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APPENDIX E
SITE SURFACE WATER INVESTIGATION

E.1 INTRODUCTION

The purpose of the Ringling-MacArthur Reserve (RMR) site surface
water investigation was the development of a hydrologic data base and
estimation of RMR surface water supply capabilities. The investigation
centered on quantification of the various site hydrologic regime para-
meters. These parameters are rainfall, evapotranspiration, evapora-
tion, soil infiltration capabilities, recharge and discharge from the
Surficial Aquifer, and surface runoff, Discussion of the regional
tong-term waterbudget is provided in Appendix F.

The investigation was conducted with field data collection and
office studies. Field data collection, described in detail in Section
E.3.1, was conducted with a network of discharge and stage gages,
evapotranspirometers, evaporation pans, and rainfall monitors. Data
collection was initiated in March 1985. The final station in the
network was installed in July 1985. This analysis incorporates data
collected up through December 1985. Data collection is continuing and
will continue at least through June of 1986.

Office analysis, fnitiated in the Fall of 1985, consisted of:

estimation of the numerical range and probable averages of each
of the hydrologic parameters,

assessment of the relationship between the hydrologic
parameters,

development of predictive models for estimating the long-term
site water balance, and

estimation of the impact to the hydrologic components under
various withdrawal scenarios.
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The following sections include a general physical description of
the site, description of the field and office analysis procedures, a
quantification of the hydrologic site parameters, a description of the
site water balance modeling procedure, and the results of an analysis
of various withdrawal scenarios.

E.2 SITE PHYSICAL DESCRIPTION

The RMR is an approximately 51 square mile tract of land located
in eastern Sarasota County, immediately east of the Myakka River, and
southeast of Myakka River State Park {Figure E.2-1). Hydrologically
the site is a typical southern Gulf Coast wetland/upland mosaic with
overall basin slopes of less than 1 foot per mile. The site rises from
a Tow elevation of approximately 5 feet mean sea level (msl) in the
southwestern corner near the Myakka River to elevations approaching
35 feet msl in the north central and northeastern portions of the site.
Land surfaces in the western one-third of the site slope west to
southwest towards the Myakka River. From the central portion of the
site to the eastern boundary the land surface is characterized by a
relatively level plateau with elevations ranging from 30 to 35 feet
ms1. The eastern third of the plateau within the RMR boundaries is
bisected by the southwestern trending Deer Prairie Slough.

The drainage area divides within and adjacent to the site are
shown on Figure E.2-2. The site is characterized by four major drain-
age systems. Moving across the site from the northwest to the south-
east the first system is a series of interconnected, small, poorly
drained wetland sloughs draining west to northwest from the site
towards Myakka River State Park and ultimately the Myakka River and
Lower Myakka Lake. Except for a small basin near Highway 72 these
sloughs originate on the RMR and provide drainage into Myakka River
Stgte Park. These features drain a total of approximately 9.5 square
miiés.

The second major drainage system is a series of creeks known as
Blackburn Slough, Manace Wallace Slough, and Mell Williams Canal.
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These three parallel tributaries drain an area of approximately

16.2 square miles to the southwest towards the Myakka River. The
drainage area consists of parallel terraces which gradually rise from
the Myakka River floodplain to the plateau feature which characterizes
the central and eastern portions of the site.

The third major system is Deer Prairie Slough which drains the
aforementioned plateau. The slough has two major tributaries, Windy
Sawgrass and High Hammock Canal, in addition to the main channel as
shown on Figure E.2-2. Major reaches of Windy Sawgrass and Deer
Prairie Slough have been channelized. Deer Prairie Slough at the
southern property boundary drains approximately 31 square miles.
Approximately 9.5 square miles of this area is off-site drainage into
Deer Prairie Slough and approximately 3 square miles is off-site
drainage into High Hammock Canal. The 12.5 square miles of off-site
area draining into the Deer Prairie Slough drainage system is the only
significant off-site drainage into the RMR,

The fourth major drainage feature is Rustler Slough on the south-
eastern corner of the site. This slough which drains approximately
3.6 square miles is the only area on the site which drains to the east
into Cowpen Slough.

E.3 FIELD MONITORING NETWORK CHARACTERISTICS

The Dames & Moore field network DM-1 through DM-6, used to monitor
the surface water characteristics of the RMR are shown on Figure E.3-1.
The criteria used to locate these installations were as follows:

Each site required accessibility during dry as well as wet
seasons.
* Each site was located in an area of hydrologic interest and

distinctiveness.

