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The Commission thanks and i< indebted to the U.S. Corps of Engineers
and the National Geodetic Survey for e€xpanding the 1976-1977 first-oirder
vertical contro] data program to include new and old benchmarks needed 1in
the Commission's study of subsidence.

Raymond R, Loup
Chairman

[

Vi

2T e S o st s o




el

e, AR ‘bh"'ﬂlwtmﬁa—v—m -

TABLE OF CONTENTS

THE LEVELING DATA anp 175 FALATION oo

Background ~~-~-——--—-—-~-—-——-—-—--—~~—-~—~~~-—~-----4 ~~~~~~~~~~~~~~ :

Figure 7. Pre?iminary rates of e?eyation change in the Guir Coast
Figure 2. Location of benchmarkg and survey Tines used n profiles
in this study ~~-—~---~------——~~—----------~-~-‘---—~~~--~-;

Figure 3. Subsidence in the Capita] Area Ground Watér Conservation
District. 1964 to P76 e T Domservation

Figure 4, Genera?ized Subsidence n the Capital Area Ground Water
Conservation District: 1934 to Torg .. 1200 Mater



TABLE OF CONTENTS (CONT'D)

Page
Figure 5. North-south subsidence profiles through Baton Rouge
(Parts 9 and 17) for the periods (A) 1964/65 to 1976 and
(B) 1935/38 to 1976 .12 [T M3t 1976 and 14
: Figure s. West-east subsidence profiles through Baton Rouge (Parts
13, 16, and 17) for the periods (R) 1964/65 to 197¢ and
(B) 1934 t0 1976 —..____[ 172 0] [0S to 1976 and — 15
Figure 7. Simmesport to Port Allen subsidence profiles (Part 1) for .
the periods (A) 1964 to 1976 and (B) 1929 to 1976 wevoe_ ____ 17
Figure 8. Ramah to Port Allen subsidence profiles (Part 14) for the
periods (A) 1965 to 1976 and (B) 1934 to 1976 meome L 18
Figure g, Lottie to 6.8 miles west of Krotz Springs subsidence
profiles (Part 5) fop the periods (A) 1964 to 1976 and
B) 1929 to e/ p———— B R 19
Figure 10.  Subsidence profife in the Melville area (Part 3) for the
period 1964 t0 1976 —veeeee .. o o0 e e b 20

5 g e e
ponekifin, . .

viiid




3

SUMMARY

The two types of localized subsidence, previously identified as occuring
in the Capita] Area Ground Water Conservation District are continuing to
occur -- these in addition to the long-term, widespread, slow, regional subsi-
dence due to tectonic adjustment . One 1is the subsidence associated with
fault zones, the other is associated with local water-level declines caused

by ground-water pumpage,

The differences in land-surface elevation that haye occurred between
1964 and 1976 along the lines leveled and releveled by the NGS (National
Geodetic Survey, formerly named the U.S. Coast and Geodetic Survey) are
shown 1in maps and profiles 1ip Figures 3 through 10. The Tine of levels that
traversed the industrial area of Baton Rouge shows a maximum rate of land
subsidence of aboyt 0.035 ft. per year for the period 1964 to 1976, due
primarily to ground-water pumpage. Total -subsidence in the industria] area
for the 1935 to 1976 period has been about 1.67 ft. --1.26 ft. due to Tocal
effects of ground-water pumping and approximately 0.41 ft. due to natural
regional subsidence, assumed to be 0.07 ft. PEr year. In 1969 the max imum

Recommendations include the periodic releveling of the NGS Tevel lines
as well as the network of benchmarks established by East Baton Rouge Parish
and the Louisiana Water Resources Research Institute. The existing network
of benchmarks should be extended to other areas so that the magnitude of
changes of land-surface elevation can be correlated with the rate of ground-
water offtake, and reliable predictions made in conjunction with model
studies of the aquifers. In addition, attention is called to the relation-
ship between the active faults and the levees that Cross the faults and the
need to locate these intersections.




