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1.0 EXECUTIVE SUMMARY

GeoSiphon Cells (patent pending) are systems to passively induce contaminated groundwater
flow through in sifu or ex situ permeable treatment media at an accelerated rate by utilizing a
siphon between two points of natural hydraulic head difference, without the need for mechanical
pumps. The TNX GeoSiphon Cell (TGSC-1) was built in a Pre-Siphon Treatment Cell
Configuration. It is essentially a large diameter well, which contains granular cast iron (the
treatment media) in place of gravel pack. Contaminated groundwater flow through the granular
cast iron in the treatment cell is passively induced by use of a siphon from the cell to the X-08
outfall ditch. The flow is induced by the natural hydraulic head difference between the cell and
the X-08 outfall ditch. The granular cast iron reduces the chlorinated volatile organic
compounds (CVOCs) to ethane, ethene, methane, and chloride ions. The treated water is
subsequently discharged through the X-19 outfall to the X-08 outfall ditch, which flows into the
Savannah River.

Testing of four different siphon line configurations was conducted during Phase Il testing from
June 18, 1998 to September 4, 1998, and a one-day minimum flushing velocity test was
conducted on November 13, 1998.

The first three siphon line configurations consisted of approximately 1032 feet of 1-% inch pipe
from the cell to the Savannah River. All of these configurations included significant portions of
the line laid directly on the ground surface, which resulted in localized high point at various
points within that portion of the line. The second and third configurations included the use of an
air chamber and the use of engineered grades for approximately 30 percent of the siphon line
length. From these configurations, it was determined that degassing and gas entrapment within
those portions of the line with localized high points and those portions not influenced by the air
chamber resulted in diminishing siphon flow over a matter of hours to essentially zero.
Operational improvement was seen with the addition of the air chamber and as more of the line
was placed on engineered grades that increased the length of influence of the air chamber.

The fourth siphon line configuration consisted of 305 feet of 1-% inch pipe on a consistent
engineered slope, with both the up-gradient (at 1:100 slope) and down-gradient legs (at ~22-14°
slope} from the air chamber sloping upward toward the air chamber. An initial head differential
of approximately 1.43 feet between the cell and the X-08 outfall ditch resulted in an initial
recorded flow rate of 2.71 gpm. A flow rate of 2.69 gpm was calculated, based upon these initial
conditions. The siphon operated continuously over a greater than 6 day period at flow rates
varying from 2.23 to 3.98 gpm, with an average flow rate of 2.62 gpm. Operation of the fourth
siphon line configuration resulted in continuous, consistent operation with flow rates consistent
with calculated values. Re-priming was not required, however water recharging of the 7-%
gallon air chamber was required on a 23 to 25 hour basis. The air chamber can be sized to

Page 1 of 92
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minimize the frequency of required water recharging. This siphon line configuration with air
chamber was able to maintain full siphon line flow by removal of gas bubbles from its entire
305-foot length.

The use of minimum flushing velocity to maintain full flow in the siphon line was evaluated
during a one-day test. It was concluded that in order for minimum flushing velocity to potentially
be viable as a method of removing gas from the siphon line, in lieu of air chamber usage, line
discontinuities and localized high points, which promote bubble accumulation, agglomeration,
and potentially entrapment must be eliminated. One continuous pipe without fittings placed on
an engineered grade with one crest would probably be the optimal configuration to employ
minimum flushing.

The limited analytical data produced during Phase 1I was consistent with the Phase I data
documented in WSRC-TR-98-00032. All effluent tetrachloroethylene, trichloroethylene, carbon
tetrachloride, chloroform, and vinyl chloride concentrations were less than the detection limits,
and all effluent cis-1,2-dichloroethylene concentrations were less than 3 pg/l (the cis-1,2-
dichloroethylene limit is 70 pg/l). Acute toxicity test results were passing, meaning that the
GeoSiphon effluent is not considered toxic. " The off-gas collected within the siphon line air
chamber consisted primarily of nitrogen and hydrogen with depleted oxygen levels. Based upon
the two gas samples collected, this mixture of gas was outside the flammability envelope for both
hydrogen and methane (i.e., it is not a flammable gas mixture).

Based upon the favorable results to date, it is recommended that new siphon lines be constructed
to engineered grades with air chambers for both TGSC-1 and TGSC-2. The lines should be sized
so that the siphon flow rate is approximately that of the cell treatability flow rate as determined
in Phase I testing (i.e., approximately 8§ gpm). Additionally a larger air chamber should be
provided to lengthen the period of time required between air chamber recharging events (i.e., at
least a 200-gallon air chamber). Phase II testing should continue with Phase II Dual Cell
Testing. During Phase II Dual Cell Testing, both TGSC-1 and TGSC-2 should be operated, and
emphasis should be placed upon the off-gas generation rates and composition, and the zone of
influence and capture associated with dual cell operation. Additional minimum flushing velocity
testing should also be conducted.

Page 2 of 92
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2.0 INTRODUCTION

Phase II testing of the TNX GeoSiphon Cell (TGSC-1) began on June 18, 1998 in order to
demonstrate the application of GeoSiphon Cell Technology utilizing zero valent iron enhanced
abiotic degradation for the treatment of TNX contaminated groundwater. This activity is
classified as an on-site non-baseline research and development (R&D) performed for the
Environmental Restoration Department (ERD). As such it is controlled as a Scoping Activity by
Manual 1Q, Procedure QAP 2-3, Control of Research and Development Activities, and the
SRTC implementing procedure, Manual LI, Procedure 7.10, Control of Technical Work. In
particular this work is controlled by section 5.9 of Manual L1, Procedure 7.10. [WSRC Manual
1Q, Procedure QAP 2-3; WSRC Manual L1, Procedure 7.10; WSRC Manual L14.1, Procedure
2-76]

As the result of predominantly trichloroethylene (TCE) contamination in the TNX Area water
table aquifer at the Savannah River Site (SRS), studies into the applicability of zero valent iron
enhanced abiotic degradation of chlorinated volatile organic compounds (CVOCs) to the TNX
contaminated groundwater have been conducted. Zero valent iron enhanced abiotic degradation
of CVOCs is essentially a reductive dechlorination process, which uses granular cast iron as the
reducing agent, and produces final reaction products such as methane, ethane, ethene, and
chloride ions. [ETI Ref.: 31054.10; SRT-ESS-96-365; WSRC-TR-98-00032]

During 1996, a laboratory study was performed to address this applicability, and it was
determined that zero valent iron can treat the TNX CVOC contaminated groundwater to below
Primary Drinking Water Standard Maximum Contaminant Levels (PDWS-MCL). The
GeoSiphon Cell was conceived as an alternative to pump and treat systems, funnel and gate
systems, and/or continuous permeable wall treatment systems for the application of zero valent
iron, pursuant to the FY 1996 laboratory study. The first GeoSiphon Cell (TGSC-1) was installed
within the TNX flood plain in July 1997. Phase 1 testing of the GeoSiphon Cell was conducted
from August 5, 1997 to December 16, 1997. Phase I testing consisted of pumped flow from the
cell to the TNX National Pollutant Discharge Elimination System (NPDES) X-08 outfall, and the
creation of steady state conditions so that the in situ field treatment capacity of the cell could be
determined. [ETI Ref.: 31054.10; SRT-ESS-96-365; WSRC-TR-98-00032}

Results from Phase I testing indicated that the degradation of TCE, itself, is the limiting
compound to treatment below the PDWS-MCLs within the TNX GeoSiphon Cell. The data also
indicated that a maximum flow rate of between 7.8 gpm and 8.3 gpm of greater than 200 ppb
TCE contaminated groundwater could be treated while maintaining the average discharge TCE
concentration below 5 pg/l. [WSRC-TR-98-00032]

Based upon the favorable results from Phase I testing, Phase II testing was initiated on June 18,
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1998. Phase II testing consists of siphon flow from the TNX GeoSiphon Cell (TGSC-1) to the
Savannah River through the X-019 Outfall. This phase was designed to determine siphon flow
rates, determine the required cell spacing through modeling, and demonstrate the overall concept
and functionality of the technology as applied at TNX. The siphon flow rates were determined
for the conditions at TNX, and the overall concept and functionality of the technology as applied
at TNX was demonstrated. Determination of the required cell spacing through modeling has not
been completed; it will be completed during the Phase II Dual Cell Testing through both
modeling and testing. This Phase II Final Report documents the Phase I testing conducted from
June 18, 1998 through November 13, 1998, and it focuses on the application of the siphon
technofogy as a sub-component of the overall GeoSiphon Cell technology. {Q-TPL-T-00004]
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3.0 BACKGROUND

Refer to the TNX GeoSiphon Cell (TGSC-1) Phase I Deployment / Demonstration Final Report

(U), WSRC-TR-98-00032, for the following background information not included within this
report:

o TNX Area groundwater contamination description

» TNX zero valent iron laboratory study summary

» Phase I permitting activities overview

¢ TNX GeoSiphon Cell (TGSC-1) installation and as-built conditions
¢ Detailed Phase I treatability test results

¢ Phase I pump test results

» Phase I preliminary modeling results

3.1 GEOSIPHON CELL CONCEPT OVERVIEW
3.1.1 GeoSiphon Cell Description and Configurations

GeoSiphon Cells {(patent pending) are systems to passively induce contaminated groundwater
flow through in situ or ex situ permeable treatment media at an accelerated rate by utilizing a
siphon between two points of natural hydraulic head difference, without the need for mechanical
pumps. The upgradient initiation point is within the contaminated aquifer, and the downgradient
discharge point can be to a surface water body, the ground surface, or the subsurface. The
permeable treatment media utilized in a GeoSiphon Cell can include materials such as but not
limited to granular cast iron, activated carbon, ion exchange materials, limestone, zeolites, iron
foam, bimetallics, peat, phosphate rock, dolomite, concrete, fly ash, blast furace slag, sulfur,
pyrite, etc. The permeable treatment media can be applied at any peint in the passively induced
flow. It can be applied as in situ or ex situ. It can be configured to be either permanent or
rechargeable. It can be contained within a container or in direct contact with the aquifer
materials. [WSRC-TR-98-00032]

There are two basic GeoSiphon Cell configurations (Other configurations are possible):
¢ Pre-Siphon Treatment Cell Configuration (Figure 1 is an example of such a

configuration)

¢ Post-Siphon Treatment Cell Configuration (Figure 2 is an example of such a
configuration)
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The GeoSiphon Cell Pre-Siphon Treatment Celt Configuration of Figure 1 is that of an
upgradient, large diameter, in situ treatment cell, which contains the permanent permeable
treatment media and passively induces flow by use of a siphon from the cell to a surface stream
(or ground surface). The siphon flow is induced by the natural hydraulic head difference
between the cell and the surface stream (available head). The passively induced flow draws
contaminated groundwater through the treatment cell where the permeable treatment media treats

the groundwater. The treated water is subsequently discharged through the siphon to the surface
stream. [WSRC-TR-98-00032]

The GeoSiphon Cell Post-Siphon Treatment Cell Configuration of Figure 2 is that of a recovery
well connected by siphon to a downgradient, surface assessable, rechargeable, permeable
treatment media cell. The siphon flow is induced by the natural hydraulic head difference
between the recovery well and the cell (available head). The passively induced flow draws
contaminated groundwater through the recovery well, then through the siphon line, and finally to
the treatment cell where the permeable treatment media treats the groundwater. The treated
water is subsequently discharged to the ground surface or surface water.

Table 1 provides a comparison of the Pre-Siphon Treatment Cell Configuration of Figure 1 with
the Post-Siphon Treatment Cell Configuration of Figure 2. ‘Topography and other site conditions
may dictate the configuration most appropriate for implementation. The potential minimization
of total head loss is the primary advantage associated with the Figure 1 Pre-Siphon Treatment
Cell Configuration. Minimization of degassing concerns, more efficient use of the iron mass,
and ability to fairly easily regenerate or replace the media are the primary advantages associated
with the Figure 2 Post-Siphon Treatment Cell Configuration.
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Table 1

Pre-Siphon versus Post-Siphon Treatment Cell Configuration Comparison

Ttem

Pre-Siphon Treatment Cell
Configuration of Figure 1

Post-Siphon Treatment Cell
Configuration of Figure 2

Treatment cell
location

Up-gradient of siphon

Down-gradient of siphon

Siphon line
degassing

Potential for the degassing of other
gases in addition to nitrogen,
oxygen, and carbon dioxide must be
considered based upon the treatment
media chemistry

Potential for nitrogen, oxygen, and
carbon dioxide degassing

Treatment cell
influent
concentrations

Variable and dependent upon
formation contaminant stratification
or profile

Averaged formation contaminant
concentration; therefore more
efficient use of the iron mass is
made

Media
regeneration or
replacement

Acid regeneration possible; media
removal and replacement may not
be possible

Acid regeneration possible and easy
to control; media removal and
replacement possible

System head
loss

Head loss occurs within the
treatment cell, as a well loss, and the
siphon line

Head loss occurs within the siphon
extraction well or trench, as a well
loss, the siphon line, and the
treatment cell; therefore may have
more total head loss associated with
this configuration

3.1.2 GeoSiphon Technology Objectives

The objectives of the GeoSiphon technology are as follows:

¢ Provide a method to apply any permeable treatment media to the remediation of
contaminated groundwater.

e Provide for the remediation of any type of contaminant for which a permeable
treatment media is available. ‘
* Provide the passive movement of groundwater through the permeable treatment media.

» Provide a method to accelerate flow through the permeable treatment media over the
natural groundwater flow conditions.

» Provide for the in situ or ex situ remediation of contaminated groundwater.
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e To utilize the existing natural head differences between two points to drive an
accelerated, passive flow of contaminated groundwater through a permeable treatment
media by use of siphon flow without the need for mechanical pumps.

3.1.3 Advantages Over Existing Technologies

The GeoSiphon Cell is basically an alternative to pump and treat systems, funnel and gate
systems, and/or continuous permeable wall treatment systems. Groundwater pump and treat
systems consist of recovery wells which extract contaminated groundwater from the subsurface
and above grade treatment systems. Due to slow contaminant dissolution and/or migration,
groundwater pump and treat systems often require extended treatment periods (i.e. 10s to 100s of
years) to reduce the contaminant levels to regulatory standards. These extended periods of
operation can require significant energy costs, operating and maintenance costs, and monitoring
costs. [WSRC-TR-98-00032]

In order to overcome the high operating and maintenance costs of pump and treat systems, funnel
and gate and continuous permeable wall treatment systems (together labeled as permeable
reactive barriers) have been proposed and implemented. Funnel and gate systems consist of
impermeable barriers, which funnel the contaminated groundwater through a permeable
treatment gate consisting of permeable treatment media. Continuous permeable wall systems
consist of a continuous bed of permeable treatment media, which intersects the entire plume
perpendicular to the direction of flow. These are passive, in situ systems, which can take
significantly longer than pump and treat systems to achieve regulatory clean up standards, since
these systems rely only on the natural groundwater flow rates for transport of the contaminants to
the permeable treatment media. However these systems achieve remediation with minimal
operating and maintenance costs relative to pump and treat. [WSRC-TR-98-00032]

The GeoSiphon Cell for the remediation of contaminated groundwater is an innovative and
unique alternative to current technologies (pump and treat, funnel and gate, continuous
permeable wall). GeoSiphon Cells have many of the advantages of the current technologies
without most of the disadvantages. GeoSiphon Cells utilize natural hydraulic driving forces to
induce accelerated flow rates (greater than natural) for remediation similar to conventional pump
and treat systems, but improve upon them through passive operation (no external power

- Tequirements); and significantly-lower operating-and-maintenance-cost—The passive-operation of — —————

GeoSiphon Cells is similar to funnel and gate and continuous permeable wall treatment systems.
However, construction costs may be lower, less land disturbance should occur, existing
foundation installation and/or well drilling techniques can be used, flow greater than the natural
groundwater flow can be induced (that is, accelerate clean up), the potential for formation
pluggage due to mineral precipitation should be reduced (if discharged to a surface water body,

or the ground surface), and media replacement or regeneration cost may be lower. [WSRC-TR-
98-00032]
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GeoSiphon Cells can minimize the operating and maintenance costs associated with pump and
treat systems, and they potentially accelerate clean up as compared to funnel and gate and
continuous permeable wall treatment systems. [WSRC-TR-98-00032]

3.1.4 TNX GeoSiphon Cell (TGSC-1)

The TNX GeoSiphon Cell (TGSC-1) is essentially a large diameter well, which contains granular
cast iron (the treatment media) in place of gravel pack. It was installed utilizing an auger and
removable caisson within the TNX flood plain from July 7, 1997 to July 17, 1997, Figures 3, 4,
and 5 provide the location and as-built conditions of TGSC-1 (see WSRC-TR-98-00032 section
4.0 and appendix A for details concerning the installation and as-built conditions of TGSC-1).
Contaminated groundwater flow through the granular cast iron in the treatment cell is passively
induced by use of a siphon from the cell to the Savannah River or X-08 outfall ditch. The flow is
induced by the natural hydraulic head difference between the cell and the Savannah River or X-
08 outfall ditch. The granular cast iron reduces the chlorinated volatile organic compounds
(CVOCs) to ethane, ethene, methane, and chloride ions (see section 3.2 for a description of zero
valent iron enhanced abiotic degradation). The treated water is subsequently discharged through

the X-19 outfall to the X-08 outfall ditch, which flows into the Savannah River. [WSRC-TR-93-
00032}

3.2 ZERO YALENT IRON ENHANCED ABIOTIC DEGRADATION OVERVIEW

Zero valent iron enhanced abiotic degradation of chlorinated volatile organic compounds
(CVOCs) is essentially a reductive dechlorination process, which uses granular cast iron as the
reducing agent, and produces final reaction products such as ethane, ethene, and chloride ions in
the degradation of trichloroethylene (TCE). During this treatment process, the corrosion of iron
by water dominates the chemical processes. The corrosion of iron by water results in ferrous ion
generation, hydroxyl ion generation, and hydrogen gas generation. This results in a decrease in
Eh (oxidation/reduction potential; that is, reducing conditions are produced) and an increase in
pH. This treatment media has been developed and patented by the University of Waterloo and is
marketed by EnviroMetal Technologies, Inc. All that is required for treatment of CVQC
contaminated groundwater using this technology is to provide contact time between the
contaminated groundwater and the granular cast iron. The exact pathway(s) for this reductive
dechlorination process has not yet been fully determined. However it appears that it is a surface
activated reaction, which may require the adsorption of the CVOCs onto specific active surface

sites on the iron. It has been postulated that the following two competing degradation pathways
may exist:

» Step-wise dechlorination pathway
» Multiple dechlorination pathway
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(Giltham and O’Hannesin, 1994; ETI Ref.: 31054.10; Tratnyek, et. al., 1997; EPA/600/F-97/008;
O’Hannesin and Gillham, 1998]

Following the step-wise dechlorination pathway, it is postulated that the iron is oxidized and
CVOCs are reduced by the removal of the chlorine and replacement with hydrogen in a step-
wise fashion. In this pathway TCE degrades to cis-1,2-dichloroethylene (¢cDCE), ¢cDCE in turn
degrades to vinyl chloride (VC), and VC subsequently degrades to ethene and ethane. Following
the multiple dechlorination pathway (B-elimination through chloroacetylene/acetylene), it is
postulated that the iron is oxidized, TCE degrades to chloroacetylene with the removal of two
chlorines (reduced), chloroacetylene degrades to acetylene with the removal of one chlorine
(reduced), and acetylene finally degrades to ethene and ethame. The chloroacetylene and
acetylene under these conditions are very unstable and degrade rapidly, therefore it is difficult to
monitor their presence. [Gillham and O’Hannesin, 1994; ETI Ref.: 31054.10; Tratnyek, et. al,,
1997; EPA/600/F-97/008; O’Hannesin and Gillham, 1998]

Regardless of the exact dechlorination pathway followed, the following are the basic final
reactions that occur, during zero valent iron enhanced abiotic degradation of TCE utilizing
granular cast iron: :

e Corrosion of iron by water and subsequent ferrous ion generation, hydroxyl ion
generation, and hydrogen gas generation:
Fe® + 2H,0 = Fe™ + 20H + Hy )

e Corrosion of iron by oxygen which results in dissolved oxygen gas depletion:
2Fe® + O, (aq.) + 4H' = 2Fe*? + 2H,0

e Reduction of TCE to ethane and ecthene and subsequent ferrous and chloride ion
production:

2Fe® + CoHCl3 + SHY =2Fet2 + CHg +3CI
(ethane represents ethane and ethene)

{Gillham and O’Hannesin, 1994; ETI Ref.: 31054. 10 Tratnyek et. al 1997 EPA/GOO/P-97/008

=~ = 7~ 0O’Hannesiirand Gillham;1998] — T ——

Results from Phase I testing indicate that the degradation of TCE, itself, is the limiting
compound to treatment below the PDWS-MCLs within the TNX GeoSiphon Cell. Little, if any,
¢DCE as a TCE intermediate degradation product was produced during Phase I testing.
Additionally no vinyl chloride (VC) was detected during Phase I testing. Based upon this lack of
cDCE and VC intermediate degradation product production, it appears that degradation within
TGSC-1 may be predominately following the postulated multiple dechlorination pathway (p3-
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elimination through chloroacetylene/acetylene) as discussed above. However, the following
could also be the explanation for the lack of observed ¢cDCE and VC:

» The spacing of the sampling ports may not have been frequent enough to observe the
production and subsequent degradation of the ¢cDCE and VC. The first order rate
constants associated with cDCE and VC are typically significantly less than that of TCE.
Since significant TCE was detected in 5 of the sample ports and ¢cDCE and VC have
lower first order rate constants, it should be anticipated that production of cDCE and VC
through step-wise dechlorination would have been detected within the sample ports,

» The stepwise dechlorination could occur multiple times on the iron surface prior to
transport of the organic back into bulk solution, where it could be measured.

The Phase I data also indicated that a maximum flow rate of between 7.8 gpm and 8.3 gpm of
greater than 200 ppb TCE contaminated groundwater could be treated within the TNX
GeoSiphon Cell (TGSC-1) while maintaining the average dxscharge TCE concentration below 5
pg/l. [WSRC-TR-98-00032]

3.3 SIPHON TECHNOLOGY OVERVIEW

A siphon is a closed conduit which passively (i.e., no power input) conveys liquid from a point
of higher hydraulic head to one of lower head after raising it to a higher intermediate elevation
which is at sub-atmospheric conditions (negative pressures). In other words a siphon is
essentially a passive vacuum pump. A siphon has a maximum theoretical lift of 34 feet
(equivalent to atmospheric pressure); however it has a maximum practical lift of 25 feet due to
the vapor pressure of water and friction head loss. [Gibson, 1961; WSRC-TR-98-00032]

Siphons require priming (initial filling of line) to initiate flow. This can be accomplished by
gravity filling from the line high point (crest) with the inlet and outlet valved off or by use of a
vacuum pump at the crest with the inlet and outlet submerged and opened. After priming, the
siphon will passively convey liquid from the point of higher hydraulic head to the one of lower
head indefinitely so long as the head differential is maintained and the prime is not lost. [Gibson,
1961; Loitz, et. al., 1990; WSRC-TR-98-00032]

Accumulation of air can break the siphon; however this can be avoided by employing the
following:

+ Use of submerged inlets and outlets to prevent air from being drawn into the siphon
» Maintenance of full flow in the siphon by one or both of the following methods:

— Maintenance of the minimum flushing velocity required to transport gases,
which have degassed from the liquid, out the end of the siphon
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— Use of air chambers at the siphon crest to remove gases from the siphon, which
have degassed from the liquid

The following are equations to determine the required minimum flushing velocity for the
transport of large air bubbles out the end of the siphon as determined from laboratory and large-~
scale tests, respectively, as reported within the literature:

e V=0.31 (SQRT (gD)) (laboratory)
e V=0.58 (SQRT (gD)) (large scale)

V = velocity; g = 32.2 ft/s?; D = internal pipe diameter in feet
[Gibson, 1961; Mathur, 1990]

An air chamber is essentially an accumulation high point for gases, which degas from the water
within the siphon line. The air chamber allows accumulation of the gas within the chamber itself
while preventing accumulation within the siphon line. Air chambers are located above the
siphon line at the line high point {(crest) and are connected to the siphon line itself. The air
chamber is initially filled with water during priming of the siphon line. As the system operates
degassing occurs, and the buoyancy of the gas and/or the flow of water transport the gas to the
air chamber, where the gas accumulates and displaces the water within the air chamber. The gas
within the air chamber must be evacuated and replaced with water on a periodic basis in order to
maintain the siphon line free of accumulated gas. The air chamber can be sized to minimize the
frequency of re-filling. [Gibson, 1961; Mathur, 1990}

3.4 PHASE II PERMITTING ACTIVITIES OVERVIEW

The primary permitting through the South Carolina Department of Health and Environmental
Control (SCDHEC) and the Environmental Protection Agency (EPA) associated with the TNX
GeoSiphon Cell Phase II Demonstration included the following permits:

+ Approval of the treatment cell installation as a well (SCDHEC).
= Modification of the SRS National Pollutant Discharge Elimination System (NPDES)

Permit # SC0000175 for discharge of the treated groundwater to the Savannah River

(SCDHEQ).

e Approval of siphon line installation and system operation through Industrial
Wastewater Construction and Operating Permits, respectively (SCDHEC).
e [ssuance of a Treatability Study Report (SCDHEC and EPA).
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The following is a correspondence summary for the SCDHEC and EPA permitting outlined
above for the TNX GeoSiphon Cell Phase Il Demonstration:

* Letter, Donald L Siron to J. W. Cook, dated January 9, 1997, transmitted Approval #
SF-97-0002 for the installation of two (2) GeoSiphon Cells designated TGSC-1 and
TGSC-2.

» Letter, Harriet H. Gilkerson to J. W. Cook, dated March 14, 1997, accepting final TNX
GeoSiphon Cell design as deviating minimally from the initial submittal; therefore
changes to the original approval dated January 9, 1997 (Siron to Cook) were not required.
* Letter, Brian T. Hennessey to K. A. Collinsworth and J. L. Crane, dated June 26, 1997,
outlining agreement that the GeoSiphon Cell demonstration would be conducted in the
TNX area and that this technology will be discussed in the CMS/FS for the TNX Area
Operable Unit and the result of the test will be documented in a separate Treatability
Study Report.

* Letter, Melinda G. Vickers to M. D. Dukes, dated July 23, 1997, provided conceptual
approval of the TNX GeoSiphon Cell Preliminary Engineering Report and determined
that this facility would not require a certified wastewater operator.

e Letter, Harriet H. Gilkerson to J. W. Cook, dated August 25, 1997, provided approval
for installation of a replacement sampling tube TGSC-1A for the TNX GeoSiphon Cell
(TGSC-1A).

e Letter, Marion F. Sadler to M. D. Dukes, dated January 5, 1998, provided modifications
to NPDES Permit # SC0000175 for the Savannah River Site, and it included addition of
Outfall X-019 for the discharge of treated groundwater from the TNX GeoSiphon Cell(s).
* Letter, Marion F. Sadler to J. W. Cook, dated January 9, 1998, transmitted Construction
Permit No. 18234-IW for the SRS/TNX GeoSiphon Phase I1.

* Letter, Betsy Malpass to Westinghouse Savannah River Company, dated June 11, 1998,
provided a partial permit to operate the SRS/TNX GeoSiphon Cell Phase II in accordance
with Construction Permit No 18234-I1W.

e Letter, Melinda G. Vickers to J. A. Lintern, dated August 26, 1998, provided approval
for a temporary siphon line reconfiguration for the SRS/TNX GeoSiphon Cell Phase I,

* Letter, Byron M. Amick to J. W. Cook, dated October 6, 1998, provided approval for a
siphon line reconfiguration for the SRS/TNX GeoSiphon Cell Phase II.

e Letter, Brian T. Hennessey to K. A. Collinsworth and J. L. Crane, dated November 3,

1998, providing the schedule for the GeoSiphon Cell Phase II Demonstration Treatability
Study Report.
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4.0 PHASE JI SIPHON HYDRAULICS TESTS
4.1 INITYAL SIPHON LINE CONFIGURATION
The siphon line was initially sized, designed, and installed per the following criteria:

e To maintain a submerged inlet and outlet to prevent air from being drawn into the
siphon

¢ To maintain full flow in the siphon by maintenance of the minimum flushing velocity
required to transport gases, which have degassed from the liquid, out the end of the
siphon (see section 3.3)

e To utilize the full head differential available between the cell (TGSC-1) and the
- - Savannah River

» To produce a siphon flow rate equivalent to the anticipated treatment capacity of
TGSC-1

The TNX GeoSiphon Cell Phase II Industrial Wastewater Treatment Facility Construction
Permit Application Package Calculation Number GCD-4 provided sizing of the siphon line based
upon the criteria outline above. Table 2 provides same day head differences between monitoring
well TNX-11D and the Savannah River utilized in the calculation. TNX-11D water levels were
utilized to represent the water levels anticipated for TGSC-1. TNX-11D is approximately 50-
foot side gradient to TGSC-1, and it has significant water level data over time. Table 3 presents
the calculated flow rate and calculated velocity through a 1-% inch high density polyethylene
(HDPE) siphon line for the minimum, average, and maximum heads as presented in Table 2.
Table 3 also presents the minimum flushing velocity required to transport gases out the end of
the siphon per the equations presented in section 3.3 for comparison to the calculated velocities
in the siphon line. Based upon the calculated siphon line velocity and the minimum flushing
velocity to maintain full flow, the 1-%2 inch HDPE siphon should have been able to transport
gases that degas from the treated water out the end of the siphon for head differentials of greater
than 2.9 feet. Head differentials of 2.9 feet or greater produce flows of 4.1 gpm or greater, which
based upon Table 2 should be exceeded most of the time. [Gibson, 1961; Mathur, 1990; TNX

GeoSiphon Cell Phase II Industrial Wastewater Treatment Facility Construction Permit
Application Package]
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Table 2

Well TNX-11D / Savannah River Head Differences

Savannah
TNX-11D River Head
Date Elevation Elevation Difference
(ft-msl) (ft-msl}) (ft)
9/17/91 93.22 84.82 8.80
11/15/91 93.64 85.05 8.59
12/17/91 93.52 84.77 8.75
1/16/92 93.82 86.99 6.83
2/19/92 94.08 86.35 7.73
4/15/92 93.92 84.59 9.33
6/16/92 93.88 85.65 8.23
7117792 93.68 84.00 9.68
11/16/92 94.24 90.12 4,12
10/14/93 92.63 82.53 10.10
3/14/93 94.14 84.68 9.46
7/11/94 94,80 92.52 2.28
11/14/96 93.17 86.33 6.85
12/10/96 93.13 86.27 6.86
Average 93.73 86.05 7.69
Table 3
Calculated 1-% Siphon Flow Rates and Velocities
Minimum Minimum
Head Head Flow Flow Flushing Flushing
Condition Difference Rate Velocity Velocity ! Velocity ?
(ft) (gpm) (f's) (f/s) (ft/s)
1 Minimum 2 32 0.5 0.64 1.19
Low 29 4.1 0.64 0.64 1.19 ’**“_
Average 7.69 7.9 1.25 0.64 1.19
Maximum 10 9.5 1.49 0.64 1.19

"V =0.31 (SQRT (gD)) (laboratory)
2V =0.58 (SQRT (gD)) (large scale)

V = velocity; g = 32.2 fi/s*; D = internal pipe diameter in feet
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Based upon the above criteria and calculations, the initial siphon line, consisting of
approximately 1032 feet of 1-% inch pipe laid directly on the ground surface from the cell to the

river without an air chamber, was installed (see Figures 6 and 7 for the initial siphon line map
and profile, respectively).