* Each site possessed the necessary exposure and physiographic
characteristics for proper instrumentation,
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E.3.1 Network Purpose

The measured hydrologic parameters include: rainfall, runoff,
surficial ground water levels, soil moisture, evaporation, evapotrans-
piration, wind totals, water temperatures, and air temperatures. This
data was used to quantify the site water balance and to develop a mass
balance model for prediction of RMR surface water supply capabil-
ities,

£.3.2 Network Components

The following is an outline of the equipment and parameters
measured at each Dames & Moore surface water monitoring station.

E.3.2.1 DM-1
1. Leupo]d and Stevens Type A Model 71 Water Level Recorder

* Deer Prairie Slough water Tevels at north powerline
crossing

2. Six Leupold and Stevens Staff Gages - DM-1 (A-F)
* Water levels along Deer Prairie Slough
3. All-Weather Rain Gage

* Periodic (bi-weekly to weekly) rainfall totals

£.3.2.2 DM-2
1, MICROSCOUT Microprocessor
2. Sierra-Misco Tipping Bucket Rain Gage
* Instantaneous rainfall measurements
3. All-Weather Rain Gage
® Periodic (bi-weekly to weekly) rainfall totals
4., Belfort Portable Liquid Level Recorder

* Measure water levels across concrete flume
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5. Two Druck Pressure Transducers

® Measure water levels across concrete flume

® Measure surficial ground water levels in Well BH-2
6. Concrete V-Notch Flume

* Flow control for discharge measurement
7. Surficial Well BH-2

° Measure surficial ground water levels
8. Two Evapotranspirometers

® Measure wetland evapotranspiration

® Measure pine flatwood evapotranspiration

9. Soil Moisture Blocks

® Measure soil moisture in the unsaturated soil zone

£.3.2.3 DM-3
1. MICROSCOUT Microprocessor
2. Sierra-Misco Tipping Bucket Rain Gage
° Instantaneous rainfall measurements
3. All-Weather Rain Gage
* Periodic (bi-weekly to weekly) rainfall totals
4. Belfort Portable Liquid Level Recorder
* Measure water levels across Plasti-Fab trapezoidal flume
5. Druck Pressure Transducer ‘
* Measure water levels across Plasti-Fab trapezoidal flume
..6. Shape Pressure Transducer
® Measure surficial ground water levels in Well BH-1

7. Plasti-Fab Trapezoidal Flume
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® Flow control for discharge measurement
8. Surficial Well BH-1
® Measure surficial ground water levels
8. Evapotranspirometer
® Measure dry prairie evapotranspiration
10. Soil Moisture Blocks
° Measure soil moisture in the unsaturated soil zone
11. Totalizing Anemometer
° Measure average wind speed
12. Humidity and Temperature Sensor

® Measure relative humidity

® Measure air temperature

£.3.2.4 DM-4

1. Belfort Continuously Recording Rain Gage
° Instantaneous rainfall measurements
2. All-Weather Rain Gage
* Periodic (bi-weekly to weekly) rainfall totals
3. ISCO 1870 Flow Meter
® Measure water levels across Plasti-Fab trapezoidal flume
4. Plasti-Fab Trapezoidal Flume

* Flow control for discharge measurement

E|302.5 DM'S
:1. National Weather Service Class A Evaporation Pan

* Measure evaporation rates from a free water surface
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2. Totalizing Anemometer

* Measure average wind speed
3. All-Weather Rain Gage

*Periodic (bi-weekly to weekly) rainfall totals
4, Submersible Maximum/Minimum Thermometer

® Measure maximum, minimum, and present evaporation pan water
temperatures

E.3.2.6 DM-6
1. Floating Fiberglass Lake Evaporation Pan
* Measure evapotranspiration rates in Lower Myakka Lake
2. All-Weather Rain Gage

® Periodic (bi-weekly or weekly) rainfall totals

£.3.3 Network Maintenance

A1l of the surface water monitoring stations were visited and
maintained at a minimum of once per week. Maintenance procedures are
documented in the RMR Surface Water Monitoring Manual (Dames & Moore,
1985). The manual stipulated data collection procedures, data transfer
control, manifest systems, and maintenance procedures.