INTRODUCTION AND PURPQOSE

Background

The natural subsidence of land is a feature widely found in the Gulf
Coastal Plain where the Capital Area Ground Water Conservation District is
lTocated. It js caused by the slow compaction of the sediments, the clays and
silts in particular, die to the weight of the accumulating overburden. If
all sediments were uniform, and if there were no other causes, then subsi-
dence would be substantially uniform and, except for surface drainage, there
would be no reason tg be concerned with the phenomenon. However, sediments
are not uniform and, on a large scale, entire blocks tend to sTip gulfward.
These blocks are outlined on the surface, more or Jess, by Tinements called
"faults". The Baton Rouge area has two principal fault zones; the Baton
Rouge fault and the Denham Springs fault (Durham, Moore and Parsons, 1967).
The accumulation of i and gas at depth is associated with these geologic
features. The surface traces are of concern because the slow movement at

streets, pipes, sewers, levees, and bridges that 7ije athwart a fault. Figure
T is a map of natural subsidence rates due to tectonic adjustments (unrelated
to faulting and ground-water withdrawals) determined for the Gulf Coast by
Holdahl and Morrison (1974). They also indicate areas of anomalous subsi-

_ dence such as the Houston and New Orleans areas.

- ated with faults, local areas may be subsiding due to manmade causes. Areas

Davis and Rollo (1969) compared elevation data from surveys principally
of 1934-45, 1938, 1964, and in some areas data ag early as 1880, to compute
subsidence in the Baton Rouge area. They found that the maximum amount of
subsidence between 1900 and 1965, mainly due to ground-water pumpage in
Baton Rouge, was more than 0.98 ft. west of the Mississippi River, which is
west of- the center of the Baton Rouge industrial area. They also showed that
the Baton Rouge fault, along the southern part of the city, limited the area
affected by subsidence due to pumpage. Wintz, Kazmann, and Smith (1970) used
data from the NGS relevelings of the 1930's, 1964, and the Fast Baton Rouge
Parish releveling for 1959 and Louisiana Water Resource Research Institute
data of 1969 ip their study of subsidence in Baton Rouge. By estimating the
amount of regional subsidence, they determined the maximum subsidence in the
industrial area was 1.5 ft. between 1938 and 1969, They predicted that if
water levels remained constant at 1970 levels, or continued to decline at a
steady rate, subsidence would amount to 3 to 5 ft, (or more) respectively

R R IR S ROEATC SO A5,
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Fig. 1. Preliminary rates of elevation change in the Gulf Coast
(from Holdahl and Morrison, 1974).

by 1990. They showed that a second source of local subsidence is the natural
movement of the Tand surface along the downthrown (south) side of the Baton
Rouge fault. They believed that this movement would continue at the observed
rate of as much as 0.02 ft. per year and was not due to ground-water with-

drawals.

In 1976 the NGS, in a Program financed by the U.S. Corps of Engineers,
releveled benchmarks to determine the amount of vertical movement along the
Mississippi River levee, At the request of the Capital Area Ground Water
Conservation Commission, ] i
the purpose of determining the amount of subsidence in the District. Even
though, at this writing (1978), the data are not adjusted to the 1927 sea
Tevel elevation, it is possible to analyze the information, relate it to
i in a.useful insight into the vertical motion

of the land surface, especially along the lines which were surveyed,




Purpose

The purpose of the study reported upon here was to compare the results
of the most recent Teveling (1976) with the 1964 Teveling and with the pro-
files produced by Davis and Rollo (1969) and by Wintz, Kazmann, and Smith
(1970) and to call attention to significant changes in land surface eleva-

tions.

