. 1

2.26 248
0.93 0.83
0.94 1.04
1.64 1.60
0.47 0.46
0.24* N.R2
0.61 0.54
0.56 0.61
0.77 0.77
0.83°%* 1.27%
0.58 0.63
N.R.™* 0.46*
0.93* N.R.:?
0.67 0.68
0.34* 0.50*
1.16 1.13
0.61 0.76
122 1.31
0.96 0.89
1.13° 0.92
0.77 0.72
0.95 1.01
0.78 0.72
1.06 1.16
1.33 1.35
0.60 0.57
1.21 123
0.45 0.46
0.37 0.42
0.86 0.76
1.02 1.04

4N.R.: Level of pan setting shifted, causing emptying of pan.
5Commercial float blocked by dirt.
8Excess discharge due to 40- to 50-mile-per-hour wind.
N.R.: Pan emptied because dirt particle lodged in outflow mechanism.

 W.B.

Pan
No. 2

229
1.10
1.04
1.49
0.57

N.R:?
0.58
0.54
0.83
1.30%*
0.54
0.44*
N.R2

0.62
0.56*
1.21
0.72
1.24

0.96
0.98
0.74
1.05
0.75

1.19
1.36
0.68
1.24
0.50

0.34
0.90
1.08

l
f
{
f

AVERAGE
WIND AT

PAN LEVEL
MILES /DAY

55
61
40
112
54

68
42
58

34
83
52
42
46
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TasLE 4. Rainfall, and evaporation measured by a U.H. pan and a W.B. pan at Waimanalo
Experimental Farm during February and March, 1962, in inches of water

EVAPORATION

EVAPORATION
DATE RAINFALL UH. W.B. DATE RAINFALL  [J.H.
Pan Pan Pan
February March
= — 1 0.1
1 0.92 2} _____ 0.4
2 0.07 0.11 — 2 0.21
3 0.02 0.07 0.18 3 0.02 0.14
— 0.1 0.1
4 2 2 4 } _____ 630
5 — 0.17 0.16 5 0.06
— 6 0.13
¥ ~ 033 0.35
7 - 7 0.03 0.30
8 0.37 i - 8 1.58
9 0.08 0.02 0.15 9 1.31
10 —_ 0.18 10 0.14
11 — 0.20 0.19 11 0.07 0.28
12 - - — 12 0.32
— 13 0.6
. - 0.62 0.67 2
14 0.06 14 1.16}
== 020
15 0.11 15 0.68
16 021 0.14 0.11 16 0.02 0.12
17 1.23 - —_— 17 0.04 0.15
18 002 | 021 0.29 18 0.20
19 19 i
920 0.14 0.20 20 o
21 0.19 0.20 21 0.20
22 22
23 23 e 0.63
24 0.26 24
0.64 0.80
25 0.22 25 0.32
26 26 002 » — 046
27 1.05 27 0.02
28 28
29 0.28
=050
30
31 0.02
Total 3.14 3.42 717 4.17

4.62

W.B.
Pan

0.28

0.18

0.32

0.17

0.17
0.23
0.18

0.48

0.21

0.47

0.49

4.38
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TABLE 5. Summary of records of evaporation (from table 2) in inches by 2 U.H. pans and 2

W.B. pans, from July 27, 1961, to March 13, 1962"
EVAPORATION N
S RAIN- .
DAYS OF paLn, | UH. | UH. | Average | W.B. | W.B. | Average Average
MEASUREMENT || | oops: | Pan Pan | 2 U.H. Pan Pan 2 W.B. | Percentage
No. 1 | No. 2 Pans ’ No. 1 | No. 2 Pans Difference
Nonrainy periods (including rain less than 0.05 inch)
67 0.17 1344 | 13.67 13.55 13.15 14.03 13.58 0.2
Rainy Periods
112 791 17.13 | 18.33 17.73 18.83 19.10 18.97 6.5
Total
179 8.08 30.57 | 32.00 31.28 31.98 | 33.13 32.55 3.9
incomplete.