4.2 PHASE II SIPHON HYDRAULICS TEST DESIGN

Phase II of the demonstration was designed to induce flow through the TNX GeoSiphon Cell by
siphon, and to discharged the treated water directly to the Savannah River through the TNX NPDES
X-19 outfall. The primary parameters monitored during Phase 1, in order to evaluate the siphon
technology aspects of the GeoSiphon Cell, were flow rates and head differential. Siphon flow rates
and water levels from the TNX GeoSiphon Cell (TGSC-1), monitor well TNX-9D, and the Savannah
River were monitored. Figure 3 is a well location map, which shows the relationship between
TGSC-1, TNX-9D, the X-08 outfall ditch, and the Savannah River. Monitor well TNX-9D is
approximately 360 feet side gradient of TGSC-1, and TGSC-1 operation is assumed to have minimal
impact on TNX-9D water levels based upon the results from Phase I testing. Therefore, the
difference in water elevations between TGSC-1 and TNX-9D during operation can be essentially
assumed to represent the drawdown in TGSC-1 associated with its operation. Table 4 provides the
well construction details and distance from TGSC-1 for TGSC-1, TNX-9D, and TNX-11D (TNX-
11D was utilized in the flow calculations of section 4.1). Table 5 provides details concerning the
Savannah River gauging stations, which were utilized. [WSRC-TR-98-00032; Q-TPL-T-00004]

Table 4
Wells Construction Details
Well Coordinates Elevation (ft-msl) Casing | Aquifer | Distance
Id (ft) TOR | TOC | TOS | BOS | Diameter to TGSC-1
TGSC-1 | N7115024| - [98.13[ 909 | 76.9 12* WT 0’
E16176.21
TNX-9D N70791.4 | 101.9| 101.7| 954 | 75.4 4 WT 360.2°
E16145.8 '
TNX-11D | N71199.3 | 100.3] 99.8 | 93.2 | 73.2 47 WT 50.2°
E16165.5

Notes:

TOR = top of riser; TOC = top of casing; TOS = top of screen; BOS = bottom of screen; WT =
water table aquifer
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Table 5
Savannah River Gauging Stations
Station Operator Location Elevation -
(ft-msl)
SR-TNX EST N71647.14 | 94.95 (platform)
E15668.48 | 96.70 (TOC)
SR-Jackson | USGS N74321.83 {77.00
E16447.89

The following equipment was utilized in the test:

levels within TGSC-1 and TNX-9D

utilized to monitor the Savannah River water level at the SR-TNX gauging station

clock were utilized to monitor the flow in the siphon line
- One electric water level tape

intervals during the test. [Q-TPL-T-00004]
4.3 PHASE II SIPHON HYDRAULICS TEST RESULTS

Testing of four different siphon line configurations was conducted during Phase II testing. The

- Two pressure transducers and two Insitu data loggers were utilized to monitor the water
- One pressure transducer and one Campbell data logger with an internal clock were

- One Panametric Ultrasonic Flow Meter installed on the upward leg of the PVC discharge
piping out of the TGSC-1 12 inch casing and one Campbell data logger with an internal

Water level measurements were taken in each well (TGSC-1 and TNX-9D) and at the Savannah
River (SR-TNX gauging station) every 60 minutes during the test with the pressure transducers and
data loggers. Flow measurements were taken every 30 minutes during the test with the flow meter
and data logger. Electric water level tape measurements (hand measurement) of selected wells and
of the Savannah River at the SR-TNX gauging station were taken at irregular intervals during the
test. Flow readings from the Panametric Ultrasonic Flow Meter were also taken by hand at irregular

siphon line configuration testing began on June 18, 1998 and was completed on September 4,
1998. Table 6 lists the dates of testing for each configuration, provides a description of each
configuration, and lists the Figures associated with each configuration. Table 7 provides a
summary of operation duration between priming events and associated flow rates and associated
rate of flow rate decline associated with operation of each siphon line configuration, based upon
the hand recorded data (Appendix A). Figure 6 provides a summary graph of the flow rates
through the siphon line and the water elevations of TGSC-1 (extraction well) and well TNX-9D
(side gradient monitoring well assumed to be minimally impacted by the extraction from TGSC-
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1) for each siphon line configuration evaluated. Figure 6 along with Table 7 demonstrate the
progression of improvement with each successive configuration, with the fourth configuration
providing complete removal of gas and subsequent continuous operation. Detailed results for
each configuration are presented in the sections that follow.

‘Additionally, on November 13, 1998 a one-day test was conducted to evaluate the ability to
utilize a minimum flushing velocity to sweep gas out of the line through smaller diameter tubing
without the need for an air chamber. Section 4.3.5 describes this evaluation and its results.

Table 6
Siphon Line Configuration Evaluation

Config. Date Configuration Description Figures
#
1 6/18/98 1) 1032 of 1-% inch siphon line laid directly 7
(initial) thru on the ground from the cell (TGSC-1) to the X- thru
6/26/98 08 outfall ditch and down the ditch to the 11
Savannah River, with no air chamber
2 8/3/98 2) 1032’ of 1-Y inch siphon line with a 1:100 13
thru downward slope from the cell to the X-08 thru
8/11/98 outfall ditch and laid directly on the ground in 17
the ditch to the Savannah River, with an air
chamber at the cell
3 8/12/98 3) 1032’ of 1-% inch siphon line with a 1:100 18
thru upward slope from the cell to the X-08 outfall thru
8/27/98 ditch, a ~22- 14° slope into the ditch, and laid 22
directly on the ground in the ditch to the
Savannah River, with an air chamber at the
crest adjacent to the X-08 outfall ditch
4 8/27/98 4) 305’ of 1-% inch siphon line with a 1:100 23
thru upward slope from the cell to the X-08 outfall thru
9/4/98 ditch, a ~22- 14° slope into the ditch where the 27
line terminates in the ditch, with an air chamber
at the crest adjacent to the X-08 outfall ditch
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Table 7
Flows and Duration between Priming

Operation Flow Rates (gpm) Rate of
Configuration | Duration before Flow Rate

Number Re-priming Initial Final Calculated | Decline
Required (gpm/hr)

1 15 hr, 55 min 7.82 0.74 7.78 0.4448

1 25 hr, 40 min 8.12 0.22 - 0.3078

2 17 hr, 50 min 4.46 0.4 8.08 0.2277

2 16 hr, 28 min 4.32 0.47 - 0.2159

2 23 hr, 49 min - 5.36 0.17 - 0.2179

2 21 hr, 20 min 5.68 0.27 - 0.2536

3 8 hr, 2 min 4.7 3.33 8.38 0.1705

3 14 hr, 43 min 3.29 0.17 - 0.2120

3 23 hr, 49 min 3.10 1.02 - 0.0873

3 25 hr, 35 min 3.45 1.52 - 0.0754

3 17 hr, 29 min 2.37 1.44 - 0.0532

4 Re-priming was | 2.46—4.85 | 2.46-4.85 2.69 0
not required ' -

" Configuration Number 4 was operated 6 days, 4 hr, and 42 min prior to shut dOer Re-priming

was not required during its operation. The 7.5-gallon air chamber had to be refilled on a 23 to 24
hour frequency.

4.3.1 Initial Siphon Line Configuration Results

Testing of the initial siphon line configuration (Table 6) began on June 18, 1998 and was
completed on June 26, 1998, The initial siphon line configuration consisted of approximately
1032 feet of 1-%2 inch pipe laid directly on the ground surface from the cell to the Savannah
River without an air chamber. The line entirely followed the ups and downs of the topography
along its route, which created localized high points at various points in the line. Figures 7 and 8
provide the initial siphon line map and profile, respectively. The siphon line was primed and

- -—— —operated-several-times-in-the-initial-configuration.-~Each-period-of -operation-resulted-in-initial—

flow rates near the calculated level, based upon the available head, followed by diminishing flow
over a matter of hours to essentially zero (see Figure 9). Re-priming was required between each
operation. During the June 24 attempt to operate, the available head was 8.52 feet. Based upon
this head, a flow rate of 7.78 gpm was calculated (see Figure 10). An initial flow rate of 7.82
gpm was recorded followed by a continuous reduction to 0.74 gpm over an approximately 16-
hour period. The initial flow rate recorded was essentially identical to that calculated, however
the flow rate could not be continuously maintained with this configuration.
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A siphon line by definition operates under vacuum (i.e., below atmospheric pressure). Figure 11
presents the pressure/vacuum profile based upon calculations (see Figure 10) for the initial
siphon line configuration. Due to the negative pressures (i.e., vacuum) of the siphon line, the air
which was accumulating and breaking the siphon over time could come from either leaks into the
siphon line or degassing from the treated water within the siphon line. Both pressure and
vacuum tests of the siphon line were performed, and it was demonstrated that siphon line leakage
was not the source of the air. Therefore, degassing from the treated water within the siphon line
was determined to be the source of the gas. It was determined that due to degassing from the
treated water, lack of complete gas transport out of the line, and the subsequent accumulation of

the gas within the siphon line, the siphon could not be maintained, and the siphon was eventually
broken.

Based upon the results from the initial siphon line configuration, it was decided that an air
chamber would be installed to maintain full flow in the siphon line by removing gases that
degassed from the siphon line. Figure 12 provides the design of the air chamber utilized.

4.3.2 Second Siphon Line Configuration Results

Testing the second siphon line configuration (Table 6) began on August 3, 1998 and was
completed on August 11, 1998. The second siphon line configuration also consisted of 1032 feet
of 1-Y inch siphon line. However, it had a consistent 1:100 downward slope from the cell to the
X-08 outfall ditch, and was then laid directly on the ground in the ditch to the Savannah River.
That portion of the line within the X-08 outfall ditch followed the ups and downs of the
topography along its route within the ditch (it was not a consistent downward slope). The line
also had an air chamber (Figure 12) installed at the siphon line crest adjacent to the cell to
remove gas from the siphon line. Figures 13 and 14 provide the second siphon line configuration
map and profile, respectively. It was thought that the air chamber location at the point of highest

vacuum and the consistent 1:100 downward slope from the cell to the X-08 outfall ditch would
facilitate gas removal.

The siphon line was primed and operated multiple times in the second configuration. During
testing of the second siphon line configuration, a problem with the flow data logger resuited in
sporadic recording of flow data. However, water level data for TGSC-1 and TNX-9D were
correctly recorded on a separate data logger (see Figure 15). The water level data along with
hand recorded flow data (Appendix A) provide sufficient data to describe this phase of testing.
Table 6 provides a summary of operation duration between priming events and associated flow
rates and associated rate of flow rate decline associated with operation of the second
configuration, along with all other siphon line configurations, based upon the hand recorded data

(Appendix A). Figure 16 provides the calculated flow rate for the second configuration
conditions presented in Table 7.
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Clear PVC Pipe was installed on either side of the air chamber to provide a visual means of
evaluating the air chamber’s effectiveness. During operation gas bubbles formed on the
upstream side of the air chamber could be seen entering the air chamber. However gas bubbles
were also seen forming on the down stream side of the air chamber, and the air chamber was
capable of capturing gas bubbles formed only a few feet downstream of the air chamber. Any
other degassing within the siphon line was not addressed by the air chamber in its location in the
crest immediately adjacent to the cell. The buoyancy of gas bubbles formed significantly
downstream in the siphon line sloped at 1:100 upward toward the air chamber could not
overcome the water flow velocity in the opposite direction in order to travel to the air chamber.
Figure 17 presents the pressure/vacuum profile based upon calculations (see Figure 16) for the
second siphon line configuration which contributed to the degassing. This lack of capture of all
the gas bubbles formed within the siphon line, and the subsequent accumulation of the gas within
the siphon line, again resulted in diminishing flow over a matter of hours to essentially zero (see
Figure 15 and Table 7). The rate of flow rate decline (gpm/hr in Table 7) associated with the
second configuration was less than that of the initial configuration, indicating that the second
configuration was an improvement over the first. This also again resulted in the requirement to
re-prime between each operation. It should be noted (see Table 7) that the maximum flow rates
recorded were significantly less than the calculated rate. This was probably due to gas
entrapment within the line, which was not eliminated during priming. Nevertheless, this siphon
line configuration did demonstrate that the air chamber was capable of removing the gas bubbles
formed up-gradient of the air chamber location. '

4.3.3 Third Siphon Line Configuration Results

Testing of the third siphon line configuration (Table 6) began on August 12, 1998 and was
completed on August 27, 1998. The third siphon line configuration also consisted of 1-¥% inch
1032 feet of siphon line. However it had a consistent 1:100 upward slope from the cell to the X-
08 outfall ditch, a ~22- %° slope into the ditch, and was then laid directly on the ground in the
ditch to the Savannah River. That portion of the line within the X-08 outfall ditch followed the
ups and downs of the topography along its route within the ditch (it was not a consistent
downward slope). The line also had an air chamber (Figure 12) installed at the siphon line crest
adjacent to the X-08 outfall ditch to remove gas from the siphon line. Figures 18 and 19 provide
the third siphon line configuration map and profile, respectively. It was thought that the air

- —- -~ ———chamber location-at-the-high-point-adjacent-to-the- X-08.outfall ditch-would-facilitate-gas-bubble— — - —
removal from that portion of the line between the cell and the line’s entrance into the X-08

outfall ditch. It was also thought that significant degassing should not occur within that portion

of the line laid directly on the ground in the ditch to the Savannah River, since vacuum levels in

this portion of the line were significantly reduced (see Figure 22).

The siphon line was primed and operated several times in the third configuration. As with the
initial and second configurations, each period of operation resulted in initial flows, which

diminished over a matter of hours to essentially zero (see Figure 20). Re-priming was required
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between each operation. Table 7 provides a summary of operation duration between priming
events and associated flow rates and associated rate of flow rate decline associated with
operation of the third configuration, along with all other siphon line configurations, based upon

the hand recorded data (Appendix A). Figure 21 provides the calculated flow rate for the third
configuration conditions presented in Table 7.

Clear PVC Pipe was installed at the cell head and on either side of the air chamber to provide a
visual means of evaluating the air chambers effectiveness. During operation gas bubbles could
be seen forming at the cell head and on either side of the air chamber. The gas bubbles formed at
the cell head could be seen accumulating at the insert fitting between the clear PVC and the
subsequent HDPE pipe, until the bubble was large enough to be forced past the fitting. Then the
larger bubble would move with the water flow in the direction of the air chamber. Gas bubbles
could also be seen moving with the water flow in the clear PVC pipe on the upstream side of the
air chamber. When these gas bubbles from the up-gradient side reached the air chamber, they
could be seen entering the air chamber and displacing the water in the air chamber. Gas bubbles
were also seen forming on the downstream side of the air chamber in the clear PVC, which was
at a ~22- %4° downward slope into the X-08 outfall ditch. These downstream gas bubbles could
be seen accumulating until a large gas bubble was formed, and its buoyancy overcome the water
flow velocity in the opposite direction in order to travel to the air chamber. It appeared that this

siphon line configuration with air chamber was able to remove the gas bubbles formed between
the cell and where the line entered the X-08 outfall ditch.

Figure 22 presents the pressure/vacuum profile based upon calculations (see Figure 21) for the
third siphon line configuration. It had been assumed that minimal degassing would occur within
that portion of the line laid directly on the ground in the ditch to the Savannah River, since
vacuum levels in this portion of the line were significantly reduced (see Figure 22). However,
as with the previous siphon line configurations, diminishing flow over a matter of hours to
essentially zero occurred (see Figure 20 and Table 7). The rate of flow rate decline (gpm/hr in
Table 7) associated with the third configuration was less than that of both the initial and second
configurations, indicating that the third configuration was an improvement over the first two.
This diminishing flow rate over time again resulted in the requirement to re-prime between each
operation. During re-priming, it was noted that the bulk of the air removed from the siphon line
came from that portion of the line within the X-08 outfall ditch. Very little air was removed
from that portion of the line up-gradient of the X-08 outfall ditch. This observation indicated
that significant degassing and gas entrapment was occurring in that portion of the line within the
X-08 outfall ditch. Again it should be noted that the maximum flow rates recorded were
significantly less than the calculated flow rate (see Table 7). This was probably due to gas

entrapment within that portion of the line within the X-08 outfall ditch, which was not eliminated
during priming.
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4.3.4 Fourth Siphon Line Configuration Results

Due to the observation that the third siphon line configuration was able to remove the gas
bubbles formed between the cell and where the line entered the X-08 outfall ditch, the fourth
configuration was tested. Testing of the fourth siphon line configuration (Table 6) began on
August 27, 1998 and was completed on September 4, 1998. The fourth siphon line configuration
was identical to the third configuration except the last 727 feet of line within the X-08 outfall
ditch was cut off and removed. The fourth configuration consisted of 305 feet of 1-% inch
siphon line. It had a consistent 1:100 upward slope from the cell to the X-08 outfall ditch, a ~22-
1%° slope into the ditch, and terminated within a sump set below the bottom of the ditch. It also
had an air chamber (Figure 12) installed at the siphon line crest adjacent to the X-08 outfall ditch
to remove gas from the siphon line. The entire line was on a consistent engineered slope, with
both the up-gradient and down-gradient legs from the air chamber sloping upward toward the air

chamber. Figures 23 and 24 provide the fourth siphon line configuration map and profile,
respectively.

The siphon line was primed once and operated continuously over a greater than 6 day period at
flow rates varying from 2.23 to 3.98 gpm with an average 2.62 gpm (see Figure 23 for the data
logged flow data). The range of hand recorded flow measurements recorded in Table 7 ranged
from 2.46 to 4.85 gpm. The difference between the hand and data logged flow data can be
explained due to the sporadic nature of the hand measurements versus the continuous set
frequency of the data fogged measurements. The variations in flow rates over time were due to
barometric pressure and rainfall induced watertable fluctuations (see Figure 25). A flow rate of
2.69 gpm was calculated (Figure 26), based upon the initial fourth configuration conditions, and
this rate is essentially equivalent to the initial recorded flow rate of 2.71 gpm. The head
differential available initially to drive the calculated 2.69 gpm was approximately 1.43 feet (i.c.
the difference in the groundwater level at the cell and the water level in the X-08 outfall ditch at
the end of the siphon line). Approximately 1.2 feet of head was utilized to drive flow through
the cell itself, and approximately 0.23 feet of head was utilized to drive flow through the siphon
line. Additionally an essentially continuous flow rate was maintained with this configuration, and
re-priming was not required. However, the approximately 7.5 gallon air chamber had to be
recharged approximately every 23 to 25 hours. It took less than 10 minutes to recharge the air
chamber each time. Table 7 provides a summary of operation duration between priming events

- _.— __-_and.associated.flow.rates.and.associated rate.of flow.rate decline. associated with-operation.of.the_

fourth configuration, along with all other siphon line configurations, based upon the hand

recorded data (Appendix A). Figure 26 provides the calculated ﬂow rate for the third
configuration conditions presented in Table 7.

As with the third configuration, clear PVC Pipe was utilized at the cell head and on either side of
the air chamber to provide a visual means of evaluating the air chambers effectiveness. During
operation gas bubbles could be seen forming at the cell head and on either side of the air
chamber. The gas bubbles formed at the cell head could be seen accumulating at the insert
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fitting between the clear PVC and the subsequent HDPE pipe, until the bubble was large enough
to be forced past the fitting. Then the larger bubble would move with the water flow in the
direction of the air chamber. Gas bubbles could also be seen moving with the water flow in the
clear PVC pipe on the upstream side of the air chamber. When these gas bubbles from the up-
gradient side reached the air chamber, they could be seen entering the air chamber and displacing
the water in the air chamber. Gas bubbles were also seen forming on the downstream side of the
air chamber in the clear PVC, which was at a ~22- ¥%° downward slope into the X-08 outfall
ditch. These downstream gas bubbles could be seen accumulating until a large gas bubble was
formed and its buoyancy overcome the water flow velocify in the opposite direction in order to
travel to the air chamber. This siphon line configuration with air chamber was able to remove the

gas bubbles formed in its entire 305-foot length as evidenced by the continuous, consistent
operation.

Figure 27 presents the pressure/vacuum profile based upon calculations (see Figure 26) of the
fourth siphon line configuration. Although degassing occurred throughout the length of the line,

no flow rate decline (gpm/hr in Table 7) associated with accumulation of gas within the fourth
siphon line configuration was observed.

4.3.5 Siphon Line Size Evaluation Results

On November 13, 1998 a one-day test was conducted to evaluate the ability to utilize a minimum
flushing velocity to sweep gas out of the line through smaller diameter tubing without the need
for an air chamber (see section 3.3 for a more detailed discussion of minimum flushing velocity).
The fourth siphon line configuration was modified by removing the air chamber and associated
PVC piping and the 1-2 inch HDPE line sloping into the ditch. To the remaining end of the 1-%2
inch HDPE line approximately 23-foot sections of nylobrade tubing (Y%, %, or 1 inch) were
alternately hooked up. The nylobrade tubing formed the siphon line crest and terminated within
a sump set below the bottom of the ditch. The hypothesis was that due to the reduced line size

the flow velocity would increase and sweep the gas out of the line without the requirement for an
air chamber.

Table 8 presents the sumimary results for the siphon line size evaluation. The velocity within the-
1-inch line was less than the minimum velocity required for the transport of large air bubbles out
the end of a siphon, as presented in section 3.3, Consistent with the minimum velocity
requirement, no bubbles were seen to flush through the 1-inch tubing. Flow essentially stopped
after approximately 6 minutes, when one large bubble entered the crest in the 1-inch tubing and
stopped in the crest. The velocity within the %-inch line was approximately 50% greater than the
minimum velocity required for the transport of large air bubbles out the end of a siphon, as
presented in section 3.3. Consistent with this observation, small bubbles were seen to flush
through the %-inch tubing. However flow essentially stopped after approximately 3 minutes,
when one large bubble entered the crest in the %-inch tubing and stopped in the crest. The
velocity within the Y2-inch line was significantly greater than the minimum velocity required for
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the transport of large air bubbles out the end of a siphon, as presented in section 3.3. Consistent
with this observation, bubbles smaller than 3-inches-long were seen to flush through the %-inch
tubing. However, flow essentially stopped after approximately 4 minutes, when one 12-inch
long bubble entered the crest in the -inch tubing and stopped in the crest.

Degassing within the siphon line probably does not initially result in the formation of bubbles of
the size necessary to stop flow in the % and %-inch lines. Such large bubbles are probably the
result of small bubble accumulation and agglomeration at points of discontinuities within the
siphon line or at points of inconsistent grade, which create localized high points in the line. Such
discontinuities or localized high points prohibit the movement of smaller bubbles and promote
accumulation and agglomeration, Such accumulation and agglomeration was seen during testing
of siphon line configurations 3 and 4. As stated in sections 4.3.3 and 4.3.4, gas bubbles formed
at the cell head could be seen accumulating and agglomerating at the insert fitting between the
clear PVC and the subsequent HDPE pipe, until the bubble was large enough to be forced past
the fitting. Then the larger bubble would move with the water flow. Large bubbles formed in
such a manner are probably responsible for the stoppage of flow in the % and %-inch lines.
Therefore in order for the use of minimum flushing velocity to potentially be viable as a method
of removing gas from the siphon line, in lieu of air chamber usage, line discontinuities and
localized high points, which promote bubble accumulation and agglomeration must be
eliminated. One continuous pipe without fittings placed on an engineered grade with one crest
would probably be the optimal configuration for the use of minimum flushing velocity as the
means for removing gas from the siphon line. Alternately one continuous larger diameter pipe
without fittings on the upward leg of the siphon line followed by a smaller diameter pipe utilized
for the crest and downward leg of the siphon line could be used. This would minimize head loss.
However the fitting between the two pipes could not have an abrupt change in inside diameter,
which would promote the accumulation and agglomeration of bubbles. Additionally, the inter-
related parameters of siphon line diameter, fluid flow velocity, and bubble size appear to be the
parameters, which influence the ability to remove gas from a siphon line through the use of a
minimum flushing velocity. All three parameters must be considered when designing a siphon
line to maintain full flow through the use of minimum flushing velocity.
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Table §

Siphon Line Size Evaluation Summary Results

Line | Flow Flow Min. Flow
Size | Rate | Velocity' | Velocity? | Duration Comments
(inch) | (gpm) | (ft/s) (f/s) (min)
Y 1.25 2.0 0.67 4 Approximately 3-inch long and smaller
bubbles flushed through line; flow
stopped after one 12-inch long bubble
stopped in the crest
¥ 1.72 1.25 0.82 3 Small bubbles flushed through line; flow
stopped after one large bubble stopped in
the crest
1 1.90 0.78 0.95 6 No bubbles flushed through line; flow
stopped after one large bubble stopped in
the crest

Actual velocity of flow in tubing

% Minimum velocity of flow per V = 0.58 (SQRT (gD)) to flush bubble of a siphon line (see
section 3.3)

4.3.6 Phase II Siphon Hydraulics Test Results Summary

Testing of four different siphon line configurations was conducted during Phase II testing from
June 18, 1998 to September 4, 1998. Additionally a one-day minimum flushing velocity test was
conducted on November 13, 1998,

The initial siphon line configuration consisted of approximately 1032 feet of 1-% inch pipe laid
directly on the ground surface from the cell to the Savannah River, which created localized high
points at various points within the line. The second and third siphon line configurations also
consisted of 1032 feet of 1-/2 inch pipe between the cell and the Savannah River. However,
these configurations included the use of an air chamber to try and maintain full flow in the line,
and the use of engineered grades for the first 305-ft of the siphon line from the cell. The last 727
feet of line for the second and third configurations was laid directly on the ground surface within
the X-08 outfall ditch, which resulted in localized high point at various points within this portion
of the line. The fourth configuration consisted of 305 feet of 1-% inch pipe on a consistent
engineered slope, with both the up-gradient (at 1:100 slope) and down-gradient legs (at ~22-14°
slope) from the air chamber sloping upward toward the air chamber. All siphon line
configurations had discontinuities within the siphon line inside diameter produced by various
fittings used. Table 6 provides more detailed information for each siphon line configuration.
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Operation of the initial configuration (without an air chamber) resulted in initial flow rates near
the calculated level, followed by diminishing flow over a matter of hours to essentially zero. Re-
priming was required to initiate operation again. It was determined that degassing from the
treated water, lack of complete gas transport out of the line, and the subsequent accumulation of
the gas within the siphon line was the cause of siphon breakage. Based upon the results from the
initial siphon line configuration, it was decided that an air chamber would be installed to try and
maintain full flow in the siphon line by removing gases that degassed from the siphon line.

Operation of the second and third siphon line configurations resulted in initial flow rates at less
than the calculated levels, followed by diminishing flow over a matter of hours to essentially
zero. Re-priming was required to initiate operation again. It was determined that entrapment of
the gas within those portions of the siphon line not influenced by the air chamber was the cause
of both initial reduced flow rates and eventual siphon breakage. In particular degassing and gas
entrapment within localized high points in that portion of the line within the X-08 outfall ditch
was identified as the problem. Even during re-priming events some gas remained entrapped
within this portion of the line. However the rate of flow rate decline (see Table 7) improved with
each successive configuration. This improvement indicated that the use of the air chamber was

improving siphon operation, and that the length of line influenced by the air chamber increased.
between the second and third configurations.

The fourth siphon line configuration was the same as that of the third, except that the 727 feet of
line within the X-08 outfall ditch, which had localized high points, was removed. Operation of
the fourth siphon line configuration resulted in continuous, consistent operation with flow rates
consistent with calculated values (see Figure 25). Re-priming was not required. However, air
chamber water recharging was required on a periodic basis. This siphon line configuration with

air chamber was able to maintain full siphon line flow by removal of gas bubbles from in its
entire 305-foot length.

The minimum flushing velocity test concluded that in order for minimum flushing velocity to be
potentially viable as a method of removing gas from the siphon line, in lieu of air chamber usage,
line discontinuities and localized high points, which promote bubble accumulation,
agglomeration, and potentially entrapment must be eliminated. One continuous pipe without
fittings placed on an engineered grade with one crest would probably be the optimal

configuration for theuse of mifiimum-flushing velocity-as-the-means-for-removing-gas-from-the — —

siphon line, Alternately one continuous larger diameter pipe without fittings on the upward leg
of the siphon line followed by a smaller diameter pipe utilized for the crest and downward leg of
the siphon line could be used. This would minimize head loss. However the fitting between the
two pipes could not have an abrupt change in inside diameter, which would promote the
accumulation and agglomeration of bubbles. Additionally, the inter-related parameters of siphon
line diameter, fluid flow velocity, and bubble size appear to be the parameters, which influence
the ability to remove gas from a siphon line through the use of a minimum flushing velocity.

Page 28 of 92




TGSC-1 Phase II Report WSRC-TR-98-00432, Rev. 0 January 12, 1999

All three parameters must be considered when designing a siphon line to maintain full flow
through the use of minimum flushing velocity.

Within all the testing, the management of gas within the siphon line was determined to be of
utmost important in maintenance of siphon flow. Siphon line gas management requires control
of gas bubble transport, accumulation, and agglomeration and elimination of gas bubble
entrapment. Gas bubble transport, accumulation, agglomeration, and entrapment are controlled
by fluid flow velocity, gas buoyancy, and siphon line grades and inside diameter discontinuities
(i.e. fittings). Gas bubble transport in the upward leg of the siphon line is facilitated by higher
fluid flow velocities, a continuous upward siphon line grade (no localized high points), and the
minimization or elimination of fittings, which produce discontinuities in the inside diameter of
the siphon line. The continuous upward grade and elimination of such fittings promotes
buoyancy transport in the same direction as fluid flow and eliminates the accumulation,
agglomeration, and entrapment of gas bubbles in the upward leg of the siphon line. The fluid
flow velocity in the upward leg is not as critical as it is in the downward leg of the siphon line,

and the upward leg fluid flow velocity should be balanced against minimization of head loss to
maximize overall flow rates.

The direction of gas bubble transport, if any, in the siphon line downward leg is determined by
whether transport due to fluid flow velocity or gas buoyancy is dominant. Fluid flow velocity
tends to cause the gas bubbles to move downward in the downward leg of the siphon line toward
the end of the line. Gas buoyancy tends to cause the gas bubbles to move upward in the
downward leg of the siphon line toward the siphon crest.

In order to utilize minimum flushing velocity to maintain full flow in the siphon line downward
leg, the fluid flow velocity must be dominant in the downward leg. That is the fiuid flow
velocity must be greater than the required minimum (see section 3.3). Additionally a continuous,
downward, siphon line, grade (i.e., no localized high points) and the minimization or elimination
of fittings, which produce discontinuities in the inside diameter of the siphon line, is necessary.
The continuous downward grade and elimination of such fittings eliminates the accumulation,
agglomeration, and entrapment of gas bubbles in the downward leg of the siphon line.

In order to utilize an air chamber to maintain full flow in the siphon line downward leg, the gas
buoyancy must be dominant in the downward leg. That is the fluid flow velocity must be less
than the minimum outlined in section 3.3, and the downward slope of the siphon line must be
continuous (i.e. no localized high points) and steep enough for gas buoyancy to overcome the
fluid flow velocity. This allows gas transport up the downward leg to the crest, where the air
chamber is located. Additionally fittings, which could entrap gas bubbles, should be minimized.
The continuous downward grade and minimization of such fittings eliminates the accumulation,
agglomeration, and entrapment of gas bubbles in the downward leg of the siphon line.

Under the Phase II testing conditions the following were observed relative to gas bubble
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transport within the siphon line downward leg:

» The buoyancy of gas bubbles in the 1-%2 inch siphon line downward leg (sloped at
1:100 downward from the air chamber) could not overcome the water flow velocity in the
opposite direction in order to travel upstream back to the air chamber.

« The buoyancy of gas bubbles in the 1-% inch siphon line downward leg sloped at ~22-
¥4° downward from the air chamber could overcome the water flow velocity in the
opposite direction in order to travel to the air chamber.,

4.4 PHASE II SIPHON LINE PRIMING
The following different siphon line priming methods were utilized during the Phase II testing:

e Use of an impeller pump to suction fill both the siphon line downward and upward leg
from the crest

* Use of an impeller pump to suction fill both the siphon line downward and upward leg
from the line’s exit '
* Use of an impeller pump to pressure fill the siphon line downward leg through the crest
with the line’s exit valved off (air had to be released from the downward leg through the
crest) and then suction fill the upward leg from the crest

* Use of an impeller pump to pressure fill the siphon line downward leg through the
line’s exit and then suction fill the upward leg from the crest

* Use of a gas driven vacuum pump to suction fill both the siphon line downward and
upward legs from the crest

The impeller pump utilized was an ITT-Jabsco flexible impelier pump Model #4720-001 with a
maximum 15-foot suction lift. A portable generator was utilized to power the impeller pump.
The nitrogen driven vacuum pump was a Vaccon Vacuum Pump Model JS-60M with a
maximum 28 inch-Hg (~ 31.7-foot) suction lift. A 300 cubic foot nitrogen gas cylinder rated at

2640 psig (the cylinder was nominally 1800 to 2000 psig as delivered to the field) was utilized to
drive the gas driven vacuum pump.