Acknowledgements

We express our gratitude to Mr. William Addison, of the East Baton Rouge
City-Parish Engineering Department, who altered his program of Teveling to
furnish us with releveling data in areas of interest not included in the NGS
work,



L

4 e

THE LEVELING DATA AND ITS EVALUATION

Backoround

In explaining the procedure used in this study, the goal must be stated
and the Timitations of the available data pointed out. It is best to start
by comparing the procedure used by Wintz, Kazmann, and Smith (1970) ‘who
started out to relate the subsidence in the Baton Rouge area to the withdrawal
of water from each aquifer. They were fortunate in that the East Baton Rouge
Parish, before starting on a sewer construction program, had employed the
consulting firm of Pyburn and Odom to establish elevations throughout the
area to be sewered. These consultants tied their work to an established
benchmark in the downtown area when they made their survey in 1959. In 1969
all of these benchmarks were resurveyed, an established north-south Tine,
which had been resurveyed by the NGS in 1964, was releveled in 1969, and the
results were analyzed. The two principal findings were that, (1) the cone of
depression in the potentiometric surface of each major aquifer was overlain
by a shallow saucer of land surface subsidence, and (2) that the Baton Rouge
fault was active and that its evaluation as a roll-over fault was essentially
correct. :

Procedune

The first step was to develop a computer program to plot the Jocation of
each benchmark used in the 1964 and 1976 relevelings. These points were
plotted on a map of the District using the latitude and Tongitude data
supplied by NGS. The program also had the Capability to plot the difference
in elevation (1964-1976) at each point along each line. Correction factors
were determined so that the "free adjustment" of all lines run in each
séparate leveling epoch could be accomplished. The "free adjustment” process
s discussed later in this report.

~ To determine the total subsidence in the District, the subsidence deter-
mined for the 1964-1976 period was added to the subsidence determined for the
1934-1964 period by Davis and Rollo (1969). Maps of subsidence for the

5
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1934-1976 and the 1964-1976 periods are shown in Figures 3 and 4.

It should be noted that the absolute difference in elevation at any
benchmark cannot be obtained by directly using the observed elevations and
the amount of regional subsidence at any point cannot be precisely determined
for reasons noted previously. However, the relative difference can be calcu-
lated by selecting a single point (or pair of points) in the network and
assuming that point to be stable.

Davis and Rollo (1969) and Wintz, Kazmann, and Smith (1970) selected
benchmarks well outside of the city of Baton Rouge, which had constant
differences in elevation; that is, if the difference between Point A (north
of the city) and Point B (south of the city) was 1.00 ft. in both the 1934
and 1964 relevelings, it was assumed that the regional subsidence was uniform
(and undetectable without running Tines to tidal stations), and that any
differences in elevation found at other points on the same 1ine must be due
to a cause other than regional subsidence.

Figure 2 is a map showing the locations of benchmarks and survey lines
included in the NGS relevelings of 1976 and 1964 in the Capital Area Ground
Water Conservation District. A small number of these benchmarks were included
in the 1934 releveling epoch. Selected benchmark designators (i.e., PBM 2,
B-198, etc.) are included in the map. The numbers shown on each line are ‘
benchmark index numbers and are used in Figures 5 through 10 and in Appendix
A. For simplicity, only every fifth benchmark and end benchmarks are numbered
in the maps and profiles. The 1976 releveling program also established
numerous new benchmarks along the lines shown in Figure 2. These are not
included in this report because the historical elevation data at these points,
which would enable subsidence determinations to be made, are lacking. Two
new lines were established, one is between St. Francisville and STaughter,
and the other 1is between Port Allen and Plaquemine. Persons interested in
the location and observed elevations of these new benchmarks can obtain the
data from the NGS or the files of the Capital Area Ground Water Conservation

Commission.

To determine the amount of local subsidence in the District, observed
elevations were used, as recommended by N. Morrison of the NGS (Personal
communication, 1977). Observed elevations are elevations measured in the
field, corrected for any errors but not adjusted for closure errors or changes
in sea level. A Tine-by-line comparison of observed elevations from different
epochs (i.e., 1964 and 1976)* is probably the most accurate method of deter-
mining the amount and Jocation of subsidence due to ground-water pumping or
fault movement. Observed elevations of each line of a particular epoch can

*Releveling of benchmarks in the Raton Rouge area usually requires more
than one year to complete. Therefore, in the report the 1964 epoch refers to
releveling accomplished mainly in 1964, but also in 1965 and 1966. A small
portion of the releveling in the 1976 epoch occurred in 1977.