£.3.4 Network Performance

Data retrieved from the instruments at each Dames & Moore surface
water monitoring station was critical to the successful quantification
and understanding of the surface hydrology for the RMR. Consequently,
a continuous record of data for each of the parameters studied is
needed. In most cases a continuous record was retrieved from the
monitoring stations. Occassional lightning strikes and other environ-
mental features damaged some electronic equipment. Other less frequent
proB1ems affected the mechanical instruments. However, in nearly every
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case there were two levels of instrumentation measuring each parameter.
This was invaluable in maintaining a continuous data record. Estima-
tion procedures based on actual field data were later used to fil11 in
gaps in the data record.

E.4 RAINFALL QUANTIFICATION

Rainfall is the input parameter for determining the available site
water crop. It represents the input into the water budget relationship
whether it be for the entire site, a small stream basin, or an evapo-
transpirometer., The following two sub-sections contain a description
of the monitoring network and a discussion of the data analysis.

E.4.1 Rain Gage Network

One or more types of rain gages were located at each of Dames &
Moore's surface water monitoring stations shown on Figure E.3-1, The
gages themselves were postioned for proper exposure at each site. Most
gages are placed on wooden stands 10 to 12 feet high. A list of the
types of rain gages used at each monitoring station is included in
Section E.3 of this appendix.

Three types of rain gages were utilized: two Sierra Misco tipping
bucket rain gages, one Belfort continuously recording rain gage, and
six All-Weather rain gages. The Sierra Misco rain gages work on the
tipping bucket principle and each bucket tip is recorded electronically
on a MICROSCOUT microprocessor. Bucket tips are summed together for
the entire sampling period of 1 hour, thus recording the time and
amount of precipitation. Data is later retrieved from the micro-
processor.

The Belfort rain gage is a weighting gage and converts weight into
inches of rainfall, in addition to denoting the time of the rainfall
event. This information s recorded on a paper chart which is later
interpreted. The All-Weather rain gages measure rainfall totals of one
or more events over the inspection interval. The timing of the events
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is not known, only the total rainfall. These All-Weather rain gages
were the primary gages at DM-1, DM-5, and DM-6., At the remaining
stations, they were utilized to provide a check on the Sierra-Misco or
Belfort rain gages.

The rainfall totals found for the All-Weather and Belfort rain
gages for the same time period were in agreement. However, the
rainfall totals for the All-Weather and Sierra-Misco rainfall gages
were inconsistent. As a result, rainfall data reported for DM-Z2 and
DM-3 are taken from the All-Weather rainfall gages, and represent
the totals of one or more rainfall events. Corrective action for
improving the accuracy of the tipping bucket gages has to date been
insufficient to allow dependence on the rainfall data. Prior to
issuance of this report a major factory, reprogramming of the equipment
was conducted. The results of that effort have not been assessed to
date.

E.4.2 Rainfall Data

Rainfall data collected from the RMR appears in two forms. It
appears as monthly totals in Table E.4-1 for each station. Secondly,
it appears in the form of monthly hyetographs for each station (DM-1 -
DM-5) on Figures E.4-1 through E.4-28 and Figure E.5-4. The hyeto-
graphs for stations DM-1, DM-2, DM-3, and DM-5 are periodic totals of
multiple rainfall events and not individual events. The totals are
shown when they were determined. Hyetographs for DM-4 are actual
hourly totals.

The data shows a typical distribution of rainfall corresponding to
the wet and dry seasons of southwest Florida. Significant rainfall
amounts occurred during the months of June to September. Although much
of this rainfall occurred as isolated thunderstorms over different por-
tions of the 51-square mile site, the monthly rainfall totals for
individual stations are in general agreement.

An assessment of long-term rainfall patterns is provided in the
mass balance discussion in Section E.7 and Appendix F,.
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E.5 EVAPOTRANSPIRATION QUANTIFICATION

E.5.1 Introduction

Evapotranspiration (ET) is the most critical parameter other than
rainfall governing the water supply potential of the RMR. Unfortunate-
ly, unlike rainfall, there is no site specific long-term ET data and
the parameter is difficult to quantify (Shih, 1981). Due to the prob-
lems inherent in the assessment of ET, a discussion of the background
literature on ET is provided as a preface to the description of Dames &
Moore's quantification efforts.

£.5.1.1 Terminology

As stated by Tanner (1968), the term evaporation applies primarily
to the transport of water vapor from the source of vaporization to the
atmosphere. However, within the scope of data acquisition and water
management, the physical implications associated with the term can
differ.