1Figures marked with asterisk (*) in table 2 excluded from summary totals in table 5 because data

TasLe 6. Coefficient of correlation between readings of U.H. pan No. 1 and U.H. pan

No. 2; W. B. pan No. I and W.B. pan No. 2; and average of 2 U.H. pans and
average of 2 W.B. pans, from July 27, 1961, to March 13, 1962

Nonrainy days

Nonrainy days
U.H. pan No. 1 versus U.H. pan

Average of 2 U.H. pans versus
No. 2: 0.997 average of 2 W.B. pans: 0.994
W.B. pan No. | versus W.B. pan
No. 2: 0.998
Rainy days Rainy days
U.H. pan No. 1 versus U.H. pan Average of 2 U.H. pans versus
No. 2: 0.980 average of 2 W.B. pans: 0.970
W.B. pan No. 1 versus W.B. pan
No. 2: 0.994

Nonrainy and rainy days

Average of 2 U.H. pans versus average of 2 W.B. pans: 0.978
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FIGURE 15. Average measured evaporation from two U.H. pans against that from two W.B.
pans, from July 27, 1961, to March 13, 1962.

were missed due to weaknesses in the U.H. pan. Of these, two were perma-
nently remedied (see footnotes in table 2). Three records showed up two
pers’sting inherent weaknesses of the U.H. pan. These are:

(1) unwanted discharge due to float wobbling when winds exceed 40
miles per hour. This accounted for the measurement of excess evap-
oration of 0.18 inch during one period and 0.15 inch during an-
other period. An error of this magnitude occurred on 1 day out of
181 days of measurement. Subsequent redesign of the lid on the
stilling wells (fig. 8) will probably reduce the statistical incidence.

(2)

emptying of the pan and supply tank because a dirt particle had

lodged between the plug and valve seat in the discharge mechanism.
This occurred on 1 out of 358 days, or during 1 out of 44 periods
of measurement.
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Ficure 17. Copy of float record of water level in supply tank of U.H. pan and of water
level variation in W.B. pan, from October 16 to 23, 1961, in inches of evapora-
tion.

Record shows:

U.H. pan 0.97 inch evaporation
W.B. pan 1.04 inches evaporation
Rain 1.76 inches

Further analysis of the data showed a coefficient of correlation between the
average of the two U.H. and the two W.B. pans (table 6) of 0.994 for non-
rainy periods and 0.97 for rainy periods. During nonrainy periods the U.H.
pan recorded evaporation within 0.2 percent of that measured by the W.B.
pan, but during rainy periods evaporation from the U.H. pan was 6.5 per-
cent lower than from the W.B. pan.

The 2-month record collected during rainy periods on the Waimanalo
Farm (table 1) gave similar results. This discrepancy is further discussed
in the following section.
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Ficure 18, Example of daily fluctuation in air- and pan-water temperature, of rate of
cvaporation, and of accumulative evaporation in inches for a U.H. and a
W.B. pan.
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Ficure 20. The time required for discharge of rain from the U.H. pan.

Rainfall interception by an evaporation pan

Data have been published recently (van’t Woudt, 1960) which unwitting-
ly predicted lower evaporation from a U.H. pan than from a W.B. pan dur-
ing rainy periods, considering that evaporation readings by a W.B. pan
are corrected for rain measured by a nearby gage. In an accurate and
reliable manner it was shown that during 239 days a W.B. pan intercepted
5.6 percent less rain than a nearby rain gage. A recent scrutiny of the float
records which have supplied this information confirm the correctness of
these findings. A further attempt to check on rain interception by a rain
gage and by a pan was subsequently made. However, it was found that rain
was difficult to measure by an empty pan. Moisture adhering to the walls
of a pan on emptying it for water measurement could readily account for
any measured difference in rain interception. Only on two occasions were
reliable records obtained. In both cases, rain was measured after it had
started and before it had ceased to fall. Measurement of rain intercepted
by the two W.B. pans was made with a depth gage, the water level in the
two pans being at normal height.
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The results are as follows:

{ Rain intercepted b‘y o

Period of Rain intercepted & —
rain by rain gage i W.B. pan | W-B-2 pan
] 7 i
5:00 P.M.—8:00 A.M. 0.47 0.410 0.405 inch
8:30 A.M.—3:35 pr.m. 0.87 0.837 0.840 inch

In the first case, out of the difference of 0.06 and 0.065 inch, a maximum
of 0.02 inch can be allowed for evaporation due to stored heat (fig. 18),
leaving 0.04 and 0.045 inch, or 10 percent lower rain interception by a
pan than by a rain gage. Similarly, in the second case, a 0.0l-inch
evaporation might have taken place during the rain. These data support
the earlier information.