6
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can be made consistent with other Tines in the epoch by a process termed a
- "Tree adjustment”. This procedure was used to adjust all Tines of one epoch
to the same elevation base, For example, NGS Tines designated Parts 1, 10,
and 13 of the 1978 epoch, all included a common benchmark at their termini--
~287 located 0.7 miles north of Port Allen on State Highway 983. Because
Parts 10 and 13 were initiated from p-287, they were assigned the same eleva~-
tion for that benchmark, 27.6690 ft. (8.4335 m). part 1 originated at Simmes-
port and ran south to P-287 in Port Allen where the elevation for that bench-
mark was found to be 27.8520 feet (8.4893 m) for this particular survey. To
make Part ] compatible with Parts 10 and 13, it is necessary to eliminate the
differences in elevations determined for P-287 in the various surveys. This
was done by adding the elevation difference at P-287 to all other benchmark
elevations in Parts 10 and 13. The technique of "free adjustment” makes it
possible to make all observed elevations of one epoch compatible so that all
elevations of the 1976 survey can be related to a common base and compared
with all 1ines of the 1964 epoch,

In this report, B-198, Tocated on River Road south of Baton Rouge (see
Figure 2) is assumed to be the stable benchmark for Purposes of comparing
elevation changes in the District during the last 12 years. In fact, B-198
probably has subsided an amount approximately equal to the regional subsidence
rate for the area. From the map of Holdahl and Morrison (1974) (Fig. 1) the
minimum regiona]l subsidence rate in the Baton Rouge area is about 0.003 ft.
per year. Thus, B-198 probably has subsided about 0.04 ft. during the 12
years since the 1964 survey. This possible movement has not been included
gn tge e;evation data or profiles in this study; B-198 1s treated as a stable
enchmark,

To construct the profiles, the observed elevation for B-198 in 1976 was
set equal to the 1964 elevation, based on the assumption that the amount of
regional subsidence occurring at B-198 is zero. Thus, the profiles show only
local subsidence or include regional subsidence if it is greater than that
which may have occurred at B-198. According to Holdahl and Morrison's map,
the rate of regional subsidence differs from place to place over the area,
Thus, the elevation differences shown in the profiles may overstate man-
caused subsidence where rates of regional subsidence are greater than that
experienced at B-198,

Subsidence Profifes

The releveling information developed during the 1976 survey in the
District includes eight principal Tines opr Parts (Fig. 2). In the profiles
in this report, Part 9 and a portion of Part 17 are combined to produce a
single profile running north-south through Baton Rouge. The east-west portion
of Part 17 was combined with Parts 13 and 16 to construct a single profile
from Lottie through Baton Rouge and east as far as benchmark data for the two
epochs exist. These profiles and Part ] (Simmﬁsps?t to Port Allen) are along
the same three ]ines used by Davis and Rollo (1969) for their determinations

7
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of cubsidence between 1934 and 1964. In the profiles illustrated in this
report the "A" portion of each figure is the detailed subsidence profile Tnr
the 1964-1976 period-and the "B" portion of the figure shows the total suisi-
dence along the same Tine shown in "A" but for a longer period--1934 to
1976. Profiles of subsidence for the 1934-1976 period were constructed by
adding the subsidence measured for the 1964-1976 period to the subsidence
determined for the 1934-1964 period by Davis and Rollo (1969).
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SUBSIDENCE IN THE DISTRICT

Genenal

Areas of land subsidence determined from the relevelings of 1964 and
1976 are shown in the map in Figure 3. The detailed data used to create this
map is presented in the profiles later in this report. Because benchmarks
are located only along major lines generally radiating out from Baton Rouge,
the contours drawn between lines are extrapolations. The map is most reliable
in the vicinity of Baton Rouge where six separate Tines join. This is also
the area of greatest subsidence. The two major centers of subsidence in
Baton Rouge are the industrial area where 0.42 ft. of subsidence has occurred
at N-76 in 12 years and south of the Baton Rouge fault where a maximum of
0.20 ft. of subsidence has occurred at benchmark D-197 located on the River
Road (see Fig. 2). Subsidence south of the fault is also present west of
the Mississippi River along Interstate 10 in West Baton Rouge Parish. The
contours of maximum subsidence south of the fault are oriented nearly east-
west to conform with the position of the Baton Rouge fault as mapped by
smith (1976) and to conform with the east-west orientation of the 0.15 ft.
contours showing subsidence Jjust north of the fault.