The term evaporation possesses some ambiguity due to its lack of
source specificity. This ambiquity has lead to some confusion in
terminology. For the purpose of this report, the following definitions
shall be observed. The term evaporation itself will be limited to the
vaporization of water from an open water surface directly exposed to
the atmosphere, while transpiration is used to designate the vaporiza-
tion of water from plant surfaces. Where the vaporization and exchange
of water from a surface composed of vegetative cover and bare soil is
described, the collective term evapotranspiration shall be used.

Two basic forms of evapotranspiration are cited in the literature.
The first term, "potential evapotranspiration" is most commonly defined
as, "the amount of water transpired per unit of time for optimum water
supply by a short, green plant stand which has uniform height and which
comp1étely covers the ground" (Penman, 1956). The study of potential
evapotranspiration is an attempt to single out the climatic factors
influencing evapotranspiration. By providing a well-watered actively
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growing plant surface, physiographic and biological affects remain less
complex., The scientific community is undecided on a reference plant
surface and any values for potential evapotranspiration must reference
the growing surface. In addition, according to the National Handbook
of Recommended Methods for Water Data Acquisition (1982) "Potential
evapotranspiration is defined as the rate of water loss from a wet soi)
or well-watered, actively growing vegetation, or as the rate of
evaporation from a water surface.* Consequently, potential
evapotranspiration is a meteorological quantity only applicable for the
studied conditions.

On the other hand, "actual evapotranspiration,” will depend on
weather, soil, and plant factors. Evapotranspiration, therefore, can-
not be determined from weather elements only (De Bruin, 1981). This
parameter of actual evapotranspiration combines meteorological
variables with physiographic variables such as soil conditions, plant
water requirements, vegetation spatial coverage, soil characteristics,
and water availability. Thus, it is a more accurate evaluation of
consumptive use or evapotranspiration. Unfortunately, effective
determination of this value requires tremendous effort to understand
and quantify the complex interaction of the various components of the
evapotranspiration process.

E.5.1.2 Evapotranspiration Study Purpose

A knowledge of evapotranspiration is essential in planning and
implementing water management systems. In the case of the RMR,
evapotranspiration has a dual impact. First, evapotranspiration
removes water that may be incorporated into the water crop. Secondly,
it represents the water required to maintain the soil-water balance.
Poor management of this soil-water balance could result in detrimental
alterations in the landscape. As a result, the quantification and
understanding of water-shed consumptive use is important to the
evaluation of an available water crop.
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E.5.2 Literature Review of Available Methods

The literature revealed four categories of methods for quantifying
evapotranspiration. These are:

Water balance methods

Energy balance

Mass Transfer
® Prediction Methods

Within each category are varying techniques, each with its limita-
tions, advantages, and disadvantages. A description of the four
categories is provided in Sections E.5.2.1 - E.5.2.4.

F.5.2.1 Water Balance Methods

Evapotranspirometers/Lysimeters

If properly constructed, located, and operated, evapotranspir-
ometers can provide the most accurate information on actual or
potential evapotranspiration and are the only means to calibrate other
methods of measuring or estimating evapotranspiration (Gangopadhyaya
and others, 1966; Harrold, 1966; Tanner, 1967; Blad and Rosenberg,
1975}).

According to the National Handbook of Recommended Methods for
Water Data Acquisition (1982), an evapotranspirometer is an instrument
consisting of a block of soil, usually planted with some'vegetation,
and enclosed in a container which isolates it hydrologically from its
surroundings. If there is provision for drainage of the soil water,
one speaks of lysimeters (literally "leach meters"). 1In addition, the
distinction should be made as to whether the evapotranspirometer
contains a disturbed or undisturbed soil profile.

Weighable Lysimeters

These instruments possess the basic characteristics of all lysim-
eters, however as the term implies, the entire apparatus is weighed.
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By continuously weighing the soil column within the lysimeter, an
accurate evaluation of the water balance can be determined. Water
fluctuations will be recorded as changes in weight from which losses
due to evapotranspiration may be determined. Weighable lysimeters can
be used to follow daily, hourly, or even more frequent changes in
evapotranspiration. However, as attractive as these instruments may
appear, they are very expensive and difficult to install and

maintain.