A scrutiny of the literature reveals little that supports these findings.
The studies by Huff (1955) suggest that rain measured by a 1.15-inch and a
0.8-inch gage can be from 2 to 13 percent higher than from an 8-inch gage.
Denison (1941) reported a similar trend in comparing a 3.5-inch gage with
an 8-inch gage. Bac (1951) reported that measured rain decreases as the
size increases of an interceptor placed near the ground surface. On the
other hand, Wolfgang (1952) claimed a 1.5 percent increase in rain meas-
ured, due to lowering the height of a rain gage to ground level.

It is likely that differences in rainfall interception by a pan and by a
gage vary according to the nature of the rain. It is considered likely that
the findings on rainfall interception apply only to Hawaii or to other similar
areas. It is known that almost all rain in Hawaii consists of unusually
small drops (Chang, 1962).

The observed difference in rain interception largely explains the lower
evaporation measured from a U.H. pan than from a W.B. pan during
rainy periods. The evidence is that the U.H. pan gives the more accurate
evaporation measurements during such periods.

However, a small error is introduced in measurement by the U.H. pan
during rainy periods because of delay in rain discharge, as is discussed in
the next section.

Rain discharge from a U.H. pan

A second, though minor, cause of discrepancies between evaporation
readings taken by a U.H. and a W.B. pan arises out of continuation of dis-
charge of rain after rain ceases to fall.

The rate of rain discharge at various water levels above that of the
equilibrium level in the U.H. pan is shown in figure 19. Upon replotting
the data in a different way in figure 20, it is seen that:

(1) Discharge continues for 20 minutes after rain ceases to fall. This

applies to any rainfall. This is due to a very low rate of discharge
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at heads of a few hundredths of an inch. At this stage, discharge
takes place by the release of drops at several minutes interval.

(2) Rain of an intensity exceeding discharge time causes a further delay

in discharge to be added to the 20 minutes delay for any rainfall.

For an assessment of the significance of the latter observation, rain data
have been analyzed for a particular rainy area, that of the bauxite reclama-
tion area on the island of Kauai. In this area, rain falls on 2 out of 3 days
on the average, and, on rainy days, rain is usually from several showers.

Out of 319 rainfalls, 68 rainfalls were found to have an intensity in
excess of that required for their discharge within 20 minutes from the U.H.
pan. These data and their significance in time of evaporation lost after
cessation of rain are shown in table 7.

Table 8 shows the correction factors to be applied to evaporation meas-
urements by the U.H. pan per rainfall and for rainfalls of intensities shown
in table 7.

Assuming a downward correction of 5.6 percent for rainfall to make the
W.B. data more realistic, and an upward correction for delay in rain dis-
charge to be applied to the U.H. data, the following comparisons result,
based on the data in tables 4 and 5.

Measured Corrected | Measured Corrected
(fva,pomtion, rfvapomtion, (fvap()'ration, eva;bomtion,
U.H. pans, | U.H. pans, | W.B. pans, | W.B. pans,

inches inches inches inches
Rainy periods at
test site 17.73 18.03 18.97 18.53
Waimanalo
Experimental
Farm
February 1962 3.14 3.17 3.42 3.20
March 1962 4.17 4.23 4.38 4.02

The applied corrections bring the two sets of data closer; the remaining
small discrepancies can be due to three further factors:
(1) lack of complete discharge of rain or excess discharge [rom pan due
to inaccurate float setting,
(2) rainfall interception by a pan and by a rain gage varies from the
measured 5.6 percent, depending on the rainfall characteristics, and
(3) additional replication in measurement might have reduced the
observed differences.
Of these three factors, rainfall is likely to be the most important one.
In the absence of further information on the effect of differences in rain-
fall characteristics on catchment by a pan and by a rain gage, the above
differences need be left unexplained.



