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Ardaman & Associates,Inc.

March 10, 1983
File Number 81-159

Consulting Engineers in Soil Mechanics,
Foundations, and Materials Testing

County of Hillsborough
Department of Solid Waste
P.O. Box 1110

Tampa, Florida 33601

Attention: Mr. William Holsonback

Subject: Proposed Southeast Hillsborough County Sanitary Landfill -
Miscellaneous Items.

Gentlemen:

As requested by Ms. Elaine Hayes we enclose the following items for your use and
information as per the above mentioned projeet:

® Final Copy of Field and Data Reduction Manual for Water Resources
Monitoring at Landfill Site.

° Copy of all groundwater analyses performed by Orlando Laboratories on
project,

o Manufacturer's Manuals for all weather station instrumentations for
project.

) Instrumentation records for January 1983 from site.

The field and data reduction manual discusses the following field efforts: (1)
Rainfall station; (2) Evaporation Station; (3) Wind Station; (4) Water-level
recorder; and (5) Observation Wells. The information on the water-level recordep
and observation wells is provided for your future reference. It is our
understanding that you are not servicing these equipment at this time.

The analyses from Orlando Laboratories included a December and January
sampling. Five laboratory analysis sheets summarize these data.

The maufacturer's manuals are appendices in the field and data reduction
manual. Our weather station equipment was purchased from Science Associates,
Ine. under order no. 1157-82 through Mr. Daniel A. Mazzarella, Vice President.
When you have questions or problems work through him at 609/924-4470. The
wind station equipment was a subcontract to Climatronics Corporation in
Bohemia, New York. Their phone number is 516/567-7300. Recorder charts can
be ordered through Science Associates, Ine.

The rainfall charts for January 1983 are enclosed for your data reduction of
January records. According to our files you have the evaporation station and wind
station records for January,

8008 S. Orange Avenue, P.O. Box 13003, Orlando, Fiorida 32809, Phone (305} 855-3860
Offices in: Bartow / Bradenton / Cocoa / Fort Myers / Miami / Panama City Beach / Orlando / Riviera Beach / Sarasota / Tallahassee




County of Hillsborough
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Please do not hesitate to contact us if you have questions or we can be of further

assistance. We appreciate the opportunity to serve you for this element on this
project.

Very truly yours,
ARDAMAN & ASSOCIATES, I

e et C,

Herbert G. Stangland, Jr.
Senior Water Resources Engineer

&

E. Garlanger, Ph.D.
Principal
Florida Registration No. 19782

HGS/ss
Enc.
ce: Mr. R. Hauser, CDM




TABLE OF CONTENTS

Chapter Description

1

2

INTRODUCTION
RAINFALL STATION
Installation

1
2 Operation
3 Office Calculations

2-
2.
2.
EVAPORATION STATION

3.1 Equipment Installation

1 Site Selection and Preparation
2 Evaporation Pan

3 Hook Gage and Stilling Well
.4 Anemometer .

5 Water Storage Recepticles

6

Thermometer

3.1.7 Maximum-~minimum Air Temperature

Thermometer

3.2 Field Measurements and Maintenance

3.2.1 Pan Water-Level Reading
3.2.2 Storage Receptiecle Levels
3.2.3 Wind Movement

3.2.4 Water Temperatures

3.2.5 Air Temperatures

3.3 Office Calculations

Average Daily Pan Evaporation
Average Daily Wind Movement

1
2
3
.4 Intermediate Air Temperature
5
6

WIND STATION
4,1 Equipment Installation

4.1,1 Instrument Mast
4.1.2 Recorder Shelter

Maximum-minimum Water Temperature

Intermediate Water Temperature

Coefficient of Net Energy Advection
Average Daily Lake Evaporation




Chapter

TABLE OF CONTENTS (cont'd)

Description

4,1.3 Anemometer, Vane and Recorder

4.2 Field Monitoring
4,3 Office Apalysis

WATER LEVEL RECORDER

5.1 Installation
5.2 Field Monitoring and Maintenance
5.3 Office Caleulations .

.

OBSERVATION WELLS
5.1 Introduetion

.1.1 Observation Wells

6.1
6.1.2 Obtaining Readings

6.2 Field Work

6.3 Office Work

APPENDICES

I Universal Recording Rain Gage

il Universal Chart Drive

i~ Pens and Ink

IV  Totalizing Anemometer

A Instrument Shelter Model Numbers 179-2

V1l  Installation Recommendations for Towers,
Masts & Antennas

VIO  Wind Mark IIT Wind Recording System

VIII Stevens Type F Recorder Model 68




LIST OF TABLES

Table Title

1.1 Recommended Instrumentation Monitoring
Frequencies

3.1 Example Lake Evaporation Calculations

6.1 Piezometers/Observation Wells

6.2 Report Sheet - Observation Wells




1IST OF FIGURES

Description

e
[S-38 -

Site Location Map
Weather Station Layout
Test Boring and Groundwater Monitoring Sites

Typieal Rain Gage Intallation
Typical Rain Gage Chart

Weather Station Layout

Typical Evaporation Pan Installation

Hook Gage and Stilling Well

Five-Digit Totalizing Anemometer

Maximum-Minimum Water and Air Thermometers

Shelter for Max-Min Air Thermometer and Wind Recorder
Coefficient of Net Advection as a Funetion of Pan

Water Temperature and Wind Movement

Lake Evaporation as-a Function of Pan Evaporation

and Heat Transfer Through Pan

Shelter for Max-Min Air Thermometer and Wind Recorder
Wind Station Instrumentation

Shaliow Well Station and Water-Level Recorder
Typical Water Level Chart
Average End Area Method

Page

1-3
1-4
-5

2-4
2-5

3-10
3-11
3-12
3-13
3-14
3-15
3-16

3-17




Hillsborough County
File Number 81-159

Chapter 1

INTRODUCTION

As part of the data collection program for the proposed sites of the Southeast
Hillsborough County Landfill near Picnic, Florida, a weather station has been
constructed on a site owned by Gardinier. The weather station is less than one
mile from both Settling Area 1 and Settling Area 2, as shown on the Site Location
Map in Figure 1.1. The weather station consists of the following individual data
stations:

Y Rainfall Station
° Evaporation Station
o Wind Station

The rainfall station consists of a Universal Recording Rain Gage (weighing-type).
The evaporation station includes the following devices:

° Class A Weather Bureau Evaporation Pan with a hook gage to measure
the water level.

° Graduated reservoir to automatically replenish the evaporation pan
when the level drops below 3 inches from the top of the pan.

& Overflow to remove and store excess rainfall from the pan (to prevent
overtopping and maintain record of overflow volume).

° System to measure the amount of pan overflow.
® Maximum-minimum air and water thermometers.
° Totalizing, non-recording anemometer.

The wind station includes an anemometer and wind direction vane, both of which
are connected to a recorder. :

The layout of the equipment within the weather station is illustrated in Figure 1.2,

In addition to the weather station, field instrumentation proposed for the landfill
ineludes groundwater observation wells. The locations of these groundwater
monitoring sites are illustrated on the aerial photograph in Figure 1.3. The
surficial aquifer well located at auger boring AB-21 near the southwest corner of
Settling Area 1, had been installed with a water level recorder.

This manual is intended to familiarize Hillsborough County personnel with
installation, operation, and data reduction procedures for the above mentioned
field instrumentation. Table 1.1 presents the recommended monitoring
frequencies for the instruments. Manufacturer's information concerning assembly,
calibration, routine care, and maintenance are contained in the Appendices.
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Table 1.1

RECOMMENDED INSTRUMENTATION MONITORING FREQUENCIES

Station Recorder Monitoring
Type Type Frequency
Rainfall 8-Day Weekly
Evaporation None Weekly
Wind 30-Day Weekly*
Piezometers None Monthly*#*
Water Level Recorder 8-Day Weekly

*The wind recorder has a battery life and chart length of thirty days, but weekly
monitoring is recommended to ensure proper operation of clockworks and
facilitate any time adjustments required during data reduction.

**Desired fequency but not required.
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Chapter 2

RAINFALL STATION

2.1 Installation

Fi-gure 2.1 shows the typical rain gage installation, utilizing a Universal recording
rain gage. Manufacturer's information on this instrument is contained in

Appendices I, II, and 11, The following important factors need careful attention:

A 45 degree cone of open space must be maintained above the collection tube
to ensure proper exposure. Trees and/or branches of trees may need to be
trimmed during the study period to maintain this open area.

The rainfall collection tube needs to be installed level through use of a
carpenter's level.

The rain gage should be fenced to protect it from animals and/or man.

2.2 Operation

The following routine steps need to be followed weekly to service the gage and to

.collect accurate, complete records.

Unlock gate to fenced area and to recorder, if pertinent,

Slide the recorder access door at the bottom of the housing up and read the
pen or chart for rainfall amount and time.

Lift the pen from the chart drum, remove the collection shroud from the top
of the housing, and remove chart from drum by loosening and removing the
knurled nut from the drum spindle and lifting the drum upward. Pull the clip
from the slot (clip retains chart paper in place).