Due to the lift required, the impelier pump was not able to adequately fill the siphon line

T 7T downward leg by suction from the crest. Although the impeller pump was able to essentially fill
the entire siphon line by suction from the line’s exit, air remained in the crest and could not be
removed by this method. The impeller pump was able to pressure fill the downward leg through
the crest-and suction fill the upward leg from the crest, however this required various valving and
pump hookup configurations, which added time to the process. The impeller pump was able to
pressure fill the downward leg through the line’s exit and suction fill the upward leg from the
crest, however this required various valving configurations and a pump relocation from the exit
to the crest, which added significant time and effort to the process. The gas driven vacuum

Page 30 of 92




TGSC-1 Phase II Report WSRC-TR-98-00432, Rev. 0 January 12, 1999

pump was able to fairly quickly and easily suction fill both the siphon line downward and
upward legs from the crest. Use of the gas driven vacuum pump proved to be the most efficient
method of priming the siphon line.

Siphon line priming is also impacted by the presence of any localized high points within the
siphon line. None of the methods of priming utilized will eliminate all air from the siphon line if
localized high points exist. Air becomes entrapped in such localized high points and can not be
removed with the priming methods utilized. Pressure filling from the line’s exit at high flow
rates is most likely to be able to remove entrapped air from such localized high points; however
this is one of the more labor intensive methods of priming.
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5.0 SAVANNAH RIVER STAGE

As outlined in section 4.2, Savannah River water elevations were obtained from two river
gauging stations (see Table 5). SRTC/EST personnel operated the SR-TNX gauging station.
The SR-Jackson gauging station (station #02197320) is operated by United States Geologic
Survey (USGS) personnel and has been in essentially continuous operation since the 1970s.
Slightly greater than 10 years worth (10/1/87 through 5/20/98) of Savannah River Jackson
gauging station stage data was obtained from the USGS. A linear regression between the SR-
TNX gauging station daily mean elevation data and the same day SR-Jackson gauging station
daily mean elevation data was performed, utilizing data from 7/17/97 to 12/31/97 and 4/10/98 to
5/11/98 (see Figure 28 and Appendix B). Table 9 provides pertinent statistics for the SR-TNX
gauging station actual daily mean elevation data utilized in the linear regression. The following

relationship between the river elevations obtained from the two locations was determined (see
Appendix B):

SR-TNX Elevation = 0.96550 x (SR-Jackson Elevation) + 2.68956

The r square for this relationship was calculated to be 0.996, which means that the data sets
correlate well and the relationship should represent the data well.

Based upon this relationship between SR-Jackson and SR-TNX actual data, the entire greater
than ten year SR-Jackson daily mean elevation data set (10/1/87 to 5/20/98) was converted to
estimated SR-TNX daily mean elevation data (see Appendix C). Table 9 provides pertinent
statistics for both the actual and estimated SR-TNX daily mean elevation data sets. A
comparison of the statistics shows that the actual data utilized to determine the relationship
between the SR-Jackson and SR-TNX data represents well the full range of estimated historic

elevations. This near full range representation by the actual data provides additional confidence
in the above relationship.

Figure 29 provides the estimated Savannah River historic elevations at TNX produced from this
conversion. As discussed in section 7.0, a new siphon line for TGSC-1 is proposed for
installation and testing based upon the results discussed within this report. It is currently planned
to install the end of the new siphon line within the X-08 outfall ditch in a location with an
estimated normal water elevation of approximately 88.82 ft-msl (i.e., when water in the ditch at
this location is not backed up due to the Savannah River stage). This proposed elevation has
been compared to the estimated Savannah River historic elevations at TNX to determine the
expected frequency that the head in this location will be impacted by the Savannah River stage
(see Appendix C). It is anticipated that the head in this location of the X-08 outfall ditch will be
impacted by the Savannah River stage approximately 27 percent of the time. Such impact may
reduce the flow rate through the siphon line due to a potential reduction in available driving
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head. However this may be offset somewhat by associated rises in ground{vater levels at the cell.

Table 9
SR-TNX Gauging Station Daily Mean Elevation Data Statistics
Mean Median Minimum Maximum
Actual Data ' 86.81 85.06 81.97 94,94
Estimated Data 86.70 85.43 80.94 96.11

" Actual field data collected from 7/17/97 to 12/31/97 and 4/10/98 to 5/11/98 (see Figure 28 and
Appendix B)

? Estimated data from 10/1/87 to 5/20/98 determined from the above relationship between the
SR-Jackson and SR-TNX data (see Appendix C)
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6.0 PHASE II SAMPLING AND ANALYSIS

Minimal sampling and analysis was conducted during Phase Il testing. The primary treatability
aspects of the TNX GeoSiphon Cell (TGSC-1) were addressed during Phase I testing and
documented in the Phase I Final Report (see WSRC-TR-98-00032). The following sampling and
analysis was performed during Phase 1I testing:

* Pre-operational water sampling and analysis for selected chlorinated volatile organic
compounds (CVOCs), field parameters, metals, anions, and microbial density and
diversity

* Operational water sampling and analysis for selected CVOCs and field parameters

» Operational NPDES water sampling and analysis for selected CVOCs and acute
toxicity

¢ Operational air sampling and analysis of the siphon line air chamber off-gases for
permanent gases, hydrogen, light hydrocarbons, and selected CVOCs

[WSRC-TR-98-00032; Q-TPL-T-00004}
6.1 SAMPLING

Selected sampling during testing was conducted from the sample locations presented in Table 10
and shown in Figures 3, 4, and 5. Pre-operational water samples were taken from sample
locations TCM-2 (influent), TGSC-1A through TGSC-1H, and TGSC-1 (effluent) for analysis of
selected chlorinated volatile organic compounds (CVOCs), field parameters, metals, anions, and
selected microbial parameters. Operational water samples were taken from sample locations
TCM-2 (influent) and TGSC-1 (effluent) for analysis of selected CVOCs and field parameters.
Operational water samples were also taken for NPDES compliance from sample location TGSC-
1 (effluent) for analysis of selected CVOCs and acute toxicity. Operational gas samples were

taken from the air chamber for permanent gases, hydrogen, light hydrocarbons, and selected
CVOCs.
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Table 10
Sample Locations

Sample Distance into
Location Iron Bed Location Comments
(f)

TCM-2 0 Influent ~25 ft upgradient *
TGSC-1A 0 Influent Immediately upgradient “
TGSC-1B 0.14 Within iron ‘

TGSC-1C 0.32 Within iron ‘
TGSC-1D 0.64 Within iron “
TGSC-1E 1.07 Within iron ‘
TGSC-1F 1.50 Within iron -
TGSC-1G 2.04 Within iron -
TGSC-1H 2.86 Within iron ‘
TGSC-1 3.47 Effluent | Immediately downgradient ”
Air Not Effluent Located in crest of siphon
Chamber Applicable line

TCM-2 is a 4-inch diameter well screened over the entire GeoSiphon treatment zone
depth (see Figure 3 and Table 4). Samples from TCM-2 represent the average influent
to the GeoSiphon Cell.

2 Sample ports, TGSC-1A through TGSC-1H, are stainless steel tubes with 3-inch
screen zones all at an approximate elevation of 87 ft-msl (see Figures 4 and 5).
Samples from them represent the concentrations along one horizontal, radial, flow
ath. .
?Sample location TGSC-1 includes alt samples taken from within the 12-inch central
screen zone (see Figures 4 and 5). The NPDES TGSC-1 samples were taken with
either a bailer or an ISCO sampler from within the 12-inch central screen zone at an
elevation of approximately 82 ft-msl. All other samples were taken from a stainless
steel tube with a 3-inch screen attached to the 1- % inch siphon line located inside the
12-inch central screen at the same elevation as TGSC-1A through TGSC-1H. All
samples taken from within the 12-inch screen represent the average discharge from the
- GeoSiphonCell.— .. ___ . ... ... _

Samples from monitoring well TCM-2 (see Figure 3 for location) were taken by Environmental
Sciences and Technology Department (EST) personnel utilizing a dedicated Grundfos Redi-Flo II
submersible pump. One well volume of water was evacuated (the evacuated water was contained in
an [IDW drum for proper disposition) prior to obtaining a sample. The sample was collected in an
appropriate sample bottle (see Table 12) from the discharge tubing, after the flow rate had been
reduced so that splashing and contact with air was minimized. The bottle was immediately capped
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after the sample had been collected.

The SS sampling tubes (TGSC-1A through TGSC-1; see Figures 4 and 5) consist of % inch OD SS
tubing (0.049 inch wall thickness) perforated as shown in Figure 5. A 1/8 inch OD, 1/16 inch ID
nylon tube has been inserted into the SS tubing to within ~3 inch of the bottom of the SS tubing, and
the nylon tubing extends above the top of the SS tubing. A small section of Tygon tubing (% inch
OD, 1/8 inch ID) with a tubing clamp connects the nylon tubing with a dedicated 60ml plastic

syringe, which was used to collect the samples. EST personnel sampled these sample locations as
follows:

* A new 60ml plastic syringe was utilized for each sampling location and event.

e The syringe plunger was pushed all the way down.

» The syringe was connected to the Tygon tubing.

e The tubing clamp on the Tygon tubing was released.

e The syringe plunger was slowly and gently pulled back so that approximately 20 ml of

liquid was taken into the syringe (this purge was conducted to clear the nylon/SS tubing of
stagnant water prior to actual sampling).

e The tubing clamp on the Tygon tubing was closed.

* The 60ml syringe was disconnected from the Tygon tubing while the liquid in the Tygon
tubing was maintained (wanted to minimize air in the system to prevent volatilization of the
organics).

* The syringe was pointed upward, and the air and liquid in the syringe was discharged by
slowly and gently pushing the plunger, all the way down. All air was eliminated from the
syringe, and the liquid was maintained in the tip of the syringe (the purge liquid was
maintained in an Investigative Derived Waste (IDW) drum for proper disposition).

¢ The syringe was reconnected to the Tygon tubing in a manner that minimized air in the
tubing and syringe.

* The tubing clamp was released from the Tygon tubing.

* The syringe plunger was slowly and gently pulled back so that the required sample volume
up to 60 ml in the syringe was obtained.

» The tubing clamp on the Tygon tubing was closed.

* The syringe was disconnected from the Tygon tubing while maintaining the liquid in the
Tygon tubing (wanted to minimize air in the system to prevent volatilization of the organics).
* The sample was slowly and gently discharged into the appropriate sample bottle (see Table
12) in a manner that minimized contact with air (minimized splashing) and the sample bottle
was immediately capped.

» The syringe was appropriately disposed after each sampling event.

The NPDES TGSC-1 samples were taken by Environmental Monitoring Section (EMS) personnel

per standard NPDES sampling procedures from within the 12-inch central screen zone at an
elevation of approximately 82 ft-msl. The samples for the selected CVOCs were taken as a grab
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sample with a bailer and placed in 40ml volatile organic analysis (VOA) bottles (se¢ Table 12). The
samples for acute toxicity were taken as 24-hour flow proportional samples with an ISCO sampler.

EMS subcontractor personnel (Microseeps) took air samples from the siphon line air chamber.
The air chamber 3/8-inch polyethylene sight glass was teed to a 3/8-inch valve, which was
connected to a 3/8-inch polyethylene sample tube with septa (see Figure 12). A 500ml gas-tight
syringe and needle with a three-way valve was inserted into the sample tube septa, and the
sample tube was purged of atmospheric air prior to sampling. The valve between the air
chamber sight glass and the sample tube was then opened, and the samples were taken with the
syringe. The samples were placed in 250ml amber, septa top bottles that had been previously
evacuated of air (see Table 12).

[Q-TPL-T-00004]
6.2 SAMPLE ANALYSIS

Pre-operational water phase analyses included selected chiorinated volatile organic compounds
(CVOCs), field parameters, metals, anions, and microbial parameters from sample locations
TCM-2, TGSC-1A through TGSC-1H, and TGSC-1. Operational water phase analyses included
selected CVOCs and field parameters samples from sample locations TCM-2 and TGSC-1.
Operational water phase analyses also included selected CVOCs and acute toxicity for NPDES
compliance from sample location TGSC-1. Operational gas phase analyses included permanent
gases, hydrogen, light hydrocarbons, and selected CVOCs samples from the air chamber. Table
11 presents the pre-operational and operational laboratories, sample medium, and analytes.
Table 12 presents the analytical methods utilized by each laboratory and the sample bottles
utilized for sample collection.
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Table 11

Pre-operational and Operational Laboratory, Sample Medium, and Analytes

Laboratory Sample Analytes
Medium
Pre-operational Analytes
EST Water Trichloroethylene, cis-1,2-dichloroethylene, carbon tetrachloride,
and chloroform
EST Water pH, Eh, DO, and temperature
ADS Water Silver, aluminum, boron, barium calcium, cadmium, cobalt,
chromium, copper, iron, lanthanum, lithium, magnesium,
manganese, molybdenum, sodium, nickel, phosphorus, lead, silica,
tin, strontium, titanium, vanadium, zinc, and zirconium
ADS Water Chloride, fluoride, formate, nitrate, nitrite, oxalate, phosphate, and
sulfate
EST Water Microbial direct counts, aerobic plate counts, and diversity
measurements
Operational Analytes
EST Water Trichloroethylene, cis-1,2-dichloroethylene, carbon tetrachloride,
and chloroform
EST Water pH, Eh, and temperature
Shealy Water Tetrachloroethylene, trichloroethylene, cis-1,2-dichloroethylene,
Environmen viny! chloride
tal Services,
Inc.
Shealy Water Ceriodaphnia Dubia, 48-hour, Static, Acute Toxicity Test at an in
Environmen stream waste concentration (IWC) of 33%
tal Services,
Inc.

Microseeps Gas Carbon dioxide, oxygen, nitrogen, carbon monoxide, methane,
ethane, ethylene, propane, propylene, 1-Butane, n-Butane,
hydrogen, tetrachloroethylene, trichloroethylene, cis-1,2-

dichloroethylene, trans-1,2-dichloroethylene, vinyl chloride, carbon
tetrachloride, chloroform, methylene chloride, and 1,1,1-
trichloroethane

Notes:

EST - Savannah River Technology Center (SRTC) Environmental Sciences and Technology

Department (EST)

ADS - Savannah River Technology Center (SRTC) Analytical Development Section (ADS)
IWC = in stream waste concentration
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Table 12

Analytical Methods and Sample Bottles

cis~1,2-dichloroethylene, trans-1,2-
dichloroethylene, vinyl chioride, carbon
tetrachloride, chloroform, methylene

chloride, and 1,1,1-trichloroethane

Laboratory Analytes Analytical | Sample Sample
Method Volume Bottle
EST Trichloroethylene, cis-1,2-dichloroethylene, GC- 75m! . 20 ml
carbon tetrachloride, and chloroform ECD/FID headspace
vials'
'EST pH Orion 20 ml HDPE
Eh Qakton bottle
DO YSI
temperature Orion
ADS Silver, aluminum, boron, barium calcium, ICP-ES 20 ml 20 ml
cadmium, cobalt, chromium, copper, iron, HDPE
lanthanum, lithium, magnesium, manganese, bottle?
molybdenum, sodium, nickel, phosphorus,
lead, silica, tin, strontium, titanium,
vanadium, zinc, and zirconium
ADS Chloride, fluoride, formate, nitrate, nitrite, IC Anion 20 m! 20 ml
oxalate, phosphate, and sulfate HDPE
bottle'
EST Microbial direct counts, aerobic plate 50 ml 50 ml
counts, and diversity measurements 3 HPDE
centrifuge
‘ , tubes
Shealy Tetrachloroethylene, trichloroethylene, cis- SW 846 80m! | 40mlVOA
Environmental 1,2-dichloroethylene, vinyl chloride Method bottles*
Services, Inc. 8260
Shealy Ceriodaphnia Dubia, 48-hour, Static, Acute | EPA-600/4- 4L 2 L HDPE
Environmental Toxicity Test at an IWC of 33% 90-027 Bottles
Services, Inc. (Weber)
Microseeps » Carbon dioxide, oxygen, nitrogen, carbon 250 ml Air
monoxide; evacuated
» Methane, ethane, ethylene, propane, 250 mi
propylene, 1-Butane, n-Butane; amber,
S - __ eHydrogen.. |} . | septatop._
e Tetrachloroethylene, trichloroethylene, bottle
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Notes to Table 12:
' After sample collection, the samples were refrigerated until analyzed.
2 The sample was preserved with 1 ml of 36.5 - 38% Regent, ACS, HCI.
 See write up below concerning the microbial parameter analytical methods. After sample
collectxon, the samples were refrigerated at 4°C until analyzed.

4 Groundwater was added to the VOA sample bottles until they were completely full and could be
capped without air in the bottle. After sample collection, the samples were refrigerated until
analyzed.

EST - Savannah River Technology Center (SRTC) Environmental Sciences and Technology
Department (EST)

ADS - Savannah River Technology Center (SRTC) Analytical Development Section (ADS)

GC-ECD/FID - gas chromatograph with an electron capture detector and a flame ionization detector

Orion - Orion Modal 250A portable pH meter and probe or equal

Oakton - Oakton WD-35615-60 Series portable pH/mV/temperature meter with a double junction

ORP electrode or equal

YSI - YSI Model 58 DO meter with Series 5700 oxygen probe or equal

ICP-ES - Inductively Coupled Plasma-Emission

IC Anion - Ion chromatography for Anions

The following three microbiological tests were performed:

e Direct counts were used to determine overall densities of microorganisms.
* Aerobic plate counts were done to determine the number of viable aerobic organisms
present in each sample.

¢ Diversity measurements were done to determine the number of different carbon sources
that could be oxidized by the microorganisms present in each sample.

To determine the total microbial density by direct counts, samples were vortexed in the 50 ml
pre-sterilized polyethylene centrifuge tubes used to pull the sample for 30 seconds and then 50 pl
of sample was spotted onto six wells of an eight well toxoplasmosis slide. Each slide was alcohol
rinsed before use and then placed on a 65°C hot plate during spotting. All samples were then
heat fixed, on the hot plate, for 12-15 minutes. After heat fixing the sample, the slide was
removed from the hot plate and stained with fluorescein isothiocyanate (FITC) for 2 minutes.
Each slide was rinsed with filtered deionized water and allowed to air dry. The slides were
examined using a Zeiss epi-fluorescent microscope (ID #00096054). The field of view for the
microscope was calibrated using a micrometer (M&TE #ES-101). The microbial densities were
calculated based on the number of cells counted, area of the field, area of the toxoplasmosis well,
and the volume of water spotted on the slide. [SRT-EST-98-145]
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Aerobic plate counts were performed using a spread plate method. Four serial dilutions were
made from each of the original samples by pipetting 1 ml of sample into 9 ml of filter sterilized
FA buffer (Difco Laboratories), vortexing for 30 seconds, then repeating the transfer using the
diluted sample to provide the I ml for the next dilution. One hundred micro-liters of sample was
spotted onto an uncovered plastic petri plate with 1% peptone-tryptone-yeast-glucose (PTYG)
agar. Each sample was then spread over the agar plate using an alcohol rinsed flame sterilized
glass rod by manually rotating an inoculating turntable. Duplicate spread plates were made from
each of the four dilutions, from the original sample container, and from the filtered FA buffer for
negative controls. All of this work was done in a bioflow fume hood. Once covered, the plates
were inadvertently placed in a 37°C incubator for one day, once found the plates were moved
and allowed to incubate at 25°C for 6 additional days. Inactivation (not mortality) of some of the
aerobic microorganisms may have occurred at 37°C. However, some of the microorganisms
may have actually grown at a much faster rate. The microbes that were potentially inactivated
during the period at 37°C probably remained viable and their enzyme activity and growth
continued during the 25°C incubation period. Therefore the results obtained from this test are
considered representative. Even if this inadvertent one day elevated temperature incubation did
negatively impact the absolute counts, all the samples were subjected to the same conditions and
should provide accurate relative counts. After incubation, microcolonies were visually counted

to determine the density of microorganisms based on the dilution value and the average number
of microcolonies counted. [SRT-EST-98-145]

Gram negative (GN) Biolog™ plates were used to determine the diversity of ecofunctional
enzymes present in each sample. Each plate consists of 96 total cells containing a tetrazolium
indicator dye with 95 of the cells containing different organic substrates. To prepare each test
plate, 150 pl of vortexed sample water was aseptically pipetted in al] the cells and allowed to
incubate at 25°C for 5 days. Positive results, indicated by a color change in the tetrazolium dye,
were then determined visually for each of the 95 cells on the plate containing an organic
substrate, The ninety-sixth cell was used as a negative control, since it does not have a substrate

present in the cell. The results were then grouped together based on the chemical structure of the
different organic substrates. [SRT-EST-98-145] :

[Q-TPL-T-00004]

..~ 6.3.SAMPLE-ANALYSIS-RESULTS T ——

As stated previously minimal sampling and analysis was conducted during Phase II testing. The
primary treatability aspects of the TNX GeoSiphon Cell (TGSC-1) were addressed during Phase
[ testing and documented in the Phase I Final Report (see WSRC-TR-98-00032).

Page 42 of 92




TGSC-1 Phase II Report WSRC-TR-98-00432, Rev. 0 January 12, 1999

6.3.1 Field/CVOC/Inorganic/Toxicity Water Phase Results

As detailed in the Phase I Final Report (see WSRC-TR-98-00032), the chemical composition of
water that passes through the GeoSiphon Cell.-is changed due to the occumrence of several
reactions. The corrosion of iron by water (i.e., the oxidation of the zero valent iron and the
reduction of water) dominate these reactions. Other modifying reactions include the corrosion of
iron by dissolved oxygen, the reduction of the CVOC:s, nitrate, and sulfate, and the precipitation
of pyrite (FeS,), ferrous iron carbonate (FeCO3), and ferrous iron hydroxide (Fe(OH),). These
reactions result in significant changes in the chemical composition of the treated water. Iron
corrosion results in an Eh decrease (oxidation/reduction potential), a pH increase, oxygen
depletion, the production of dissolved ferrous iron (Fe*?) and hydrogen gas, and the subsequent
precipitation of ferrous carbonate and ferrous hydroxide. Trichloroethylene (TCE), cis-1,2-
dichloroethylene (cDCE), carbon tetrachloride (CT), and chloroform (TCM) reduction results in
ethene, ethane, methane, and chloride ions as final end products. Nitrate reduction results in the
production of ammonium ions. Suifate reduction results in the production of sulfide, and the
subsequent precipitation of pyrite. [WSRC-TR-98-00032]

The summary field, CVOC, inorganic, and toxicity data produced during Phase II testing is
presented in Tables 13 and 14. Table 13 presents the summary field, CVOC, and inorganic data
produced by SRTC EST and ADS (the detailed CVOC, field, and inorganic data is presented in
Appendices D, E, and F, respectively). Table 14 presents the CVOC and toxicity data produced
by Shealy Environmental Services, Inc. for NPDES compliance purposes. The Phase II data is
consistent with the Phase I data documented in WSRC-TR-98-00032, and summarized above.
The following are the only significant differences between the Phase I and Phase II data:

» During Phase I testing, manganese concentrations significantly increased over influent
concentrations at all flow rates followed by lower but still elevated concentrations at the
cell’s effluent. The one Phase II manganese data point collected during no flow

conditions indicates a decrease in manganese effluent concentrations over influent
concentrations,

e The one Phase II TCE influent sample (TCM-2) collected under condition of flow (2.56
gpm) had a concentration of approximately 110 ppb that was approximately half the
typical influent recorded during Phase 1.

[WSRC-TR-98-00032]

Other items of note from the Phase II data include:

o All effluent PCE, TCE, CT, CTM, and vinyl chloride (VC) concentrations were less
than the detection limits.

e All effluent cDCE concentrations were less than 3 pg/l.
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e All Ceriodaphnia Dubia, 48-hour, Static, Acute Toxicity Tests at an in stream waste
concentration (IWC) of 33% (i.e., 33% GeoSiphon effluent and 67% ditution water) had

passing results (i.e., the GeoSiphon effluent is not considered toxic).

Table 13

Summary Field, CVOC, and Inorganic Data

Notes:

NA = Not analyzed; ND = Not detected; Analyses performed by SRTC EST and ADS
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Sample Date 6/9/98 6/9/98 9/2/98 9/2/98
Sample 12:20 to 12:20 to 8:08 to 8:08 to
Time 16:00 16:00 10:35 10:35
Flow (gpm) 0.00 0.00 2.56 2.56
Parameter Units Sample Location
TCM-2 TGSC-1 TCM-2 TGSC-1
(influent) { (effluent) | (influent) | (effluent)
pH pH 5.17 9.6 5.65 9.6
DO mg/l 3.2 2.1 NA NA
Eh mV 3872 -81.5 353.3 -125.4
Temperature °C 233 23.3 24 21.9
trichloroethylene pg/l 234.1 ND 109.6 ND
cis-1,2,- pgfl 282 ND ND ND
dichloroethylene
carbon tetrachloride pg/l 27.5 ND 12.6 ND
chloroform pg/l 3.2 ND 2.5 ND
Aluminum mg/1 <0.116 0.144 NA NA
Boron mg/l 0.095 0.042 NA NA
Calcium - meg/l 2.713 1.239 NA NA
Iron mg/l 0.159 0.231 NA NA
Magnesium mg/l 1.068 0.197 NA NA
Manganese mg/l 0.049 0.009 NA NA
Sodium mg/l | 20282 | 4479 | NA | NA f}
Silica mg/l 4751 1.192 NA NA
Chloride mg/l 5 41 NA NA
Nitrate mg/l 45 <1 NA NA
Sulfate mg/l 10 0.6 NA NA
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Table 14
NPDES Data
Parameter| Units Date
6/29/98 7/98 8/13/98 | 9/28/98 | 10/98 | 11/18/98
Flow gpm 4.06 NF 2.67 2.85 NF 4.04
¢cDCE ng/l 2.8 NF LTD 2 NF LTD

PCE pg/l LTD NF LTD LTD NF LTD
TCE - pg/l LTD NF LTD LTD NF LTD

VvC pg/l LTD NF LTD LTD NF LTD
A-TOX |Pass/Fail| Pass NF Pass Pass NF Pass
Nates:

NF = No Flow; LTD = Less than detection; All samples taken from sample location
TGSC-1; Analyses performed by Shealy Environmental Services, Inc.

6.3.2 Microbial Results

All Phase II microbial sampling and analyses were performed prior to start up of the TNX
GeoSiphon Cell (TGSC-1), therefore no siphon induced flow was occurring at the time and the
only flow through the cell was occurring due to natural water table flow. The samples for

microbial analyses were obtained on June 9, 1998, and the analyses were performed on June 10,
1998.

Total microbiological densities measured in the ten samples varied with sample port location
(see Table 15). Bacterial densities increased almost one order of magnitude in TGSC-1A and
TGSC-1B compared to TCM-2. Degradation of most of the CVOCs and reduction of nitrate also
occurs at these locations. After CVOC degradation, wells TGSC-1C through TGSC-1G, the total
microbial densities decreased to levels similar to those present in the up-gradient well, TCM-2.
Total densities in samples TGSC-1H and TGSC-1 were as high as or higher than those found in
the upgradient well and all other sample locations within the well. TGSC-1 has more contact
with the outside environment and this may impact its microbial density and the density measured
in TGSC-1H. {[WSRC-TR-98-00032

Six samples were analyzed during Phase I testing, while the flow rate through the cell was
approximately 7.0 gallons per minute. The results obtained during Phase II were higher than
those during Phase I for the two sample ports on the upgradient side of the cell (TCM-2 and
TGSC-1A) and the down-gradient portion of the well (TGSC-1H and TGSC-1). The density of
the two samples pulled within the cell (TGSC-1B and TGSC-1E) were lower than those

measured during Phase I (see WSRC-TR-98-00032 Table 13 for comparison). [WSRC-TR-98-
00032]
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The results for the viable aerobic bacterial counts were two to five orders of magnitude lower
than the total direct count densities (see Table 15). The sample results ranged from no growth to
9.50E+02 cell/ml. The average density within the cell was approximately equal to the two
sample ports outside the cell (2.47E+02 compared to 2.53E+02). No growth was observed for
TGSC-1B. The results estimate the total number of viable aerobic organisms that oxidize organic
chemicals for growth. The dissolved oxygen and Eh levels in the well indicate that conditions for

. oxidation reactions is not favorable and may explain the low densities measured. In addition, an

incorrect temperature was used during the first 24 hours of incubation. This may have also
impacted the results.

The diversity results followed a pattern similar, but inversely related, to the results obtained for
the total direct counts (see Table 15). TGSC-1A and TGSC-1B had lower diversity
measurements than TCM-2. TGSC-1H and TGSC-1 measurements were also lower than those
found in TGSC-1C through TGSC-1G. The reduction in enzymatic diversity could be due to an
adaptation of the microbial population to utilize specific carbon sources that were produced
during the reduction of the chlorinated solvents for sample ports TGSC-1A and 1B. The

reduction in enzyme diversity in TGSC-1H and TGSC-1 might be related to TGSC-1 being in
direct contact with the atmosphere.

Table 15
Microbial Test Results
Viable Aerobic

Sample Heterotrophic Biolog™ Diversity

Location Total Cell Density Bacteria Measurement
(#/ml) (#/ml) (# Positive wells)

TCM-2 5.65E+04 1.45E+02 70
TGSC-1A 2.73E+05 9.50E+02 52
TGSC-1B 3.96E+05 no growth 32
TGSC-1C 6.87E+04 7.50E+01 65
TGSC-1D 3.41E+04 4.65E+)2 64

] TGSC-1E~ |  L10E+04 1 290E+02 T 62— i

TGSC-1F 7.44E+04 1.00E+02 84
TGSC-1G 6.84E+04 8.00E+01 74
TGSC-1H 1.66E+05 1.50E+01 9

TGSC-1 1.32E+06 3.60E+02 53
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Ten water samples located upgradient, down-gradient and within the GeoSiphon cell were
analyzed for microbiological parameters during natural flow conditions. The results showed the
density of microorganisms increased where the reduction of chlorinated solvents and nitrate was
occurring within the cell while the enzymatic diversity of the microbes in this area was reduced.
The reduction in enzymatic diversity was probably due to adaptation of the microbial population
to ufilize specific carbon sources that were produced during the reduction of the chlorinated
solvents. Samples taken from points within the cell where most of the chlorinated solvents were
reduced indicated that the density and diversity of microorganisms returned to levels measured
upgradient of the GeoSiphon cell.