ve ﬁ quow 1ad

A PAN EVAPORIMETER FOR RAINY AREAS

sainuIu $H=1[L¥

o0
©

L1 L1 Ly ] o1 0¢'1 I
14 I L 81°0 01 801 I
6l 61 8¢ 800 g 960 I
gl Gl b aro 01 06°0 I
€ g €< o 0§ 880 1
¥é Gl b ¥Io 0l ¥80 I
€8 I ¥ al’o 0l 3L'0 g
01 oIl 66 90°0 g L0 1
06 01 0¥ ro 0l 99°0 I
g G 14 030 06 09°0 I
¥ 6 6¢ oro 01 090 9
01 01 ag €00 g 090 I
8 14 44 810 06 ¥$0 G
6 6 66 6070 0L ¥950 [
G$ 8 86 800 01 8%°0 i 4
1 4 6 123 ¥0°0 g 8%°0 g
¢ q'q R 900 0l 96°0 9
a6 L 4 §0°0 g 960 g
0§ g <€ ¢0°0 0l 0€°0 9
9¢ 4 ¥6 ¥0°0 0l ¥ 0 6
08 4 63 300 g ¥¢'0 G
8 I 4y £0°0 0l 81°0 4
»mj:z:.mw Nﬂﬂ:wo; NIVY .jEM“W:wNW NIVY SELANIA HONI
A0 NOILVSSID WALAV 40 NOILVSSID ¥ALAV az.E Y JROUL NIVYH [ SILANIIN w_:om\qmoz_ SLIVANIVA
SALOANIN () A0 SSADXH STLANIN (g 40 SSIDXT meﬁv%wnuwm“ IVIOL el e e ELEH BRI
NI AIIL d9¥VHOSIA NI FINIL d9¥VHOSIA
Urel jo uoressad

e sourwr (g ur pajapdwod aq jouued ued ‘H') B wory a8reydsip Iyl eyl

diysuonieaar uoneinp/Ajsusjul uB yons aaBY eyl ‘GEEI ‘L DU 01 ] Alenuef

woIj ‘reney ‘Baly UONBWE[IY 21IXNeqg 2yl 1B ‘S[[BJUIBL G[¢ JO INO g9 JO S[IBIdQ L ITIAVL



32 HAWAII AGRICULTURAL EXPERIMENT STATION

TasLe 8. Upward corrections to be applied to evaporation measured by U.H. pan for
cach rainfall, and for rainfalls of high intensities (as given in table 7), in rela-
tion to prevailing rate of evaporation after cessation of rain

POSSIBLE MONTHLY

RATE OF - . UPWARD CORRECTION UPWARD CORRECTION
EVAPORATION ALiR‘;(:UI?Q\f = IN MEASURED IN MEASURED
IN 24-HOUR . EVAPORATION FOR EVAPORATION FOR
DAY, : e ’ EACH RAINFALL, RAINFALLS OF GIVEN
INCH : INCH HIGH INTENSITY,
INCH*
0.12 0.005 0.0017 0.01
0.18 0.0075 0.0025 0.01
0.24 0.01 0.003 0.01
0.30 0.0125 0.004 0.01
0.36 0.015 0.005 0.02
0.42 0.0175 0.006 0.02

*Assuming 10 high-intensity rainfalls per month.

The physical characteristics of the U.H. pan

One would have expected that readings from the U.H. pan would differ
from those of the W.B. pan because of the reduction in depth of the pan,
depth of water level, and length of rim above the water level, thus by the
change from a “deep” to a “shallow” pan.

The assumption had been made that albedo would be higher from the
shallow U.H. pan than from the deep W.B. pan, but that a lower evapora-
tion arising out of a resulting lower energy supply might be offset by the
smaller extent of the rim in the U.H. pan, thus by greater air movement
around the U.H. pan.

The attempts to measure albedo from the U.H. pan merely resulted in
a qualitative suggestion that its albedo is slightly higher than that from the
W.B. pan, but the differences measured fall within the range of experi-
mental errors of the pyrheliometers used for this purpose.