Record the station name, date, time, initials of person serviecing recorder, and
pen reading on chart taken off. Note if clock is stopped on chart. Figure 2.2
shows a typical rain gage chart.

Remove bucket from installation, empty water from bucket and replace
bucket on platform. Once every 3 to & months, calibrate rain gage. Pour
water into Standard Weather Bureau calibration tube. Measure water in
inches in tube. Record on chart. Inches of water in tube and rainfall amount
at pen reading should be equal. If two values are different by more than 0,10
inch, calibrate rain gage as per manufacturer's instructions. The calibration
tube is 2.53 inches in diameter and 20 inches deep.

Wind clock. If clock has stopped two times in a row or is more than four
hours off eorrect time at end of chart three visits in row, replace clock. This
criteria assumes that each time the speed of the clock was adjusted or a
repair was attempted.
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e Cheek ink supply and replenish when necessary. Be sure pen point is elean
and working properly.

e Install new chart; record the station name, date, time and initials of person
servicing recorder on new chart ; set pen on correct time and zero on chart;
and secure recorder shelter. To set the pen at the proper time and day, the
chart drum may be rotated to position the pen tip,

e Service recorder every 7 to 8 days.
2.3 Office Calculations

The output from the office calculations is daily, monthly, and annual rainfall
amounts. The following steps are relevant to these office calculations:

® Cheeck to be sure all notes from field visit are written on chart,

o Be sure all charts for a particular station are together and no charts are
missing. If chart is missing, insert note in file explaining why.

e For each chart, do the following items:

- Compare pen time and eclock time at end of chart. Note time
correction, ‘

- Compare pen time and clock time at beginning of chart to see that the
pen was set properly.

- Determine whether and note where clock stoppage occurred.

- If no clock stoppage occured and time is more than two hours off per
week, make no time adjustments.

- Mark off midnight times for each day if different from chart times (e.g.
if pen at beginning of chart is set improperly).

- If eloek did not stop and time is more than two hours off, make time
adjustments for period of record in direct proportion to the number of
days and total correction, e.g. the correction for the third day would be
3/7 times total weekly correction. Round daily correction to the
nearest one hour.

- If clock stopped at end of chart (i.e., most common), and pen was set at
the beginning properly, make time adjustments at end of chart
accordingly.

- If cloek stopped during middle of ehart and cloek started again for some
reason, assume time at start and end is correct, Make time adjustments
in middle where clock appeared to have stopped.
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- If clock stopped at beginning of chart (e.g., elock running at end, time
off more than two hours, and the pen trace appears to have stayed in
one place for a long time), assume time of chart is correct at end.
Make time adjustments accordingly.

- Rainfall for day is sum of rainfalls for each storm during the 24-hour
period. Rainfall for each storm equals maximum pen reading minus
minimum pen reading just before pen rise. Rainfall for day is not pen
reading at end of day minus pen reading at beginning of day because
evaporation loss in bucket would be ignored.

- Note amount of daily rainfall on recorder chart. Make calibration
corrections if necessary., As a general rule, calibration corrections
should be related to beginning pen readings on chart., If properly
calibrated, the pen trace should begin at the same rainfall reading each
week after bucket is emptied of water. If beginning pen rainfall
readings change from week to week, these periods represent potential
calibration correction periods. Calibration corrections should not be
made if correction is less than 0.05 inch. As a general rule, esalibration
corrections with utilized equipment are not common.

- Periods of missing record can sometimes be estimated from pen trace.
Precipitation amount at highest pen reading less amount just prior to
the clock stoppage is the estimated rainfall for the storm(s). For
multievent storms rainfall represents the amount for the period and not
for each event. Record rainfall for period on chart and note with an "e"
(estimated).

e Tabulate daily rainfalls in a table and plot daily rainfalls on K&E graph paper
1 year by days x 250 divisions (#472893). Summarize monthly and yearly
totals in tables.
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Chapter 3

EVAPORATION STATION

3.1 Equipment Installation
A standard evaporation station consists of the following equipment:

Evaporation pan

Anemometer

Micrometer hook gage and stilling well
Weighing-type recording rain gage
Maximum-minimum water temperature thermometer
Maximum-minimum air temperature thermometer
Standard weather bureau shelter for air thermometer
Water-storage tank

e e o0 o0C0

Observations during each visit are made on the amount of evaporation from the
open pan, anemometer reading, maximum and minimum temperatures of the
water, maximum and minimum temperatures of the air, and precipitation. The
installation and servicing of the precipitation equipment is discussed in another
chapter of this manual.

If automatie replenishing and overflow of the evaporation pan is installed to keep
the water level within specified limits during week-long periods of unattended
service, the additional required equipment ineludes the following:

e Elevated, graduated reservoir
e Overflow catchment tank
® Pump for overflow tank

For automatic operation during periods of unattended service, additional weekly
observations are made of the water level in the elevated reservior and the water
volume in the overflow tank. The overflow volume is measured by pumping into a
graduated container until the overflow tank level is down to a predetermined
level.

3.1.1 Site Selection and Preparation

The site of the equipment should be fairly level, sodded, and free from
obstructions. It should be representative of the prineipal natural soils and
conditions of the area. Under no condition should the pan, or the instrument
shelter, be placed on a concrete slab or pedestal, or over a layer of asphalt or
crushed rock, Obstructions such as trees, buildings, and nearby shrubs should not
be closer to the instruments than four times the height of the object sbove the
pan. Weeds and grass in and around the enclosure should be mowed often enough
to keep them below the level of the pan. The exposure should be free from
obstructions that cast shadows over the pan during any part of the day other than
brief periods during sunrise and sunset. Nearness to ponds, or swamps of not mpre
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than a few miles in diameter, particularly if they are temporary in character, and
areas or locations on lawns with frequent sprinkling or flooding should be
avoided. The instruments and equipment within the station should be positioned to
conform with the obstruction conditions deseribed above. A satisfactory station
layout is illustrated in Figure 3.1.

The plot will be enclosed by a fence, adequate to protect the equipment, and to
prevent animals from drinking the water. A steel link fenee, 9 or 11 gauge,
minimum of 4 feet high, with steel posts set in conerete is suggested. It may be
necessary to bury some sort of barrier and add 18 to 24 inches of one inch chicken
mesh (galvanized) along the bottom of the link fence to keep animals out of the
area.

3.1.2 Evaporation Pan

The pan is of eylindrical design - 10 inches deep and 47% inches in diameter (inside
dimensions). This dimension will usually eliminate the need for seams across the
bottom of the pan. The pan is constructed of monel metal.

The pan should be centered on a supporting platform. The support for the
evaporation pan should be constructed of 2 by 4 lumber or heavier. Recommended
dimensions are illustrated in Figure 3.2. The 2 by 6 shown in the platform design
will permit complete support of anemometer pintle. Rot resistant lumber or
lumber treated with cresote or other effective wood preservative should be used.

A micrometer hook gage is used for measuring water level. Two short lines are
painted on the inside of the pan, 2 inches and 3 inches, below the rim, to assist in
maintaining the desired water level.

The ground should be filled sufficiently to level the support and keep the bottom
of the pan above the level of surface water in rainy weather. Earth fill should be
used around the support to anchor it. It should be tamped firmly between the top
members to within 1/2 inch of the top of the support, thus leaving an air space
between the bottom of the pan and the fill to faeilitate inspection of the pan for
leaks while it is in use. During inspection, the level of the platform will be
checked and corrected as needed.

3.1.3 Hook Gage and Stilling Well ' ~

The stilling well for the hook gage provides an undisturbed water surface around
the hook gage and, in addition, provides support for the gage. The well consists of
a cylinder or tube of unpainted brass, monel, or other non-corrosive metal. Less
electrolytic action will occur if the metal is the same as that used in the pan or
close to it in the electrolytic series. The cylinder is 8 inches high and 3 1/2 inches
in outside diameter. It is mounted on a triangular base (the same as tube), 12
inches on each side and 1/4 to 1/2 inch thick. A brass {or monel) pipe, about .281
ineh in inside diameter, is threaded into a hole in the center of the base plate, and
extends up into the eylinder about 1 inch, The pipe damps oscillations in the well
by retarding the flow of water to and from the well. The base is provided with
leveling serews and lock nuts in each corner. The stilling well is illustrated in
Figure 3.3.
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The above deseribed stilling well is placed in the pan about 1 foot from the north
edge as shown in Figure 3.2. Level the top rim of well using the three leveling
serews in its base using a spirit level. A small carpenter's hand level may be used
for this purpose. The well should rest firmly on the bottom of the pan, which must
be free from buckling in order to maintain a level adjustment of the well.

A micrometer hook-gage is used to indicate changes in the level of water in the
evaporation pan. The gage consists of a hook in the end of a stem that is
graduated in thousandths of an inch over a range of several inches. The stem is
constructed with double threads throughout its range of adjustment.