[SRT-EST-98-145]
6.3.3 Air Chamber Gas Results

Two samples from the air chamber were taken on August 24, 1998, and the analyses were
performed on August 25, 1998. During this period the TNX GeoSiphon Cell (TGSC-1) was
operating under the third siphon line configuration (see Table 6 for a description of this
configuration) at flow rates ranging from 0 to 2 gpm. Table 16 presents the summary gas
composition, and Appendix G presents the detailed gas analyses as received from the analytical
subcontractor, Microseeps. Offgassing within the siphon line consisted primarily of nitrogen and
hydrogen. The oxygen levels were depleted due to the reaction of oxygen with the zero valent
iron within TGSC-1 (see section 3.2). The analytical oxygen level of 4.88 %/v may in fact be
over stated due to an incomplete purge of atmospheric air from the sample line prior to sample
collection (see section 6.1 for a description of the air chamber sampling method). An oxygen
level of 2.5 %/v was estimated based upon the Phase I aqueous dissolved oxygen (DO) results
and Henry’s Law constant for oxygen. This mixture of gas as characterized within Table 15 is
outside the flammability envelope for both.hydrogen and methane (i.e., it is not a flammable gas
mixture). However the addition of sufficient oxygen to the gas mixture could produce a
flammable gas mixture, which could burn with the addition of an ignition source. Therefore
collection and subsequent disposition of the gas mixture must be performed in a manner that
precludes such an occurrence.
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Table 16
Air Chamber Summary Gas Composition
Component Percent by Volume
, (%elv)
Ny 46.24
Hy’ 40.99
0, 488°/25°
CHy' 1.97
HyO H* ~2
Ar’ ~2
Total 98.08

" Average analytical value from Microseeps analysis
2 The Microseeps analytical oxygen level may be overstated due to
incomplete purge of the sample line
? Estimated values based upon vapor pressure for water; and Phase I
aqueous DO results and K for oxygen; and K, atmospheric
composition, and ratio with nitrogen values for argon

* The water value may be underestimated, since the sub-atmospheric
pressure was not considered
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7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

GeoSiphon Cells (patent pending) are systems to passively induce contaminated groundwater
flow through in situ or ex situ permeable treatment media at an accelerated rate by utilizing a
siphon between two points of natural hydraulic head difference, without the need for mechanical
pumps. The TNX GeoSiphon Cell (TGSC-1) was built as a Pre-Siphon Treatment Cell
Configuration (Table 1 and Figure 1). It is essentially a large diameter well, which contains
granular cast iron (the treatment media) in place of gravel pack. Contaminated groundwater flow
through the granular cast iron in the treatment cell is passively induced by use of a siphon from
the cell to the X-08 outfall ditch. The flow is induced by the natural hydraulic head difference
between the cell and the X-08 outfall ditch. The granular cast iron reduces the chlorinated
volatile organic compounds (CVOCs) to ethane, ethene, methane, and chloride ions (see section
3.2 for a description of zero valent iron enhanced abiotic degradation). The treated water is

subsequently discharged through the X-19 outfall to the X-08 outfail ditch, which flows into the
Savannah River. '

Testing of four different siphon line configurations was conducted during Phase II testing from
June 18, 1998 to September 4, 1998, and a “one-day minimum flushing velocity test” was
conducted on November 13, 1998.

The first three siphon line configuration consisted of approximately 1032 feet of 1-% inch pipe
from the cell to the Savannah River. The first three configurations differed in the line grades for
the first 305 feet of pipe, in the use of an air chamber or not, and in the location of the air
chamber in the line, if utilized. All three configurations had the last 727 feet of line laid directly
on the ground surface within the X-08 outfall ditch, which resulted in localized high points at
various points within this portion of the line.

While each of the first three successive configurations tested demonstrated improvement,
operation of each resulted in initial higher flow followed by diminishing flow over a matter of
hours to essentially zero. Re-priming was required to initiate operation again for each
configuration. It was determined that degassing and subsequent gas entrapment, within those
portions of the siphon line not influenced by the air chamber, if used, was the cause of eventual
siphon breakage. In particular degassing and gas entrapment, within localized high points in that
portion of the line within the X-08 outfall ditch, were identified as the problem. Even during re-

priming events for these configurations some gas remained entrapped within that portion of the
line.
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The fourth siphon line configuration was the same as that of the third, except that the 727 feet of
line within the X-08 outfall ditch, which had localized high points, was removed. It consisted of
305 feet of I-% inch pipe on a consistent engineered slope with an air chamber. The air chamber
was at the crest of the siphon line with the up-gradient leg of the line sloping upward to the air
chamber at 1:100 and the down-gradient leg of the line sloping downward away from the air
chamber at ~22-%°. Operation of the fourth siphon line configuration resulted in continuous,
consistent operation with flow rates consistent with calculated values (see Figure 25). Re-
priming was not required, however air chamber water recharging was required on a periodic
basis. This siphon line configuration with air chamber was able to maintain full siphon line flow
by removal of gas bubbles from in its entire 305-foot length.

While continuous, consistent siphon line operation, relying upon minimum flushing velocity
rather than an air chamber to maintain full flow, was never achieved during this testing, several
important observations pertinent to future potential successful use of this method were made, It
was concluded that in order for minimum flushing velocity to potentially be viable as a method
of removing gas from the siphon line, in lieu of air chamber usage, line discontinuities and
localized high points, which promote bubble accumulation, agglomeration, and potentially
entrapment must be eliminated. One continuous pipe without fittings placed on an engineered
grade with one crest would probably be the optimal configuration to employ minimum flushing
velocity as the means for removing gas from the siphon line. Altemnately one continuous larger
diameter pipe without fittings on the upward leg of the siphon line followed by a smaller
diameter pipe utilized for the crest and downward leg of the siphon line could be used. This
would minimize head loss. However the fitting between the two pipes could not have an abrupt
change in inside diameter, which would promote the accumulation and agglomeration of
bubbles. Additionally, the inter-related parameters of siphon line diameter, fluid flow velocity,
and bubble size appear to be the parameters, which influence the ability to remove gas from a
siphon line through the use of a minimum flushing velocity. All three parameters must be

considered when designing a siphon line to maintain full flow through the use of minimum
flushing velocity.

An air chamber at the siphon crest to remove gases from the siphon line in order to maintain full
flow in the line was successfully utilized. The potential alternate method for maintenance of full
flow in the siphon line is the minimum flushing velocity method. Minimal testing of this

--- —— .-potential method -was. also-conducted.- Additional testing-would-be.required-in-order-to-determine - - -

if the use of minimum flushing velocity could be successful.

The analytical data produced during Phase II was consistent with the Phase I data documented in
WSRC-TR-98-00032. There were only two significant differences between the Phase I and
Phase II analytical data. During Phase I testing, manganese concentrations significantly
increased over influent concentrations at all flow rates followed by lower but still elevated
concentrations at the cell’s effluent. The one Phase II manganese data point collected during no
flow conditions indicates a decrease in manganese effluent concentrations over influent

Page 50 of 92




TGSC-1 Phase II Report WSRC-TR-98-00432, Rev. 0 January 12, 1999

concentrations. The one Phase Il TCE influent sample (TCM-2) collected under condition of
flow (2.56 gpm) had a concentration of approximately 110 ppb that was approximately half the
typical influent recorded during Phase I. This could indicate that overail plume concentrations
are declining. Other Phase II analytical items of note include:

» All effluent PCE, TCE, CT, CTM, and vinyl chloride (VC) concentrations were less
than the detection limits.

» All effluent cDCE concentrations were less than 3 pg/l.

o All Ceriodaphnia Dubia, 48-hour, Static, Acute Toxicity Tests at an in stream waste
concentration (IWC) of 33% (i.e. 33% GeoSiphon effluent and 67% dilution water) had
passing results (i.e. the GeoSiphon effluent is not considered toxic).

» Microbial density increased in those areas where TCE and nitrate reduction was
actively occurring, while the enzymatic diversity of the microbes in those areas was
reduced. Microbial density and diversity returned to up-gradient levels in those areas
where no such reduction was occurring.

e Offgassing within the siphon line consisted primarily of nitrogen and hydrogen with
depleted oxygen levels. This mixture of gas as characterized within Table 16 is outside
the flammability envelope for both hydrogen and methane (i.e. it is not a flammable gas
mixture). However, the addition of sufficient oxygen to the gas mixture could produce a
flammable gas mixture, which could burn with the ‘addition of an ignition source.
Therefore, collection and subsequent disposition of the gas mixture must be performed in
a manner that precludes such an occurrence.

7.2 RECOMMENDATIONS

Based upon the favorable results to date and the fact that a second TNX GeoSiphon Cell (TGSC-
2) was installed in September, 1998, the following recommendations are made:

» New siphon lines should be constructed for both TGSC-1 and TGSC-2 based upon the
information gained from the currently completed portion of Phase 1I testing. The new
siphon lines should be installed consistent with Figures 30, 31, and 32, which provide the
siphon line map for both TGSC-1 and TGSC-2, the TGSC-1 siphon line profile, and the
TGSC-2 siphon line profile, respectively. A larger air chamber should be provided to
lengthen the period of time required between air chamber recharging events. It is
recommended that at least a 200-gallon air chamber be provided for each siphon line.
The end of the new siphon line should be installed within the X-08 outfall ditch in a
location that provides more head differential than provided by the previous installation.
The proposed location has an estimated normal water elevation of approximately §8.82
ft-msl (i.e., when water in the ditch at this location is not backed up due to the Savannah
River stage). This will provide approximately 5 feet of head differential to drive the
system. It has been calculated that this head differential will be capable of producing
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approximately 9.5 gpm of flow through TGSC-1 (Figure 33) and 9.4 gpm through TGSC-
2 (Figure 34). For completeness of information, Figures 35 and 36 have been provided
that present the pressure/vacuum profiles for the TGSC-1 and TGSC-2 siphon lines,
respectively, based upon the conditions shown on the associated profiles (Figures 31 and
32).

e Phase II testing should continue with Phase II Dual Cell Testing. During Phase II Dual
Cell Testing, both TGSC-1 and TGSC-2 should be operated, and emphasis should be
placed upon the following:

— Offgas generation rates and composition

— Zone of influence and capture associated with dual cell operation

— Minimum flushing velocity testing to determine if the use of an air chamber can
be eliminated

— Impact of Savannah River stage on the flow rates (noting that the Savannah
River stage has the historic potential of impacting the head at the end of the
siphon line approximately 27 percent of the time)

o
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Figure 4
TNX GeoSiphon Cell
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Figure 5

TNX GeoSiphon Cell
$5 Sample Tube Locations & Designations

1-1/2" Siphon Line

line of holes at 90° to the adjacent
{ine, for a total of 100 holes
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Figure 12
AIR CHAMBER
112" SS BALL VALVE
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112 TEE
1 HZ'SCH40 PVC 1 1/2" REDUCER BUSHING
/o'xr REDUCER BUSHNG
6" courunG
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POLYETHYLENE
TUBING (APPROX 6%)
6" SCH
80 PVC SSVALVE
POLYETHYLENE
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X 1/4" REDUCER WITH SEPTA
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=

NOTE: ALLL MATERIAL SCH 40 PVC
UNLESS OTHERWISE NOTED.
/8" POLYETHYLENE
117 SSBALL VALVEN | [~ snEeAuce
1254
114" SS SWAGELOK
CONNECTOR
I I 6" COUPLING
1/4" POLYETHYLENE TUBING TO
14 POLYETHYLEN REDUCER BUSHING
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Mm___.—-—-——‘ur\ 1 172" REDUCER BUSHING
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11727 55 BALL VALVE
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Appendix B
SR-Jackson and SR-TNX Gauging Station Linear Regression Relationship

SR- SR- SR- SR~
Jackson |SR-TNX Jackson |SR-TNX Jackson |SR-TNX Jackson |SR-TNX
Gauging |Gauging Gavuging |Gauging Gauging |Gauging Gauging |Gauging
Station |Station Station |Station Station |Station Station |[Station
Daily |Daily Daily |Daily Daily |Daily Daily |Daily
Mean |Mean Mean |Mean Mean [Mean Mean {Mean
Date | Elevation [Elevation Date | Elevation |Elevation Date | Elevation {Elevation Date |Elevation |Elevation
(ft-msf) | (f-msl) {ft-msl) | (fi-msl) (ft-msl) | (fi-msl) {(ft-msl) | (ft-msl)
7797 86.81 8620 9/22/97 82.16 81.97] 11/5/97 8527 85.04| 12720097 90.90 90.19
1897 86.61 86.04| 9723/97 82,53 82.31] 11/6/97 8493 24.78| 12121/97 90.27 90.21
71997 86.33 85.77 9/24/97 82.76 82.54] 117197 8296 82.83| 12/22/97 89.46 88.94]
7120197 84.54 84,061 9125197 83.19 832.87| 11/897 82.50 82.30| 12/23/97 G0.24 89.11
72197 84.10 83.54| 9726/97 86.12 85.73] 11887 84.00 83.69] 12/24/97 91.01 §9.98}
8/14/97 8741 87.03| 9727197 86.69 86.46| 11/10/97 83.23 83.05] 12125/97 92.65 91.07
B8/15/97 87.42 87.12| 9/28/97 84.94 84.84] 11/11/97 83.92 83.64| 12726/97 9391 92.834
8/16/97 87.17 86.901 9729197 83.73 83.55| 11297 83.86 83.64| 1272797 94.48 93.80
8/17/97 86.03 85.82 930497 83.68 8349 1113497 84,54 84,25 12728197 93.78 93.68
8$/18/97 85.42 85.14] 1041797 83.50 8334 1171497 $6.09 85.74] 12729/97 92.36 92,25
8/19/97 87.28 86.87] 10/2/97 84.49 84.28| 11/15/97 89.43 82.94| 12/30/97 91.79 90.72
820197 87.37 87.14{ 10/3/97 84.28 84.00; 11/16/97 90.27 90.04] 12/31/97 02.84 93.58
8721197 87.02 26.731  10/4/97 83.74 83.48| 1L/17/97 86.90 86.84] 4/10/98 93.89 93.00)
822197 87.09 86.79| 10/5/97 83.26 83.01] 11/18/97 85.47 85311 4/11/98 94.93 94,00
8123197 86.73 86.52 10/6/97 82,81 82.61| 11/19/97 86.55 £26.27| 4/12/98 95.34 94,51
8724197 84.93 84.71| 10/7/97 8472 84.42] 11/20/97 85.79 85.61| 4/13/98 9548 94.79
8725197 85.49 85.17| 10/897 85.42 85.20] 14121/97 84.83 84.63| 4/14/98 95.50 94,86
8/26/97 86.45 $6.15] 10/9/97 85.53 85.36| 11722197 8432 84.15F 4/159%8 9541 9489
827197 86.72 86,451 10/]10/97 84.55 84.41; 11/23/97 83.77 83.57] 4/16/98 94.79 94,53
B/28/97 86.42 $6.19] 10/11/97 £4.23 84.06| 11/24/97 83.81 83.60] 4/17/98 04.69 94.08
8729197 85.17 8497 10/12/97 83.50 83.40| 11/25/97 83.42 83.22] 4/18/98 95.03 94.26
8/30/97 84.47 8426 10/13/97 82.81 82.48! 11726097 84.23 8397 4/19/98 95.37 94.59
8/3197 83.57 83.38| 10/14/97 84.46 84.16| 11/28/97 83.67 83.47 472098 95,58 94,84
9197 8341 83.19| t0/15/97 83.70 83.54| 11729/97 2343 83.25] 472198 95.60 94.93
912197 8323 83.02| 10/16/97 84.69 84.46| 11/30/97 83.45 8324 4722498 95.63 94,93
9/3/97 83.25 83.04] 10/17/97 8376 83671 12/1197 83.99 83.73| 4723198 95.61 9494
974197 83.44 83.20( 10/18/97 8342 8323 127297 86.13 85.80] 4724/98 95.59 94.94
97597 8312 82.50 10/19/97 83.79 B36I| 12397 85.24 85.13] 42508 95.53 94.891'
B 82.96 82.76) 10720497 83.39 83.20] 12/4/97 85.11 84.84| 4/26/98 95.19 94,80
917197 82.62 82.42| 1021197 83.65 83.45] 12/5/97 86.01 85.841 412793 94.68 94.35
9/8/97 82.47 82.26] 1022/97 83.39 83.197 12/6/97 35.98 85,80 428108 94,40 93.95
9/5/97 82.78 82.55| 10/23/97 83.77 83.53] 1297 8448 84.21] 4729/98 94.15 93.64
9/10/97 83.25 83.06]| 10/24/97 85.20 24,88 128097 83.60 83.38] 4/30/98 94.67 93.75
o/11/97 82.68 82.45] 10/25/97 85.26 85.08] 12/9/97 84.64 84.36 5/1/98 95.22 94,42
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Appendix B (continued)
SR-Jackson and SR-TNX Gauging Station Linear Regression Relationship

SR- SR- SR~ _ SR-
Jackson |SR-TNX Jackson |SR-TNX Jackson |SR-TNX Jackson |[SR-TNX
Gauging |Gauging Gauging jGauging Gauging |Gauging Gauging |Gauging
Station |[Station Station |Station Station |Staticn Station {Station
Daily |Daily Daily |Daily Daily |Daily Daily |Daily
Mean {Mean Mean |Mean Mean |Mean Mean |Mean

Date {Elevation [Elevation Date | Elevation |Elevation Date | Elevation |Elevation Date | Elevation |Elevation
(ft-msl) | (ft-msl) (ft-msl) | (f-msl) (f-msl}y | {ft-msl) (ft-msl) | (fi-msl)

9/12/97 83.05 82.83( 10/26/97 83.83 83.67| 12010/97 84.21 8199 5298 95.42 94.67
9/13/97 82.95 82.76] 10/27/97 85.14 84.86 12/11/97 84.76 84.62 5/3/98 95.53 94.80
9714197 82.64 82.45{ 10728/97 88.50 88.02] 12112497 8555 8532 5/4/98 05.52 94.87
911597 82.72 82.50| 10/29/97 88.83 “88.68| 1213197 85.17 8495 515198 95.37 94.79
9/16/97 83.47 83.22( 10/30/97 86.50 86.35| 12/14/97 85.62 8536 5/6/98 95.26 94.64
ATPT 83.46 83.25] 10/31/97 85.52 85.34| 1215097 8590 85.65 571198 95.25 94,58
918897 83.50 8328 11/1/597 84.17 84.031 12/16/97 26.73 87.69 SI8/9% 95.38 94.63
911997 83.24 83.07] 117297 83.89 83.70] 1217197 89.98 89.68 5958 95.18 9473
9120/97 8299 82.79 1173097 84.05 83.83| 12/18/97 50.24 8907 571098 93.93 94.24
921797 82.88 8272} 11/4/97 84.62 84.36| 12/19/97 90.54 90.05| S/11/98 90.90 92.39

Linear Regression
Slope Intercept r Square
0.96550 2.68956 0.99607

Best Fit Equation
SR-TNX = 0.96550 (SR-Jackson) + 2.68

SR-TNX Daily ‘Mean Elevation Statistics
Mean Median Minimum Maximum
86.81 85.06 81.97 94.94
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Appendix C
SR-TNX Estimated Historic Daily Mean Elevation
SR- SR- SR- SR-
Jackson Jackson Jackson Jackson
Gauging | SR-TNX Gauging | SR-TNX Gauging | SR-TNX Gauging | SR-TNX
Station | Estimated Station | Estimated Station | Estimated Station | Estimated
Daily Daily Drily Daily Daily Daily Daily Daily
Mean Mean Mean Mean Mean Mean Mean Mean
Date | Elevation| Elevation Date |[Elevation| Elevation Date | Elevation | Elevation Date |Elevation| Elevation
(f-msl) | (ft-msl) (fi-msl) | (R-msl) (ft-msl) | (ft-msl) (ft-msh) | (ft-msl)
10/1/87 89.21 88.82| 5/29/90 87.07 86.76| 1/24/93 95.01 94.42¢ 9/22/95 85.30 85.05
10/2/87 53090 89.98 g9.56] 1/25193 95.69 95.08] 972395 86.92 86.61
10/3/87 53190 90.74 90.30] 1/26/93 96.14 95.51| 9724095 88.17 87.82
10/4/87 6/1/90 90.02 89.60| 172793 96.30 95.67| 912595 £9.39 89.00)
10/5/87 83.83 83.63| 672190 89.76 89.35] 1/28/93] 9631 95.08| 9726/95 £9.50 $0.10|
10/6/87 84.81 84,571 6390 8743 87.10} 122993 96.30 095.67| 912795 88.76 88.39
10/7/87 85.75 8548 6/4/90 84.75 84.52] 1/30M93 96,27 05.64] 9728195 87.33 87.01
10/8/87 85.44 85.18] 6/590 84.20 83.98] 173193 95.81 95.19] 929495 86.836 86.55

10/5787]  84.95 §4.71] 6/6/90| B3 &I 38l 21P3| 9578 G468 973005 871.04 36.73
TO/T0/871  85.09 84.84| o190|  83.69 §349| 2/293| 9491 9432| 10/1995]  86.61] - 8631
TO/11787|  84.01 §3.80] 6/890 8345 83.26] 23M3] 9471 04.13| 10295 8594 34.99
10712787  &3.42 83.23| G900  84.73 84.50| 2/4/93| 9461 9404 10/3895|  §4.46 84.24
10713787|  84.11 23.90] 6/10/90] 8499 84.75| 2/5M3| 9471 94037 10495 86.96 86.65
10/14787] _ 85.67 85.40] GILLR0|  84.57 %434 2/6/93| 9489 9431 10/595]  £B.10 87.75
10715787  86.07 85.79| 6/12/90| - 83.86 83.66| 2/1P3F 94.26 93.70| 10695 B8.07 87.72
T0716/87|  85.61 85.35| G/13/00] 8327 83.09] 2803 9296 9244 107795  §7.93 87.59
T017/87|  84.72 8449| 1490|8329 23.11| 209/3| 93.22 9269| 10/8/95|  86.36 26.07
10718787  84.27 B4.05| 6/1590| 84.92 §4.68| 2/10/93|  93.91 93.36| 10/9795]  84.67 8444
T0/19/87|  83.36 %3.17| G/16/90 8448 84.25| 21103 94.75 94.17| 10/10/95] 83.13 %3.53
10720/87|  83.46 83.27| 6G/17/90F 8335 83.16| 2/1293] 95.15 94.56| L0/11/95] 84.02 84.68)
T0721787)  43.46 83.27| 6/18/90]  83.40 8321 13M3[ 9521 94.61| 1071295 8490 34.66
10/22/87|  82.57 3341 6/19906] 8428 §4.06] 214593 9525 9465] T0713/95]  85.86 85.50
10/23/37| 83.60 83.41| 6720/90]  85.46 85.20] 2/1593| 95.23 94.63| 10714795 8640 $6.20{)
10724/87| 8482 84.58| 621/90] 8592 85.65] 216M93] 95.18 94.56| 10/15/95|  B5.96 85.68
1025/87]  83.68 8348 G1490|  B6&.LL 8583 2171/63] 9517 G458 10/16/95]  B5.31 85.06]
10726787 83.01 82.84] 6723090 84.38 T416| 2/18/93] 9524 94.64| 10/17/95]  85.74 8547
1027787 8347 83.28] G/Za/90)  83.18 83.00] 21993} 95.28 94.68| L0/18/95]  &7.47 %7.14
10/28/87]  %4.80 84.56| G/25/90| 8332 83.13] 2720093 95.23 94.63| 10719/95|  89.20 8851
107297287]  85.25 85.00] 6/26/90|  B4.13 B450] 272193 9515 94.56] 10/20095| 9157 91.10
10/30/87|  84.49 §4.26] &/27/90] B85.28 85.03] 2/2293|  95.11 9452 1072195  92.36 91.77
10/31/87|  83.89 83.60| 623/00] 8412 23011 272393 95.13 94.54| 10.2295| 91.89 9141
1171587  83.31 83.13] 6729090  83.38 83.39| 224/93| 95.22 04.62| 1072395 0202 91.53
117287 8329 83.11] 6/3090] 83.10 82921 2725093 95.07 9448 10/24/95] 9196 91.4§|
1173787  83.78 §3.580 7/1/90] 8286 B2.69| 272693 9485 94.27% 10/25/95|  92.29 91.80
1174587 8411 83.90] 77250 8295 82.78| 272793 94.91 9432 10/26/95f  91.52 9105
1175/87]  84.03 8382 13901 3402 8381 272893 9503 94.44] 10/27/95|  90.65 9021
1176787 2346 83.27| 1/4/90]  84.14 8393 37193 95.10 94.51| 10/28/95 §9.59 89.19|
1177/87| 8301 83.70| 1/5/90] 83.14 §3.54] 37293] 9511 04.52| 10/29/95] 87.87 87.53)|
TUSET|~ 8358 8339 7/6/90| 85.28 B5.03] 3593 95.11 9452| 10/30/95]  86.56 86.26]
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX |
Jackson | Estimated Jackson | Estimated Jackson | Estimated | - Jackson | Estimated
Date  jElevation| Elevation Date }Elevation| Elevation Date | Elevation| Elevation Date | Elevation| Elevation
(ft-msl} | (ft-msl) {ft-mst) | (fi-msl) (ft-msl) | (fi-msl) (f-msl) | (R-msD)
11/9/87 82.92 82.75 17190 85.55 85.29 3/493 94.71 94.13] 10/31/95 85.17 Bﬁi]
11/10/87 82.91 82.74 /8190 8341 83.22 3/5093 9423 93.67| 117195 85.97 85.69
11/11/87 83.46 83.27] 790 §3.08 82.90¢] 3/6/93 9437 93.80| 117295 86.92 86.61
11/12/87 84.36 84.14 7/10/90 84.79 84.55 3193 94.10 93.54| 11/3/95 86.94 86.63
11/13/87 86.37 86,081 711/90 85.83 85.56 3/8/93 0288 9236| 11/495 87.45 87.12
11/14/87 85.04 8480y 71290 86.13 85.85 3/9/93 9].24 90.78] 11/5/95 85.74 85.47
11/15/87 83.53 8334 1380 85.75 8548} 3/10M93 91.20 90.74] 11/6/95 86.82 86.51
11/16/87 82.60 82.44| 7/14/90 83.96 83,75} 3/11/93 92.16 91.67] 1177/95 87.54 87.21
11/17/87 82.24 82.09| 7/15/50 82.80 82.63] 3/12/93 93.03 9251 117895 88.63 83226]
11/18/87 84.23 84,01 771650 82.69 82.53] 3/1393 93.79 9324} 11/9/55 89.87 89.46)
11/19/87 84.87 84,63 7/1750 82.85 82.68] 371493 94.42 93.85] 11/10/95 91.34 90.88]
11/20/87 83.48 83.29] 71890 83.99 83.78] 3/15/93 95.04 94.45{ 11/11/95 91.86 91.38
11/21/87 83.94 83.73| 71980 85.68 85.41] 3/16/93 95,48 94.88] 11/12/95 9229 91.80
1122/87 84.16 8395 7/20/90 84.41 8419 3/1793 95.56 94.95{ 11/13/95 53.04 92.52]
11/23/87 83.10 82921 721190 83.46 83.27| 3/1893 95.44 94.84| 11/14/95 93.57 93.03
11/24/87 82.44 8229 12290 83.85 83.65| 3/19/93 95,31 94.71| 11/15/95 94.04 93.4§||
11/25/87 82.82 82.65| 7/23/90 83.82 83.62| 372093 95.23 94.63| 11/16/95 04,58 94.01]
11/26/87 83.26 83.08| 772490 85.64 8537 3n1M3 95.12 94.53| 11/17/95 94.97 9438
11727187 83.44 83.25| 772590 86.43 86.14| 32293 94.53 93.96( 11/18/95 95.15 94.56
11/28/87 84.40 84.18( 7/26/90 85.78 85.51% 323/3 94.33 93.76( 11/19/95 95.23 94.63
11729187 84.78 84.54 727190 8545 85.19] 3724/93 94.85 94.271 11/20/95 95,25 94.65
11/30/87 8342 83.23| 7728/90 84.37 84.15] 3725/3 9542 94,821 11/21/95 9525 94.65
12/1/87 82.53 82371 712980 83.07 82,89 372693 95.70 95.09] 11/22/95 95.06 94.47
12/2/87 83.00 82.83] 7730/90 83.10 82.92| 3127193 95.75 95.14] 11/23/95 94 67 94,09
12/3/87 83.59 83.40] 731/90 8549 85.23| 3728/93 95.65 95.04| 11/24/95 94.39 93.82
12/4/87 83.37 83.18 8/1/90 85.97 85.69| 3/29M3 95,76 95.15] 11/25/95 94.30 93.74
12/5/87 83.12 8294 8290 86,38 86.09| 373093 95.94 95.32] 11/26/95 94.26] - 93,70
12/6/87 83.00 82.83( 873090 86.73 86.43| 3/31/93 95.82( 95.20] 11/27/95 04.24 93.68
12/7/87 82.63 8247 8/4/°0 86.04 8570 4/193 G5.72 95.11] 11/28/95 94.25 93,69
L 2/8/87 82.18 82.03 8/5/90 83.63 83.43 4/2/93 95.71 95.10] 11/29/95 94.19 93.63
12/9/87 32.37 2222 B8/6/90 83.35 83.16 4/3/93 95.66 95.05| 11/30/95 94,06 93.50
12/10/87 8285 82.68] B/7TM0 84.85 84.611 4M/93 95.50 9489 12/1/95 94.02 9347
12/11/87 83.42 83.23 8/8/90 86.04 85.76] 4/5/93 95,40 94.80] 12/295 93.82 93.27
12/12/87 83.75 83.55 8/9/90 86.71 8641 4/6/93 9542 0482 12/3/95 91.64 9L17
I 12/13/87 83.10;  82.92( B8/10M90]___B7.18|____ 86.86|__4/7/3] _ 9561 _ _ 95.00| _12/4/95|  __88.65] _ 88.32) .
12/14/87 82.16 82.01]1 8/1150 8548 85.221 4/3/93 95.68] 9507 125595 90.24 89.82
12/15/87 82.08 81.94F /12190 83.53 8334 4493 95.59 94.98F 12/6/95 02,09 91.60]
12/16/87 82,70 82,54} &/13/90 83.33 83.14] 41083 95.46 94.86] 12/7/95 9291 92.39]
12/17/87 83.84 83.64] 8&/14/90 8545 85.19] 4/11/93 95.41 94 81| 12/895 93.44 9291
12/18/87 84.49 84.26] 8/15/90 86.31 86.02} 4/12/93 95.44 94.84] 12/995 93.70 93.16
12/19/87 85.14 84.89| 8/16/90 86.36 86.071 4/13/93 95.42 94.82| 12/10/95 92.62 92.11
12/20/87 83.40 83.211 8/1750 86.01 85.73] 4/14/93 95.34 94.74% 12/11/95 90.38 89.95
12/21/87 82.30 82.15| 8/18/90 86.18 8590 4/15/93 9522 94.62| 12/12/95 90.99 90.54]
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR-