Although Wartena and Borghorst (1961) found a reflection of approxi-
mately 8 percent of incident, visible light from a pan comparable to a W.B.
pan, Hall (1960) showed that all incoming energy is absorbed by a depth
of water in excess of 3 millimeters and in line with this, Nordenson and
Baker (1962) found only a 2 percent difference in evaporation between a
W.B. pan with metal and black-painted bottom.

If a small difference in albedo does exist, it must be offset by other fac-
tors. Wave formation due to a given wind is much less in a shallow pan
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than in a deep pan and, in addition to exposure, this might well be another
possible compensating factor.

Even though the total amount of evaporation from the U.H. and W.B.
pans is the same during nonrainy periods, there is a distinct difference in
pattern of daily evaporation, as is exemplified by figure 18; this also
shows up in figures 16 and 17. Evaporation from the U.H. pan starts soon
after sunrise and ceases at sunset. In the W.B. pan, incoming energy dur-
ing the first few hours after sunrise is used up to increase water tempera-
tures. Evaporation starts several hours after sunrise but continues after
sunset at the expense of stored heat in the water body.

Limitations to the use of a U.H. pan due to expansion
and contraction of water in the pan

As already mentioned, a reduction in depth of water surface in the U.H.
pan has been necessitated by the effect of fluctuating temperature on the
height of the water level. Table 9 shows that the maximum variation in
water level under normal field conditions is 0.0077 inch for a U.H. pan.

TABLE 9. Increase or decrease in water level in U.H. pan at various temperatures,
in relation to the water depth at 20 degrees C.*

DEGREES DEGREES RELATIVE HEIGHT, DIFFERENCE IN

F. C. SEEGIEIG: ‘YOLUME INCH HEIGHT, INCH

14 —10 1.00186 1.0002 +0.0002

32 0 1.0013 0.9996 —0.0004

39.2 4 1.000 0.9983 —0.0017

50 10 1.00027 0.999 —0.001

68 20 1.00177 1 inch

86 30 1.00435 1.0026 +0.0026
104 40 1.00782 1.006 +4-0.006

*Maximum variation from 4 degrees to 40 degrees C.
0.0017 4 0.006 = 0.0077 inch.

Loss of water by splash and birds

From time to time the subject is brought up of the possible significance
of loss of water from an evaporation pan by splash (for instance, Nordenson
and Baker, 1962). “Splash” covers (1) discharge of water over the pan rim
by wave action, and (2) loss of rain due to “spatters,” when these are lodged
beyond the pan.

Hawaii is reputed for strong winds, so that there has been ample op-
portunity during the several years of close observation of the behavior of
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the U.H. and W.B. pans to assess any significance of splash. Splash would
be expected to be ol greater significance in the shallow U.H. pan (with 1-
inch rim above the water surface) than in the W.B. pan (with 2- to 3-inch
rim above the water surface) .

However, at no time has splash been observed.

As far as wind is concerned, lack of splash from the U.H. pan can be
explained from the effect of wind on the water surface in this pan, which
has already been referred to. Strong winds producing I-inch-high waves in
the W.B. pan merely produce ripples in the U.H. pan.

Spatter following raindrop impact has never been observed. This may
be related to the small drop size in Hawaiian rains.

It is believed that splash is of no practical significance under Hawaiian
conditions.

The shallowness of the water body invites birds to bathe and drink in
the U.H. pan more than in the W.B. pan. Initially, it was believed that a
bird screen for the shallow U.H. pan was unavoidable (fig. 21). However,
a bird screen depressed evaporation about 5 percent below that from an
unscreened pan, apparently because of decreased exposure of the water sur-

Ficure 21. Initially the U.H. pan was tested with a “bird-screen” on it.
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face. This caused divergence [rom W.B. measurements and this has led to the
realization that 300 milliliters represent 0.01-inch depth of water in either
the U.H. or W.B. pan. Subsequent observations and records have led to
the conclusion that the small quantities of water removed by drinking by
small birds is of negligible practicable significance under Hawaiian condi-
tions.

Fencing of the site of measurement is essential where there is a chance
of drinking by dogs or other large animals.