A 3-leg spider and adjusting-nut assembly supports the hook and provides for
adjustment of the height of the hook when the gage is installed on the stilling
well, The adjusting nut is threaded to serew on the stem of the hook after
assembly, the gage is placed on the stilling well with the three legs of the spider
resting on the top rim of the well and the hook centered in the well. The stem
should then be vertieal. The adjusting nut is free to turn within the spider so that
it may be used conveniently to adjust the height of the hook. The relative height
of the hook in the well is indicated by the scales of the gage. The hook gage is
illustrated in Figure 3.3.

3.1.4 Anemometer

An anemometer for measuring wind movement over the pan is mounted on the
wooded pan support. The anemometer is provided with a counter on which the
total movement can be read. The 5-digit, 3~cup a&nemometer is used.
Manufacturer's information on the totalizing anemometer is contained in Appendix

V.

The anemometer is mounted on a specially designed display stand type pintel on
the northwest projecting corner of the pan platform with the center of the cup
about 8 to 8 inches above the rim of the pan, as shown in Figure 3.2, In this
position the shadow of the cup falls on the pan only during late afternoon. The
anemometer retaining screw is the knurled headset serew in the adapter at the
bottom end of the anemometer housing. Be careful not to turn it any tighter than
it can be turned by hand. The anemometer is illustrated in Figure 3.4.

3.1.5 Water Storage Recepticles

A 50 gallon covered recepticle should be located near the plot for storage of
water for replenishment of water in the pan. A tank having a capacity of at least
30 gallons usually provides an adequate reserve of water. The storage tank should
be thoroughly cleaned at the beginning of each year. The water placed in the tank
should be completely free of oil.

For automatic replenishing of the evaporation pan during weekly periods, a 13-
gallon, air-tight, rigid, graduated reservoir is provided north-northeast of the pan
instead of the storage tank. This reservoir is connected to a clear plexiglass tube
suspended vertically within the pan with its bottom edge at the desired minimum
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pan water level (e.g. 3 inches below top of pan). The tube is suspended by means
of a laboratory burrette clamp and stand. The base of the reservoir is elevated a
sufficient distance above the top edge of the pan to minimize sharp bends in the
connecting flexible tubing which might impede the travel of air bubbles up into
the reservoir. The reservoir is graduated in units of inches of evaporation in the
pan. The rigid plexiglass tube is fitted with a rubber or cork stopper to be used
when refilling the reservoir. The reservoir is shielded from direct sunlight by a
reflective cover,

Near the desired maximum pan water level, a polyvinyl chloride (PVC) fitting has
been installed in the side of the pan to provide an overflow orifice for use in times
of heavy rain. The inside diameter of the fitting should be not less than 3/4 inch.
The fitting is connected by means of flexible tubing to a 55 gallon tank buried
next to the evaporation pan. The buried tank is fitted with a rigid tube extending
down from the top to 1/2 inch above the deepest point in the tank. A small
diameter flexible tube fits onto the rigid tube and extends above the earth backfill
to allow weekly pumping of the tank down to the bottom of the rigid tube. The
flexible tube also serves as a vent during periods of flow into the tank. The
evaporation pan is elevated above the ground to facilitate drainage into the tank.

Both the above deseribed automatie filling tube and overfiow orifice are located
within the clear plexiglass semicircular stilling well suspended on the side of the
evaporation pan. The stilling well will minimize the effects of wind-induced
surface waves on these water-level control devices.

3.1.6 Maximum-minimum Water Temperature Thermometer

The maximum and minimum temperatures of the water in the evaporation pan are
determined from a Six's, floating, indicating thermometer. A submerged-type
thermometer may also be used,

The floating thermometer is provided with a shield and mounted horizontally on a
float-supported non-magnetic frame, The frame supports the thermometer, which
can be set to ride about 1/4 inch below the water surface by adjusting the screws
that hold the bulb end. The float is attached to an anchor using flexible lines
which are at least 10 inches long, but short enough to keep the unit approximately
one foot from the edge of the pan and the gage. Two lines, one attached to each
end of the frame, should suffice. The floating type thermometer is shown in
Figure 3.5.

3.1.7 Maximum-minimum Air Temperature Thermometer

The maximum and minimum ambient air temperatures are determined by a U-
shaped, liquid-in-glass, Six's type thermometer. The thermometer has a minimum
measurement range from - 40 to +120 degrees Fahrenheit, with painted seales
marked in divisions of two degrees. A column of mercury contained in the U-
shaped tube responds to the expansion and contraction of a volatile temperature-
sensitive liquid in one end and pushes spring loaded iron indices to the levels of
highest and lowest temperature. The indices are reset by depressing a button. A
typical air thermometer is illustrated in Figure 3.5.
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The thermometer is mounted in a wooden reflective shelter with double top and
side louvers to allow free movement of air and still shield the instrument from
precipitation, condensation , and radiation. The shelter is installed with the
bottom about four feet above the ground and with the door facing north, so that
the sun cannot shine directly on the instrument when the door is opened during the
day. The shelter is mounted rigidly to minimize vibrations from strong winds.
The inside of the shelter should be dusted occasionally with a dry cloth, The
shelter supports should also be inspected to insure that the shelter is securely
mounted. A typical shelter which is satisfactory for the air thermometer is shown
in Figure 3.6. Manufacturer's assembly instruetions for the instrument shelter are
contained in Appendix V.

3.2 Pield Mesasurements And Maintenance

3.2.1 Pan Water Level Reading

At the time of each hook gage observation, place the gage on the stilling well and
adjust the hook in the well until the point is below the surface of the water.
Slowly turn the adjusting nut clockwise until the point just pierces the water
surface. Reflection of the sky in the water will assist in determining when the
point first breaks through the surface. Remove the gage from the well and read
the scales. -

The figures on the stem represent whole inches, and the intermediate graduations
represent tenths of an inch. The figures on the circular scale represent
hundredths of an inch, and the intermediate graduations represent thousandths.
Whenever an observation is taken, the scale on the stem is read to tenths of an
inch, as indicated by the first graduation at or above the top of the knurled
adjusting nut. The circular scale on the adjusting nut is read to the nearest
thousandths of an inch at the index. Both scale readings are added, and the sum
represents the gage reading., Enter the reading obtained as above in the
appropriate spaces on the forms. Precipitation, small unavoidable inaccuracies in
measurements, and condensation of water into the pan, may occasionally cause
the water level to be higher than that of the previous observation.

When the gage is assembled after cleaning, determine that the threads of the stem
and adjusting nut are properly matched, by turning the adjusting nut counter-
clockwise (as viewed from the top) until the top of the nut coincides with one of
the graduations of the stem. If the scale has been properly assembled, the index
line on the ring of the spider will coincide with 0" on the circular scale. If it does
not coinecide, it will be necessary to unserew the adjusting nut and reassemble the
gage by matching the alternate combination of threads.

Experiments have shown that the height of the rim of the pan above the water
surface affects the rate of evaporation. In order that the records from &ll
stations using hook gages will be comparable, the pan should be filled to a level
two inches below the rim, and refilled to this level at each regular observation.
Cleaning the pan or adjusting the water level should be done immmediately
following an observation. Read the gage immediately before and after making any
change in the water level and enter the readings on the forms,
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Clean the pan as frequently as necessary to keep it free from sediment, seum, and
oil films. An oil film will materially reduce the rate of evaporation. The pan
should be emptied by siphoning and/or by dipping the water out. Under no
circumstance is the pan to be lifted and emptied with any signficant amount of
liquid remaining in the pan,

Carefully inspect the pan for leaks at least once a month, since any leaks will
render the measurements valueless. Report the finding of any leaks on the
observation form for the month and report both the date the leak was discovered,
and the date the pan was repaired or replaced.

3.2.2 Storage Recepticle Levels

For operation with automatic replenishing of the evaporation pan, the level in the
reservoir must also be read at each pan level observation. The reservoir is
graduated in divisions of 0.05 inches of pan evaporation. Readings should be
estimated to the nearest 0.01 inch. After reading the reservoir level, the
discharge tube must be plugged with the stopper, the reservoir cap removed, and
the reservoir refilled with water to the top of the secale (0.00 inch), The cap is
then replaced and tightened, the stopper removed from the tube, and the reservoir
level allowed to reach equilibrium. A new reading must then be recorded for the
reservoir. The reflecting cover on the reservoir should be tightly secured around
the reservoir stand with duct tape to prevent ponding of water on top.

The volume of excess rain water which has overflowed from the evaporation pan
into the catehment tank must also be determined on each weekly visit. The tank
should be pumped "dry" and the pumped water retained in a bottle graduated in
divisions of 0.05 inch of pan evaporation. The total volume pumped is recorded on
the forms and is estimated to the nearest 0.01 ineh of pan evaporation. The
graduated bottle should be placed on a level surface when the water level is read.

3.2.3 Wind Movement

The anemometer counter is read at the time of the evaporation observation to the
nearest whole mile. The five digits appearing in the window of the meter indicate
the total wind movement to tenths of a mile. Ten thousand miles is indicated as
five zeros (00000) on the meter and coincides with zero miles for the succeeding
10,000-mile eyele of operation.