The Atchafalaya River defines the approximate center of a second subsi-
dence area unrelated to the subsidence centered on Baton Rouge. This feature
may be due to the natural compaction of alluvial sediments.

Areas of minimum subsidence in the district for the 1964-1976 perijod
are, (1) along Part 17 in the vicinity of B-198 (Fig. 2) south of LSU, which
is the point assumed to be stationary in this study, and (2) along the
Mississippi River in the extreme southern part of East Baton Rouge Parish,
well south of Baton Rouge, and (3) in the vicinity of Torbert along U.S.
Highway 190 in Pointe Coupee Parish.

The map of subsidence in the District for the 1934-1976 period (Fig. 4)
was constructed by adding the subsidence reported by Davis and Rollo (1969)
for the 1934-1964 period to the subsidence determined for the 1964-1976
period. Earlier leveling data (i.e., 1900) was not included because it is
not available for the entire area. The map of total subsidence is more
general than Figure 3 because fewer benchmarks were available for the longer
period. Therefore, the Baton Rouge industrial area is the only center of
significant subsidence shown in Figure 4 for the 1934-1976 period. The
subsidence associated with the Baton Rouge fault is not clearly distinguish-
able from the subsidence centered on the industrial area, but the effect of
the fault is to elongate the subsidence how] into south Baton Rouge. Effects
of faulting are apparent west of the Mississippi River where benchmarks are
affected by high subsidence rates in both the 1934-1964 and 1964-1976 periods.
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The elongated subsidence bowl south of, and paralleling the fault, is apparent

in Figure 3.

Parts 9 and 17, North-South Profile

Figure 5-A is the north-south profile through Baton Rouge for the 1964-
1976 period. North from benchmark B-198 the éntire area has been affected by
subsidence. In the Baton Rouge industrial area, benchmark N-76 dropped
(including regional subsidence) 1.67 ft. since 1935 and 0.49 ft. since 1964,
If regional subsidence is excluded, the subsidence at this benchmark has been
1.26 ft. since 1935 and 0.42 ft. since 1964. This benchmark dropped more
than the next benchmark to the south, B-216, which was the point of maximum
subsidence -- 1.50 ft. for the 1938-1969 period (Wintz, Kazmann, and Smith,
1970). Although the area is on the downthrown side of the Denham Springs
fault, most of the subsidence in -the industrial area is the result of ground-
water pumpage. The annual rate of subsidence for N-76 (neg?ecting regional
subsidence) for the period 1964-1976 was0.035 ft. Unless the rate of ground-
water pumping is increased, it is assumed that this annual rate of subsidence
Will remain the same or possibly decrease with time.

In Figures 5-A and 5-B, it can be seen that north of the industrial area
to Slaughter, subsidence has amounted to more than 0.2 ft. since 1964. This
finding is 1in contrast to results of both previous studies (Davis and Rollo,
1969; Wintz, Kazmann, and Smith, 1970), which showed this area more stable
than or equally as stable as B-198 south of Baton Rouge, Assuming that the
free adjustment Procedure joining Parts 9 and 17 is valid, then the subsidence

thrown side of the Baton Rouge fault (Figure 3, 5-A and 5-B). Benchmark
D-197 is the first benchmark south of the fault, Subsidence at thig point
was 0.20 ft. between 1964 and 1976. The calculated rate of subsidence for
D-197 g therefore 0.017 ft. per year -- about equal to the 0.02 ft. per year
rate predicted by Wintz, Kazmann, and Smith (1970). Subsidence rates deter-
mined along the fault at severa] benchmarks are summarized below.