Usefulness of the U.H. pan

Provided:

(1) the instrument is manufactured according to the specifications given
in figures 1 to 13,

(2) the instrument is installed according to the instructions given in
Appendix 1, and

(3) normal maintenance care is given according to Appendix I, the
U.H. pan will give evaporation records which are the same as those
obtained by the W.B. pan during nonrainy periods and more ac-
curate than those from the W.B. pan during rainy periods.

However, a “chance” breakdown may be expected on 1 day per year
due to a dirt particle becoming lodged between the valve plug and valve seat
in the discharge mechanism. Also, during periods when winds above 40
miles per hour prevail, the reading may be in error.

Evaporation records can be obtained without daily readings or adjust-
ment of the water level merely by reading the gage on the supply tank.
The U.H. pan need not be cleaned more [requently than the W.B. pan.
It is cleaned in a few minutes. The initial float setting remains unaffected
by the cleaning il the cleaning is done with ordinary care.

Unnecessary breakdown of the mechanism may occur through undue
accumulation of dirt in the pan bottom, water supply tank, or pan fittings.

The U.H. pan can be installed, with minor reservations, in isolated areas
where only weekly attendance is possible by field men, as is evidenced by
the 20 months’ record collected on the island of Kauai (table 3). The evap-
orimeter used here was a still imperfected version of the U.H. pan. The
pan was lelt unattended in an isolated area, except for periodic cleaning
and weekly readings by a local foreman. The records obtained, on analysis,
were found to be satisfactory during 19 out ol 20 months.

Manufacture of the U.H. pan

The pan can be manufactured in a metal workshop at an expense which
exceeds somewhat the cost of a W.B. pan. Its commercial manufacture in
Hawaii costs approximately $175, compared with the cost of $100 for
the W.B. pan (which includes the expense of a depth gage and a brass
stilling well). The bulk of the pan is manufactured from galvanized sheet
metal, standard copper tubing and copper fittings, standard float valve, and
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leucite tubing. The heart of the system consists of the two valves (in the
stilling wells) , which must be machined [rom stainless steel and Teflon
stock. In addition, two small copper floats are needed. These are hard to
make satisfactorily in a workshop and should be commercially obtained
(Chicago Float Works, 2330 South Western Avenue, Chicago 8, Illinois, at
$4.00 each) .

All surfaces should be aluminum-painted where galvanized metal is
subject to corrosion.

(1)

@)

(3)

(4

SUMMARY AND CONCLUSIONS
An evaporation pan (University of Hawaii, or U.H. pan) has been
developed with a water level that remains at a constant level during
both rainy and nonrainy periods. Records are obtained from read-
ing a gage on the outside of a water supply tank holding 1 to 2
months’ supply. A continuous evaporation record can be obtained
by using a float recorder on the supply tank.
The record obtained with the U.H. pan during nonrainy periods is
the same as that obtained by a U.S. Weather Bureau Class A (W.B.)
pan, which has been recommended as the international standard for
pan-evaporation measurement. During rainy periods, the U.H. pan
records approximately 6 percent lower evaporation than the W.B.
pan. This difference can be largely accounted for from findings that
under Hawaiian conditions a pan intercepts some b percent less rain
than a rain gage.
Differences in amounts of rainfall intercepted by a pan and a rain
gage may vary according to the circumstances under which the rain
falls. Findings in Hawaii may not necessarily apply elsewhere. How-
ever, under Hawaiian conditions the U.H. pan records evaporation
more accurately than the W.B. pan during rainy conditions.
An error is introduced in evaporation measurement by the U.H. pan
during rainy periods, generally not exceeding 1 percent. A correc-
tion can readily be applied.
The U.H. pan can be used more conveniently than the W.B. pan
for routine evaporation measurements, but one may expect, with
normal care, to lose one record on 1 day in a year due to interference
by dirt with the level-control mechanism. Inaccurate records may
possibly be obtained when winds of over 40 miles per hour prevail.
But for the reservation mentioned under (4), the U.H. pan can be
installed in isolated areas where only weekly attendance is possible.
The cost of manufacture of the U.H. pan is approximately 15
times that of the W.B. pan.
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APPENDIX
Instructions for Installation and
Operation of U.H. Pan

Installation

The bottom of the U.H. pan should be 1 foot above the ground surface.
Short pipes should be set in concrete in the ground (fig. 1) at such spacings
that the legs of the pan and of the supply tank fit over them. Initially, the
legs of the pan and tank are loosely fitted over the pipes. At this stage the
pan should be supported in four places by wooden blocks. The block on
top should be wedge-shaped to allow fine adjustments to be made in the
height of the pan.