3.2.4 Water Temperatures

The maximum and minimum water temperatures are read to the nearest whole
degree, as indicated by the end of the metal index nearest the column of mercury
in each tube. If possible, the thermometer should be read submerged, before
removal from the pan for resetting the indices. Enter the highest and lowest
readings in the proper water temperature columns of the record form. To reset
the thermometer, place the horseshoe magnet, open end down and parallel to the
thermometer tube, directly above one of the metal indices. Move the magnet
slowly toward the merecury column until the index touches the mercury. Gently
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lift the magnet away from the tube to prevent the index from springing away from
its contaet with the mercury. Repeat this procedure with the other index. The
magnet may be hung on the lower end of the metal handle using the small strip
furnished for that purpose with the submerged-mount thermometer. If the metal
strip is lost, a nail or other small metal piece may be substituted.

If the mercury column should become separated, the resulting temperature
readings will be erroneously recorded. When this condition is noted, action should
be taken immediately to rejoin the eolumn. Remove the thermometer and holder
or float frame, Hold the thermometer near its bulb end and swing it rapidly in an
are until the mereury column is rejoined, taking care not to strike any object. If
the thermometer tube is removed, it will be difficult to perform this function with
out breaking the thermometer at the sharp "U" bend.

3.2.5 Air Temperatures

The maximum and minimum air temperatures are read at each evaporation
observation from the indices on the thermometer mounted in the instrument
shelter. After recording the temperatures on the appropriate form, the indices
are returned to current temperature by depressing the reset button.

3.3 Office Calculations

With the weekly measurements described in Section 3.2, values of average daily
pan evaporation, average daily wind movement, intermediate water temperature,
intermediate air temperature, and coefficient of net energy advection may be
calculated. Using these values with a nomograph developed by the U.S. Weather
Bureau, average daily lake evaporation at the station site may be computed. The
office calculations required to obtain the above deseribed values are described in
the following sections, and a computation format which will facilitate the
ealculations is presented with example calculations in Table 3.1,

3.3.1 Average Daily Pan Evaporation

The average daily pan evaporation is computed as follows:

Ep: (SRi - SRi—l) - (HGi"I) + R - CT/‘I‘ime

Where: E = average daily pan evaporation {inches per day)
Sﬁi = current storage reservoir reading (inches)
SRiy = previous storage reservoir reading (inches)
HGli = eurrent hook gage reading (inches)
HG; = last previous hook gage reading (inches)
R = total rainfall since last hook gage reading (inches)
CT = volume of water collected in catehment tank since

last hook gage reading (inches)
Time = time between current and last readings (days}
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3.3.2 Average Daily Wind Movement

3-8

The average daily wind movement over the surface of the water in the

evaporation pan is computed as follows:

W, - W,_
Wavg = i : i-1
Time
Where: w = gverage daily wind movement (miles per day)

\"
Wfi:gcurrent anemometer reading (miles)

Wi q = last previous anemometer reading (miles)
Time = time between current and previous readings (days)

3.3.3 Intermediate Water Temperature

The intermediate water temperature is computed as follows:

Temp + Tem
¥max PW nin
Ty =
2
Where: TS = intermediate water témperature °m
Tempwmax = maximum water temperature since last reading (°F)
Tempwmin = minimum water temperature since last reading (°F)

3.3.4 Intermediate Air Temperature

The intermediate air temperature is computed as follows:

Temp, + Tempa .
max min
Ta =
2
Where: T, = intermediate air temperature (°F)
Tempam ax = maximum air temperature since last reading (°F)
’I‘empamin = minimum air temperature since last reading (°F)

3.3.5 Coefficient of Net Energy Advection

The coefficient of net energy advection of sensible heat through the walls of the

evaporation pan (uR) is obtained from the nomograph in Figure 3.7. The value will

be approximate (sihce the nomograph corresponds to atmospheric pressures for

an

elevation of 1000 feet) but it will be sufficiently accurate for calculation

purposes. The coefficient is obtained from the nomograph as follows:

1. Enter the horizontal axis of the nomograph with the intermediate water

temperature (T;) computed in Section 3.3.3.

2. Move vertically upward to intersect the curve corresponding to the

average daily wind movement (Wavg) computed in Section 3.3.2
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From the intersect point in Step 2, move horizontally to the left and
read the coefficient ( p) from the vertical secale.

3.3.6 Average Daily Lake Evaporation

The average daily lake evaporation is obtained from the nomograph in Figure 3.8
using the values and coefficients described above as follows:

1.

5.

Enter the vertical scale of the nomograph with the average daily wind
movement {W av )

g
Move horizontally to the right to interseet the appropriate curve for the
elevation (in feet above mean sea level) of the station site. (Use the
zero elevation line on chart).

From the intersect point in Step 2, move vertically downward to
intersect the appropriate curve for the coefficient of net energy
advection obtained in Seetion 3.3.5.

From the intersect point in Step 3, move horizontally to the right to
intersect the curve corresponding to T, - T,, i.e., the intermediate
water temperature, T, {(computed in Section 3.3.3) minus the
intermediate air temperature, Tgs (computed in Section 3.3.4).

From the intersect point in Step 4, move vertically upward to intersect

the curve corresponding to the average daily pan evaporation (Ep)

computed in Seetion 3.3.1.
From the interseet point in Step 5, move horizontally to the right and

read the daily lake evaporation in inches per day from the right-hand
scale.
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Date
{(Month/Day)

Current
p-AullB T AL

11-24

Previous

11-17

Time of Day
{Hrs/Min)

Current Previouys

4:09 2:60

Change

Hook Gage Reading
Time {inches}
(Days) Current Previous Change

71 2.563 2,124 +0.439

TABLE 3,

EXAMPLE LARE EVAPORATION CALCULATION

Volume

Rainfalt
) ) Pumped From Net
Reservoir Reading From Rain Daily Pan Anemometer Reading
([nc!}es) Overflow Gage Evaporation {Miles)
Cutrent Previoyg Change Tank (In) [_In_)_ “"/D"Ef’ Current Previous Chmge .
631 0.01 0.30 0.65 1.00 0.03 1525.5  1500.5 959

Average
Daily
Wind

Movement

(M iles/Dag) Max Min _Tfs

3.5

Water Temperatyure
°F)

85

]

86

Air Temperature Ty Ty
(°F)

Max Min T, (OF)

7 65 o 10

Coeff.
of Net
Energy

Adveeotion

.63

Daily
Lake
Evaporation
{In/Day)

.04
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Chapter 4

WIND STATION

The equipment for the wind station includes the following:
° Wind speed sensor (anemometer) with voltage output

® Wind direction vane with voltage output (battery-powered)

® Two~channel chart recorder
. Recorder shelter
@ Ten-meter high instrument mast with guy wires

The recorder integrates and plots readings from the instrument sensors for periods
of up to one month. Thus, essentially continuous plots of wind speed and direction
versus time are obtained. The installation and field monitoring of the equipment
and the office analysis of the recorded data are described in the following

sections.
4.1. Equipment Installation

4.1.1 Instrument Mast

The ten-meter high aluminum instrument mast should be installed in accordance
with the manufacture's recommendations or with the installation recommen-~
dations contained in Appendix VI. The mast installation consists of the following
basic steps:

® Pour concrete base pier for mast support and blocks for guy wire
anchors
° Join and secure mast sections

® Attach hinged connector on masf base to footing base plate

° Mount instruments and attach guy wires
® Erect mast

° Secure guy wires and adjust tension

® Adjust instrument orientation

4.1.2 Recorder Shelter

The same shelter used to protect the maximum-~minimum air temperature
thermometer (see Section 3.1.7) is used to house the wind station recorder. This



Hillsborough County .
File Number 81-158 4-2

standard, "medium-sized" shelter is generally sold and shipped disassembled. It
was assembled in the field using simple hand tools (see Appendix V). The metal
legs were embedded in conerete for rigid support. A typical shelter is illustrated
in Figure 4.1.

4.1.3 Anemometer, Vane and Recorder

The wind sensing instruments and recorder are generally sold together as a
"system"” and come complete with electronie cables and connectors, recorder roll
charts, protective case, and instrument mounting crossarm.

The wind speed instrument is a stainless steel, three-cup anemometer with a photo
chopper and solid state light source which produces a voltage output signal.
Anemometer system accuracy is two percent over the selectable ranges of 0 to 50
or 0 to 100 miles per hour. The instrument has a threshold wind velocity of 0.75
* mph and a distance constant of eight feet.

The wind direetion vane is coupled to a potentiometer with a system accuracy of
two percent. The direction range spans from 0 to 540 degrees. The vane also has
a threshold of 0.75 mph and a distance constant of eight feet. Both instruments
are illustrated in Figure 4.2. The manufacturer's specifications and instructions
are contained in Appendix VIH.