Nonweighable Lysimeters

These instruments make use of lysimeter principies but do not use
changes in weight to determine moisture changes. Moisture fluctuations
are determined by monitoring the water table in the lysimeter and soil
moisture changes in the unsaturated zone. Due to moisture hysteresis
effects and monitoring limitations they are not suited for short-term
measurements.

According to the National Handbock of Recommended Methods for
Water Data Acquisition (1982), instruments without drainage outlets
should be used with a degree of caution, This is particularly impor-
tant when the water table is maintained at a constant level. This
scenario results in increased soil water salinity (Williamson, 1963;
van Hylckama, 1966; Robinson, 1970). In addition, installations
without drainage suffer from atmospheric affects resulting in water-
level fluctuations which obscure the true losses due to evapotranspira-
tion (Stevenson and van Schaik, 1967; van Hylckama, 1968). Apart from
these shortcomings, nonweighable lysimeters are easier to install and
maintain than weighable lysimeters, and combined with their low cost,
they are an attractive alternative.

Large-Area Water Budget Method

Evapotranspiration estimates can be made for a large-area using
the hydrologic-budget method, also referred to as the water budget
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method. The hydrologic components may include precipitation, surface
runoff, ground water movement, surface and subsurface storage. The
remainder of this algebraic relationship for a given period is an esti-
mate of evapotranspiration. Estimating evapotranspiration from natural
watersheds involves measuring the inflow as precipitation and the
outflow as stream flow for a number of years in order to determine the
average annual inflow and outflow rates. The difference between

these two rates is an estimate of evapotranspiration (Hewlett and
others, 1969).

To use the large-area water budget method for this project would
require years of site specific historical data on the site or a project
study period of several years. Since neither of these requirements can
be met, this method is not a plausible alternative. In addition,
although such parameters as precipitation and stream flow may be easily
determined, values for ground water flows and surface storage are much
more difficult to obtain. The permeable surficial sands and limestone
aquifers underlying the RMR transcend surficial drainage divides and
have the potetial for transmit large guantities of water underground.
These waters may reappear downstream, but the areas or points of re-
charge of all the underground water cannot be determined, nor can all
the underground flow be accounted for with certainty. These unknown
hydrologic characteristics prohibit the use of the large-area water
budget relationship.

Soil-Moisture Depletion Method

According to the Naticnal Handbook of Recommended Methods for
Water Data Acquisition (1982), probably the oldest and most commonly
used method of determining evapotranspiration is measurement of the
change in soil-moisture content at representative sites over a period
of.a few days to several weeks. Soil-moisture depletion approximates
evapotranspiration under ideal conditions, where rainfall is estimated
from gage data, the water table is considerably below the root zone,
and there is no significant drainage from the root zone. Attempts to
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measure the flux of soil water upward or downward below the root zone
at representative sites using flux meters have not been successful.
Similarly, attempts to estimate the upward or downward movement of soil
water by measuring the hydraulic gradient and calculating the hydraulic
conductivity have not been very successful. Also, soil moisture may
move upward or downward due to the thermal and salt gradients which can
introduce significant error.

The inherent physical problems associated with this method, the
shallow water tables and the periodic interaquifer flux (Appendix C)

made this an unacceptable approach for estimating evapotranspiration on
the RMR.

£.5.2.2 Energy Balance Method

The energy balance method of determining evapotranspiration is
based on the conservation of heat energy. This method requires complex
instrumentation and is often plagued by maintenance problems while
voluminous records of data must be generated and processed. Only a few
studies have been conducted continuously for more than several days.
The requirements and limitations of this method were unsuitable for the
RMR project.

E.5.2.3 Mass Transfer Methods

Mass transfer methods utilize the vertical vapor flux to deter-
mine consumptive use. Like the energy balance method these methods
require complex instrumentation and other needs that are not com-
mensurate with the level of accuracy required for this study.

£.5.2.4 Prediction Methods

Empirical Equations

" Numerous empirical eguations have been developed for estimating
potential evapotranspiration. These equations utilize air temperature,
solar radiation, humidity, and wind speed. Also included in these
empirical equations is a crop coefficient commonly referred to as K.
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This coefficient is experimentally determined, thereby calibrating the
empirical relation. Empirical equations often make use of avaiiable
climatological data, but the experimentally determined crop coefficient
and the site-specific environment used to develop the relation severely
1imit the use of the equation in other areas.