SR-TNX

SR~ | SR-TNX SR- | SR-TNX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date |Elevation{ Elevation Date |Elevation| Elevation Date |Elevation| Elevation Date {Elevation| Elevation
{fi-msl) { (ft-msl) (ft-msl) | (R-msl) (fl-msl) | (fi-msi) (f-msl) | (R-msl)
1273287 32.03 81.89| 81990 84.04 83.83[ 4/16/93 95.18 94.59| 12/13/95 01.90 01.42]
12723787 32.3% 82231 8R20K0| 8392 871 4T/ 9510 9451 v271485] 92 91.72
12/24/87 82.90 82.73F 8RI1/0 85.78 8551 4/18/93 94.21 93.65f 12/15/95 9236 91.86
12725/87 3305 82.97] 872290 26.65 2635] 4/19/93 5246 91.96] 116/95 92.19 91.70
12726187 83.35 83.16] &723/90 8708 §7.63] 472003f 9140 00.94] 12/17/95 90.49
12727187 83.37 33.18| 872490 87.71 87.37| 4/21/93] 9046 90.03] 121875 87.91
12728787 82.80 82.63| 872500 86.57 86.27| 4722093 89.67 80.27| 12/19/95 88.20
1229/37 82.57 8241| 82690 8432 84.10| 4723793 8984 "§9.43| 12720195 89.52
12/30/37 83.32 83.13| 82790 84.09 83.88| 4/24/93 8920 §3.81| 1272195 5031
1231787 [XNE] 8355 8/28/90]  87.34 §7.02[ 42593 8166 87.33| 1272295 89.72
171788 83.72 23.52| 829/90| $9.94 8053 4/26/93| 88.39 33.03| 1272395 8846
172/88 83.31 83.13] 873000 90.67 9023| 4727793 $0.68 8928 12724195 37.13
173738 2331 83.13] 83100| 90.99 00.54| 4728093 80.96 89.55[ 12725195 86.53 86.23
1747338 83.20 83.02] 900 9094 90,49 4729/93 37.69 87.35] 123695 86.20 86.00
175738 83.28 83.10] 9290 8313 2783} 4530093 8527 83.0Z| 12/27/95 87.57 8724
176738 34.00 83.79| 97390 85.64 8337] 193 3478 84.54| 12728095 §7.76 87.42
177738 23.91 83.70| 9/4/90 25.97 85.69]| 572/93 3490 84.66| 12/29/95 $7.69 87.35
178738 33.64 3344 95590 86.06 85.78] 573793 3484 84.60| 1230/95 87.72 §7.38
179788 $3.53 8334 9/6/90 86.67 86.37| 5/493 86.57 86.27| 1231795 £7.30 86.9!;1
1710738 $3.30 83.12| 977790 89.11 3872 5593 8795 8761| 1/1/96 36.12 85.84*
1711788 83.01 8284 O/RN0] 9027 80.33] 5/6/93 £8.05 87.70{ 17296 36.38 86.09
171288 83,51 8332 979790 g7.71 8737 57193 38.03 87.73] 11396 87.79 8745
1713788 83.58 3339 91090 34.96 84.72] 5/8/93 3863 B8.26]  1/4/96 88.48 28.12
/13738 83.18 23.00] 9/11/90 $3.77 83.57| 5/9/93 §9.12 88.73|  1/5/96 £3.35 £7.99
7588 83.16 82.98| Y1290 83.27 83.00| S/10/93 80.12 88.73|  1/6/96 $3.24 §7.89
1716738 33.34 83.15| %13/90 £3.09 8201 5/11793 $3.90 8852 177796 87.06 86.75
/17788 33.01 82.84] 9/14590 83.10 8292 5293 83.36 88.00] 1/8/96 8443 8421
1718738 82.92 82.75] 9/15/90 83,55 £3.36] 5/13/93 88.33 8197 19196 §7.78 87.44
1719738 83.45 83.26] 9/16/90 83.84 83.64] 5/14/93 38.80 88.43] 171095 38.60 83.23
1720738 83.88 8368 97170 83.19 83.01] S/1593 2834 8798 L1196 8707 88.76
1721788 $4.35 84.13| 9/18/90 8289 8272 s/16/93 86.95 86.64] 171256 85.83 85.56
1722788 84.42 8420 9/19/90 82.86 82.69 5/17/93 86.43 86.14] 1/13/96 85.85 85.58]
1723788 8433 §4.10] 9720090 82.84 82.67 5/18/93 87.04 86.73] 1714796 35.39 85.13
1724738 §3.37 $3.08] 972190 28334 83.15| 5/1993 €7.80 8746( 1715796 3623 85.94
|~ 1725738 82.63 82.65| 9722790 84.80 84.65] 572093 88.51 88.15| 171696 84.40 24.18
1726/38 §2.69 82.53| 92390 8321 8303 s/21M3 88.19 8784 1717196 84.87 84.63
1727788 82.97 82.80} 9724790 5122193 86.89 86.58[ 1/18/96 3493 84.60
1728788 8315 8297 972550 5123/93 35.05 B5.67| 1719/96 33.67 83.47
1725/88 2332 83.13| 9726/90 5724793 $5.86 85.59] 172096 §5.07 84.82
1730788 83.73 8353 972790 5725093 §7.55 87.22[ 172186 86.77 86.47
1731788 83.45 23.26] 9728090 SI26/93 $7.67 87.33| 1722096 8647 86.13
271788 8291 B2.74| 9729790 3721193 8728 86,06 17/23/96 85.19 84.94
277788 82.89 82.72| 9/30/90 SI28/93 8762 87.29] 1724596 85.74 85.4'f|
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SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR. | SR-TNX SR- | SR-TNX SR. | SR.TNX
Jackson j Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date |Elevation| Elevation | Date |Elcvation| Elevation | Date |Elevation] Elevation | Date {Elevation| Elevation
(ft-msl) | (ft-msl) (f-msl)y | (R-msl) (ft-ms)) | (fi-msl) (fi-msl) | (ft-msl)
25188 82.90 R2.73| 10/1790] . 82.77 82.60| 5729093 8693 B664| 172596] 8540 5.14
274738 8326 23.08] 107290] 8260 3244 573003 85.64 8537 1726/96] 8635 86.06
2/5/88]  85.88 §5.61] 10,300 83.03 8285 53193 85.48 85228 172196  86.86 8655
276738 28.89 88.51( 10/4/90]  83.37 8338 &/103] 8633 86.04] 1728096 87.07 86.76
277788 85.74 85.47] 10/5650]  83.39 83201 672093 8737 8705 1729/96] 90.06 89.64
2/8/88]  83.16 83.56| 10/6/90]  82.63 82.47] 65393 8663 8633] 1730096 9099 50.54
29788 82.71 82.55] 10/780|  82.30 B215| 6/4/93] 8591 85.64] 131R6] 9231 9181
2/10/88|  82.17 B2.60| 10/2800|  82.31 82161 6503 86.06 8378 27196 93.03 92.51
3711/88]  83.28 §3.10] 10/9/90| 83.14 82.06| 6/6/93| 8546 B5.20] 2/2/96]  93.68 93.14%
Zf2/38 33.00 82.83] 10/10/90]  84.43 8421 6/1/93} 8511 8486] 28386 94.06 93.50
| 2/13788 8397 £3.761 10/11/90]  85.27 §5.02] 67893 8555 8529 2/4/96| 9398 93.43
2714738 83.32 83.13| 1071250 8885 8847 6953 86.97 8666y 2/5/96] 93.82 03,33
2715788 82.2% 82.10] 10/13/90]  94.22 93.66] 6/1093] 88.335 87.99]  2/6/96|  94.67 94.09|
I716/88|  B2.19 B2.04| 10/14790]  96.76 96.111 611793  88.33 £7.97| 20796  95.08 9449
2717738 82.61 82.45] 10715/90|  96.56 G5.02| 6712093  86.55 B6.25|  2/3/96F  95.13 94.54
218728 33.09 8201| 10/16/90]  94.69 94.11] 6/1393]  86.27 85.98|  209/96]  95.13 9454
3/15788]  83.83 83.63] 10/17/90]  91.97 9149 6/14m93] 85.69 8542 21096 9512 9453
3720/38|  84.18 33.07[ 10/1850]  89.69 89.28| 6/15/93] 84.81 §4.57F 21196] 95.12 94.53
I21/88|  83.56 83.37( 10719/90]  &7.09 86.77| 6&/16/93] 24.14 8451 271296] 95.12 94.53
272788 83.04 32.86| 10/20/90]  84.46 %4.24| 6/17/93| B5.61 B5335| 21306 95.15 94.56
2733738 32.30 $2.63| 10721/90]  83.59 8340 &/18/93| 87.39 §7.06] 271496  95.16 94.57)
2724738 32.84 82.671 10/2290]  84.23 8401} 6/1993] §1.23 8601 27156  95.17 94.58
325/88)  82.79 82.62| 10723/90]  88.65 8828 6720093|  85.50 85.24] 2716096  95.06 94.47"
2726/88| 82.713 82.57] 10724/50]  91.86 9133 672193 84.84 8460 2/17/96] 94.84 54.36

2737188 82.65 §2.49] 10/25/00| 93.14 92.62| 6/2293|  86.30 %6.01| 2/18/96

2728/88|  82.55 82.39| 10726/90| 9243 G1.03| 6/23/93| 87.13 86.81| 2/15/96
2720/88|  82.30 82.15| 10727/90]  89.07 88.60| 62493 §67.19 86.87| 2720/96| 94.20 03.64
371738| 8234 B2.19| 10728790  85.67 B5.40| 6/25/93| 81.22 8600 2721/96| 94.17|  93.61
37283 82.66 82.50] 10720/90]  84.81 §4.57| 6/26/93| 87.10 8878 272296 94.18 93.61.1
373/88] 871 §2.55] 1073090  86.91 86.60{ 6/27/93|  85.76 8549 22396  94.21 93.65
3/4/88]  82.60 8244 1031750 8743 R7.11| 6/28/93|  84.68 8445 22496  94.18 93.62
3/5/88]  82.68 §2.52] 1w1/50]  86.9%8 86.67| 6/29093]  84.85 8461 272596 93.00 92.57
3/6/38]  82.72 82.56] 117290  86.65 §633] G30/93] 8545 8519] 2726961 90.51 50.08
— 3f1/88] 82.44 §2.20] 117300 2533 85.08] 7/1M3| B84.81 B4.57| 2727796  91.06 90.61
_ __|[—_37r@8l__8235|_ __8220|_11/4/90]___83.84|__ 83.6A|_ 77293 __ 85.50| __ 85.24| 2/28/96|__ 92.01]___ 91.5)
379788 83.32 23.13] 11/5090] 8448 3425 7303 83.03 84.79| 22906 92.46 91.96
3710788 84.05 3384 11/600[  B5.66 8539 774093 8493 8465 M6 9273 92.22
3711738 8420 8398 117790  85.91 85.64]  1/5M93| 8418 B3.97] 37296]  92.17 92.26
3712788 34.42 84.20] 11/800] 86.03 85.75| 71/6/93] B4.26 3504| 33/06 9144 90.97
3713738 8339 33.20] 117990 8549 85.23] 77193 R6.04 85.76]  3/4/96] 8838 88.0)
3714788 82.93 82.76] 11/10/90]  85.34 85.09| 7/893|  87.20 86.88| 3/5/96]  BB.I3 §7.83
3715738 82.74 82.57| 17/11/90]  §6.79 $6.49] 709/93)  85.83 85.56] 3/6/96]  88.57 88.20
3716/88 83.74 83.54] 11/12/90| 87.34 87.02] /10P93| 8421 B3.99  377/96| 89.74 8933
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SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- | SR-INX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson } Estimated

Date |Elevation| Elevation Date ] Elevation| Elevation Date }Elevation} Elevation Date |Elevation| Elevation
(ft-msh) | (-mst) (f-ms)) | (f-msl) (f-mst) | (R-ms]) (f-msl) | (fi-msl)

3717788 83.81 83.61| 11/13/90] 85.78 B5.51] 771193 83.23 BI05[ /896 92.60 52,18
3/18/88|  82.98 §2.81| 11714/90]  85.04 B4.80| 71293 8330 8312 35996 94.60 24.03
3/19/88]  82.95 82.78| 1H15M0]  85.35 835.00| /13093  83.01 84.77] 371096 9537 94.77
3720/88]  82.50 §234] 11/16/90]  B5.00 84.76| 7/14/53] 8498 84.74] 3/11/96]  95.54 94.93
3720788 8239 B2.24] 11/17/50]  83.26 B308| 1503 8481 84.57| 371296} 95.50 94.98
3722748 8244 83.20| 11/18/90]  83.28 B3.10[ 771693 8425 B4.03| 3/13/96]  95.60 94.99
3723758 82.01 82.74| 11/19/90 TITI93|  84.08 8387 3/1am6|  95.58 94.57)|
3724758 83.33 83.14| 11/26/90 TI803| 83.82 83.62[ 3/15M6|  95.70 95,00
3735788|  83.24 23.06] 1121790  83.70 83.50] /19/93| 84.08 83.87| 3/16/96| 95.83 95.21
3726788 5293 §2.76] 11722790 23.19 B3O1| 7720093  86.87 86.56| /1796  95.71 95.14
3727738 §2.87 §2.70| 11723/50] 8399 8378 2183 8162 87.20| 3/18R6] 9547 9387
3728788 32.84 8267 11724750]  83.57 3338 /22193  86.80 §649| 3/1996]  95.32 94.77
3729/38]  82.60 §3.44( 11725/90]  B3.15 82.07] 7723/93]  86.81 ¥6.50| 372006 9525 94.65
3730788 8240 82.05] 1176/90f - 83.02 8285| 7/24/93| 85.18 3403 32196] 95.26 94.66
3/31/88] 8245 22.29| 11277901 &4.86 %462 2593]  B5.11 34.86 372296  95.47 G487
a7iss| 8243 §2.28| 112890 ~ 84.30 B4.08| 7/26/93]  84.14 8451 3/23/96]  95.65 05.04
73748 32.68 §2.52] 11729790  83.10 8292 72193 8425 84.03| 3724/96]  95.70 95.09
A73788) 82.53 82.37| 11/30/90|  83.66 §346| 7128193  $4.80 8456 3R2506|" 95.73 95.12
a7a/38|  82.14 22.00] 127190f 8435 84.13] 772993  84.88 34.64| 3/26/96]  95.74 95.13
475738 8231 £2.16] 12290 8322 83.04 730m3] 8585 85.58] 372796  95.73 95.12{
A7G%8| 8245 $2.201 123090 83.50 8340[ /3193 842l 8399 3PRNG| 9542 G482
"~ 4fiis8 8233 82.18| 12/4/90| 85.52 8526| /193 83.66 83.46| 3729/96]  94.98 9430
4/8/88|  82.23 52.08| 12500]  86.56 86.26] 87293 83.58 8339 3P3096]  94.74 94.16
4/9/33| B2.24 22.00| 126/90]  $6.50 8621] &13/93| 85.50 85.24] 331796]  93.56 93.02
T 4/10/28 81.83 g1.74[ 1277190 86.75 86.45] 8/4/93 86.37 §6.08] 41m6] 9104 90.59]
4711738 82.06 81.92] 127890 8548 8522  8/5/93F 8648 86.19] 472/96|  90.54 90,11
4712738 8248 82.32| 12/9/90] 83.65 8345 6/6/93] 8646 86.17| 405 9162 91.15
471368 83.27 83.00| 12/10/90]  83.77 83.57] BM3| 86.35 86.06| 4/4/96] 92.08 91.59
a714/88| 8336 B3.00| 12711/90]  86.53 86.23|  B/893|  B4.61 B333[ 45506 9205 91.56
4715/38 32.80 §2.63] 1ZIZ00| %549 B5.23| 8/R/93]  83.03 83.72] 4/696]  91.93 91.45
A716/88] 8241 82.26| 12/13/50|  83.30 B3.12| &/1093] 384.79 84.55] 47196 90.53 90.10
\"&I738 81.95 3131) 121490] 8330 33.12] &/o3] 8472 84.49]  4J8R6]  B8.17 81.82
~471%/88| 8188 §1.74] 12/15/90]  83.58 8339 &/12093[ 8559 BS33[ 4P95| 90.18 29.76
a710/88] 8216 $2.01] 12716/90]  83.17 B299| 8/13/93] 8640 86.11| 4/10/96] 9172 91.24
4720/88 3234 82.19| 12/17/90]  83.08 8250| 8/14/93 85.28 85.03] 4/L196| 9203 9154
4721788 82.40 82.25| 12/18/90 85.43 85.17] 8/15/93 8371 8351 4/12/98[ 92.16 91.67
472238 8233 82.37] 1219790  84.86 %462 &/1693|  83.36 83.17| 4/13/96| 9218 91.69
4723/38]  82.69 82.53| 12720/90] 84.23 8401y B3| 85.14 5480 4/14/96] 90.73 50,20
araRs| 83.24 83.06! 12721/90|  85.76 8549 8/18/53|  86.02 85.74| 4/15/96]  81.70 87.36
arzsRel R3S 8332 (222490 8485 846l &/1993] 8591 85.64] 4/16/96] 87.60 87.27
436138 83.77 83.57| 12723/90]  84.17 §306] B&/Z0M03| 8532 85.07| /17961 87.59 87.55
472788 8434 84.12 12724/90| 8494 84.70| 8/2193| 84.10 33.89| 471896 8160 87.27
4728/38 £3.48 33.29| 1225090 €596 85.68| 872293]  83.63 83.43] 4/19/96 8713 2681
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SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-INX SR- | SR-TNX SR- | SR-TNX SR- [ SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date |Elevation| Elevation Date }Elevation| Elevation Date }Elcvation| Elevation Date | Elevation| Elevation
(ft-msl) | (ft-msl) (ft-msl) | (ft-msl) (ft-msl) | (ft-msl) (f-msl) | (ft-msl)
479788 B304 82.86] 12726/90]  85.99 85.71| &/23/93| €3.57 83.38 4/2096] 8658 §6.28]
4730738 82.63 8247| 12/27/90]  85.07 84.82] 82403 8371 83511 42108]  85.26 85.01
571788 8238 82.23( 1272850 85.54 §5.28| 872593 84.61 8438 422096 85.19 84.94
572/88]  82.10 $1.06] 12729/90]  84.81 8467 &/26/93| 85.7% 8548 4723/96] 85.96 8568
| 373788 R2.08% 81.94| 12730790 84.03 8384 8727793 85.51 85.25| 4724196 B6.55 86.25
7488 22.06 B1 02| 1273190  83.68 83.43| 812893 8396 83.75| 4/25/96|  86.05 85.77|
5/5/88]  82.03 81.89] /191 8392 83.71| &72903| 83.56 83.37| 472686  85.17 3492
57688 81.96 B1.82| 17201 8368 3348| &730~3| 8344 B325| 472796 84.72 §4.49
[ 577/38 3150 81.76] 15351 §4.16 83.951 851/93F 83.33 §3.63] 3a23M6] 8461 §4.33
I 5/8/38 $2.00 81.86{ 17491 34.79 8455 o193 842l 83.99] 4/29/96] B84.69 $4.46
SR7E8 31.07 B1.83[ 17501 84.56 84.33[ 9293 8436 B4.14| 43006 8685 8654

" 5/10788 B1.89 81.75| 176091 8339 8320 9/3M3| 8423 §4.02) S/196| 90.57 90.13
S/11/88]  BLA7 81.73] 17701 83.36 83.17| 9mlo3|  83.93 83.72| 57296 9295 92.43
5712788 81.63 BI.55]  1/8/91 o503 83.40 8330] 353M6| 9263 2.1
5713788 81.61 81.48] 179791 9/693|  83.62 83.42] S5/AM6|  89.29 88.90
5714788 81.50 81.46] 1710/91 9F7/93|  83.76 8336] 5/596] 87.33 g7.01
STIS/RR 81.59 8L46| 1111 33.73 83530 973031 8432 84.10] 576796 23.00 sv.ﬁl
S/16/88]  S1.64 81514 1/12/91 33.66 83.46| O/9/93| 8444 84.22| 57796 9112 50.67
I 3/17/88 8155 B1.43| 171301 36.88 86.57| 9/10/93 8435 8417| 5/896]  89.56 89.16)
(| 5778788 81.57 §145] 114/1 38.07 87.72] /M1l 83.21 8303 5P@6| B85.36 8559
/19788 81.58 8145 17591 85.84 85.57| 9/1293] 82.80 82.72] 571086 85.32 85.07
5720/88 31.73 B1.60| 171691 8428 84.06] O/13/93] 8291 $2.74| S1M6|  84.22 84.00]
5721788  8L.8¢ 81.68] 171701 83.75 B5.43| 9/1493| 83.68 83.48| s5/1296] 8436 34.14
572288 81.96 21.44| 17181 87.25 86.93| 9/15/93| 3383 83.68] 5/1396|  84.18 83.9‘#
5237881 8131 81.39] 1719791 34.08 B4.74| O716/93|  83.34 B3.15| 5/14/96] 8388 83.68
5724188 81.66 21.53| 1720091 83.66 $5.39] 9717793 51506 84.80 §4.56
5725738 81.87 E0.73| 172101 8746 87.13| S/18/53 5/16/96]  83.80 83.60
5726788 31.78 B1.65t (722091 87.96 37.61] 9/19/93 SI796|  83.29 3311
5727788 #1.65 B1.52| 1723591 85.94 §5.66] 9720193 SITeR6[ 8341 85.06
$/28/88] 8151 8139 172491 85.20 84.95| 9721793 5/19/96|  B1.04 86.73
5729733 3145 B1.33] 1725091 36.05 85.77| 972293 $72006]  86.70 86.40'“
SI30/38 81.40 8128[ 172691 88.13 §7.78| 9723793 SIZL96|  86.62 86.32]
5/31/88] BL49 8137|1218 37.14 26.32] 9724793 5722056]  B6.07 85.79
61788 8141 B1.29| 172801 86.32 B6.03| 972563 8324 83.06] 5723061  85.21 34.96
—- 6/2/88|——B .48 — B 36— 1/29/91—-86.29 | 86.00|— 9/26/93|—83.59|—83.40|—5/24/96|—__85.78) — _85.51
63538 81.50 8138 173001 8648 86.19| 972793] 83.06 82.88| S/25m6|  86.37 36.08
| 6/4788[ 8146 8134 1B1P1[ 90.03 80.61| 972803 83.03 82.85] 50686 85.84 85.57|
6/5/38 3142 B1.30] 27151 92,30 S1.71| 9/2993] 8341 8322 572196 8455 34.3
[ 6/6788] 8134 8122 27291 5223 91.73| 913093 83.02 B2.85] 5728/96|  £5.28 $5.03
677788  81.26 81.15] 2351 3052 §9.12| 1071/93] 82.94 B2.77] 3729/96|  B&A49 38.13

1 677Es 8124 B1.13| 27491 87.51 87.18| 10/2/93| 8285 B2.68| 5/30/96] 9084 50.40
69/%8 81.54 8142|2591 37.74 §7.40| 107393] 83.03 §1.85( 53196  90.16 50.74
6710738 32.08 ®1.93]  2/6M1 86.79 86.49) 10/4/93| 83.02 32.85] 6/1/96] 89.52 39.12
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SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- [ SR-TNX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date | Elevation| Elevation Date {Elevation| Elevation Date |Elevation| Elevation Date | Elevation| Elevation
(ft-msty | (f-msl) (ft-msl) | (f-msD {f-mst) | (f-msl) (f-msl) | (R-msl)
6/11788 8264 B248] 2191 1075193 84.40 84.18]  6/2796 §748 87.15
6/12788 8237 3222 281 10/6/93 2484 84.60] 67306 85.55 8529
613788 8L.75 B1.62] 2981 1677793 3374 83.54] 6/4/96] 86.22 8593
6/14788 8145 8133 271081 10/8/93 8294 8277 6/5/96 87.56 37.23'"
6/15/88 31.19 81.08] Z11M1 85.60 85.34] 10/9793 5263 8247 6GI6M96| 871.23 %6.91
| 6/16/88 31.09 3058 21281 36957 86.66] 10/10/93 3250 %2.34] 61196 36.34 36,53
6/17788 B1.31 R1.19] 2/13/91 3777 8743 10/11/93 8254 82.38] 6/8/9%6 3659 8629
G/18/88 B1.58 31451 2/1481 89.28 §8.39| 10/12/93 8278 S261|  6/9796 36.35 86.54
G/19/88 81.52 81.40[ 2/1581 89.51 80.11| 10713/93 82.01 8274 o/10/96  84.67 34.44
6720733 81.31 31.19] 21691 §8.35 §7.89| 10714793 82.97 8280 &/1196] 85.03 84.79
621788 31.16 8105 21781 87.75 8741} 10/1593| B2.85 82.68] 6/1286 86.70 §6.40
6/22/88 3228 82.13 2/18M1 84.79 84.55| 10/16/93 32.69 $2.53] 61356 37.28 §6.96
6723788 8281 82.64] 271991 85.33 $5.08] 10/17/93 22.85 8268 6/1396 88.27 $7.01
6724738 8152 3140] 272091 86.50 86.21| 10/18/93 8291 82.74| 6&/15096] 89.19 8938
6725788 8131 81.10] 272101 87.07 86.76| 10/19/53 8336 83.17| 6&/16M96] 8389 8851
6/26/%8 81.20 BI.09| 272201 36.93 86.62| 10/2093]  83.03 8285 6/11/96 86.73 86.43
6727788 B1.33 SL2I| 27231 86.03 85.75] 10721793 82.80 32.72] 6/18/96 28.07 §7.72
6728788 &1.45 8133 272401 36.05 85.77| 1022793 3290 32.73] 6/19/96 89.41 89.01
6/29/88 3131 21.19] 2725091 36.09 85.81| 10723793 33.00 32.83| 6/20/96]  89.61 39.21
G/30/88 3130 3118 2726191 8739 87.06| 10/24/93)  83.34 83.15] 621M6]  90.3% 89.97|
771788 8179 31.66] 221791 88.08 87.73| 10725793 83.10 8292| €226 90.74 90,300
712788 8271 82.55| 22891 $8.02 87.67| 10725/93 34.56 8433 6/23/96 89.14 88,75
TIRRE 8227 8212 37181 8781 8747| 10/2793|  84.13 8392 ¢Ral/E[ 8689 se.sgl
714188 B1.77 81.64] 37291 87.23 86.91| 10/28/93 $3.72 8352 62506  871.20 86.88
775188 BI.51 8139 343/1 §9.20 88.81| 10/20/93 8297 "82.80| 6/26/96) &71.97 §7.62
776188 81.59 81.46] 3/491 92.38 92.33[ 10/30/93 6727196 8745 87.12
717788 81.69 81.56] 35191 94.49 93.92| 10/31/93 62806 8109 86.77
778788 31.54 8142| 3/6/91 94.83 9425 117193 629/96]  86.88 86.57
779788 B1.52 B1.30] 37791 9431 T3.75] 117293  86.26 8597 GI30/96]  86.41 86.12
7710738 81.39 3127 37891 94.33 93.76] 11/3/93 34.84 84.60] 7196 35.48 $5.22
" T11/88]  81.26 21.15] 3/9%1 94.54 93.97| 1174993 £3.76 B3.56] 71296  85.09 8552
7712738 3128 BL.17| 37101 9488 5430 11/593 2337 83.18] 1/396]  85.89 85.62
713788 8131 BLIS[ 31181 55.09 94.50] 11/6/93 2311 82.93] 77396 3453 84.59
7714788 3132 8120 371291 9484 9426] 117193 23.12 8294 71/586]  84.45 24.23
711588 81.43 SL.3I| 3/13/1 93.46 5292 1172493 83.63 8343 7/6/96| 8497 8473
7716788 8141 21.29] 3/14/91 91.59 o112 115593 8430 B4.08| /796 8536 85.10
717738 8137 8125 371581 90.49 90.06] 11710/93 8415 §3.04| 7806|8445 84.23
771828 3126 31I5| 3/16/91 88.33 8845} 11/11/93 %3.07 83.76] 7796 85.07 84.82
T719/38 3105 280941 3717891 36.43 86.14| 11/12/93 $3.46 83.27 710896 84.59 8436
7720188 81.06 80.95| /1891 8555 85.29| 11713793 32.76 8259 7111556 84.56 84.33
I BI1.11 31.00[ 3/1951 8442 84.20] 11/13/93 3267 82.51[ 7712096 84.64 8441
7722188 31.53 8141[ 372081 8454 8431 11715793 8369 82.53| 136  84.57 8434
723788 3181 B1.68] 372191 8455 8432 11/16/93 .14 3296] 7/1356 34.25 84.03
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation
SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX
Jackson | Estimated Jackson | Estimated Jackson { Estimated Jackson | Estimated
Date |Elevation| Elcvation Date |Elevation| Elevation Date | Elevation | Elevation Date | Elevation| Elevation
(f-msl) | (f-msl) (ft-ms!) | (f-msl) (ft-msl) | (R-msl) (R-msl) | (ft-msl)
7124/38 81.91 RL.77| 3”281 34.09 83.88] 11/17/93 83.13 82.95] 7/15/96 85.02] 84.78
T/25/88 81.66 81.53] 3123/1 83.37 83.18[ 11/18/93 8296 82.79| 7/16M96 85.36
7126/88 81.30 8§1.18] 372491 83.17 82.997 11/19/93 83.01 82.84) 717M6 84.31
7727188 81.16 81.05] 37251 83.38 83.19| 11/20/93 2330 83.12] 71896 84.82
7/28/88 81.20 81.09] 372601 85.53 §5.27] 11721193 83.06 82.88] 7/19/96 83.89]
7129/88 §1.33 81.21] 32791 87.07 86.76] 1122/93 8334 83.15] 772096 85.32
1/30/88 81.78 81.65| 372891 86.95 86.64| 11/23/93 83.79 83.59| 7121/96 85.54
7731/38 81.71 81.58} 37291 87.23 86.91] 11/24/93 83.14 82.96] 7722196 83.77
8/1/88 R1.63 81.50] 3730191 87.87 87.53] 1172593 83.33 83.14] 72396 83.54
8/2/88 8147 81.35] 33191 90.15 89.73] 11/26/93 83.65 B3.45| 7724196 84.29
I 8/3/88 4/1/91 20.91 90.46} 11/27/93 83.57 B3.38) 72596 83.52
8/4/38 4291 89.43 89.03] 11/28/93 83.53 83.34] 7/26/96 85.20
8/5/88 81.78 81.65 43191 91.35 90.89 11/29/93 84.29 84.07| 772796 8392
8/6/88 81.78 81.65 4/4/91 9297 G2.45) 11/30/93 85.54 8528} 7/28M¢6 33.71
8/7/88 §1.89 81.75] 4/5/91 93.95 93.40] 12/193 84.48 84.25] 772996 83.14
8/8/88 82.10 81.96 4/6/91 94.56 93.99] 1272093 8341 83.22] 773096 85.54
89/38 g2.11 81.97] 4791 93.60 93.06] 12/3/93 82.89 82,721 131896 £5.74
8/10/88 82.11 §1.97 4/8/91 90.32 89.89] 12/493 82.75 82.58 8/1/96 86.02
2/11/88 82.11 81.97 4/9/9] 87.31 86991 12/5/93 82.96 82.79 872196 85.60
8/12/88 82.11 81.97] 4/10M1 88.68 88.311 12/6/93 83.37 83.18 8/3/96 85.10
8/13/88 82.12 81.98] 4/11M1] 90.67 90.23| 12/793 84.13 B3.92 8/4/96 84.25
8/14/88 82.21 82061 4/12M1 91.97 91.49) 148/93 84.25 84.03 8/5/96 33.88
8/15/88 82.28 82,13 4/1381 92.16 9L.67] 12/9/83 83.79 83.59] 8/6/9% 85.16
8/16/88 82.30 82,15} 4/14/91 90.29 89.86! 12/10/93 24.17 83.96 8/7/96 85.49
8/17/88 B2.3% 82.16] 4/1581 86.67 86.37] 12/11/93 83.30 83.12 8/8/96 R6.24 .
8/18/88 82.38 82.23] 4/16/91% 89.45 89.05] 12/12/93 82,90 82.73 8/9/96 26.01 .
B/19/88 3237 82.221 4/179] 91.22 90.76] 12/13/93 83.84 83.64} 8/10/96 85.90 85,63-l
8/20/88 82.42 82.27] 4/18m81 91.79 91311 12/14/93 84.81 84,571 8/11196 £5.28 85.03
8/21/88 82.60 82.44] 4/19/91 91.84 91.36] 12/15/93 85.15 84.90| B/12/96 8424 84.02]
8/22/88 82.65 82491 472001 91.66 91.19} 12¢/16/93 84,86 84.62] 8/13/6 84.61 84.3§]
8723/88 82.77 82.60( 4721191 89.86 89.45] 12/17/93 84.68 84.45] 8/14/96 85.56 85.30"
8/24/88 8233 82.66| 42291 85.95 85.67] 12/18/93 84.12 83911 8/15096 85.49 85.23
825188 B2.95 82.78] 472391 26.09 85.811 12/19/93 83.41 83| 8/16899%6 85.15 84.9(#
8/26/88 83,03 82.85] 4/24/5] 86.93 g6.62| 12/20/93 83.10 82921 8/1796 84.68 84.45
o [ "BRTRY|__8307|___82.89]|_4/25M1|__B86.83|__ _ 86.52] 12/21/93]_ 84.55| _ _84.32]_8/18/96|__ 83.71|___ 83.51
§/28/88]  83.06 82.88[ 4726/91 86.83 86.52| 1272293}  §3.83|  83.63| 8/1996] B3.54] 83.35
8/29/88 83.05 82,871 472701 85.74 8547 1H23/93 84.27 84.05] 8/2096 3498 84,74
8/30/88 4/28/9% 84.98 84.74| 12724/93 8441 84.19] 872196 86.26 85.97
B/31/88 4/29/91 R84.68 84.45| 12/25/93 84.03 83.821 81296 86.43 86.14
0/1/88 82.08 81.94] 473051 88.26 87.90] 12/26/93 83.50 B3.31| 82346 86.26 8597
972/88 8234 82,191 5/1/91 90.87 90.42| 12/27/93 83.47 83.28] 8/24/96 B5.95 85.67
9/3/88 81.98 81.84 57291 91.62 9i.15{ [2/28/93 §4.13 8392 8/25M96 §5.08 84.83
9/4/88 81.76 81.63 51391 92.54 92.04| 12/29/93 83.86 83.66] 8726/96 B4.05 R3.84
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- [ SR-TNX SR- | SRTNX