The chart recorder is a dual channel, inkless recorder with a chart width of 2 5/16
inch per channel. The recorder integrates over selectable time intervals of 30, 60
or 90 seconds, It can be operated in the tear-off or reroll mode at a speed of one
inch per hour. It will operate under battery power for a period of one month at
above freezing temperatures. The recorder is illustrated in Figure 4.2.

The initial steps in the installation of the instruments are as follows:
® Place the wind speed and direction transmitters on a flat surface.

o Conneet the sensor mating connector end of the cable to the crossarm
and the opposite end of the cable to the mainframe.

® After making and checking all the above described connections, turn the
unit on.

® Rapidly spin the wind speed shaft, and note that the translator output
voltage, measured by a volt meter connected to pin B of the output
connector, increases. (If voltage does not increase, recheck ecable
connections.)

] Slowly rotate the wind direction shaft, and note that the wind direection
output measured by a volt meter connected to Pin C of the output
connector, changes. (If output does not change, recheck eable
eonnections.)

9 Turn unit off.
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The instruments are calibrated at the factory and should not require additional
calibration. 1f additional calibration does become necessary, however, it may be
performed in the field using only a volt meter. This procedure is deseribed in
Appendix VII.

The final steps in installation of the instruments are as follows:

® Align the crossarm as shown in Figure 4.2, The flat on the wind
direction cap should be as indicated.

@ Place the vane on the shaft and align the flats so they are parallel. A
small coin placed against the flats will insure proper orientation of the
vane on the sensor (see Figure 4,2).

® Tighten the set screws in the van hub. With the vane as shown in Figure
4.2, the wind direction recorder will indicate 90°.

] Place the cup set on the wind speed transmitter and tighten the set

serews.
® Mount the crossarm on a 3/4-inch pipe.
* Install eable in its final location, secure to mast and/or guy wire.
] Rotate the crossarm to an east-west orientation, tighten the set screws

in the crossarm mount, and connect the ecable to the erossarm.

° Place recorder in shelter, install batteries, and connect transmitter
' cables to outlets inside and outside of shelter, '

° Turn unit on and observe pen trace for short period to confirm system
activation,

4.2 Field Monitoring

Although the chart paper rolls and batteries last one month, the recorder should
be monitored at each weekly rain gage and evaporation station readings. Proper
pan and chart roll action should be confirmed and actual times noted on the chart
to serve as references for future evaluation of chart speed accurscy. When
performing a monthly ehart change, observe the following:

') Turn the system power off, making sure that the recorder pens are not
pressing against the chart paper.

® Always start with a fresh roll of chart paper.

o The ecardboard sleeve on the take-up reel must remain on at all times.
This, plus starting with a full roll, ensures that the proper chart speed
will be maintained for the duration of the roll. Failure to start with a
full roll, while using the take-up mode, will result in variable chart
speeds and inaccurate time keeping of the recorder.
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Seat the supply roll so that the chart perforations mesh with the gear
drive.

After installing a fresh roll, advance the paper to the correct time using
the cireular thumb wheel switch on the left front panel of the recorder.

When changing chart paper or making time marks on the recorder, be
careful not to damage or bend the recorder pens.

Always mark the correct time at the beginning and end of each roll of
chart paper.

4.3 Office Analysis

From the chart records, values of maximum and minimum wind veloecities and the
corresponding wind directions are to be picked off for each day. However, prior
to the search for maximum and minimum trace points, it is prudent to examine
the chart and evalulate chart speed accuracy. This: evaluation is done by
completing the following: :

‘Compare pen time and clock time at end of chart. Note time

correction.

Compare pen and clock time at beginning of chart to see that the pen
was set properly.

Determine whether and where elock stopped.

If clock did not stop and time is no more than two hours off, make no
time adjustments.

Mark off midnight times for each day if more than two hours different
from chart times (e.g., if pen at beginning of chart was set improperly).

If elock did not stop and time is more than two hours off, make time
adjustments for the period in direct proportion to the number of the
days and the total correction (e.g. the correction for the third day
would be 3/7 times total correction). Round correction to the nearest
hour.

If clock stopped at end of chart (i.e., most ecommon) and pen was set
properly at start, make time adjustments at end accordingly.

If clock stopped during middle of chart and clock started again for some
reason, assume time at start and end is correet. Make time adjustments
in middle where clock appeared to have stopped.

If elock stopped at beginning of chart (e.g., elock running at end, time
off more than two hours, and the pen trace appears to have stayed in
one place for a long time), assume time at end is correct. Make time
adjustments accordingly.
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Once chart speed accuracy has been confirmed, or appropriate time adjustments
have been made and beginning and ending points for each day have been marked on
the chart, the assessment of daily maximums and minimums and corresponding
wind directions can be performed. Remember that the anemometer scale is
usually set at 0 to 50 mph, and that 0 degrees corresponds to a northerly wind
direction.
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Chapter 5

WATER-LEVEL RECORDER

5.1 Installation

The water level within the water-table aquifer was continuously monitored from a
well constructed of 6-inch diameter pipe which has a slotted collection zone. The
float attached to the recorder followed the rise and fall of the water level in the
well. The float, in turn, was connected to the chart drum of the recorder. A
closed, 2-inch diameter PVC ecasing adjacent to the well housed the counterweight
for the float. A clock-driven stylus moving across the chart at a constant speed
documents a permanent graph of water level versus time on the chart. The well
station installation is illustrated in Figure 5.1. The well recorder was located at
AB-21 near the southwest corner of the landfill site as located on Figure 1.3. This
equipment can be put back in operation should it be deemed prudent. The county
owns the recorder. Therefore, this chapter is provided for future reference.

5.2 Field Monitoring and Maintenance

The charts on the Type F water-level recorders should be changed every 7 to 8
days. The following procedures should be followed:

o Unlock the plywood cover at the top of the structure, and slide to the side to
gain access to the recorder.

¢ Unlock the protective cover, raise the pen from the chart drum and advance
the carriage a short distance and remove chart (do not roll float before
raising and advancing pen).

e Replace the cover for the recorder and lock,

e Lift the float line from the pulley and hang on the housing or stilling well
wall.

®» Remove the recorder and place on a suitable work area to change chart and
service the recorder. (An alternate method would be to service the recorder
inside the structure with the float line on the pulley.)

¢ Make sure the date and time are recorded on the chart. A properly marked
chart showing typical data is presented in Figure 5.2,

e Roll the chart holder spring bands to the edge of the chart drum and remove
the used chart.

e Wind the clock mechanism counterclockwise with the key provided inside the
clock housing.

e Slip a new chart from the far side underneath the chart drum, pulling the
edges together and lapping the trimmed edge over the margin. (See that the
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hole on the left chart margin engages the pin and the chart drum.)
@ Match the lines and push the chart against the left flange of the chart drum.

Y Replace the spring chart bands at the left and right ends of the drum. (Place
the spring bands within the chart margins and not on the graph portion of the
drum.}

o Return the pen carriage to the starting position by pushing the carriage with
a finger to the left side of the recorder. The left line on the chart is 12:00
midnight. The distance between each thin vertical line on the chart is equal
to two hours. The distance between heavy vertical lines is equal to 24
hours. .

e Check the ink reservoir to see if there is a sufficient supply for the pen.
Directions for filling the ink reservoir are given in the Stevens Manual in
Appendix VI,

After chart replacement is complete, replace recorder on the table support in the
well. Hang the float line on the left side of the pulley and loosen knurled nut on
the pulley to allow adjustment and positioning of the chart pen at the proper
location (time and water level) on the chart. The distance between thin horizontal
lines on the chart is equal to .05 feet. The distance between heavy horizontal
lines is equal to 0.5 feet. After resetting the pen at the proper location on the
chart, retighten nut, being careful not to disturb the pulley position. (The pen
location can only be checked with the pen touching the chart paper.) Reset the
pen on the chart paper and write the correct date, tlme, and gage height (water
level) on the chart. After determining the system is again operational, replace
the metal recorder cover a final time, place the cover over the top of the stilling
well, and lock. See the Stevens Instruction Manual in Appendix VII for a
discussion of recorder maintenance. Note that the recorders should be lightly
oiled once each year,

Attention to the fo]lowmg items will 1ncrease the accuracy and contmu;ty of the
well record: .

® The datum of the gage should be maintained to 0.01 foot by running levels to
reference marks at least once every year. If conditions are known to be
unstable, then levels should be run more often.

e The recorded gage height should be checked against the water level in the
well during each visit to assure or that there is no malfunction. Water level
in the well is determined by tape down to water level from top of casing
inside the sheiter.

e Malfunctions of the recorder can be reduced by the periodic cleaning and
oiling of the recorder and the clock.

e Excessive humidity and temperatures in the g&ge house should be reduced to a
minimum by proper ventilation.
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5.3 Office Caleulations

The objective of this effort is to generate a table of mean daily water-level
elevations (NGVD) for the year. The 12-month period can start at any month;
however, the water year (October 1 to September 30) or the calendar year are
most common.