The height of the supply tank and of the float valve in the chamber
attached to this tank is then fixed in such a way (by tightening of the set
screws on the legs and adjustment of the lever arm on the float valve) that
the water level in the float chamber is 2 to 214 inches above the bottom of
the pan. The water level in this float chamber should be at half the height
of this container (fig. 4).

Sufficient water is then introduced into the pan to lift the Hoat from
the valve seat in the inflow stilling well (fig. 11). The pan can then be
leveled (while viewing the water level) by tightening of the set screws on
the pan legs at the correct level. After that, 2 hours should be allowed for
the water level in the pan to reach equilibrium. At the end of this period
some adjustment may have to be made in the nuts fixing the height of the
inflow float (fig. 11) to ensure a water level of approximately I inch in the
pan.

The nuts on each side of the float, controlling outflow from the pan
(fig. 10) are then so adjusted that, at equilibrium, slight pressure by hand
on the peripheral side of the stilling well will cause dripping to occur.
The accuracy of the outflow float setting should be checked on the next
day, either by applying pressure to the stilling well, as described, or by add-
ing water either to the pan or stilling well and measuring its recovery. The
two nuts on the small floats should be securely tightened.

Once the correct water level in the pan has been established, and the
inflow and outflow floats in the stilling wells have been coordinated, the
setting of the two floats should be permanent and unaftected by cleaning
of the pan.

Lack of proper coordination between the two float valves in the stilling
wells will lead to unwanted or inadequate discharge of rain.

Operation

Water supply

The capacity of the supply tank and the variation in evaporation
throughout the year is one of the factors that will determine the number
of weeks the pan can be left unattended.

Remove periodically the plug in the bottom of the supply tank and flush
out any sediment.
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Suppression of algal growth
Apply once a week 2 or 3 drops of Roccal or equivalent sterilant to
the pan water.

Cleaning

The pan is normally cleaned once in 2 or 3 weeks. A brush should
be provided to rub the bottom to loosen dirt. The dirt is removed by
placing a discharging garden hose in the pan for a few minutes, allowing
the pan to overflow, or by splashing out excess water by palm of hand.
The water level should automatically reach equilibrium within an hour.
If the pan is allowed to empty, refill pan with enough water from hose to
allow the float in the inflow stilling well to be lifted from the valve seat;
otherwise, inflow will not take place from supply tank. When cleaning the
pan do not place body weight on it, as this may cause change in water
level, requiring renewed setting of outflow foat.

To clean stilling wells and float chamber attached to supply tank, dis-
charge jet of garden hose into them and let them overflow. Remove out-
flow float and grip inflow float in stilling wells between fingers during this
process. Remove plastic wool from stilling wells, clean in jet stream ol hose,
and replace. Replace lids and weights on them.

Once in 2 or 3 months, screw off valve in float chamber attached to
supply tank, clean valve and pipe inlet, and replace. Also remove copper
connection between float chamber (figure I, item 13) and inflow stilling
well, clean, flush, and replace.

Under Hawaiian conditions, evaporation pans need to be aluminum-re-
painted once a year.

Trouble

Trouble can be expected from:

(1) Change in level of pan. Therefore, do not lean on pan.

(2) Excessive dirt. Once the pan gets very dirty, the plastic wool may
no longer prevent excessive dirt from entering into the stilling wells.
In that case it may happen that a dirt particle lodges between the
valve plug and the Teflon valve seat in the outflow float mechanism,
so that the pan empties. After excessive rain or a period of wind-
blown dirt, check for unwanted discharge from the overflow stilling
well. An extra cleaning may be required.

(3) Rough handling of the floats in the stilling wells may chip the valve
seats, causing leakage. In that case the valve plug and seat need to
be remachined.
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