Part Index No. Benchmark Period Subsidence Rate
(ft. per year)
17 24 D-197 1964-197¢6 0.017
17 25 C-927 1964-1976 0.007
14 11 C-217 1964-1976 0.030
13
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Fig. 5. North-south subsidence profiles through Baton Rouge (Parts
and 17) for the periods (A) 1964/65 to 1976 and (B) 1935/38
to 1978.

A heretofore unreported area of subsidence begins at B-198 and extends
southward for approximately six miles. The maximum amount of subsidence is
0.215 ft. and occurs at K-197. South from K-197, subsidence decreases to a
minimum equivalent to that to B-198. >

Parts 13, 17, and 14. West-tast Profile

This profile begins in Pointe Coupee Parish between Blanks and Livonia
(see Fig. 2), continues eastward along U.S. 190, through Baton Rouge along
Florida Boulevard and Greenwell Springs Road and ends about 3 miles east of
Rirline Highway. The area of least subsidence occurs in the western end of
the Tine, in the Livonia-Torbert area (Fig. 3). East from Torbert, subsidence
increases steadily into the central Baton Rouge area where ground water
pumping has produced a land surface drop of approximately 0.2 ft. since 1964
(PBM-2, Fig. 6-A). Subsidence decreases eastward along Part 17 toward

14
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Airline Highway. However, beginning at benchmark T-216 in Part 16, subsidence
shows a Tocalized increase east of Airline Highway along Greenwel] Springs
Road. Here subsidence between 1965 and 1976 is slightly more than observed

in the center of Baton Rouge along this profile.

PEM 3
T 6
£E22

1B PRM 2

[ miles } 0.5
A.

PBM 5
PBM 3
4 PBM 2
PEM Qak,
‘1 Past Office

Part 13 $ Part 17 s 35 01 16 ]

Fig. 6. West-east subsidence profiles through Baton Rouge (Parts 13,
16, and 17) for the periods (A) 1964/65 to 1976 and (B) 1934
to 1976.

Two benchmarks showed unusually high rates of subsidence between 1965
and 1876, These are A-204 (at the junction of Highway 986 and Third Street
in Port Allen) and T-21g (approximately 2,500 feet west of Airline Highway at
the intersection of Wooddale Boulevard and the ITTinois Central Railroad).
The movement at A-204 appears to be very local, perhaps resulting from some
Tocal disturbance unrelated to land subsidence. T-216, on the other hand,
may be responding to effects of ground-water pumping. At this time, there is
no explanation for the increase in subsidence at benchmarks 29 through 32 in
Figure 6-A. Davis and RolTo (1969) had shown this area was the eastern 1imit
of subsidence centered in the industrial area for the 1934-1965 period
(Fib. 6-B). With this exception, areas of maximum and minimum subsidence for
the 1964-197¢6 period correspond closely with the subsidence pattern for the
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1934-1964/5 period.

Part 1. Sémmeﬁga&t L0 Port Alfen

The Simmesport to Port Allen Tine (Fig. 7) 4s the Tongest continuous
releveling Tine of the 1976 survey.  Subsidence OCcurs over broad areas shown
in this profile, averaging 0.065 tq 0.13 ft. during the 1964-1976 period.

The southern end of the profile extends into the subsidence bow] of the Baton

at the west end of the o1d Mississippi River bridge, is g.24 ft. in 12 years.
The northern Part of the line, between benchmarks ] and 20 of Figure 7-A,

has subsided,s?ight?y more than 0.1 ft. since 1964. Benchmarks 9 (L-208) and
19 (M-207) dppear to be affected by unusually high 1oca] subsidence. The
most stable area in Part 1 is between benchmarks 29 (PBM 11) and 35 (C-207),
in the Morganza to New Roads area, where subsidence averages approximately

The 1964-197¢ profile contrasts with the 1929-1964 profile of Davis and
Rolio (1969) (Fig. 7-B) in that their profile Showed a steady increase in
Subsidence south from PBM 19 to PBM 25 with an increase in the amount of
sgbgfdence into the industria] area. The 1964-197¢ data indicate three

Two areas between benchmarks ] and 20, and between 34 and 55, average more
than 0.1 ft. of subsidence and are separated by a third area between bench-

marks 20 and 34 of less than 0.] ft. of downward movement. The subsidence
profile in the area north from paM 19 (Fig. 7-B) was not computed because of
) : : . 4

Part 14. Ramah to Pong Allen
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Fig. 8. Ramah to Port Allen subsidence profiles (Part 14) for
the periods (A) 1965 to 1976 and (B) 1934 to 197s.