The steps required to generate the above mentioned table are: (1) pick off mean
daily water levels from weekly charts, (2) determine elevation for zero of gage
from datum analyses, and (3) generate table of water-level elevations. Water—
level elevations are saltitudes referenced to mean sea level or the national
geodetie vertical datum (NGVD). The NGVD water-level value equals the zero of
the gage (in feet NGVD) plus the gage height reading.

The procedure for developing the mean daily gage height is:
# Cheek to be sure all notes from field visit are written on chart.

¢ Be sure all charts for a particular station are together and no charts are
missing. If chart is missing, insert note in file explaining why.

e For each chart, do the following items:

- Compare pen time and clock time at end of chart. Note time
correction,

- Compare pen and clock time at beginning of chart to see that the pen
was set properly,

- ' Determine whether and note where clock stoppage oceurred.

- If no clock stoppage occurred and time is no more than two hours off
per week, no time adustments.

- Mark off midnight times for each day if more than two hours different
from chart times (e.g., if pen at beginning of chart was set improperly).

- If eloek did not stop and time is more than two hours off, make time
adjustments for the period of record in direct proportion to the number
of the days and the total correction {e.g. the correction for the third
day would be 3/7 times total correction). Round correction to the
nearest hour.

- If clock stopped at end of chart (i.e., most common) and pen set
properly at start, make time adjustments at end acecordingly.

- If elock stopped during middle of chart and clock started again for some
reason, assume time at start and end of chart is correet. Make time
adjustments in middle where clock appeared to have stopped.
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- If clock stoppage is at beginning of chart (e.g., clock running at end,
time off more than two hours, and the pen trace appears to have stayed
in one place for a long time), assume time at end is correct. Make time
adjustments accordingly.

- Mean daily gage height for each day is the gage height at midday based
on the average area concept illustrated in Figure 5.3. The concept
means that the area bounded by the 0 hour vertiesal line, the pen trace,
and the template line below the pen trace must equal the area bounded
by the 24-hour vertical line, the pen trace, and the template line above
the pen trace. The gage height where the vertical midday line and the
template line intersect is the mean deily gage height. (For days when
gage height changes more than 0.5 feet, the template method is done
for small within day periods such as 4, 6 or 8 hour periods and then
these averages averaged to obtain a mean daily value). '

- Note mean daily gage height on recorder chart,

- Publish mean daily water-level elevations for the year as a graphie or
table. The mean daily water-level elevations equal datum of the zero
point on gage plus mean daily gage-height reading. Ardaman &
Associates, Ine. can generate this output in a graphie form from our
computer program set up for this purpose. The computer program
inputs mean daily gage heights and datum elevation.
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Chapter 6

OBSERVATION WELLS

6.1 Introduction

6.1.1 Observation Wells

The observation wells have been placed to predetermined depths to monitor
the groundwater level. 'The wells consist of various diameter risers with
variable length porous or open ends, the location of each well is shown in
Figure 1.3 and data about each well is presented in Table 6.1. The shallow
groundwater level should be measured in each well monthly.

6.1.2 Obtaining Readings

The water level in the riser can be obtained using 1/8-ineh diameter
polyethylene tubing. The tubing should be marked in one-foot intervals. As
an alternate a tape graduated in feet and hundredths of a foot could be used
to measure the water level. Other devices may also be acceptable.

To check the water level, remove the protector cap from the top of the well
and insert the tube into the well to the estimated water level. Blow into the
tube and move the tube up or down until you hear a bubbling sound. Adijust
the tube up and down until you determine the top of the water. Hold o
temporarily mark the tube, exactly, at the top of the observation well and
measure with steel tape to the nearest 0.01-foot mark. Add or subtract
mesasurement as necessary to determine the depth to the water level.

6.2 Field Work

Water levels are measured during each visit. Preferably visit wells on same
day each week and each day of month.

Remove protective caps from wells.

Measure the depth to water level from top most point of well to the nearest
0.01 foot. Also measure the distance to land surface from top most point of
well to the nearest 0.1 foot.

Record reading date, and time on log sheet as shown in Table 6.2. The
distance from top of well to ground level should be entered on the log sheets.

Replace protective caps on wells.
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6.3 Office Work

@ Compute the depth to water below or above land surface for each reading by
the following equation:
MHW-HTPL = DWL

where: MHW
HTPL
DWL

measured depth to water surface from top of pipe (feet)

height between top of pipe and land surface (feet)
. depth to water surface below land surface (feet)

o0 il

1f ' DWL is a positive value, then water level is below land surface.
If DWL is a negative value, then water level is above land surface.

e Plot each DWL reading on arithmetic hydrograph paper (i.e. R&E graph paper
#472893). Join DWL readings with straight lines on hydrograph form. Make

sure low water-level readings (e.g. high positive DWL values) are shown as
low values on the hydrograph form.
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Table 6.1

PIEZOMETERS/OBSERVATION WELLS

Land Surface  Riser Collection Zone

Diameter Elevation Height Elevation
Hole (inches) (feet, NGVD) (feet) {(feet, NGVD) Aquifer  Remarks
TH-19 2 126.9 3.0 ~13.0 to -23.0 Floridan
TH-20 2 130.5 3.0 120.0 to 102.0 Surficial
AB-21 6 122.1 3.5 122.1 to 110.0 Surficial
TH-22 2 126.4 3.7 125.0 to 101.0 Surficial
AB-22 2 113.0 2.7 109.0 to 97,0 Surficial
TH-24 2 128.0 3.0 127.0 to 104.0 Surficial
TH-26 2 125.1 3.0 121.0 to 107.0 Surficial
TH-28 2 128.8 3.0 167.0 to 99.0 Surficial
TH-30 2 125.9 3.0 108.0 to 83.0 Surficial
TH-32 2 129.5 3.0 120.0 to 109.5 Surficial
TH-33 2 142.3 3.0 117.0 to 94.0 Surficiat
TH-34A 2 150.0 3.0 112.5 to 89.0 Surficial
TH-35 2 135.9 3.0 112.0 to 94.0 Surficial
TH~36 2 145.6 2.25 116.5 to 98.0 Surficial
AB-37 2 121.8 2.8 109.0 to 104.0 Surficial  Collection zone below clay
TH-TA 2 131.0 3.7 '114.0 to 96.0 Surficial
T1 : 2 134.0 3.0 116.0 to 108.5 Surficial
TH-40 2 122.1 3.1 ~30.0 to -42.0 Floridan
TH~41 2 122.1 3.0 -68.0 to -91.0 Floridan
TH-42 2 112.7 3.0 -42.0 to -51.0 Floridan
.48 2 123.0 2.7 111.0 to 106.0 Surficial  Collection zone below eclay
{H-56 2 130.0 2.8 118.0 to 111.0 Surficial  Collection zone below eclay
Prod. Well 24 116.4 1.4 -85.6 to -764.6 Floridan  Agrico Well No. 10

. Driller's Log
Prod. Well 24 128.25 0.25 30.2 to ~17.2 Floridan
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APPENDIX I
UNIVERSAL RECORDING RAIN GAGE

(Belfort Instrument Company)
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Chart Timing Accuracy: within 14 minutes/week
‘Finish: aluminum lacquer

Gage Weight: 25 lbs.,empty

2-7. Government Specifications. The Cat. No. 5~780 Series

Universal Recording Rain Gages are built to Natlional Weather
Service Specifications #450.2201 and 450.2203.
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3-4, Installation, The rain gage is instailed on its foundation as

follows:

A. Remove the collector {Fig.7-1,12) by rotating it sufficiently
clockwise to disengage the bayonet lock and pulling it up and
of f of the gage housing, Use extreme care not to distort the
area of the collector opening. ‘

8. Remove the catch bucket., The chart cylinder, recording ink,
and damping fluid have been packed and shipped in the bucket.

C. Remove the screw (Fig.7-4,30), washer (29), and bucket plat-
form (17).

. Remove five‘screws and washers (Fig.7-1,14}, and remove gage

" housing {1¥3) from the base (23). Note the locaticn of the
sliding access deor relative to the chart drive and pen arm.

E. Three 3/8"-diameter holes, 120° apart on a 10-3/4"-diameter
circie, are provided in the mechanism base for mounting it to
the support base or foundation. Exercise extreme care in
mountirg the wmechanism base: the machined gage housing
shoulder must be horizontal, and the bolting-up must not dis-
tort the base. Hardware for mounting the mechanism base is not
sypplied with the gage, however, hardware is supplied with the
support bhase for mount]nq 1t to the mechanism base. Additionally,
hardware is supplied with the support base for mounting it to
the foundation, or to assist in imbedding it in the concrete
foundatien. :

F. Remove the shipping tie holding the pen arm fo the pen shifter
(Fig.7-2,25}.

G. Logsen the mechanism lacking screw (Fig.7-4,46) and nut, and
back out the screw until the top lever is stopped by Timit
screw {32}, Retract the locking screw a turn or two farther;
lock in position with its nut, Remove the stop sleeve (Fig.
7-1,45) from about the movement bracket limit screw (44}. Do

‘not discard the sieeve; it will be needed for reshipment of the
gage, Do not disturb the setting of the limit screws {par.2-2):
their positions are a part of the gage's calibration.