Jackson | Estimated Jackson | Estimated Jackson { Estimated Jackson | Estimated

Date  [Elevation | Elevation Date |Elevation [ Elevation Date | Elevation | Elevation Date | Elevation| Efevation

| (f-msd) | (f-msl) (f-msi) | (f-msl) (ft-msl) | (ft-msl) (ft-msl) | (R-msl)
o588 82.15 B2.01|  5/4/91 9333 92.80[ 1273093 83.05 8287 Bizim4| 8523 £5.00
O/6/38| 82.34 8219 351 9353 93.28[ 1231793 85.03 84.79| 8728M6|  86.34 36.05
SFiRE[  82.79 82.62|  S/6/51 9417 936I[ I/iPa[ 8428 84.06| 8/25/96| 86.38]  86.00
O/R738[  82.61 82.45| 37181 0361 9404 17294 8351 83132 8730M6|  B85.88 85.61
SR/88] 8420 83.08]  5/8/1 G5.15 94356 1304 €4.53 8430 831M6[ 85.81 8554
5710788 86.65 8635  S/901 9541 S481[ 17494 8536 85101 9/i/m6| Ba.16]  £3.95
O/i1/88|  85.93 85.65] S/1081 9545 94385 15594 8631 86.02| 972%6] 83.31]  83.13
9/12/88] 23.36 83.66] S/1191 G5.19 9560 176/94| 86.44 86.15] 93ME[ 8434 B4.12
Of13788| 8341 8322 571281 93.99 5334 17194 85.04 85.66] 9/R6|  8s.14|  84.89
9/T4/88| 82466 82.50| S/1381 919§ 9148 17854]" 84.66 34.43| 9/5/6] 86.29 §6.00]
9/15/38] 8230 82151 5/1401 o154 91.07] 1054 83.19 8359 9/6me| 8684 $6.53))
O716/88|  82.57 B241| S/1501 92.32 91.82| 1/10/94|  85.36 8501 OFil6|  86.91 86.60
SITIgs| 8227 B2.1Z| 5/16/1 92.61 9210 171i/4] 56.08 85.80| 9/8M06f  85.48 25.22
9/i3788|  82.15 8201 /17091 02,68 9217 Vi2P4[  84.69 84.46( G/o/96  £4.33 3411
0719788 32.06 B1.92[ /1881 92.85 9234 /1394 84.44 8422 97/10@6]  £5.25 38.86
9720788 8196 81.82] 5/19™1 9247 91.97] 1714P4] 585 85.58] 9/TIM6| 8524  88.85)
OZ1R%[  82.03 81.80| " S/2081f 9185 9137] 11594 8513 BS51 9712/56| %735 §7.03)
| 9722738 8207 8§1.93] 52181 9238 9188 171694  £4.60 8437 9/13/6]  86.22 35.93)
972388 81.92 81.78] 572281 92.82 9231 1/T794]” 24.80 84.56] 9/1a96] 85.39 ss.Ts_I
0724188 81.83 BLT0[ 572391 5292 92.40f /18594 8531 85.06] 9/15/996]  8a.cl 84.67
9725788 81.74 B1.61| 57241 9292 02.40[ 1719794 86.85 86.54| 9/16M6|  84.19 23.97
9726/88| 81.78 8T.65] 57251 9278 9237 172094 £946 89.06) 9/17M§|  B4.50 84,27
ORBB|  B1.71 B1.58] S/26/91 91.95 9L 47| 12194] 90.10 89.68| O/18M6]  84.88 84.64
O/2%88] 81.67 8I.34[  5/27/51 50.50 90.07| 1/22/94]  83.71 88.34| 9/19M6]  85.24 24.99
OF29/88[  R1.57 BLA5] 572801 o141 50,95 172394]  86.65 86.35] 9720196 8527 85.02
9730/R8]  81.80 BLGT[ 572981 9245 S1.95] 172494  84.10 B389 921M6] 8459 §4.36
1071788 &1.74 8161 53001 9293 S2.41| 1725/94] 8437 84.15| O2296f  84.47 §4.25
10/2788]  31.66 81,53 SB3181 9733 92.33| 172694 84,77 84.53[ G306 &3s1 8361
1073788 81.62 8149 &/1A1 92.36 S1.86| 172794 8393 8372 92486 8431 §428
10/4/88| 84.05 8384 67291 90.60 S0.16] 172894 83.99 83.78| 97225061  85.74 §5.47
10/5/88| 89.74 8933 67391 8951 8911 12094 435 B4.13| 972696  85.57 8531
10/6788] 87.90 8756 6/AP1 89.79 £0.38] 1130M@4|”  84.66 3443 92706 8553 2|
1077788 84.12 8391 6581 3864 8827 13153 8657 86.27[ 972896  85.70 2543
10787881 €3.13 8295 6691 873 8681 ZnM9Al 8527 85.02| 9725R6] 8430 §A56
10/9/88[  83.06 3288 67791 §5.29 8504 27294 8483 B4.59] 9730M6  83.90] 53.69

10/10/88] 82.14 82.00] 678191 85.09 E434] 2394 84.86 84.62| 107196

10711788} 81.92 SL78[ 6/9P01 B4.17 8356 2494 B8 3434 107296]  86.51 36.21
10/12/88]  81.74 8L.61] 6/10/91 8332 .62 25M3 10356 4745 $7.12
10713788 8161 8148 61191 §480 8465 2694 362 83.42] 10/a%6]” 87.36 §7.04
10714738 82.10 31.96] 6/1291 84.68 8445, 27794  §6.18 8590 10/5M6]  87.18 86.85
107T5/88] 81.09 8185 6/1301 85.69 8537 2/8/94|  86.07 8579 107696 86.73 26.43
10/16/38]  81.72 B1.55| &/1am1 B5.63 8537  2//94]  86.29 86.00] 107796] 86.16 35.88
1/E78R[ B1.61 8T48| &/15/91 2633 86.04] 271093 8728 86.96] 10/2%6] 87.97 3762
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX

Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date {Elcvation} Elevation Date {Elevation| Elevation Date |Elevation{ Elcvation Pate | Elevation| Elevation

(ft-msl) | (f-msl) {fi-msl) | (A-msl) {R-msl) | (B-msh) {(f-msl) | (ft-msl)
10/18/88 81.55 81.43] 6/16M91 87.49) B7.16| 2/1154 88.16 87.81] 10/9/6 89.36 88.97
10/19/88 81.83 81.70] &/17/M91 86.11 85.83] /1294 89.24 88.85] 10/10/96 90.87 90.42

10720/88 81.70 BL.57] 6/1891 86.13 8585 21394 @3.16 8781 10711796 9L.13 50.68!
10/21/88 31.82 21.69] &/19/1 87.01 86.70] 2/1494] 86.90 86.59] 10/12/96 91.20 90.74
10722788 81.93 B1.79¢ 620/91 8664 26.34| 21594 8649 86.20| 10/13/96 8911 83.72
16/23/88 31.94 21.80| 62101 87.53 8720 21694 8591 85.64| 10/147%56 85.73 85.46
10/24/88 81.80 2167 62201 85.77 85.50] 2/17/94] 8492 84.68| 10/15/56 8439 84.65
10/25/88 81.50 81.46] 6/23/91 85.07 8432 2/1354] 8346 83.27| 10/16/96 26.19 85.01
10726788 22.09 B1.95| 672491 8511 3486 2/19/04f 8329 83.11| 10/17/96 86.14 25.86
10727/88 52.33 82.18f 6/25/1 $4.66 84.43| 2720/94] 8348 83.29| 10718/96 86.31 26.02|
10/28/38 82.40 82.25| 6/26/91 8434 B4.600 22194 8365 B3.45| 10719/96 86.30 86.10
10/29/28 81.91 81771 62791 83.97 88.59[ 222/94] 24.14 83.93| 10/20/96 8433 84.11
" 10/30738 81,73 81.60{ 672891 9.3 90.77[ 22354 3512 84 87| 16721796 &3.00 8478
10731788 21.67 31.54| 62901 9161 01.14] 2724m4] 8628 85.99| 10/22/56 84.59 8436
1171788 R192 B1.78[ 673091 90.11 80.69] 272594 83.02 27.67{ 10723796 84.14 83.93
117288 82.43 8228 #1MP1 28.16 87811 22694  83.34 37.98] 10/24/9% 8433 8411
1173783 82.24 82.09f 2%1 89.32 8303 22794 &5.72 8545 10725756 82.98 82.81
1174783 8227 82.12] 1BP1 9129 G083 22804 85.63 85.37] 10/26/9 83.49 %3.30
11/5/88 82.21 82.06] 7/491 01,04 OL46| 3154l 86.05 35.77| 10/27/96 §3.37 £3.18
11/6/88 8229 82,14 7501 9234 o183 37254 8713 86.81F 10/28/56 83.18 83.00‘
1177788 B2.10 B1.96] /691 9239 91.99]" 37/M4] 90.93 00 48 10/20/96]  23.76 83.5§
T178/88 $1.96 S1.82 7M1 9L.14 G0.68[ 3/4/94] 9278 92.27| 10730796 83.84 §3.64
11/9/88 BI1 .50 81.76] 7/801 89.04 88.66] 3/594] 91.55 O1.08[ 10731796 83.20 83.11
11710788 8192 B1.78] 7901 87.09 86.77] 3/6/94y  87.59 §1.26| 117196 8331 83.13
TV11788 %1.92 81.78] /1091 87.33 87.0I] 3/7/94] 8624 8595| 1172796 8291 82.74
11/12/88 81.97 BL.83| 171191 8779 87450 3/8/04] 8621 85.93| 11/3/6 83.22 83.04
T1/13/88 21.95 81.81| #1291 8746 87.13| 3/9/94| B4Z7 8405 11/4/96 83.67 8347
11714758 81.82 3165 113/1 8598 85.70] 3/10/94] 8691 R6.60] 11/5/96 83.75 83.5%
11715/88 21,73 B1.60[ /1451 85.10 B485| 3/1194] 89.49 89.09| 11/6/9 83.12 8294
11/16/88 31.84 31.71| 71551 84.42 8430[ 3/1294] 89.16 88.77 11716 83.57 83.38
11/17/88 82.23 82.08] 171601 8657 86.27] 3/13M4] %6.02 85.74| 11/8796 83.65 8345
11/18/88 82.39 82.24] 711751 8376 88.39| 3/14%94] 8520 3495 115996 $3.88 83.68
T1719/88 82.25 82.10| 71801 89.57 39.17| 371594 36.66 86.36] 11710/96 B4.40 24.18
11720/28 82.18 82.03 71901 50.27 80.84( 3/16/94]  §7.33 8701 1111796 8489 24.63]

11/22/88 81.84 8171 721M1 88.07 87,73 371804 87.50 87.56] 11/13/96 83.62 83.42
11/23/88 81.85 BL72] 72271 86.95 86.641 3/1994 8637 86.08| 11/14/96 83.57 833

11/24/88 82.01 B1.87 7#23/91 87.69 87.35( 3720m4 85.51 85.25( 11/15/96 83.32 83.13
11/25/88 82.03 81891 124M1 86.77 86471 3121194 84.60 84.37| 11/16/96 83.00 82.83
11/26/88 81.56 82.40| 772591 §7.24 86.92| 372294 84.47 84.25( 11/1796 82.72 82.56
11/27/88 8231 82,161 72691 88.00 87650 372394 84.60 84.37| 11/18/96 83.44 83.25
11/28/88 81.87 81.73] 72751 86.21 85.93] 372494 84.64 84.41] 11/19/96 B3.31 83.61
11/29/88 81.76 81631 7/28M1 8542 85.16] 312594 86.4] 86.12| 11720196 83.45 83.26,

28




TGSC-1 Phase 11 Report

WSRC-TR-98-00432, Rev. 0

January 12, 1999

Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX

Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date | Elevation | Elevation Date | Elevation| Elevation Date |Elevation{| Elevation Date |Elevation| Elevation

(fi-msl) | (ft-msl) (ft-msl) { (f-msl) (f-msl) | (A-msl) (ft-msl) | (ft-msl)

11/30/88 $2.01 81.87} 72991 86.57 86.27| 3726194 £9.27 88.88) 11/21/96 82,66 82.50
12/1/88 82.07 81,93] 773091 90.10 89.68| 3727194 89.64 89.24) 11/22/96 82.40 82.25
12/2/88 82,14 82,00 131M1 92.13 91.64| 372804 87.81 8747} 11/2396 §2.38 8223
12/3/38 82.15 82.01 8/1/91 92.44 91.94] 32904 £9.07 88.69| 11724196 82.24 82.09)
12/4/88 82.05 3191 891 92.74 9223 3/30/94 91.01 90.56] 11/25/96 82.30 82.15'1
12/5/88 8191 81771 8AM1 93.06 92.54] 31104 92,13 91.64] 11/26/96 8237 8222
12/6/88 81.82 81.69] 8/4/91 92.78 92271 4154 91.39 90.93] 11727/96 £2.62 82.46
12/7/88 81.80 81.67 8591 91.96 91.48 4/2/94 90.48 90.05| 112289 83.21 83.03
12/8758 81,77 81.64 RG] 92.60 92.09 4/3/94 87.86 87.52| 1172996 83.15 82.9ﬂ
12/9/88 81.69 81.56] 87791 9338 9285] 4/4M94 84.76 84.53| 11/30/96 83.11 82.93
12/10/88 81.85 81.72] 8/8M91 93.74 9320] 4/594 86,74 86.44| 1271096 83.05 82.8'4
12/11/88 81.90 81.76] 8MM1 93.27 92,74  4/6/94 87.37 87.05] 127296 83.47 83.28
12/12/88 81.84 81.71] 8/10/51 91.99 91.51 47194 87.33 87.01] 12/306 85.37 85.11
12/13/38 81.81 81.68] 8/11M1 90.32 89.89 4/8/94 86.55 86.25| 12/4/96 85.91 §5.64
12/14/88 81.88 81.74] 8/12M91 89.32 88931 4/9/M4 85.79 85.52] 12/59¢6 84.82 84.58
12/15/88 81.94 81.80] &/13/91 89.41 89.01] 4/10/4 84.85 84.61| 12/6/96 8495 84.71
12/16/88 82.10 81.95] 8/1491 92.00 91.52{ 4/1194 85.32 85.07| 127796 85.43 85.17|
12/17/88 82.06 81,92 8&/15M1 9342 92.89] 4/12/94 88.28 87.92| 12/8%9¢6 85.49 85.23
12/18/88 81.73 81.60| 8/16/M1 94.18 93,62 41304 39.42 89.02| 12/9%6 8494 84.70
12/19/88 81.64 81.51] 8/1791 94.40 93.83] 4/14M94 89.98 89.56| 12/10/96 85.57 85.31"
12720788 81.55 81.43| 8/18/91 94.19 93.63| 4/15/94 89.86 89.45] 12/11/96 85.76 85.49_'
12/21/88 81.65 81.52| 8/19M1 92,64 92.13] 4/16M94 90.14 89.72] 12/12/96 84.50 8427
12/22/88 81.66 81.53| 82001  §9.84 89.43( 4/17/94 8830 87.94] 12/13/96 84.67 84.44
12/23/88 81.65 81.52] 8/721m1 89.99 89.57| 4/18M4 85.26 B5.01] 12/14/96 84.67 84 44
12/24/88 81.50 81.38) 8722091 91.46 90.99| 4/19/94 83.61 8341 121519 85.27 85.02
12/25/88 81.51 81.39] 872391 92,62 92.11| 4/20/04 84.92 84.68) 12/16/96 85.24 84.99
12/26/88 81.50 81.38 8124M1 92.46 91.96| 472194 84.48 84.25] 12/17/96 85.46 85.20'"
| 12727788 81.56 8144 8125M1 9222 91.73) 472204 86.26 85.97| 12/18/96 85.52 85,26
12/28/38 R1.58 81.45] 87261 91.58 SLII 4723/94] 84.80 84.56| 12/19/96 85.02 84.78
12/20/88 81.53 8141 827m1 90.58 90.14] 424094 £3.25 83.07| 122096 85.86 85.59
12/30/88 81.93 31.79| 828001 89.24 88.85| 472504 84.81 84.57} 12721196 88.50 88.14]
12/31/88 81.88 g1.74] 8290 88.86 88.48| 4726/094 87.00 86.69] 12/22/96 88.76 88.39
1/1/89 8222 82.07] 873091 91.74 91.26] 472754 87.48 87.15] 1272396 88.24 87.89))
1/2/89 8241 82.26] 873191 92.05 91.60] 42894 87.23 86,91 12724/06 85.47 85.21
1/3/89 32.24 82.09 9/191 89.48 89.08{ 4729/M94 85.76 85.49| 1272596 84.15 83.94
1/4/89 82.22 82.07 9/291 85.28 85.03| 4/30/M94 86,28 85.99] 1272696 8443 8421
1/5/89 83.06 82.88] 973191 83.94 83.73| 5/1/94 84.83 84.59{ 1272796 8443 8421
1/6/89 831.81 83.61 9/4/91 83.65 83451 572194 83.23 83.05] 12128/96 84.33 84.11
1/1/189 82.25 82.10 9/5/91 84.06 83.35 53/94 85.51 8§5.25| 122906 84.24 84.02
1/8/89 £1.58 81.45] 9/6M91 83.82 83.62] 5/4/94 £85.04 84.80} 12/30/96 84.18 83?7"[
15/89 B1.56 Bl.44] 97791 83.49 83.30] 5/5/4 85.35 85.09] 12/31/9¢6 £4.02 83.81
1/10/89 81.58 Bl.45] 9/8/%91 83.70 83.50] 5/6/94 84.70 84.47 1197 83.38 £3.19
1/11/89 82.63 R247] 9M9M91 84.72 8449 571M4 83.41 83.22 17297 8277 82601
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-INX SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date | Elevation | Elevation Date |Elevation| Elevation Date |Elevation | Elevation Date {Elevation) Elevation
(f-ms!) | (f-msl) (f-msl) | (ft-ms)) __| (@-mshy | (R-msl) (f-msl) | (f-msl)
1712785  83.56 83.37| /10/91 85.46 85.20f 5/8/4| 8298 8281 1357 8393 83.72
71339  83.08 82.90| 91191 37.28 B696] 35/094] 8392 Ba.g1F 174797 84.80 §4.65
1714R9] 8245 82.29| 971201 87.76 8742 S/10/04]  B4.17 B3.96] 15097 84.40 34.18|
| 1/15/89 83.55 B3.36] 91381 38.14 87.79| S/1/54] 8411 83.90] /697 8425 84.03
V16735  82.19 82.04| 9714791 26.86 86.55] 5/1294| 8431 84.00| " 177857 84.86 84.62
11789 8182 B1.69] 971591 §5.34 3300 5/13ma] 8400 83.79) 178097 86.06 £5.78
1718739] 8198 8134 9716/91 3442 84.20| 5/14/94] 8281 B264] 19797 87.91 37.57|
1719739 82.90 B2.82| 971 8552 85.26] S/15M04 8236 8259 1/10/97|  90.86 G041
| 1720/89 32.46 82.30] %1881 86.05 85.77| 5/16/94| 83.13 8205 UilA7 9259 92.08
1721789 82.12 8198 919791 $6.09 85.81] 5/17/94] 8408 83.57] V1297 92.54 92.04]
1722789 SL.61 81.48| 972081 85.92 85.65| S/18M4] 84.23 8401 VI3/7| 92.60 92.}§J
1723789  81.57 B145] 972181 34.65 8442 51954 8397 83.76| 1/14/97]  93.20 92.67
1724789 81.58 81.45| 972291 83.22 83.04] 5720004 84.02 B3BI| UI15K7| 9346 92.92
1725789]  BL.61 BL.48| 972301 8422 B4.00 5/21m4] &3.04 B2.86] 1/16/597] 93.57 93,03
1726730 82.61 3245 92401 36.95 86.64| 5/2294]  £2.90 82.73] 11787 92.98 92.46
1727789  82.92 82.75] 912501 86.21 85.93| 572304 8335 83.16| 187 9212 91.63
12839 8§2.37 32.22| 9726191 26.60 86.30{ 572404 B85.55 8529 171947 9097 90.52
1729739  81.78 B161| 972701 85.81 B5.54| 5/25M4]  E5.80 B3.53] W2057 8942 $9.02,
1/30/3% 81.67 81.54] 972891 34.48 B4.25| 572694 B4.23 8401 172187 B8.14]  87.79]
131789 81.59 31.46f 972981 8411 83.90| 5/27/94] %3.84 83.64| 12287 8759 87.26
271789 g1.54 B1.42| 9130091 2430 %4.08] S/28/94 8275 3258 1723097 87.49 87.16
213739 31.56 B144[ 10/191 85.18 8403 57P29P94F 8238 8223 tR4R7[  86.1 86.41
273739 8151 §1.39] 107291 85.08 85.70| 5/30/94 172557 8661 36.31
2459 B1.60 81.47] 1073791 36.57 86.21| 531594 1726757 85.10 84.85
25789 8162 81.49] 107491 25.60 85341 6/i/94|  83.53 B[ 12767 8631 86.02
276789 B1.62 8148 10/5091 85.04 8480 6/204] 8288 8271 172857 86.97 86.66
271789 31.72 BL.59 107691 34.69 84.46] 613/m4| 8431 84.00| 1729/97]  86.19 83.91
273735 81.80 81.67] 107101 2437 34.15| 6M4/P4| 8382 831.62| 13087 8643 86.14
25739 82.26 82.11] 107801 34.90 84661 65m4] 8212 B2.56| 13187 87.39 B7.55
2710739 82.67 82.51| 10/9/91 §6.55 B6.25| 6/6/94] 8291 82.74] 1K1l 8157 87.24
211789 82.29 82.14[ 10710791 35.01 85.64| 6/1/94] 83.62 2342 2297 8522 s4.9‘4|
2712789 8174 31.61] 10711791 85.57 8531 6/2/094] 8357 8338 283897 85.18 24.93
213739 81.57 8145 107191 83.97 8376 6994 84.15 8394 274797 86.49 aszo“
2/14739 81.54 $1.42| 1071381 83.54 8335 &/10/54| 8473 84350 2/507] $7.78 8744}
K 2715/89[___B1.34|___81.42|_10/1a/51|__83.67|__ _B347| _&/01/094|___83.71|__ 83.51|__2/6/57]__ _87.59]___ B7.26|
2716789 10/15/91 84.13 83.92] 6/1294] E3.28 8310 27197 8162 87.29
I~ zrRe 10716751 34.17 83.96| &394 23157 8192 87.58
2718789 1071791 83.67 83.47] 6/14P4 2957 81.83 §7.49
2/19/85 10718791 $3.00 R2.83| 6/15/94] 24.87 34.63| 2087|8799 8764
2730789 TO719/91 82.60 32.44| 6/16/94]  84.09 83.83| 21197 37.0% 27.63
2721739 T0720/91 $2.50 82.34| 6/1794| 83.58 8339] 21297 37.85 3751
2722789 10721791 32.50 8234| &/18/94] 83.21 8303 1307 81.86 8752
2723739 10/22/91 §2.03 81.89] &/1994] 8296 82.79] 21497  89.20 83.81

30




TGSC-1 Phase II Report WSRC-TR-98-00432, Rev. 0 January 12, 1999

Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation
SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date | Elevation| Elevation | Date |Elevation| Efevation | Date |Elevation| Elevation Date {Elevation| Elevation
(fi-msl) | (ft-msi) {ft-msl) | (f-msl) {fi-msl) | (f-msl) (ft-msl) | (ft-msl)

2724789 89.8% 89.47| 10/23791 §241 8226 62094 83.30 83.12| 2715897 92.19 91.70
2/25789]  85.55 85.29| 1072491 £3.45 83.26| 6/21/94] 84.15 8394 Z6l7| 93.56 §3.02)
2726/89]  83.87 83.67| 10725091 8374 83.54| 6/22/94]  85.61 B335 2197 94.18 93.62
2/27/89]  82.84 82.67| 10726191 £4.26 84.04] 6/23/94] B5.79 B352[ 27187 934l 02.5%|
J28/89 8245 $2.29| 10721791 B3.81 B3.61§ 62404 84.15 RS2 HI9/GTF  9L.58 TN
371780 82.72 B2.56| 10728791 8338 B3.68] 6/25094] 83.63 83.43[ 202097]  90.18 85.76]
32739 85.89 B3.62[ 1072991 84.38 8464 6/26/94] 8292 8271} 22197  91.46 90.99
313780 85.23 B4.98| 10/30/91 8311 8486 6/271/98] 8331 $3.13[ 22207 93.07 92.55
374729 84.17 83.96] 10731791 8565 8538 6/28/94]  85.56 8530 22397 94.03 93.48
375789 83.73 §3.53] 117191 85.11 84.86| 62994 9057 G0.13] 224/97]  94.52 9393
376185 84.47 84.25] 111291 $5.58 85.32| 6/30/94] 93.10 G238 272597]  O%4.36 93.95|
377789 8465 34.42| 11591 $5.03 84.80] 104 9451 G394] 272697 9449 93.92
3/3/89|  B86.86 86.55] 117451 84,36 B4.04| 77294 9595 9333 22197 9414 93.58
39/80] 85.26 85.01| 1175091 86.13 B5.86] 1/3/94] 96.04 9542 2728M07| 93.90 93.35
3710789 8337 B3.09| 1176/91 8645 B6.161  7/4/94] 9481 9423 31157 93.85 93.3(1
3711789 32.52] 8236 1177791 $6.70 8640{ 7/5/04|  93.00 D5 3207 93.89 93.34
312780 32.07 31.93] 117891 8631 86.02| 1694|9247 5157 3397 9386 9331
i713/85| 8198 g1.84] 117991 3423 §4.02| 17194 9336 02.83" 37397 93.59 93.05
314738 21.99 81.85] 1171091 35.90 §5.63| 7/3/94] 93.88 9329 35587 9346 52.92
315/89] 8238 $2.23] 1111751 8498 84.74|  79/54] 9453 0396 3/6197]  93.68 9314
I16/89]  B2.11 8L.97] 1171291 56.12 85.84] 7/10/94] 94.02 G347 3M1P7] 9412 G3.56
79| 8214 82.00] 1V13/91 3533 85.12] /1194 91.95 CLA4T| 3/BA7] 9466 9408
3718789 8240 $2.95| 1171491 8532 85.07| 771294  £9.03 88.65] 3MN07] 9503 94.44
3719789 82.01 81.87[ 1171591 §5.03 84.79| 7/13/94|  86.73 8643 371097 95.26 9466
3720189 31.88 31.74| 1171691 84.60 €4.37F 7/14/94]  85.26 BS.01[ 3/1197]  95.98 94.78
3721789| 8197 g1.83| 171791 8438 84.76] 7/15/94]  86.54 86.24| 3M12/97|  95.38 94.78
3722789 82.08 B1.94] 1/18/91 83.64 3344 7i694] 81.85 B7.51 371387 94.82 5424
3/23739] 83.24 £3.06| 1171991 34.83 8459 /1794] 8863 8676] 3/1407] 9353 5159
3724789 87.95 87.61| 1172091 %4.10 83.97| /1594  89.00 88.62| 3/1507| 9265 9214
3725789 91.67 91.20| 11721791 8373 §3.53] 7/19/94| 8945 89.05] 371697 9166 91.19
326789 91.03 90.58| 1172291 33.98 §3.77] 720/94] 89.36 8897 3/1797] 90.83 90.39
3727789  86.38 86.09] 11723791 3413 83.02] 721/94] 89.56 89.16] 371897 89.31 $8.92
3728/89]  83.69 £3.49] 1172491 33357 8333 2294 8914 88.75{ 3/19/97] 88.55 38.18
3720789 83.10 8292 11725091 $3.58 8339 7/23/94| 81.50 87.17] 3/2097]  88.54 8817
3730139 3274 82.57| 11726091 85.45 €5.00| 7724/04] 8741 87.08] 372197 88.77 $6.40
331G 82.82 82.65| 1172791 36.95 86.64] 1/15/94)  86.96 B6.65| 32297 B89.13 88.74
471789 83.19 €3.01] 11728/91 $6.65 86.35| 7/26/94] 8597 85.691 372397 81.93 £6.91
42739 82.77 B2.60| 11/729/91 $3.78 83.53] 2ica| s4el 84.38] 3/72497] 26.96 86.65
473789 11730791 3279 32.62] 7725/94] 8449 24.26] 37557 $9.49 89,09
47ame| 81.92 81781 12191 82.90 82.73| 7/29/94] 8434 8431 3R 913 90.77
455739 81.85 8172 127291 8314 82.96] 1/30/94]  87.36 87.04] 32791 9159 9t1.12
476/89]  81.81 BLGE[ 127391 84.69 8446] 75154] 86.59 36.29| 3/28097] 91.99 9151
471789 81.30 B1.67| 127491 34.73 84.50] &/1/94] 85.02 84.78| 3/29/97] 92.04 91.55
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

‘ SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson { Estimated

Date |Elevation| Elevation Date |Elevation| Elevation Date | Elevation| Elevation Date |Elevation| Elevation

(ft-msl) | {ft-msl) {ft-msl) | (ft-msl} ) (ft-msl) | (R-msl) (f-msl) | (fi-msl)

aBE9| 8260  8244| IZSPI| B4O4|  8470| B294| 8492|  8a.68| 3007 8934|8895
309, €180]  82.63| 12/6P1| 8452|  8439| 8R4  8600|  85.72] 3B1P7| 8638 86.28
710789 B490|  B4GG| 127/G1] B83.00]  8283| B/4/04]  B63B| 8609  AIAT| 8569 6342
WNIES| 8862 8823 VZBM1| §3.12| 8294 &5M4| R6.73| 8643|4297 8600 §5.72
AT2/89| 8862 SB.25| 1201 8347 8328 S/GPA| 8645|8616 4PBPI|  50.03 70,61
T80 8639 86.10] 1U10/51| €355  83.36| &/7P4| BA.J6|  8453| 4AKI| 9140 9094
Aa/mY| 8354|8335 TX1IP1| 8331 83.13] /04|  85.04]  B480| 4507 89961 8955
ATS/R9( 8294  82.77| 12/i301| 8308  8290| 8MP4| 8484  B460| 4RI 87.10 ss:n?"
A7IG/80| _ 85.73| _ 85.46| 121301]  8286]  8260| WI0MA| 8636|8626 4/id7| 8634 B6D3|
47T785| 9004 89.62| 1214P1| §280| 8263 WNIMA|  B652|  86.23] 4kPI|  88.14| BT
aTWE9] 8995  89.54] 171501 8311 8293 8294 8643] _ R6.14| 4KM7| 8963  89.0|
TATI0/E9|  84.60|  B4.46| LZIGH1| 8445  84.23| 8/1394] 8601 85.73| 41097 5044|8972
AN0BY| 8296 _ 8279| 12/1i01| 8567|8540 ®1aK4|  B4G3|  84A0| MBI 50531 0.0
anIEy| 8325 83.07) 1218091|  B7.87|  87.33] B/I5P4| 8408 &38| 4287|9122 90.7§"

4/22/89 82,75 82.58| 1219/91 83.73 8836 8/16/94 £5.48 85.22] 4/1397 88.35 87.99
4/23/89 82,16 82.01] 12720/91 £8.29 8703 snkd 88.03 87.68| 4/14/97 85.20 84.95{]

4724189 82.07 81.93] 1222191 86.03 85.75] 8/18/94 91.68 91.21] 4/1597 85.27 85.02]

4725189 8239 82.24| 12722191 83.68 81.48| 8/19/94 93.77 93.22| 4/16M97 84.83 84.59"

4/26/89 8241 8226] 122391 83.69 83.49| 8/20/54 95.26 94.66| 4/1797 84,52 84.22“
8

4727789 2.1 81.97) 12/24/91 83.96] = B81.75) 82194 95.84 95.22] 4/18/97 84.30 84.0:

4/28/89 82.09 81.95| 12/25/91 8438 84.16] 8/22/94 95.95 9533 4/19597 84.43 84.21
4725789 81.86 §1.73] 12226791 84,73 84.50] 8/23M94 96.07 95.44] 4720097 84.39 84.17,
4/30/89 81.70 81.577 1272791 §5.06 8481 8R4/ 96.14 95.51] 472197 83.77 83.57”
5/1/89 81.78 81.65| 12728/91 84.92 84.68| 8/25/4 96.08 95.45| 42297 83.98 83.77‘

572189 82.24 82.09| 12/29/91 8590 85.63] 8/26/94 96.02 9540 472397 85.25 85.00
3/3/8% 8272 82.56] 12/30/91 86.06 85.78] 82194 95.99 95.37 424/97 §7.74 87.40
5/4/89 83.11 82931 1253191 86.41 86.12] 8/28/94 95.70 95.00] 4/25/97 91.22 90.76)
5/5/89 82.75 82.58 1/1/92 86.32 86.03] 8/29/94 95.00 94.41] 472697 92.10 91.61
5/6/89 82.38 82.23 1/2/92 85.71 B5.44] 8/30/94 94.45 93.88} 427/97 90.43 90.00;
577189 82.09 81.95 11392 8590 85.63] B31/94 94,53 93.96| 4/28/97 88.46 88.10]
5/8/89 81.88 81.74 1/4/92 85.22 84971 9154 94,56 93.99| 472997 88.28 87.92
5/9/89 81.90 8176 1/5/92 85.64 35371 92/ 94.34 93.771 473097 91.29 90.83,
5/10/89 8226 82.11 176552 84.61 8438] 943/94 94.26 93.701 5197 93.03 92.5 I*

5/M1/89 83.97 8376y 17792 86.52 86.22]  9/4/54 93.44 9291 572197 93.73
e e o M SA2/89]_ 8546]___ 85.20(__ 1/8/92| _ 87.08]_____86.77)  9/5/94] _91.I7]_ _ 90.71{ __SAMI|_ 93.85]_

5713189 8256 82719 1982 86.19 8591 9/6/94 89.49 89.09 5/4/97 93.15
5/14/89 82.06 81.921 1102 85.04 84.80) 9/7/94 8930 8891 5/5/97 92.39
5/15/89 82.01 8L87[ 1/i192 8564 85371 9/8/94 88.26 87.90| 5/6/97 91.95
5/16/89 8236 82211 11292 8574 85470  99/94 86.08 85.80 577197 91.85
5/17/89 82.29 B2.14| 1A3/2 84.19 8397 9/10/94 86.25 8596| 5/897 91.53 9l.06“
5/18/89 8209 81.95) 1/14/92 86.87 86.56 9/11/94 8596 85.68] 59097 91.27 90.81

5/19/39 82.47 8231 1/15/92 87.75 87417 9/12/94 84.85 84.61 51097 90.82 90.38

5720/89 8226 82111 1/i6/92 87.15 86.83 9/13/94 84.66 84,431 S5/11/97 3.4 87.89“
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX

Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date | Elevation | Elevation Date | Elevation| Elevation Date Elevation | Elevation Date | Elevation| Elevation

(ft-msl) | (ft-msl) (ft-msf) | (R-msl) (ft-msi) | (ft-msl) {(ft-msl) { (ft-msl)
5721780 21.88 81.74] 1/1792 86.10 85.82] 9/14/94 TSN 85.55 85.29
SF22189 31.77 Bl.64) 11892 35.2% 35.041 91554 511357 84.55 3432
5123189 8171 81.58] 1/19/92 85.24 84991 9/16/94 5/14/97 86.35 86.06
524139 Z1.80 g1.67] 1/20/92 85.75 8548} 9/17M94 5/15M97 87.28 86.96
§/25/89 81.80 81.67] 121/92 86.95 86.65] 9/18/94 5/16/97 88.17 87.82
5/126/89 81.69 g1.56] 172292 86.85 86.54] 9/19/94 §/17197 87.18 86.86
5/27/89 8171 81.58] 1/23m2 86.74 86.44] 972004 5/18897 85.71 85.44

S289f 8152 B1.40| 1724/92| 86.86 86.55| 9/21/94] 85.713 85.46] /19971  84.28 84.06
S20/89F 8137 81.25| 1725/92]  85.63 85.37] 9204|8693 86.62| 5/2097| 84.94 84.70_‘
5730/89 81.33 g121| 172652] 86.04 85.76] 9723/94|  87.30 86.08| 5/21/97| 8626 8597
371730 31.39 s1.27| 12752] 85.24 3499 9r24/4|  &1.09 86.77| S/2297| B5.95 8567
61739 31.49 S1.37| 172892 86,02 §5.74| 97254  85.28 85.03| /297 85.52 85.26
 6/2/80 3144 8132 1729092 83.81 85.54| 9126/94|  e4.17 83.96| 572497 85.22 84.97|
673739 8138 §1.26| 1/3092]  85.67 8540 9727/94|  85.98 85.70| 5725/97|  83.87 83.67
&A/R9|  81.30 81.18| 1731/92] 85.85 8558 92894 8129 86.07| 5/26/97] 83.53 $3.34

6/5/89 g1.31 819 21m2 84.55 8432 9/29/94 87.74 87.40| 512197 84.39 84.17
6/6/89 81.40 81.28] 27292 84.37 84.15] 9/30/94 87.46 87.13| 5728097 85.19 84.94
671789 81.50 81.38] 23/92 84.08 83.87] 10/1/94 5729197 85.43 85.17

6/3783| 81.43 BI3I| 2/aM2| 8457  84.34| 107294  85.64| 8537 S/3097| 8552 8546
GOR9| 8184  8L71| 25592 83.79] 8359 10/3/94] 85.23|  8408| 3AIHF7| 8583  $5.96
09| 82.35]  8239) 26P2| 8325|  8307] TO/ADA|  85.58) 8532 61M7|  85.13] 9488

GIIRY|  8247] 8231 27/92]  83.76] _ 83.36] 10/5/94 G297 8400 8379

[8/12789] 8212 81.98) 27892 8345 83.26] 10/6/94 6BRI| 8379 83.59

/3783  8169|  B81.56] 2P/M2]  83.23] 8305 10/794] 8504  84.80] 6457|8398 sa.‘nﬂ

[ 6/14/89 8L.50 8138] 2/10m2 83.16 82.93] 10/8/94 84.91 84.671  6/597 83.80 83.60
6/15/39 8141 8129 21192 84.70 84.47] 10/9/94 84.58 84351 6/6/97 83.79 83i9{|
£3.58

6/16/89 §1L.72 81591 21292 8531 85.061 10/10/94 84,70 8447 67197 83.78
&/17/89 82.00 81.95 2/13/92 85.27 85.02] 10/11/94 85.71 8544 6/807 83.49 83.30|

—&/18/89 3192 S1.78| Z1452] 8411 $3.90| 10712/94]  87.01 86.70] 6P9/97| 83.58 73,39
6/15/89 31.65 81.52| 21552] 8333 83.14| 10/13/94] 89.14 88.75| 6710097 8736 §7.04
620089] 82.05 81.01| 216/92]  84.31 $4.09( 107/14794] 9095 90.50] &/1197| 9017 79,75

6121780 82.30 8263 21792| 84.87 4463 1071594 9232 183 &1297 9097 90.52
6289 86,54 86.24] 2/1802| 86.66 86.36] 10/16/94]  93.61 9307] /1307 9173 91.25
6/23/89 88.28 8792] 2/19/92] 8698 36.67] 10/17/93] 94.60 94.03| /1397  92.23 91.74|
6724789 35.22 84.97| 2220092 86.72 §64z| 10/18/94] " 95.07 9448| &/1597|  90.59 G0.15,
6/25/80 33.78 83.58| 2R21/92 85.93 85.65| 10719794 94.13 9415 6/16/597|  86.20 85.92,
 6I26/89 $2.56 82.40| 22292 86.14 85.86| 10/20/94 94.16 93.60] G/17/97 B4.53 8330
621789 82.01 R1.87| 2/23/M2| 86.54 8624} 10721794  93.60 93.06] 6/18/97 86.47 B&.18
6728789 82.06 B1.92] 2724M92f 87.28 86.06] 10/22/94|  92.88 92.36] 619797 8730 §7.06
5129789 31.92 31.78| 2/25/92] 8603 35,75 10/23/94]  93.10 92.58] 6720097 8725 3693

6/30/89 81.89 8L.75| 2n26/92 88.89 88.51| 10/24/94 93.60 93.06| 672197 £56.82 86.51
7/1/8% 82.02 g1.88] 227m2 90.94 90.49| 10725794 93.95 93.40] 6722197 £6.90 86.59
T7289 8i.82 81.69] 228/2 90.71 90.27] 10/26/94 93.99 93.441 62397 86.46 £6.17
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-INX SR- | SR-TNX SR- | SR-TNX

Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date |Elevation | Elevation Date | Elevation} Elevation Date | Elevation| Elevation Date | Elevation| Elevation
(ft-msl) | (f-msl) (ft-mst) | (R-msl) (ft-msl) | (fi-ms!) (R-msl) | (fi-msl)

7389 81.70 81.57] 2729792 87.4% 87.151 10/27/93] 93.94 93.39| 6/24/97]  E6.63 86.33
774139 §1.78 BL65[ /192 8600 B5.72| 1072894  93.72 93.18] 62557|  86.81 8$6.50
75789 83.73 83.53] 37292 8631 86.02| 10729/94]  92.41 O1.91| 6726971 8682 86.51
77689 IR 8665 8635] 10/30/94]  90.38|  89.95| 6/27/97]  87.30 35.9:4
777789 3409 36.49 %620 10/31/94] 8773 87.39| 628097|  81.67 87.33
I 778789 37592 85.65 B5.38] 11/1/94]  89.75 89.34| 6729797 86.31 86,02
719789 362 8494 84.70] 117294] 9135 ©0.80[ 6/30/97 85.31 B85.06
7I10/39 27.06 87611  3/1/9Z| 87196 8161| 113/54] 9198 91.50]  171/97|  85.65 85.38
/89| 83.03 82.85|  3/892Z| 9167 o120} 11/494]  92.05 91.56] 7297 8642 36.13
712789 82.48 8232 300z 9245 91.95 11/554] 9194 0146 15357 8635 86.06
73730 8257 82.30] 3/10/92] 91.30 00.34] 11/6/94]  90.59 90.15| 4%7] 8618 85.88
7489  84.0t| - 83.80| 3/11/92] 88.13 87.78] 11/1/94]  88.88 88.50] 75507  85.22 24.97
7715780 34.04 §3.83| 3/1292] 8649 §620| 117804  89.12 B33 1657|8437 84.15
1689 B3.21 33.03| 3713921 8626 85.97| 119/94)  89.07 88.69| 17197 8386 83.66
77789 83.13 B2.95| 371492  Ba.11 84.86| 11/10/93] 82.81 88.44|" 7897|8475 84.52
7718/89]  84.81 84.571 3/15/92] 86.05 85.77] 1V/11/94]  88.77 88.40) 19097  85.2% 85.00
719739 85.60 8342 3716192 8628 85.99] 171294]  89.52 89.12] 1057 8547 8521
7720189 317RZ| E823 87 E8| 11/13/94] 8845 8805 11197  85.55 ss.gg]
[ 7721789 3/1802) 50.84|  90.40| 11/I4A4| 8761 87.28) WI257| 8483 B4.55
772189 371992 91.59 S1.12| 11/15/94]  88.64 8827] 11307 83.52 83.62
7723789 300092 9195 9147 11/16/94] 8849 3813 711897 8381 83.61
7724789 2102 92.09 91.60[ 11/17/9a]  88.75 B838| #1557  85.81 B5.54
7125139 84.94 84.70| 3292 9I.16 90.70| 11718794 88.61 $8.24| /1697  86.58 36.24
7726789  85.88 8561 3723792 89.58 89.18| 11/19/94]  §3.42 88.06] 7/17/97|  86.81 €6.50
72789 85.03 84.79| 3724792  89.87 89.46( 11/20/945  87.64 B731] 771807  86.61 $6.31
7728789 B4.12 8301 372592 OL.66 91.19| 1121/54] 87.29 8607 771997 8633 86.04'
7729/89 32692]  92.56 92.06| 11722/94] _ 89.06 88.68| 172057 84.54 8431
7730789 32192 93.08 92.56] 1172354  §9.97 89.56| 7121097] B4.10 83.89
73189 32802 9291 9239 1124594 90.03 B9.61] 12297 8495 8471
8/1/89 372992 91.65 91.18} 11/25/94] 90.04 $9.62| 1723797  B6.15 85.87
&/2/89 85.08 84.83| 33002  90.17 89.75| 11726/94| 89.13 8932 724%57] 8594 85.66
83189  84.09 8383 31152 9i.01 90.56| 11721/98]  87.54 87.21| 125/91] 86.82 86.51
874789 5382 862 anpz[ 9202 91.53[ 11/28/94] 8507 8482 2607  86.67 86.37
I AL §3.57] 42521 9248 01.93] 112094]  86.98 86.67] 127557  85.49 3523:'1

- —B/6789|— BT.96|——8L82[ —4BR2|-  9.72|— _9221|_11/30/94|_ 88.92|_ _ 88.54| 7287 _ B4.60|_ __844G|.

8/1/891 8L.74 Bi61| 41402 9275 9224 1U194[  90.00 89.58] 1/29/97| 8487 84.63)
§/8/89 81.66 81.53| 4/5/2| 91.94 O1.46] 122594 90.63 90.19| 7/30/97] R4.84 84.60
85/39] 8212 B1.98] 4/6/92] 89.93 89.52| 12394l  §9.38 89.18] 7317 8457 84.34
8/10/89| 8236 82211 471792 8935 80.15] 124/94]  88.56 B8.19]” &/1/97] 2487 34.63
B/T1789| ~ 8232 82.17| 4802 9021 89.79] 12504] £8.46 88.10] 8r2/M7| 8588 85.61
8/12/89|  B1.69 8136 49792 90.30 89.87| 12694 90.03 89.61| 8/3197| 8549 85.23
8/13/39 81,50 8138| 471092  88.77 8840 127704 90.52 90.09{ 8/a/G7|  84.27 24.05
8/14789] 8144 81.32| 4/1tH92 8633 $6.04) 128/94] 90.53 $0.10] 8/5/97] 8635 86.06
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation
SR- SR-TNX SR- | SR-TNX SR- | SR-TNX SR-
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson
Date |Elevation| Elevation Date |Elevation| Elevation Date | Elevation| Elevation Date |Elevation
(ft-msl) | (ft-msl} (f-msl) | (R-msl) (ft-msl) | (ft-msl) (ft-msl)
3715789 81.56] . &L.44| 4/1292|  £4.08 8387 12984 9050 90.45] 87697 3825
316789 B204] 8190 4713/92| 83.92 83.71( 12710R4] 9112 00.67] 8N7 38.82)
3ITIR% 52.63 3247| 4/14/92] 84.38 24.16] 12711794 9165 01.18|  8/897 38.50
/18789 82.74 B2.57F 4/15/92 3499 8475 171298 9204 9155 89097 2801
8719789 82.68 82.52] 4/16R2 84.66 %443 1V1394] 9228 9179 &/10/97 86.22 85.93]|
3720/29 81.73 $1.60f 4717792 3335 83.65] 1214794 9234 o134 &/11797 35.49
821789 8147 3135} 471852 33.45 83.26| 12/15/94] 92.44 01.94] 81297 36.73
822739 31.43 g131] 4/19/92 3380 B3.60( 12716/94] 9243 9193 &/13/97 27.19
§23759| 8265 $2.49] 4720192 %4.76 B4.53| 1M1794| 9236 91.86[ &/14/97 2741
824739 85.18 8351 4Ri1/2 2495 8471 121854 9189 9141[ &/1597 8742
825789 83.55 $5.29| «422/92 36.53 B6.23| 121954 91.40 S0.94] &/16/97 37.17
82689 84.23 ga01] 42392 8731 86.99] 1272094 91.25 90.80| &17/57] 86.03
827789 83.18 £3.00] 424792 37.13 BG.AI| 122154 oLl 90.66| &/18/97 1542
8/28/89 81.99 BL.85| 4/25/92)  B86.16 §5.88] 12/2294]  90.86 S0.41| 8N997 87.28 85656
8729789 83.60 8341| 42692[ 8543 §5.17| 1272394 9131 Q0.85| 820097 B1.37 §7.05]
330/89| 87.73 87.39| 42792 8463 §4.40f 1224/94 93.01 9249 821/91|  87.02 86.71
8731789 88.20 B7.85| 472892 84.94 84.70) 1225194 9396 G3.41[ 8122097 87.09 86.77)
971739 87.59 87.26] 42992 84.85 84.61| 122694 9338 9333 82307f 8613 8643
072739 86.69 8639 473092 84.97 84.73| 1227794 9196 O1.48] 82407f 84.93 84.6‘{"
93/89]  84.11 7300|5192 %413 B4.01] \/28/94]  894% 89081 ®/2597] £5.49 $5.23
974759 32.14 82.00[ 5292 2346 23.27| 12/29/94] 21.87 87.53| 8726097 86.45 86.16||
9/5/89|  83.69 R349] 5392 83.79 83.59| 12/30/94]  &1.57 §7.24| 827797 36.72 3642
976789 86.97 B6.66|  5/4/92 8381 83.61| 1231794 26.00 35.72| 828097 86.42 86.13
97789 87.64 8731 5/5/92 24.23 8401 UI1A5[ 8661 86.31| &/29/97 35.17 3492
97%/89| 87.98 R1.63| 5/6/92]  84.21 83.99] 1295 8691 36.60| 803097 %447 5425
59759 ’E.21 87861 /92 83.07 83761 L1305 8166 8733 8B1P7 8357 [EXL]
"O/10789 84 81 8457 582 §4.00 83.79] 17305 27.79 8745 OnA1| 834l 8322
S/11789 32.28 82.13| 5952 83.21 83.03] 1/595]  B8B.11 87.76] o291 83.33 §3.05
5712789 8415 B394 3710792 33.06 8288 1/695] 86.71 8641 97397 8325 83.07|
O713/89 87.53 87.30] /11792 33.49 83.30 17195 8697 86.66] 9/4/97 3344 3325
9714789 88.16 B1.81| 571292 83.48 8329 1785 89.00 3862 975197 33.12 32.94
9715/89|  85.86 85.59] 51392 8377 8357] 1905 38935 8896 9697 8296 3279
9716789 34.80 8436 514792 8394 %373 /1095 88.77 8840| 97197 8262 82.46
5717789 83.79 83.59] S/15792 84.05 83.84| U/1IA5| 88.63 88.26] O®ST| 8247 8231
G18/89 B2.12 8198 371652 §3.61 8341 V1295 88.52 88.16| 9/M/97| 82.71% $2.61
9719739 82.00 81.86] 5/1792 82.92 82.75[ 1713095 87.50 8717 G/10/57 83.25 83.07)
[ 0720789 34.16 8395 5/18/92 83.79 83.59] 1714795 8740 87.07] 91157 8268 8252
9721789 35.04 84.30| 5/19/52 3294 B2.77| /1585 90.16 8074 912097 £3.05 82.87
9722789]  90.36 89.93| 572092 23.33 €3.14| /1695 9284 9233 9/13/97 32.95 82.78
O7237%9 91,71 D124 32192 84.21 8399 L1195 9429 93.73] 9/14/97 32.64 8248
GI247189 89.75 §9.34| 52292 $3.68 8348] L/18M5[ 94.78 9420] 9/15/07F 82.72 §2.56
9725789 34.82 3458 5723792 82.36 82.60| /1995 94.70 0412 9716/97| B83.47 83.28
0726/89 33.07 32.89] 5124792 32.90 82.73| 1720095 94.69 94.11| 9197 2346 83.271'
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation
SR~ SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date |[Elevation| Elevation Date | Elevation| Elevation Date |Elevation | Elevation Date |Elevation| Elevation
(ft-msf) | (fi-msl) (ft-msl) | (ft-msl) {flemsl) | (ft-msl) (ft-msl) | (ft-msl)

077789 2446 8424 5/59z) 82792 8236 12195 94.77 04.19] 9/18/97]  83.50 £3.31
0728789 8526 335.01| 52692 8292 B275] 1722050 9486 94.28] 9/19/97 83.24 §3.06)
9729789 84.34 84.12| 52792 83.26 R3.08l 172305 94.93 9434 9720097 82.99 8282
| 9730789 84,02 83.81] 528092 8332 83.13] 12355 G4.65 9407 92197 8238 82.71
I 1071789 51297921 83.16 B2.98] 172505 93.60 03.06] 9/22/97| 8216 §2.01
1072789 85.04 84.80| 5H30Mm2| 8324 83.06] 172695 92713 92.22| 972307 8253 82.37|
1073789 90.74 9030] S/B3L92[ 8300 82.91| 172795 9155 S1.08] 9/24/97| 82.76 82.59]|
1674789 92.80 0229 &2 83.00 82.83| 172895 0.8l 90.37f 972597 §3.19 B3.01
| 1075/89 93.04 92.52] 6292 32.96 %279 1R9M5]  89.96 89.55] 9/26/97 86.12 %5.84
10/6/89 93.75 93.20f 6/3R2| 84.92 34.68] 1/30/95]  89.79 89.38] 92197 86.69 8639
1077789 94.43 93.86] 64792 85.70 8543 13195 89.59 §9.19] 972857 2494 84.70)
10/3789 94.85 9427 6502 %3.76 83.56| 1R5| 88.74 €837 929457 83.73 83.53||
10/5739 94.73 9415 6/692] 83.67 8347|2205 8162 87.29] 9730/97 33.68 83.48
10710789  93.56 93.02] 67/92| 8335 83.36] 2305 B6.18 83.90] 107197 83.50 8331
10711/89 92.78 0227 6392 83.73 83.53| Tal5| 87.24 86.92| 107257 8449 8426
10/12/89 52.13 OL6d| 65992 3508 8570 Z5Ms| 8617 85.89{ 10/3/97 3428 B4.06
10713785 91.75 913 61092 26.72 8642 2765|8624 85.95| 10/4/97 83,74 83.54
(10714785 9149 91.02] 6/TiR2| — 8633 86.04] 277R5| 8771 37.37] 10597 8326 ss.oﬁ-l
| [0/15/89]  83.03 87.68] 6/1202( 8529  85.04] 2EP5| 8699 B6.68] 107657 8281 82,64
10/16/89 $4.85 84.61[ 6/13/92 85.96 §5.68] 2/9/95f 8534 85.09] 1Wrm7 34.72 84.49]
10/17/89 38.10 87.75| 6/ialz| 8564 85.37] 2/10/95|  86.82 BG.51| 107297 8542 35.16
10718789 90.90 5045 6/15/2]  85.82 85.55| 21155 88.32 87.96| 10/997] 8533 ssz‘i’
10719789 9222 51.73| 6N6M2|  86.20 B3.92[ 2M12R5] 9215 91.66] 1071097 84.55 §4.33
T0720/89 92.91 9239 @792 8163 87.30f 213095  93.66 93.12| 10711/97| 84.23 84.01
10721789 5255 9243 /18021  86.52 86.61] 2/1aP5| 93.96 9341 10/TZ97] €350 3331
10722789 39.73 89.32] 61992 86,10 85.82| 2/15/95 94.00 93.45] 10/13/97 82.81 82.64
10723789 84.78 84.54] 6720092 84.98 84.74) 2/16/95]  94.00 93.45| 10/14/97| 8446 34.23
10724789 85.99 B5.71| 621792 g4.3 8401 21795 94.27 G371 1071557  23.70 83.50
10/25/89 §9.26 3857 6222 3439 84.65| 21895 94.55 93.98| 10/16/97 8469 84.46
10726/85]  $9.58 80.18}] 62302] 86.70 §640] 27100031 95.26 04.66] 10/17/97|  83.74 83.56
10727789 39.75 89.34[ 6242 3853 88.16| 2720195 9584 9522 1071897  &3.42 83.24
10/28759 89.90 89.49[ 6725053 8901 8363 272195 95.79 95.171 10/19/57 83.79 8359
10/25/39 §5.34 85.57] 672602 89.10 8872 2712/95] 9543 - 94.83| 10/20/97 23.39 ss.zgll

5

10730789 82.77 82.60| 627/52]  88.67 8836] /2305 9504 9474 102197]  €3.63 834
~ 3.1081/89] 8328 83.10]_6/28/02]_ B6.82] . _86.51] 224/95] 95.56) . _94.95) 10722097 B339 83_3_1j'

11/1/89 8534 85.09] 6/29/92 85.05 84.81| 201255 95.77 95.16 10/23/97 83.77 83.57
1172189 86.10 83.821 6/3092 85.21 B4.96| 2126195 95.86 95.24¢ 10724/97 85.20 84.95
11/3/89 87.14 86.82| 7192 86.03 85.75] 22195 95.88 95.26] 10/25/97 85.26 85.01
11/4/89 87.32 87.00 77282 86.15 85.87] 22895 95.87 95.25| 10/26/97 83.83 83.62
L1/5/89 §4.74 84.51 7392 86.61 86.31  3/1/95 95.69 95.08] 10727/97 85.14 84.89
11/6/89 82.46 8230 7M4M2 8641 86.12] 3/2/95 95.51 94.90| 10728/97 88.50 88.14
1177189 83.54 83.35F  7/592 85.00 84.76] 31395 95.52 94.91} 10/29/97 88.83 88.45
11/8/89 8525 85.001 7/6/92 84.55 84321 3/4/95 95.17 94.58| 10/30/97 86.50 86‘201
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date |Elevation| Elevation Date | Elevation| Elevation Date |Elevation | Elevation Date |Elevation| Elevation
(ft-msl) | (ft-msl) (ft-msl) | (f-msi) (ft-msl) | (R-msl) (fi-msl) | (ft-msl)
1179789 85.32 85.07| 71792 84.87 84.63] 37593 9494 94.35] 1031/97]  85.52 45.26
TI7/10/85] 84.56 84.33| 1/8/92] 8532 85.07|  3/6795 9495 9436 1U1/97] 84.17 £3.05
i1/11739 85.13 84.88| 179792 B5.83 85.50] 317093 9491 9433 17297 8389 83.69"
| 1112735 1257 32.70| 71092 25.39 85.62) M85 94.63 G405 113597 34.05 83.34
TH/13/39 2228 82131 171192 8450 8327 3//95] 9410 93.54| 1174/97| 84.62 84.39
11714789 82.57 82410 11292 33.68 8343 3/1095] 9428 93.72} 11/5/97| 8527 85.02
T1715/%0 83.18 B3.00] 71392 8427 g4.05| 311P5] 9456 93.99] 11/6/97] 8493 s4.69'"
11716/89 $3.66 83.46] 11492 8490 8466| 3/1295] 94.70 93.12| 1L/197] 8296 82.78
TI7T7739 34.49 8426| 71592 854l ®5.15| 3/13/935] 94.73 94.15| 11/397] 8250 sz.satj
11718789 23.96 83.75| #16/92] 84.88 §464| 371495 94.72 9414 11/997] 84.00 33.79
11/19/89 82.71 82.55| #1192 34,50 84.27| 371595 9447 93.90| 11/10/97 $3.23 23.05
[ 11720/89 $2.67 §251] 71802 24.18 83.97] 3J/1605| 9442 03.85| 11/11/97] 8392 83.72
11721789 83.19 83.01| 771692  B3.58 23.39| 3/1795] 0458 G301| 1/1297]  B3.86 83.65
11722/89 82.37 £2.22| 7202 83.58 B339 3/1895] 94.72 94.14] 11713797 84.54 84.32|
11723730 82.28 82.13| 72192] 84.13 83.02] ¥I9@5| 9477 94.19] 11/14/97]  86.09 85.81
[ T1724/89 T202| T 84.33 §4.11| 3720095] 94.78 G4.20] 11715/97] _ 89.43 89.03
11725789 32.36 8221 3Rz 84.55 8432 3721095 94.34 93.97| 1116897] 9027 $9.84
11726789 82.14] . 82.00| 772402] B4.I1 33.00] 322/95] 9353 92.99| 11/17/97] 86,90 86.50||
11727789 8245 82.29] 172592 8393 B3.72| 3/23/95] 9237 9236| 11/18/97] 8547 85.21
11728789 8451 84.28] 7126192 83.65 B3.45| 372405 9278 92.27[ 1171987] 8655 86.25
11729789 86.59 §6.20| 712//9Z| 83.13 83.53| 3725095 9243 01.95| 11720097 85.19 85.52
FTI736789 8833 87.07| 128092 83.99 B3.78| 372605 90.75 9031 112197] 8483 §4.59
1271789 87.76 87.42| 1729/92| 84.56 8433] 312795 88.63 3826| 112297] 8432 2410
1272789 86.90 86.59] 7730/92 84.60 8437 3128095 8837 88.01] 1172397 83.77 83.57
123739 34.30 84.56] 131792) 2453 §4.30| 3/29/95] 8148 87.15| 11/24797] 8381 $3.61
12/4/30 £3.13 £1.951  8/1/92]  84.61 84.38| 3/30/95 2821 87.86| 11/25/97| 8343 83.23
1275789 3632 2603|8297 84.07 B3.86] 373195 88.44 B3.08] 11726197 8423 3401
12/6/39 8728 86.06] &892 83.54 8335| 195 $6.22 85.93] 11727/97
1277789 8817 37.82| 8M4/92] 8388 83.68] 47295 86.18 25.90| 112897  83.67 8347
1273789 §8.73 88.36] 8592 84.13 84.50| 4/3/95 86.13 85.85 1120097 8343 83.2:;]
1275739 o145 G0.98] 8/6/92] 86.02 85.74| 414195 87.87 87.53| 11/30/97| 8345 83.26
12710789  93.20 9267 &1/92] 85.73 8546] A4/5/95] 8843 §8.07 12197F 83.99 83.78
1211789  93.88 9333 &/EM2|  84.25 84.03] 4/6/95 88.60 8823 12297 86.13 8333
12/12/89 93.95 9340} 8/9/92] 83.68 8348 47795 38.09 8861 12397 8524 84.99
12/13/89] 9394 G3.39| %1092 83.18 B3.58| 4/%/95 38.93 8855 127497  85.11 54.86
12714789 94.07 53.51| &11/52|  85.16 8401| 4Pk5 87.30 87.46] 127507  86.01 ¥5.74
[ T215/85]  94.18 9362] 81202 8572 §5.45| 471095 8791 87.57| 12/6R7| 8398 85.70)
12716789 54.00 93.45| &/13/92| 86.10 B5.82| 4/1195 87,60 §735| 12191 8448 84.2¢|
1217789 93.79 g3.24| ®/14/92] 87.56 87.23] 4712595 86.47 56.18] 12787 83.60 83.40)
12/18789)  93.57 93.03| 8/15/92] 87.51 87.18] 4713195 3438 24.16| 120967  84.64 3441
119789 93.38 92.85] 81692]  86.01 85.73| 4714793 34.70 2447 L1097 83.21 83.99
12720/89 93.56 93.02| 1792 85.39 85.33] 4/15/95 55.13 3488 1411/97f B4.76 8453
12721789 93.78 9323 &iRM2{ 86.16 85.88| 4/16/95 3497 8473 121297 85.55 85.29J|
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SR-TNX Estimated Historic Daily Mean Elevation

SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX SR= | SRLTNX |

Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated

Date |Elevation] Elevation Date |Elevation| Elevation Date |Elevation | Elevation Date | Elevation| Elevation