Part 5. Lottie 4o 6.8 Miles West of Krotz Springs

The general trend of the 1964-1976 profile (Fig. 9-A) of Part 5 indicates
Krotz Springs is near the center of an area of subsidence that diminishes
westward and eastward. The maximum subsidence of 0.24 ft. is at benchmark 14
(M-205), Tess than 1 mile east of the Atchafalaya River. Only one benchmark
(PBM-9) was included in relevelings of the three epochs from 1929 +o 1976
(Fig. 9-B). The subsidence measured at PBM-9, near Krotz Springs, between
1929 and 1964 by Davis and Rollo (1969) is shown in Figure 9-B. A comparison
of subsidence before and atter 1964 indicates this benchmark is dropping at
@ rate greater than that before 1964. In other words, PBM-9 moved downward
about 0.17 ft. between 1964 and 1976 and 0.27 ft. in the 35 years between
1929 and 1964. This apparent increase in subsidence rate should be confirmed
by future relevelings, which can be more accurately adjusted to Tines contin-
uing into Baton Rouge than the pre-1964 Tines.

18
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Fig. 9. Lottie to 6.8 miles west of Krotz Springs subsidence profiles
(Part 5) for the periods (A) 1964 to 1976 and (B) 1929 to
1976.

Subsidence along this Iine is clearly unrelated to subsidence associ-
ated with ground-water use in Baton Rouge, Figure 2 shows the two subsi-
dence areas separated by a stable "boundary"™ (no subsidence relative o B-
198 in south Baton Rouge) centered near Torbert in Pointe Coupee Parish.
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Part 3. Simmesport to

Kotz Springs

This is the final profile included
in the District study.” The Tine includes
7 benchmarks, all in the Melville,
Louisiana area. Generally, most points
have declined approximately 0.2 to 0.3
ft. in elevation between 1964 and 1976.
PBM-13 shows an unusual amount of down-
ward movement, slightly more than 1 ft.

20
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CONCLUSIONS

The Capital Area Ground Wa

subsidence a n about 0.003 and 0.07¢ ft. per year (Holdah]
This subsidence affects

1 and is not a source of differential settling, which could cause

problems in the structural integrity of foundations. Local areas of subsi-

due to natura] fault movement, sediment compaction and/or pressure

reduction due to the pumping of water from artesian aquifers, add to the

effects of regional subsidence and, 1in addition, have the potentia] for

damaging foundations and hydrologic structures (i.e., Tevees, canals, sewers),

Local subsidence associated with withdrawal of groun

] ] n Rouge has been reported by Davis and Rollo (1969)

» and Smith (1970). The 1976 releveling of the NGS adds a
ed comparison of

of data, which is the basis for a detail
entire District ip the 12 years since the 1964 survey.

The two most important sources of Tocal subsidence in the district are,
(1) ground-water pumping fro i i > and (2) natural downward
t of the south side of the Baton Rouge fault. Maximum subsidence in
the Baton Rouge industria] area was 0.49 ft, between 1964 and 1976 and 1.67
ft. between 1935 and 1976, of regional subsidence
-~ assumed to be 0.0] ft. per year (Wintz, Kazmann and Smith, 1970) --
ome 0.42 and 1.26 f¢. respectively.

