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Abstract

The elevation change data measured at the West Hackberry SPR site over the last 14+
years has been studied and a model utilized to project elevation changes into the future.
The subsidence rate has decreased with time due to instituting maintenance of higher
operating pressures for caverns (since about 1990) and the normal decrease in creep
closure rate of caverns with time.  However, the subsidence at the site is projected to
continue.  As a result, low lying regions exist and the extents of these regions are
projected to increase with time.  These low lying regions are susceptible to inundation
with water from Black Lake and/or hurricane storm surges.  This work may assist DOE in
planning the construction and location of mitigative measures for flood control.
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Introduction

The subsidence monument elevations at the West Hackberry SPR site have been
surveyed 15 times beginning in January 1983. The earlier survey data has been most
recently reported on by Osnes (1995).  This report provides an update which includes
additional measurements completed in the past two years. The changes in elevation, the
rates of subsidence, as well as projections of future elevation changes are presented.  Of
specific interest to the DOE at West Hackberry is the subsidence of the land surface
because part  the site is close to sea level.

Elevation data represents the raw data.   The most recent data set included 143 data
points.  The number of data points varies from year to year because it is a function of
ability to find monuments, destruction of monuments, damage to monuments, etc. The
measurements have been made at various time intervals; the current time interval is about
a year.

In practice, measurements of subsidence are difficult at best.  At West Hackberry the
reference is an off-site benchmark.  This introduces error in traversing the distance to the
site.  Since 1988, the leveling surveys have been performed to Second-Order First-Class
accuracy, with allowable vertical closure not to exceed 6 mm/km0.5  (approximately 0.025
ft/mile0.5). The standard errors in elevation for pre-1990 survey points are greater than
0.037 ft and 0.069 ft at 95 per cent and 50 per cent of the points, respectively  (Osnes,
1995).

At West Hackberry and SPR sites in general, elevation changes are measured because they
document surface subsidence resulting from creep closure of caverns.  General subsidence
on the scale of the site or portions thereof is seen in the survey data taken.  This type of
subsidence will capture gross effects of creep closure of underground openings in
response to the state of stress.

Localized subsidence is  sometimes observed and reported to be seen by workers at the
site because the survey measurements at the site are only made annually.  However the
detailed long term subsidence provided by the surveys is important, especially because it
permits the long term extrapolation of elevation changes into the future.  In the following
presentation, important elevation values are +2.5 feet, the mean elevation of Black Lake
which abuts the site and +4.5 feet, the estimated hurricane storm surge.  Changes resulting
in elevations approaching these values will represent a threat of flooding of portions of the
site.



Results and Analysis

Results of 14+ years of measurements are presented in Table 1 and graphically in Figures
1-4.  All elevation data are printed in Table 1 in feet above sea level. The absolute values
of vertical displacements and the elevations are of interest. The site has subsided during
the past 14+ years as seen in Figures 1-4.  The average subsidence for the past 14+ years
over the whole site is about 2 feet, with locally greater values.  The northern area of the
site occupies the lowest elevations.  More subsidence has occurred and greater subsidence
rates are observed in the northern sector of the site.  This is likely a result of a
combination of cavern creep closure and oil production from the fields in and around
Black Lake.  The central portion of the site remains relatively high with average elevations
greater than 10 feet.

The contour maps were generated with a commercially available plotting routine. The
program generates a map, and contours it by developing a symmetric matrix of
information that fills a rectangular shaped area based on the input information.  It is
important to understand that the program creates contours based on the mathematical
rules assigned.  The program also creates (extrapolates based on mathematical rules)
contours in map areas where there are no data.  In some cases the extrapolation can be
misleading.  This is quite evident for the 1000’ x 3000’ area on the southwest and
southeast sides of the maps where the contours are angular.  The exact placement of these
contours in the area is uncertain because of sparse data in this region.  The greatest
confidence is in contours drawn through map areas with abundant data as depicted by (+)
on the plots.