H. Remove the wrapping from the chart dr1ve mechanism, and unscrew
the mechanism from the base.

1. The dashpot {Fig.3~1,3) is mounted tu the mechanism base with

two identical thumbscreuc {1,2). Remove thumbscrew (2}, lcosen

thumbscraw {1}, push up the dashpst cover {4), and pull dashpot

?ut from between the machanism frame as shown in Fig.3-1{a} and

b). _ - : o

From the bottle of damping fluid shipped in the catch bucket, i1}

the dashpot cylinder to within an 1/5" of its rim, and replace the

dashpot between the mechanism frame. Emply the catch bucket, sett-
ing aside the recordiny ink and discarding all packing materials,
and set the bucket on its platform. [f the gage is equipped with
an gverflow attachment, the overtlow tube is placed in the round
hole in the platform centering the tube over the overflow funnel
mountod in the mechanism base.

L~

BOOK NO. 8777 ' Sept1979
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2. Clamp the chart to the cylinder by placing
the clip insids the fold at the overlapping
end of the chart, placing the straight end
of c¢lip in the slot in the cylinder, and
seating the formed end of the clip in the

- notech in the upper edge of the cylinder.

3. If the chart iz the single-edgs type, wrap
it snugzly around the cylinder so that a) time
i5 read left tc right, b} corresponding rain-
fall graduations meet, ¢) the bottom edge of
ths chart is against the cylindér flange,
d)} the untabbad end is at the right~hand edge
of both the notch in the upper édge of the
¢ylinder and the slct in the cylinder flange.

,,, Clamp the chart to the cylinder by placing
the clip over the untabbed end of the chart,
inserting the straight end of the c¢lip into
the alot in the cylinder flange, and ssating
the formed end of the clip in the notch in
the upper edge of the cylinder.

H. Replace the chart cylinder and thumbnut on the
chart drive mechanism spindlie making certain
that the mechanism pinion and cylinder gear mesh.

I. Refill the pen, and push in pen shifter to return
the pen almost to the chart surface. If the
catch bucket is empty, and tha pen does not in.- .
dicate zerc within the goge tolerance, set the
pen to the zero-line with the ccarse {Fig. 7-4,31}
and fine (L2} adjustment screws. Set chart to
4ime by firet turning the cylinder clockwise
past the correct time and then returaning it
counterclockwise to the correct time, Be sure
the time is correctly set with respect to a.m.
or p.a. :

J. Push the pen shifter all she way Iin to put the
penn on the chart, Lightly touch the bucket plat-
- form to make a btime check oun the chart. The gage
N is now ready for a new regording peried. Closs
and padlock the accesas door.

L-2, .Chart Setzs. Charss available fer use with the 5-780
Series Rain Qages are listed in Table L-2., Chart sets of -
the 6 through 192-hour pericd charts contain 100 charts;
sats of the #581.hour charta contain 25 charta.

L-3. Gage Winterizing. During the winter montha the gage
should be protected against possible damage from sncw, ice
pellets, and freezing temperatures by taking the following
steps: '

BOCK NO. 8777 Sept 1976
Page 10 ‘



] LS It w02 02 0 695¢T
50 g us0* P(TYT98 | IafuRT 03 0 g9
w1 | 1gtmuppg 03 0 0256 T
sTq g | Wl WS TI 89T | 167402 °3 0 §90Y-5
&7 2 6T a-050%-¢
wrm 41 wzo" vz | 1efugt 03 0 g=640% =
W g 9 g-ghog
Ui 41 =T GOE*TT Yz L fepne 02 0 W= LHO 6
a §T u$0* w2 TTILD0 9] %2 I0fuzy 03 © ST A (o aiad
8Iq g | m T #DETTT T AT | 1afiRE0E °% ¢ -850 ¢
=t R 8T 41040?1\
AT T 96 g-Sah-¢
uTHW 6T uG0* ADRN ey I 2T 01 0 IR (P4
wrm T | T 1° L ]
uru ¢ 9 m44§fm
exq z | - ma ] 0E°TT ATEET [ 48 E0ST 05 0 | 50076
oI oY wg0? [ «26* 1T 4z I5n0 03 O a-fosh~9
AW, | FONYH HIONTT]HIOIM ﬁ%ﬁ% - mmmmmmﬁ
ROISIAIC ISVET HZIS 0I8D | I¥VHO d

SLEVHO FOVD. NIVY ETHVILVAY.

2= FIEvL

A

- ®D. 8777

-Sa;hlﬁ?ﬁ

12



v_"ncy-meCE;@,, M/ flae 5“44%

VI CALIBRATION Only o reedinfc dre Suspeet,

G-1, Gensrel. Calibration of the gages described herein is
based on the assumption that 822.7 grams is the weight of a
volume of water 1" high with an area equal to ths area of the
8"~diameter collector opening of the gage. It also assumes
that the weight of the bucket used in the gages of up to 12¢
{(300mm)-ompacity is 1 kilogram, 2.1 kg. for the 20"{500mm)-
capzclity gages, and that the gage zero-adjustment rangs is
sufficient to accommoedato normal variations in bucket weight.

6-2. Calibration Equipment. Calilbration of the gages reo-
quires one of the calibration-welght sets listed in Section
VII and a small machinist's level (approximately 27 long.)
Baoh set conaists of an equivelent-bucket weight, a number of
calibration weights, and a linearity-setting tool {Pig.6~1,
43.} Inch-welghts are finished in aluminum lacquer, mm-weights
in gold,

6~3. Pre-ocalibration, Calibration of all gage mechanisms
requires the mechanism base to he level and the following
preliminary adjustments to be madei ‘
A, Back out the limit screws (Pig.7-1,4844Fig.7-4,32,46)
sufficiently so that they are not likely to restrict
the mevement of the top lever (19) and the movement
bracket (27) within the range of the calibration.
B. Center the screws and nuts %Bh} in the slot lengths
of the lever extensions (18),

G~4. Singloe-Traverse Calilbration. A single-troverse gage is
calibrated with the following procedures:

A. Ceontor the equivnlent-bucket weight in the bucket
platform, and place a number of calibration weights
equal to one~holi of the gage capacity on the buckset
wa ifs"ht » .
B. Place the machinistt!s level ncruss the two pads in
front finger of the top lever (Fig.Twh,lQ), and
rotate the linkage with the zero-adjustiment thumb-
scrows {31,422} so as to make tha pads level. 1In
» making continued zero-adjustments, cero should be
trken to melce use of both tho fine and coarse

adjus tments sc as to keep the fine-ud justment setting
baur reascnable parallel to the top of the mechanism
fraute ., .

C. Looscen the set screw (7) fastening the lever (8) to
the pen aim shart {(38), and rotate the pen arm shaft
.to put the recording pen in the centear of the chart
retighten the sSet acrow.
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Fig.6-1 Linearity Settings,Dual-Traverse Gages
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Viewed from the pen arm side of the gage,rotation of
the pen arm sbaft in a counter-clockwise sense relative
to the lever wili increase the pen movement per cali-
bration weight through the upper half of the first
traverse;rotation in a clockwise sense will decrease
it. The magnitude of the adjustment required will be
about three chart divisions. Loosen the setscrew(7)
fastening the lever to the pen arm shaft,rotate the
ghaft as required,and retighten the setscrew. Remove
the calibration weights from gage,rezerc the pen,and
repeat the procedures of par.D and this paragraph un-
t£il the requirements of par.E are met. g o

H. With the linearity and accuracy of the pen movement
through the first traverse now as 1s required by par...
E,reversal of the pen traverse exactly at the upper-
most chart graduation can be effected by the turning
of the screw in the adjustable 1ink(10) to change the
distance from the upper 1link pivot to the bottom of
the slot in the link. With balf of the calibration
weights on the bucket weight,grip the platform(17)
between the thumb and forefinger,and move the plat-
form up and down. Observe the pen movement while
moving the platform: adjust the link length,by turn-
ing the screw,sc that any movement of the platform
will result only in a downward movement of the pen
away from the uppermost chart graduation.

1. Add the remaining calibration weights to the bucket
weight one at a time. After the addition of each
weight,tap the gage lightly,and deteimine 1f the pen
position is within the accuracy tolerance of par.2-6.

J. 1If the pen movement is lincar but the pen positions
are not sufficieun:ly accurate,it will be necessary
to change the lever extension(18flength. Moving
the linl: pivot(35) away from the ctcp lever will low-
er the pen position. Adjust the extension length in
a fashion similar to that described in par.F,and re--
peat the procedure of par.l. Repeat the procedures
of this-paragrapb and par.I until the pen positions
are within tolerance.