(R-msl) { (ft-msl) (ft-msl) | (B-msl) (R-msl) | (ft-msl) {fi-msl) | (f-msl)
12/22/89 93.70 93.16] 8/19/82 86.30 86.01] 4/17/95 84.64 84.41| 12/13/97 85.17 84.92]
12/23/89 93,70 93.16] 8720/92 87.66 8733 4/18M5 84.01 83,80 12/14/97 85.62 85.35
12/24/89 93.86 93,31 8721792 83.64 88.27| 4/19195 84.25 84,03] 12/15/97 85.90 85.62
12/25/89 93.85 93.30] 8722/92 88.53 88.17| 4120195 84.65 84,421 12/16/97 86,73 B86.42
12726/89 93.58 93.04] 82392 87.04 86.73; 4121595 85.48 8522 12197 89.98 89.56
12/27/89 93.46 92.92] 8R4M2 86.26 8597 4295 £3.34 85.09] 1/18/97 90.24 89.82
12/28/89 93.39 92.36| 872592 86.82 86.51[ 4/23/95 85.09 84,84 12/19/97 90.54 90.11
12/29/89 93.29 92.76f 8/26/92 86.75 86.45| 4/24/95 85.08 84.83] 12120/97 90.90 90.45
12/30/89 93.14 92.62| 8127192 86.52 86.22| 4725195 84.68 84 .45( 12121/97 90.27 £9.84
12/31/89 90.54 90.11] 872892 86.43 86.14] 472695 84.40 84.18] 12722/97 89.46 89.0'.'01
1/1/90 8596 §5.68| 829/ 8597 85.69| 412795 84.12 83,91 12723597 90.24 89.82|
17280 86.10 85.82] B/30/92 84.42 84.20| 428095 83.96 83,75} 12/24/97 91.01 90.56

- 17380 88.73 88.36| 831792 83.70 83.50] 429095 84.06 83.85] 12/25/97 92.65 92.15
1/4/90 £8.71 88.34] 9/1/92 84.87 84.63] 4730/95 84.08 83.87] 1226/97 9391 93 36
1/5/90 88.59 §8.22 9/2/92 §5.85 B5.58 571195 83.95 83.74| 1212797 94.48 93.91
1/6/90 88.71 88.34] 97392 85.88 85.61 512195 £3.36 83.66] 12728197 93.78 93,23
1/7/90 86.61 86.31] 91492 85.95 85.671 SR95 84.02 83.81} 12/29/97 92.36 91.86
1/8/90 85.33 85.08] 9/552 85.29 85.04| 5/4/95 84.31 84.09| 12/30/97) 9179 9131
1/5/90 88.00 87.65] 9/6/92 85.28 85.03] 5/595 84.45 84.23] 12731/97 92 84 92.32)
1/10/90 89.76 89.35] 9/7/92 85.05 8481 5/6/95 84.69 84.46 1/1/98 94 .07 93,52
1/11/90 88.10 g7.75] 9nMa2 85.24 8499 57795 8531 8506 1/2/98 94.77 94,19
1/12/90 86.62 86.32] 9902 84.99 84.75]  §/8/95 84.65 84.42 1/3/98 95.03 94.44
1/13/90 85.49 85.23| 9/10/92 84.73 84,50 $/9/95 84.35 84.13 174198 94.82 94.24]
1/14/90 84.52 84.29| 9/11/92 84.73 84.50] 5/10/95 8425 84.03 1/5/98 9429 93.72
1/15/90 82.99 82.82| 9/12/92 84.84 84.60| 5/1105 84,38 84,16 1/6/98 94.13 93.57
1/16190 85.82 85.55§ 971392 84.66 84.43| 5/1295 84.76 84,53 177198 93.94 93,38
1/17/90 90.06 89.64| 9/14/92 84.43 B84.21| 5/13/95 84.55 84.32 178798 93.37 92.83
1/18/90 90.57 90.13] 9/15/92 85.69 8542{ 5/14/95 84.10 83.89]  1/9/8 91.96 91,48
1/19/50 90,39 89.96] 971692 85.88 85.61| 5/15M95 £3.79 83.59] 1/10/08 91.82 91.34
1/20/00 90.11 89.69{ 91792 84.02 83.81 5/16/95 83.72 B3.52( /11798 93.21 92.69
12120 86.73 86.43| 9/18/92 84.37 84.15| 517M95 84.42 84.20] /1298 94.14 93.58
1/22/90 83.64 8344 9/1992 85.46 85.20} 5/18M5 84.70 84.47] 171398 94.69 94.11
1/23/90 87.43 87.10] 9R0/92 8415 354 S/19/95 84.64 8441 171458 94.82 9424
172490 £9.43 89.03| 912192 83.41 83.22| 572095 8493 84.69] 1/15/98 94.69 94,11
1725/90] ___ 89.97 _89.56] 9722192 85.25 _ 8500} 572195  84.47 84.25(_ 171698 94.77 04.19]
1726/90 89.72 8931 972392 86.03 85.75| 522095 84.04 83.83] 1/17M8 94 90 9431
1227790 39.91 89,50 9R24/92 86.06 85.78| 572395 83.77 83571 1/18M98 95.06 94.47
172890 88.77 88.40| 9/25/92 85.04 84.80§ 5/24/95 84.10 8389 1/19/98 94,98 94,39
1729/90 86.09 85.81] 9726/92 84.13 83.92| 5725095 83.86 8366 172098 94.74 94,16
1/30/90 90.16 89.74| 9727192 84.05 83.84| 5726195 83.73 83.53] 172198 94.56 93,98
1/31/90 91.80 91.32] 972892 83.84 B3.64] 5727/95 83.57 83.38| 122198 94.55 93,98
2/1/90 92.33 91.83] 9/29/92 £84.87 84.63] 312895 83.36 8317 1723598 94.62 94.05
212150 92,43 91.93| 9/30/92 85.79 85.52| 5/29/95 83.34 83.157 1724198 94.72 94.14
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Appendix C (continued)
SR-TNX Estimated Historic Daily Mean Elevation
SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date | Elevation| Elevation Date |Elevation] Elevation Date | Elevation| Elevation Date |Elevation| Elevation
{ft-msl) | {(ft-msl) (ft-msl) | (ft-msl) (ft-msl) | (ft-msl) (ft-msl) | (ft-msl)
210 9230 O1.80{ 10/1/92] 86.30 86.01[ 57305 %3.66 R346] 172508 9458 04,00
27490 89.15 2876] 10292 86.15 85.87| 5B195 83.73 8333 172698 94.36 93.79
275190 34952 24.68| 10/3/92 34.99 34.75]  6/1/95 83.63 8343| 1/27/98 94.50 93.92
276/50 89.13 §8.73] 10/a/92 8520 8495 67295 8382 83.62| 1/2808[ 94383 9425
271790 01.38 G092 1075792 85.78 8551| 6/395 8425 84.03] 172948 9528 94.6§_|
~TRRR0 92.02 91.53| 10/6/92| 8692 86.61| 6/4/95 g4.42 84.20] 1730098 95.55 94.94
275790 9295 o176 10/7/92] 89.24 83.85] 6/5/95 8497 84.73] 13198 9543 94.32]
2/10/90 09225 G1.76] 10/802] 90.17 89.73| 6/6/95 27.82 8748 2198
21150 91.50 O1.03| 10/9/92] 9093] - 90.48| 6/1795 87.714 87.40] 2/2/98 95.23 94.63
21250 01.43 00.96] 10/10/92] 92.16 91.67] 6/395 86.94 86.63| 2/3/98 95.28 04.68
213790 91.54 91.07 1071192 92.08 O1.59] 6/9/95 86.53 8623 2/4/98 9540 94 80
Y1400 93.02 §2.50] 10/12/92]  90.00 89.58[ &10/95 8599 B5.71| 2/5/98 G5.71 95.10
21590 03.94 03.39 10/13/92] 89.83 8942 6&/1195 85.52 85.26] 2/6/98 96.22 95.59]
2716590 94.57 94.00| 10714792  89.35 88.96] 6/12/95 35.14 8489 iM% 96.37 05.74]
2/17/90 95.06 94.47| 10/15/92 89.34 88.95| 6/13/95 2451 8428 2/8/98 96.71 96.06,
21890 95.19 94.601 10716792 %8.40 83.04| 61495 8397 8376 2/9/98 56.76 96.11
2719790 03.04 D4.45] 10/17/92] 83.48 B8.12| 6/15/95 8355 3336 271098 96.50 95.86
2720790 9531 04.71| 10/1852| 88.88 28.50f 6/16/95 83.57 8338| 2/11/98 96.41 9577
2721550 95.85 05.23] 10/19/92 38.12 87.77| 617195 8353 8334 2/12/98 96.41 93.77
272290 96.23 05.60| 1020/92]  90.75 9031| /18095 83.74 83.54] 2/13/98 06.34 95.71
2723590 96.15 G552 10/21/92] 92.18 O1.69] 6/19/95 83.68 8348 2/1498 96.29 05.66,
2724190 95.89 95.27] 102292 92.53 02.03| 672095 8354 8335 271598 96.22 93.59
225790 95.82 9520] 1023/92] 92.73 92.22| 6/2195 8349 83.30f 2716598 %620 95.57
2726190 96.11 95.48| 10/24/92] 92.80 9229] 6/22/95 83463 83.43| 271798 95 81 95.19
2127790 06.34 95.71| 10/25/92] OL.78 01.30] 672305 84.11 §3.90] 271898 95.09 94.50
22850 96.54 95.90] 10/26/92 89.22 88.83[ 6724195 84.36 §4.14| 2/19/98 95.22 04.62
371790 06.53 05.89| 10/27/92] 87.13 86.81f 6725095 8430 3408 27208 95.50 94.s§“
3250 96.10 95.47 10/28/92 85.57 " 8531 626095 83.68 83.48| 22198 95.50 94,90
373750 95.52 04.01| 10/29/92 85.68 B5.41| 6727795 8345 R3.26[ 2/22/98F 9548 94.87"
374790 95.21 04.61| 1030/92| 8572 8545 G/28/95 8405 3334 22308] 9551 94,90
375050 05,19 94.60| 10/31/92 24.08 84.74]| 672995 84.31 34.09] 22498 9555 0495
37690 95.13 04.54] 11/1/92 B4.06 83.85] 6/30/95 34.03 83821 272598 95.62 95.01
377790 95.17 o438 11/292] $3.96 83.75] 7/195 8355 83.74| 2726/98 9555 54,95
[~ 378090 95.25 9465 11392 28423 BA06| /295  83.01 2370 22798 95.60 94.99
379790 0528 0468 LL/4/92Z|  84.15 3394 1395 84.00 83.79| 272898 05.64 95.03]
371096 95.28 0468 11/5/92| 84.88 84.64| 7/4195 8378 8358| 3/1/98 9570 95.09
31150 95.24 04.64| 117692 85.40 85.14] 71595 23.53 8334] 3/29% 95.70 95.0§|
3712590 9523 94.63] 117192 86.52 B622| 7/6/95 34.09 %3.88] 3/3/98 95.66 55.05
3713/90 95.30 G470 11/78/92 85.00 84.76| /1195 8445 8423] 3/498 95.59 94.96]
3714790 9535 54,75 1179792 34.69 8446| 7/8/95 34.35 BE.13| 3/5/98 935.57 94.56]|
371590 9533 04.73| 1171092 85.99 8571 7/9/95 2303 83.72] 3/6/98 95.60 9499
3716190 9528 94.68| 11/11/92]  86.05 B5.77] Wt095 83.54 8335 3F7/98 95.66 95.63
3717790 9521 094.61] 1/1292[ 85.75 8548| 71195 8343 8324 3/3/8 95.46 94 .86
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SR-TNX Estimated Historic Daily Mean Elevation
SR- SR-TNX SR- SR-TNX SR- SR-TNX SR- SR-TNX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Jackson | Estimated
Date | Elevation | Elevation Date |Elevation] Elevation Date |Elevation| Elevation Date | Elevation| Elevation
(ft-msl) | (R-msl} (ft-msl) | (ft-msl) (ft-msl) | (fi-msl) {ft-msl) | (f-msl)
3/18/90 9491 94.32] 11/13/92 86.47 B6.18] 7/12/95 83.66 8346 34198 9549 94.89"
3/19/90 95.21 94.61| 11/14/92 87.56 87.23] 71305 23.83 81.63) 3/10/98 9591 95.29
372090 95.85 9523| 11/15/92 90,50 90.07] 7714095 83.92 83.71] 311198 95.86 95.24
3/21/90 96.08 09545 11/16/92 90.09 80.67) T7/15/95 84.05 83.84] 3712098 9530 94.70;
3722/90 96.13 95.50| 11/17/92 87.39 87.06| 7/16/95 84.09 B3.88] 3/13/98 95.23 94.64
3/23/90 96.18 95.55( 11/18/92 91.39 90.93[ 771795 84.16 83.95] 371498 95.45 94 RS
3724190 $6.22 95,59 11/19/92 92.53 92.03] 7/1895 84.98 84.74] 3/159%8 95,57 94.95
3/25/90 96,23 95.60( 11/20/92 93.14 92.62| 7/19M95 85.97 85.691 3/16/98 0558 94.97|
326190 96.24 95.61] 1172192 93.61 93.07f 7720095 §6.12 8584 3/1798 95.57 94,96
37271190 96.15 95,52 11/22/92 94.19 93.63] 772195 85.75 85.48| 3/18/98 95.57 94.97]
3728590 95.31 94,1 11/23/92 9471 94,131 722195 85.30 85.05| 3/19/93 95.67 95.06]
3/29/90 94.37 93.80{ 11/24/92 94.65 9407 772395 84.88 84.64; 372008 95,60 94.99
3/30/90 93.82 93.27| 1125/92 94.90 94.32] 724195 84.93 84.69] 372198 94.81 94,23
33190 93.39 92.86| 11/26/92 95.08 94.49( 7725/95 86.19 8591{ 312298 94.87 9429
4/1/90 90.95 90.50} 11727/92 9528 94.68] 7126/95 88.15 87.830| 372398 95.28 94.68|
4/2/90 86.76 B6.46| 11/28/92 95.96 9534] 772795 87.59 87.26 3/24/98 9547 94.86]
4/3/90 86.33 86.04| 11729/92 96.65 96.00] 772805 86.43 86.14] 325098 95.30 94.70
4/4/90 £5.93 85.65] 11/30/92 96.61 9597 7729/95 86.04 85.76] 312698 94.90 94.32"
4/5/90 86.44 86.15] 12/192 96.27 95.64] 77095 85.25 £5.00] 3727098 9436 93719
4/6/90 85.98 8570 127292 95.63 95,027 113195 85.58 8532 3728M8
471190 84.40 84.18| 125392 9546 94.86 8/1/95 85.19 24.94] 3729198 9421 93.65
4/8/90 33.88 83.68| 12/4/92 95.45 94.85 872195 85.68 8541} 3/30/98 94.20 93.65]
4/9/90 83.06 82.88( 12/5192 94.80 9422 8395 §7.00 86.69] 373198 9400 93.45
4/10/90 84.53 84.30f 12/6/92 2492 94,33 8/4195 87.29 86.97 4/1/98 93,34 92.81
4/11/90] - 87.70 R7.36] 12/192 95.34 94.74]  B/ISH5 86.79 86.49] 4/298 92.83 92.32
4/12/90 88.98 38.60| 12/8/92 95.58 9497  B/6/95 84.99 84.75] 47398 92,38 91.88
4/13/50 89.11 88.72| 12/9/92 95.66 95.05 8/7/95 84.98 84.74 4/4/98 92.62 92.12]
4/14/90 88.43 88.07{ 12/10/92 95.74 93,13 8/8/95 84.94 84.70| 4/5/9%8 93.88 93.33
4715190 86.41 86.12] 12711192 95.79 95.17 8/995 85.70 8543 4/6/98 0418 93,62
4/16/90 8335 83.16| 12/12/92 95.78 95.16( 8/10/95 87.29 8697 47798 93.52 62.98
4/17/90 84.53 84.30( 12/13/92 95.71 95,10 B/11M95 84.74 84.511  4/8/98 93,17 92.64]
4/18/90 $9.23 88.84] 12/14/92 95.70 95.091 B8/12/95 84.09 83.88 4/9/98 93.16 92.64
4/19/90 89.86 89.45] 12/15/92 95.77 95.16] 8/13M5 85.12 84.87| 4/1008 93.89 93.34;
4720/90 89.21 88.82 12/16/92 95.83 95.21| 8/1495 86.24 85.95f 4/11/98 9493 94 34
421/90 88.51| 8815 12/17/92 95.86 _95.24] 8/15/95 85.15 84.90] 4/12/98 95.34 94.74
4/22/90 85.02 84.78| 12/18/92 95.67 95061 8/16/95 86.08 B5.80| 4/1398 095.48 94.8§]
4/23/90 82,90 82.73| 12/19/92 94,96 94.37| 8/17/95 87.01 86,70 4/14/98 95.50 94 .90
4724190 85.13 84.88] 12/20/92 94.90 94.32] 8/18/95 87.57 87.24| 4/15/98 95.41 94 81
47125190 86.02 85.74] 12/21/92 95.00 94.41| 8/19/05 87.18 86.86| 4/16/98 94,79 9421
4/26/90 86.53 86.23| 12722592 95.27 94,67 8720095 84.78 84.54] 4/17M8| 94.69 94.11
4721190 86.79 B86.49] 12/23/92 95,58 9497t 821595 84.45 3423| 4/1898 95.03 94.441
4/28/90 85.27 85.02] 12/24/52 95.78 95.16| 822795 84.06 83.85| 4/19M98 95.37 94,17
4/29/90 84.24 84.02[ 12/25/92 93.84 95.22| 872305 84.86 84.62] 4/20/98 95.58 9@1
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SR- | SR-TNX SR- | SR-TNX SR- | SR-TNX SR- | SR-INX
Jackson | Estimated Jackson | Estimated Jackson | Estimated Fackson | Estimated
Date | Elevation| Elevation Date |Elevation | Elevation Date |Elevation| Elevation Date |Elevation | Elevation
(ft-msl) { (ft-ms)) (fi-msl) | (ft-msl) (f-msl) | (ft-msl) (ft-msl) | (fi-msl)
4/30/20 83.78 B3.58] 1226/92 95.85 95.23| 824195 85.03 84791 4721198 95.60 94 99,
5/1/90 8§4.48 84.25] 122792 95.85 95.23| 8125095 84.52 8420] 472298 95.63 95.0
512190 86.17 85.89] 12/28/92 95.89 95.27} 826195 85.26 85.01| 4/23/98 95.61 95.00“
53190 86.61 86.31] 12129/92 9597 95351 827195 £7.51 87181 4724008 95.5% 9498
5/4/90 85.66 85.39] 12/30/52 95.77 95.16] 8/28/95 89.70 £89.29] 4/2508 95.53 94.93
5/5/90 84.18 83.97| 12131552 95.95 95.33] 8729/95 90.25 89.83| 4/26/98 95.19 94.60)
5/6/90 84.37 g4.15] 1/1/93 96.01 95.39| 8/30/95 89.21 88.82] 4/27/98 94.68 94.10]
51190 8492 8468 1/2/93 95.93( 95.31 873195 87.98 87.637 4/28/98 94.40 93.83
518190 86.91 86.60 13/93 95.86 95.24 91195 87.26 86,94 472998 9415 93.60]]
5/9/90 86.69 8639 14/3 95.81 95.19] 92095 87.19 86.87| 4/30/9% 94.67 94.09
S/10/90 86.12 85.84 1/5/93 95.82 95.20 913795 86.20 85.92 5/1/98 95,22 94.62
5/11/90 85.83 85.56| 1/6/3 95.90 9528  9/4/95 86.34 86.05] 572098 95.42 94.82]
5/12/90 87.39 87.06f 1/1/93 96.08 9545  9/5/95 90.10 80.68] 57398 95.53 94.92/
5/13/90 88.04 87.69 1/8193 96.51 95.87 9/6/95 "91.41 90.95 54798 95.52 09491
5/14/90 85.58 85.32 1/9/93 96.52 9528 9r195 80.18 88.79 515098 9537 94,']7]
5/15/90 86.52 86.22] 1/1093 9598 9536 9/8195 86,72 86.42 5/6/98 95.26 94.60
5/16/90 89.81 8940 1/11/93 95.81 95,191  9/9/95 88.15 87.80] 5/71/98 95.25 94.65
5/17/90 91.63 9L.16] L1/1293 95.71 95.10] 9/10/95 8794 87.60| 5/89%8 95.38 94,78
5/18/90 92.28 91,791 1/13/93 95.80 9518 91195 86.70 86.40| 5/9/98 95.18 94.58
5/19/90 92.59 92,081 1/14/93 96.40 95.76] 912195 86.48 86.191 5/10/98 93.93 93.38]
52090 92.77 92.26] 1/15/93 96.75 96.10] 9/13/95 86.76 86,461 5/11/58 90,90 90.46
5/21/90 92.94 9242 1/16/93 96.57 95931 9/14/95 86.18 8590 S/N12498 90.89 90.4§|
5122190 92,93 9241 1/1793 96.01 95.39] 9/15/95 §7.37 87.05] 5/13/98 93.05 92.53]
52380 93.05 92.53| 11883 95.79 95.17] 916/95 B87.68 §7.34] 5/14/93 94.47 93.90
5724090 93,19 92,661 1/19/93 96.07 95.44) 1795 87.68 87.34{ 5/15/98 95.04 94.45
5125190 93.26 92731 1722093 96.22 95,591 9/18/95 86.24 8595] 5/16/98 95.22 94.62
512690 93.09 92,57 12143 9632 95.69] 919M5 85.97 85.69] 5178 95.28 94.68
512790 90.63 9019 1/22/93 96.11 95.48| 972095 86.57 86.27] 5/18/98 95.27 94.67
5/28/90 86.04 85.76] 172393 95.08 94,497 972195 86.25 85.06] 5/19/98 64.40 93.84
5720098 92.29 91.80
SR-TNX Estimated Daily Mean Elevation Statistics
# of Daily
# of Daily | Reading |% of Time
Mean Median | Minimum j Maximum | Readings | >88.82 >88.82
86.70 85.43 80.94 96.11 3806 1024 26.90
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Appendix D
TNX GeoSiphon Cell Detailed Organic Data
Sample Date 6/9/98 9298
Sample Time 12:20-16:00 8:08 - 10:35
Flow (gpm) [1] 2.56
Sample Parameter Caoncentration Concentration
Location {1g/l) (ug)
TCM-2 trichlorocthylene 234.1 109.6
TGSC-1A trichloroethylenc 156.0 NA
TGSC-1B trichloroethylene 1.8 NA
TGSC-1C trichlorocthylenc 0.5 NA
TGSC-1D trichlorocthylene 0.6 NA
TGSC-1E trichlorocthylene 0.5 NA
TGSC-1F trichloroethylene ND NA
TGSC-1G trichlorocthylene ND NA
TGSC-1H trichlorocthylene ND NA
TGSC-1 trichloroethylene ND ND
TCM-2 ¢is-1,2-dichlorocthylene 282 ND
TGSC-1A cis-1,2-dichlorocthylene 17.2 NA
TGSC-1B cis-1,2dichloroethylene ND NA
TGSC-1C cis-1,2-dichlorocthylene ND NA
TGSC-1D cis-1,2-dichlorocthylene ND NA
TGSC-1E cis-1,2-dichloroethylene ND NA
TGSC-1F cis-1,2-dichlorocthylene ND NA
TGSC-1G ¢cis-1,2-dichloroethyiene ND NA
TGSC-1H cis-1,2-dichlorocthylene ND NA
TGSC-1 ¢is-1,2-dichloroethylene ND ND
TCM-2 chloroform 32 25
TGSC-1A chloroform 1.2 NA
TGSC-1B chloroform ND NA
TGSC-1C chloroform ND NA
TGSC-1D chloroform ND NA
TGSC-1E chloroform ND NA
TGSC-1F chloroform ND NA
TGSC-1G chloroform ND NA
TGSC-1H chloroform ND NA
TGSC-1 chloroform ND ND
TCM-2 chloroform 32 25
TGSC-1A chloroform 12 NA
TGSC-1B chloroform ND NA
TGSC-1C chloroform ND NA
TGSC-1D chloroform ND NA
TGSC-1E chloroform ND NA
TGSC-1F chloroform ND NA
TGSC-1G chloroform ND NA
TGSC-1H chloroform ND NA
TGSC-1 chloroform ND ND
Notes:

1) NA =Not analyzed
2) ND = Not detected
3)  Analyses performed by SRTC ERT
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‘ Appendix E
i TNX GeoSiphon Cell Detailed Field Data
Sample Date 6/9/938 97298
Sample Time 12:20 - 16:00 8:08 - 16:35
Flow (gpm) 0 2.56
-Sample Location | Parameter, Units | Reading | Reading
TCM-2 pH 5.17 565
TGSC-1A pH 5.7 NA
TGSC-1B pH 6.25 NA
TGSC-1C pH 6.28 NA
| TGSC-1D pH 711 NA
| TGSC-1E pH 763 NA
| TGSC-1F pH 8.56 NA
TGSC-1G pH §.94 NA
TGSC-TH pH 597 NA
TGSC- pH 6 EX3
"TCM-2 DO, mg/l 32 NA
TGSC-1A DO, mgA 14 NA
TGSC-1B DO, mg/ 32 NA
TGSC-1C B0, mg/l 3.6 NA
TGSC-1D DO, mg/i 22 NA
TGSC-1E DO, mg/l 2.7 NA
TGSC-1F DO, mgi 33 NA
TGSC-1G DO, mg/l 23 NA
TGSC-TH DO, mg/l 23 NA
TGSC-1 DO, mg/l 21 NA
TCM-2 Eh, mV 387.2 3533
TGSC-T1A Eh, mV 4186 NA
TGSC-1B Eh, mV 229 NA
‘ TGSC-1C Fh, mv 75 NA
TGSC-1D Eh, mv 76 NA
| TGSCIE B mV 253 NA
| TGSC-1F Eh, mV 388 NA
TGSC-1G Eh, mV 549 NA
TGSC-TH Eh, mV -102.3 NA
TGSC-1 Eh, mV Eis 1254
TCM-2 Temp. °C 233 24
TGSC-1A Temp, °C 26.7 NA
TGSC-1B Temp. °C 24.7 NA
TGSC-1C Temp. °C 73.5 NA
TGSC-1D Temp. °C 238 NA
TGSC-1E Temp. °C 22.9 NA
TGOC-1F Temp. °C 73.2 NA
TGSC1G Temp. °C 23.1 NA
TGSC-1H Temp. °C 22.9 NA
TGSC-1 Temp. °C 233 21.9
Notes:

1) NA = Not analyzed
2)  Readings taken by SRTC ERT
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Appendix F
TNX GeoSiphon Cell Detailed Inorganic Data
Sample Distance into Cell Al B Ba Ca Cd Cr
Location () (mg/l) (mg/l) (mg/i) {mg/1) {mg/l) (mg)
TCM-2 0 <0.116 0.095 <(.008 2,713 <0.004 <0.009
TGSC-1A 0 <0.116 0.012 <0.008 3.635 <0.004 <0.009
TGSC-18B 0.14 <0.116 <0011 <0.008 2.139 <0.004 <(.009
TGSC-1C 0.32 <0116 <0.011 <(.008 5427 <0.004 <0.009
TGSC-1D 0.64 <0.116 <0.011 <0,008 4365 <0004 <0.009
TGSC-1E 1.07 <0.116 <0.011 <0.008 2.816 <0.004 <0.009
TGSC-IF 15 <0.116 <0011 <0.008 1.252 <0004 <0.009
TGSC-1G 2.04. <0.116 <0.011 <0.008 0.810 <{1.004 <0.009
TGSC-1H 2.86 <0.116 0.244 <0.008 1,896 <0.004 <(.009
TGSC-1 347 0.144 0.042 <0.008 1.239 <0.004 <0.009
Sample Distance into Cell Cu Fe Mg Mn Mo Na
Location (ft) (mg/h) (mg/) (mg/) (mg/) (mg/) (mgfl)
TCM-2 0 <0.014 (.159 1.068 0.049 <0011 20,282
TGSC-1A 0 <0.014 0.162 1.752 0.031 <0.011 8.532
TGSC-1B .14 <0.014 7.504 0.585 0.272 <0011 1.630
TGSC-tC 032 <0.014 2.350 1.081 0.165 <0.011 1.533
TGSC-1D 0.64 <0014 0.701 0.887 0.061 <0011 1.716
TGSC-1E 1.07 <0.014 0.298 0.421 0.024 <0,011 2.047
TGSC-1F 1.5 <0.014 0.083 0.149 0.005 <(.011 3203
TGSC-1G 2.04 <0.014 0.045 0.086 <0.003 <(.011 2.941
TGSC-1H 2.86 <0.014 0.6714 0.012 <(.003 0.59 13,674
TGSC-1 347 <0.014 0.231 0.197 0.009 <0.011 4.479
Sample Distance into Cell Ni P Si Sr Zn Chiloride
Location (f) {mg/) (mg/) {mg/) (mgA) (mg/) (mg/l)
TCM-2 0 <(0.015 <0.029 4,751 <0.004 <0.004 5.0
TGSC-1A 0 <0.015 <0.029 4.274 <(.004 <0.004 3
TGSC-1B 0.14 <015 <(.029 <0.069 <0006 <(.004 7
TGSC-1C 032 <0.015 <0.029 <0.069 0.014 <0.004 15
TGSC-1D 0.64 <0.015 <0.029 <(.069 0.006 <0.004 [3
TGSC-1E 1.07 <0.015 <0.029 <0069 <0.004 <0004 2
TGSC-1F 1.5 <0015 <0.029 <0.069 <0.004 <0.004 4
TGSC-1G 2.04 <0.015 <0.029 <0069 <0.004 <0.004 3
TGSC-1H 2.86 <0015 <0.029 <0.069 0.040 <0.004 4
TGSC-1 347 <0.015 <0.02% 1.192 <0.004 <0.004 41
Sample Distance into Cell Fluoride Formate Nilrate Nitrite Sulfate
Location (ft) (mg/) (mg/} (mg/) (mg/) (mg/l}
TCM-2 [i] <0.2 <t 45.0 <l 10.0
TGSC-1A [ <0.2 <1 11 <1 5
TGSC-1B G.14 <0.2 <i <{ <] 1
TGSC-1C 032 <(.2 <i <1 <1 0.7
TGSC-1D 0.64 <0.2 <1 <1 <l 09
TGSC-1E 1.07 <(.2 <1 <1 <l 0.9
TGSC-IF 1.5 <02 <i <l <l 0.3
TGSC-1G 2.04 <0.2 <1 <l <l 04
TGSC-1H 2.86 <{(.2 <l <] <] 27
TGSC-1 347 <02 <1 <1 <l 0.6
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Notes to Appendix F, TNX GeoSiphon Cell Detailed Inorganic Data:
1) Samples taken on 6/9/98
2) Only parameters, which had at least one analysis above detection during Phase I or I,
are shown in the table,

3) The following parameters were all below their respective detection limits:
Ag (<0.017); Co (<0.011); La (<0.022); Li {(<0.012); Pb (<0.066); Sn (<0.016);
Ti (<0.011); V (<0.014); Zr (<0.017); Oxalate (<1); Phosphate (<1)

4) Analyses performed by SRTC ADS
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Appendix G
TNX GeoSiphon Cell Detailed Gas Analyses

Parameter Units Sample Duplicate Average
Carbon Dioxide %lv <0.01 <0.01 <0.01
Oxygen Yolv 4.96 4.79 4.875
Nitrogen Yolv 46.42 46.07 46.245
Carbon Monoxide %lv <0.01 <0.01 <0.01
Methane %lv 1.95 1.99 1.97
Ethane ppmy 41.44 42.07 41.755
Ethylene ppmv 6.08 6.18 6.13
Propane ppmv 11.18 11.37 11.275
Propylene ppmv 4.95 5.04 4.995
[-Butane ppmv 0.97 1.00 0.985
n-Butane ppmv 4.53 4.57 4.55
Hydrogen ppmv 412,846 407,039 409942.5
Vinyl Chioride ppmv <3 <3 <3
Methylene Chloride ppmv <2 <2 <2
trans-1,2-Dichloroethylene ppmv <0.1 <0.1 <0.1
cis-1,2-Dichloroethylene ppmv <0.1 <0.1 <0.1
Chloroform ppmv <0.005 <0.005 <0.005
1,1,1-Trichloroethane ppmv (.009 <0.005 0.007
Carbon Tetrachloride ppmv <0.005 <0.005 <0.005
Trichloroethylene ppmv 0.008 0.019 0.0135
Tetrachloroethylene ppmv <(0.005 <0.005 <0.005
Notes:

1) Samples taken on 8/24/98

2) Analyses performed by Microseeps
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