It should be noted that the survey stations are located in some cases on the well head
flanges.  The flange elevations may be higher than the surrounding ground; actual contours
of the ground surface may be lower than represented here.

The rate of subsidence is calculated by dividing the amount of elevation change in a time
period by the time span of the period in years.   The rate of subsidence has decreased
during the measurement period. For the first five years of measurement the site was
subsiding at about 2-3 inches per year, whereas for the past 3-4 years the rate has dropped
off to 1-2 inches per year  (compare Figures 5 and 6 and see Table 2).  This decrease is
probably due to the operational procedure adopted of maintaining the caverns at relatively
high operating pressure and the corresponding decrease in creep closure rate of the
caverns with time.  Transient creep effects are also diminishing with time (Ehgartner,
1992).

An attempt was made to evaluate data quality.  Inspection of the data shows some to be
suspicious.  For example, vertical movements of more than a few inches were sometimes
recorded from one year to the next.  Some of these monuments are located on well head
flanges physically connected to other monuments that showed no movement for the same
time period. For the analyses in which values of subsidence and subsidence rate are









considered the suspicious data points were omitted; these data points are in bold in Table
1.  More than 90% of all data collected was useable for analysis purposes.  Figure 7 plots
35 data sets, elevation versus time.  Regardless of initial elevation, much of the data
appears to be of the same functional form.  All data was fit to a bank of possible
equations.  This fitting routine chose a first order exponential decay as the best
mathematical representation of the data of the form:

Y = Yo + A1e
-(x-xi )/t1

where Y and Yo represent elevation, A1 is a constant, x and xi are time, and t1 is a fitting
parameter.

Examples of the first order exponential decay representations are given in Figure 8a-c.
Mathematically the data is well fit by this function.  The first order exponential decay
function was fit to each data set 1. This allowed the data to be projected into the future
with confidence.  Table 3 contains fitting parameters for equations fit to data for each
measurement station allowing the reader to make projections to any time in the future.

                                                       
1 Some of the monument stations are represented by measurements taken for the past 4 - 8
years.  In order to develop a meaningful time versus elevation relationship, an elevation
needs to be defined at a realistic value for a time of zero.  Since the average subsidence for
the site was about 2 feet since January 1983, 2 feet was added to the 10/96 elevation to
provide a realistic estimate to define the curve at zero time.  Through analysis it was found
that varying the zero time elevation up from 2 feet to 5 feet did not make an appreciable
difference (less than 0.1 feet) in the predicted elevation in 2007.









Discussion and Conclusions

The elevation change data at the West Hackberry SPR site has been studied and a model
utilized to project elevation changes into the future. This work may assist DOE in planning
the construction and location of mitigative measures for flood control.  There exists
situations related to possible indications of the low elevations at the West Hackberry site
and the predicted elevations suggest mitigation will be required, if not now then in the
future.  The results presented indicate that two caverns (111 & 113) are currently
susceptible to flooding, four caverns (7, 110, 114, & 116) are bordering on being
susceptible.  These four and caverns 6 and 115 will be susceptible to flooding in ten years
or less.

Operationally it is prudent to continue the practice of maintaining the caverns at relatively
high operating pressure.  The measured subsidence rate is increased for time periods when
higher cavern pressures were not maintained, and  decreased for time periods when
relatively high cavern pressures were maintained.

The results of analyses warrant the following conclusions:

• Low lying regions exist and the extents of these regions are projected to increase with
time.  For example caverns 111 and 113 are reasonably susceptible to flooding now,
and caverns 6, 7, 110, 114, 115, and 116 will be susceptible to flooding in ten years,
some sooner than others.

• These low lying regions are susceptible to inundation with water from Black Lake
and/or hurricane storm surges.

• The subsidence rate has decreased with time due to relatively high operating pressures
of caverns and the decrease in creep closure of caverns with time.

• The subsidence at the site is projected to continue, however, if the cavern pressure is
maintained at current levels, the subsidence rate can be expected to slightly decrease.
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