K. If the pen movemeut is unlinear as well as inaccurate,
it also will be necessary to rotate the pen arm shaft
relative to the counterwelghted iever(llg. Viewed
from the pen arm side of the gage,rotation of the pen
atm shaf* in a counter-zlockwise sense will decrease
the 'speed' of the pen through the lower half of the
second traverse. The magnitude of the adjustment
will be in the order of three chart divisions. Loosen
the setsecrew(7) fastening the lever to the pen arm
shaft.rotate the shaft as required;rntighten the set-
screw. Repeat the calibration procedure,beginnin%
with par.il,until the accuricy cequirement of par. -6
is satisfied. ‘

BOOK YO. 8777 Sept1976
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7-~1.

General.

VII REPLACEMENT PARTS LIST

The item number of a part or an assembly will

be the same in all illustrations. Only the figure number of
the first illustration in which a part or an assembly 1s call-
ed out will be shown in the list below. -

Y . \ ‘__ L -
== | Part o=l 1=lal
. M . art : 21
o | 8 Description o, 1|8 % &l o
= | A QF R 2]
3-11] -1 |Screw,Mtg - Dashpot..... ool 7207 xixix|x{xix
"""2 Ditto-;-..'ocO--ooi ------- ........KK. }CX.:’C X
-3 | Dashpot Cylinder Assy.....} 8621 xix [xjxix |x
-4 {Cap,Dashpot.vesees... ceee 928 (xix |x|xix |x
-5 }Piston,Dashpot.sesvsess. ..} 8625 xix {xixix |x
6-1 | -6 |Link,Non-adjustable.......j16246-1 1 jx|x|x]|x |x
""’6 Linko 5 4 0 v LR B A A LI IR N 3 16246 '-l{,. x
-7 13-56x3/16" Fil Hd Screw, ‘
St}S‘t.-.nl DQOO‘IOOOOO---nnotqoqatxx XKKX
-8 |Lever,Short..... caaa . 917 xix |xix
~8 |Lever,Short...... ceeren . 10503 X {x
-3 |Screw,3houlder...... serenal 991 X {x {xix|x |x
~10 | Link Adju:tdblc ........... 162462 x {xix b |x
méaxS/&" Oval Hd Screw, :
St St lllll LI I I I R L I T D R TR N S S R Ry X. J-':. X x X.
"‘“1,1 LEVQF,LOH,E; ...... LI I Y Y BT N S S 9]:1.{, ,,‘c x :\—..
-ll L(;‘VQI" ,LO!]E RN AN N T B I I R I Y 10502 )C K
Counterweight.., oo Q09 X Ixix i« |x
BOOK NO. 8777 Sept1976
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o ,2 Cat.No.5-780 b,
"t : [&]
: Part iy w1
. =1 Description B34
2 A " o | HREL Bl
» bl il st ST S RN A
7-2 | -20| Bracket,Zerc Adj..... ... 116252 XIxixjxixx
Stud , Pen Arm.eeesss eeene 15250 xlxtxlxlix]x
3- 56&5/8"?#l Hd Screw,
St Steineerreesvananse e s e XX x| Xix X
2-64x3/8" Oval Hd Screw :
SL SLeaeeesveonnsannenesas vearssdl XIXxIxx (X
-21 ] Retainer Clip,Shaft....... 3279 xtx|xixixix
-22 | Pen Arm Assy...... severeed 992 xix{xlxixjx
Bearlno(Screw) Pen Arm... 918 xix{xlxl{xix
23] Base,Mechanism.scoesnenses 2598 xixIxtxixix
-23{ Base{used w/overflow
option}.ccve.. cheseeecnsad 16473 X{x|{x
~2h1 Pen,#3-LS.vcseunn veensaed 559 xlxlxfxjxix|
-251 Pen Shifter..c.vcecesaseassd 933 xixixixlxix
=26 Chart Drive Assy,
8-day Spring-powered...... IA253-h ) xlx Xl xix X
Chart Drive Mechanism....11460 xixtx]xlx|x
Chart Cylinder...eeeenoed B572-hixjx|x|x{x]|X
Chart Clipssseecesesenead 85704 xjxjx] x]xix
-26] Chart Drive Assy,
3V Battery-powered.......4 L0LTh=L| xix| x| x{x{x
Chart Drive Mechanism...d15349 | xjx]x]xlx}Xx
Chart Cylinder..... seased 3572-4) xix|xpxlx|x
Chart ClipP.cvsvenssossend 857041 xix| x| x{xX|X
-27| Bracket, Lovement....,....J 8713 x k Xl xixix
Shaft, Pldln..... ......... g85 x|l xl x{xix
2-,6x;/16" Fil Hd Scraw,
LJt L.-t.. ------- NN E R I » o XXX XX ] X
Shaft(Connector), :
Dashpot Piston...... oo d 8586 x}x ] x| %] x{x
Retainer Clip,Shaft.....q 3279 Py X XpA|x
BOOK NO. 8777 Jeptl1976
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» . » . No,5-
3 3 Cat.No.5 780 E:’
=] = Part = =|a
. = Description No. B Y
o | v O wlF S Hlo
Al I REY= =1L
T2 =]
7-4 1 -36 | {continued)
Nut gpI‘_..n Iﬁtouoea-oeaoo 52}4.3 X X
Bar Low*e"f*% Spring Mig... 5270 X {x
Pin, COU.p,LlI‘ 5246 X {X
Retainer Clip(Pin)...... 3279 x |x
Coupling ,Springsecsassss 5269 * %
-37 | Pivot,Pen Arm Shaft..... . 906 (x {x|x{xixix
3- 56x3/16“ Fil Hd Screw,
St’btl.l...'.‘ll‘.ﬂ!l... * & .‘i.xx x J{x X
38 [3haft,Pen ArM. . oeaversnes 905 (xix|xt{x|ix |x
-39 | Bracket, Pen Arm{Stud). 903 flxijxijxix|xix
3- 56~c3/16" Fil Hd bcrew, :
3t St. R PR L S F S A I 3 b g 4
~40 {3hafe{Spring Link)... ... 8586 {x|x|x{xix |x
, Retainer Clip,Shalt..... 3279 Ixixixixix Ix
~41 [Mechanism Frame..... o004’ ref
Front Sideplate Assy.....| 8597 Ix|xi{x|x|x X
Plate ,TOPesecerosanosees 8292 ix|x{xix
Plate,Topesrseesvases.a.. 10504 x |x
Pen Shaft Bracket Asgsy.. 933 Ix|xix|{xlxix
Plate,Base.vie s easansnn 8717 Ix i< lxixix {x
Smep‘ate Rear. cvuesvnaas 7204 ix |x (X }prix IX
racket,Stop (lelt) R $7L1 Ixlxixixixixi
6- 32&3/16" Bd Hi Screw,
St Shieer e erirassases lanaaaadX XX XX X
8-32x5/16" Bd Hd Screw,
St St.!..’tl...ll...".’ ..“..kx xxn Xx, x
-L2 | Zero Sctting Aog,r. N 8319 jx {xixlx
Setting Bur ASS Y. ‘e #317-Hx [x x| x
Screw,Setbing. . cooaaeeens 8306 jxjalx|x
-2 | Zero Setting Assy......... (10072 XX
Setting Bar Assy...... cv e (1607221 X |x
Scrow,Setting..o v vnean 164872 X fXK
|
BCOX NO. 8777 Sept1976
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Eoe Cat No.5-780; o

CREK:
A Descripti Fary elE (5o
Lo = escripticn No. &1 ki
a0 08 wis |G Ol a
fao 4 b 1 aiodoldlo
O ] e AL O
" ‘_-._.- ": i’. ": 4
1S Calibration Weight Set,

245171 8" —capacity Gages, -
Spccify RanzZs..eesecovssas| 1AOLT6-1
Weight, Jh-inch..ooeoeene. | 10890
Bucke b-waight/Holder.....| 16468-1
-1 b3 | Tool Linesarity-Setting,
Incl~trav Guges Only.....| 16453 b'e

E

1S Calibration Weipght Set,
BCn to 1R0mm-capacisy
iGeges,Spucify Range.......}16476-2
Weliht,25-. o vt 10973
Bucket-weight/Holder.....| 16468-2
6.1} =431 Tool,Linsarity-Setting,
Dual-trav Gages Only....

[

MMM

16453 x

T-1! b IScrew{850p) v ersienransl 8471 [x|x|xXix XX
3 10”32 i'i':‘\,:{ Nut,st b’too.-.lpn---ou. X X X1X x x.
i S A 5500, Shipping. e vee e 8517 x| xixixix
~45 i5bop,Shipping e eevaessons] 164061 | x
Tabl ~BG Seren{Linit) e i ie i 8471 [x|x|xIx{xiXx
10-32 Hex Hub,85 Stiae,ofv e  dd XIX XX |X|X
! nc 5ilicones Fluid,1GC0 cs,
_5"‘._'?../;'3.O:iot.o;-ts-n-s-a----c _';‘601 x Ve Xi XK X o
ns Inic,#10,Purple,1/2 oz.....] 5592 xl x| xix|xix
3
R i
i j
? i i
! l i !
! ! i ! ! i :
e R I b

oyt
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