Pan Evaporation

Pan evaporation data can provide very reliable estimates of
potential evapotranspiration. However, pan evaporation appears to be
more sensitive to wind conditions than well-watered short grass,
especially when radiation levels are lower {National Handbook of
Recommended Methods for Water Data Acquisition, 1982). Pan evaporation
values have coefficients applied to them in order to predict future
losses due to actual evapotranspiration. These coefficients are a
means of calibrating pan evaporation data to model Josses due to
seasonal evapotranspiration. These coefficients must be derived from
actual evapotranspiration information in order for their application to
be meaningful.

E£.5.3 RMR Evapotranspirometer Approach

The evapotranspirometer was chosen for monitoring and determining
evapotranspiration based on the previous discussion of available
methods, The criteria for this decision were as follows:

credibility from the scientific community
® practical construction and installation requirements
instrumentation

maintenance

cost

The ultimate goal of this investigation is development of empiri-
cal evapotranspiration relationships for RMR individual macroscale
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vegetative communities based on seasonal evapotranspirometer and
National Weather Service Pan Evaporation data.

E.5.3.1 Evapotranspirometer Site Selection Strategy

Evapotranspirometers were located in the three most distinct and
characteristic vegetative habitats found on the RMR:

* Pine Flatwood
* Wetland
® Dry Prairie

The purpose of locating an installation in each of these habitats was
to incorporate into the analyses the affects of varying exposures,
vegetation, and soil properties.

£.5.3.2 Evapoiranspirometer Construction

The three evapotranspirometers are identical in construction.
Each cylindrical tank is 6 feet in diameter and 7 feet tall. The tanks
are sealed at the base and were formed from fiberglass by a local
fiberglass fabricator.

£.5.3.3 Evapotranspirometer Installation

The pine flatwood and dry prairie installations were installed
using identical procedures (see Figures £.5-1 and £.5-2). First, a
convenient and representative location was chosen and verified with the
project environmental consultants. The soil was removed by small
backhoe in 1- to 3-foot layers closely corresponding to visible changes
(e.g., color, texture) in the soil profile. The soils were stock piled
separately, and then covered by filter fabric to prevent drying and
any degredation of biota to the degree possible., Prior to the removal
of each layer, the in situ permeability, wet and dry densities, and
water content were determined (see Table E.5-1). The base of each

evapotranspirometer is located 5 to 6 feet below the natural ground
surface.
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Once the tank was in place, a 4-inch PVC well was installed inside
the tank to monitor future water table fluctuations within the tank.
An additional monitoring well was installed outside of the tank to
determine natural ground water fluctuations. Next a 1-foot layer of
gravel was spread around the base of each well and covered with filter
fabric. This gravel layer should prevent clogging and enhance seepage
from the soil column to the well so that water level fluctuation
response times may be shortened. In addition, because the soil layer
adjoining the gravel layer contained significant amounts of clay with
low permeability, gravel columns were placed into this layer to provide
better hydraulic flow between the gravel layer and the remaining upper
soil horizons.

As each soil horizon was replaced to its original depth, it was
again tested for permeability, wet and dry densities, and water con-
tent., These values were compared with earlier in situ measurements
(see Table E.5-1). Soil moisture blocks were also installed within
each soil horizon in order to monitor moisture fluctuations in the
unsaturated zone. After the soil column was completed, vegetation
native to the surrounding habitat was transplanted both inside and out-
side of the installation in order to homogenize the environment
adjacent to the evapotranspirometer,

The procedure used to install the wetland evapotranspirometer
differed slightly from the previous installations (see Figure E.5-3).
Due to the poor foundation conditions encountered within the wetland,
operation of the backhoe was limited and hand installation was re-
quired. Installation difficulties combined with problems in testing
the in situ soil column led to a decision not to continue testing
individual layers of the soil column. It was also found during the
excavation, that the soil column was homogeneous to a depth of 6 feet
and _extensive testing was not necessary. In addition, due to the
poorly drained nature of the wetland soils, moisture blocks and an
external monitoring well were omitted from the installation.
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E.5.3.4 Evapotranspirometer Principles

The principle of evapotranspirometer operation is as follows: a
representative soil column with actively growing vegetation is isolated
from the surrounding soil. A1l fluxes of water entering or leaving the
system are measured except for the evapotranspiration flux, Inputs to
the system are precipitation and water added by the field technician to
maintain certain water table levels., Outputs are evapotranspiration
and water removed by the field technician {Buell and Ballard, 1972).
The change in water storage is determined by measuring the changes in
the soil column water table level and multiplying this change by the
specific yield of the system. The specific yield of the system { ) is
defined as the amount of water that must be added or removed to cause
the water table in the evapotranspirometer to change 1 foot.

Changes in water storage occur in the soil both above and below
the water table (Buell and Ballard, 1972). Fluctuations below the
water table can be monitored by a well within the soil column. Mois-
ture storage measurement in the unsaturated zone is more problematic.
5011 moisture blocks were installed to varying depths within the soil
column to measure soil moisture. In the study done by Buell and
Ballard (1972) water storage in the unsaturated zone was not measured
and assumed to be zero. According to the Buell study, the long-term
mean of the water storage in the unsaturated zone is a term that is
small compared to the total evapotranspiration of the evapotranspiro-
meter. Although ignoring this storage may reduce the accuracy of
weekly evapotranspiration estimates, the error in estimating monthly
evapotranspiration will be small, The water budget equation for the
evapotranspirometer becomes:

Input - Output = A Storage Eq. E.5-1
. (Precipitation + Additions) - (Evapotranspiration + Removals) =
o (& Water Table) Eq. E.5-2
Evapotranspiration = Precipitation + Additions - Removals - o(a
Water Table) Egq. E.5-3
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The advantage of the evapotranspirometer approach is that hydro-
logic parameters such as runoff, ground water seepage, and ground water
interflow are eliminated from the water budget of the installation. By
isoTating the soil column from the surrounding soil, ground water
fluxes have been eliminated. In addition, the evapotranspirometers
used on the RMR extend approximately 1 foot above the natural ground
surface and capture any water that would normally run off this surface.
Consequently, the evapotranspirometer design prevents runoff and ground
water fluxes that would normally be difficult to measure.

In general, within this isolated environment of the evapotrans-
pirometer all water fluxes can be determined except for the evapotrans-
piration flux. This flux is computed by solving the algebraic
expression relating all of the fluxes,

E.5.3.5 Evapotranspirometer Monitoring

Monitoring of the evapotranspirometers began in July 1985, and has
been ongoing at weekly and occasionally daily intervals along with
other surface water investigation activities. Data necessary to the
calculation of evapotranspiration from these devices includes inches of
rainfall, and depth to the evapotranspirometer water table. The rain-
fall represents an input while the water table level, when compared to
the previously recorded level, represents the change in soil water
storage.

Water table levels within the pine flatwoods and dry prairie
installations were allowed to fluctuate undisturbed unless ponded
water was present. When water ponded on the surface, it was bailed
from a perforated sump bucket. This outflow was measured, recorded,
and entered into the calculation of evapotranspiration. This procedure
was followed except when the natural water table surrounding a monitor
exceeded the ground surface. 1In such conditions the water table in the
evapotranspirometer was allowed to break the surface in an attempt to
mimic natural conditions. As the natural water table subsided, water
was bailed from the evapotranspirometer. Above ground surface water
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levels were periodically experienced at the pine flatwod monitor but
not at the dry prairie installation.

In contrast to the two monitors discussed above, the wetland
evapotranspirometer is located within an area of ponded water, As a
resull, the monitor water level was kept to a depth nearly equivalent
to natural wetland pool depth, provided this depth did not exceed the
volume limitations of the evapotranspirometer. Water was removed or
added as needed and recorded for use in calculating
evapotranspiration.

E.5.3.6 Evapotranspirometer Installation Deficiencies

Several problems and concerns have resulted from this evapotrans-
pirometer approach and conseguent evapotranspiration investigation.

Drainage

Literature cited earlier in this section discouraged the use of
evapotranspirometers without drainage. Drainage from the tank was
considered during the inception of the evapotranspirometer design.
However, it was decided not to provide drainage for several reasons.
First, the shallow water table found on the site, combined with low
topographic relief reduces the natural subsurface drainage. This led
to the conclusion that drainage from the evapotranspirometer may not be
significant enough to warrant measurement. Secondly, if drainage from
the tank was permitted, it would be necessary to determine the quanti-
ties leaving the system in order to 1imit any confounding effects this
variable may induce into the water budget computation. During the
design of the installations, it was decided that to provide accurate
drainage monitoring complicated the design and required an effort not
commensurate with the intended use of the evapotranspirometers.

The problems of increased salinity and barometeric effects are
currently being investigated, and mitigative measures devised.
Possible measures include estimating barometric affects on water level
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