these Subsidence figures bec
ence rate in the industrial area

In the present study, the average subsid
(benchmark N-76) is computed to be 0.035 ft. per year for the 1964-1976
i year rate computed for the

period. This rate is Tower than the 0.046 ft. per
69 period from Wintz, Kazmann, and Smith (1970).
ison of adjusted e?eva?fon _

and Wintz, Kazmann
substantia] amount
subsidence over the

differences used by Wintz
this study or it may
since 1969 owing to t

over the same period. asured -- 0.035 ft. per year --

during the 7ast 12 years continues, the total subsidence in the industrial

area in 1990 wilj only be about 2.25 ft., as compared to the 3 ft, of subsi-

dence predicted by Wintz, Kazmann, and Smith {?970).

of subsidence was
east-west trending

ovement, consistant
- of subsidence for

South of the Baton Rouge fault more than 0.2 ft.

Mmeasured between 1964 and 1976 in the NGBS survey in an
zone approximately one mile wide. Thie natural rate of n
with earlier studies, would produce a total of about 1 ft

the 1935 to 1999 period.

to the subsidence noted in
tz, Kazmann, and Smrith (1970),

As an additign earlier studies of Davic and
the areas east of Airline

Rollo (1969) and Win
21
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Highway along Greenwel] Springs Road and north from Baton Rouge to Slaughter
appear to be subsiding at a higher rate than previously measured.

The relevelings of 1964 and 1976 by the Nationa] Geodetic Survey have
greatly added to the fundamental data on land Surface elevations in the
Capital Area Ground Water Conservation District. This data base will improve
ﬁhe precision of future relevelings to determine areas and rates of subsi-
dence. ,
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APPENDIX

NATIONAL GEODETIC SURVEY LINES

OBSERVED ELEVATIONS
and
ADJUSTED ELEVATION DIFFERENCES

This appendix lists al] benchmarks used in this study.
The benchmarks are organized as they appear in Figures
5 though 10. The index number for each benchmark
corresponds to the index numbers used in maps and pro-
files in the report. A7l available observed elevation
data supplied for these benchmarks by the National
Geodetic Survey are ]isted in meters and feet.

The computed elevation difference for the 1964 to 1976
period was derived by adjusting all Parts of the 1964
and 1976 surveys using the "free adjustment" technique
described in the text and then adding a constant to the
1964 observed elevations so that the difference in the
1964 and 1976 elevations at benchmark B-138 is "g",

For a complete listing of benchmarks, descriptions, and

observed elevations in the District, the user should
contact the Nationa] Geodetic Survey.
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Except for the Port Allen and Baton Rouge areas, data points (from well
logs) for determining the depth and thickness of the aquifer are widely
scattered. However, existing control does indicate the aguifer is 100 to
200 feet thick throughout most of the area Shown in Figure 1, with one
exception. This is the area where the Baton Rouge fault crosses the Missi-
ssippi River. Here the aquifer consists of several thin sands (about 20 feet
thick) alternating with clay layers. Fortunately, this reduction in aquifer
thickness, along with the effects of the Baton Rouge Fault, results in a
reduction of rate of ground water flow Tocally. This occurs in the area of
the Baton Rouge fault where water level declines are greatest and hence, salt
water encroachment is most likely. If salty water crosses the fault in this
area, its northward movement will be slower than in areas to the east or west
where the aquifer is a thicker, more massive sand.

Faults

The surface position of the Tepetate and Baton Rouge fault systems 1is
shown in Figure 1. The Baton Rouge fault is the most significant and is
discussed in more detail below. The Tepetate faults appear to displace the
"1,200-foot" sand, but because ground water observation wells are few and well
control is Timited in the area of the faults, they do not appear to signifi-
cantly effect the occurrence or movement of ground water in the aquifer.

Variations in the salinity of ground water and the relationship of the
"1,200-foot" sand to other sands and clays and to faulting in the District is
illustrated in the cross sections in Figure 2.

The most obvious discontinuity in the District is the Baton Rouge fault
system, a dominant geologic feature of the Baton Rouge area. Some of the best
data for the Tocation and displacement of the fault occurs in oil and gas well
Togs where deep sands (about 10,000 feet below sea level) are displaced
several hundred feet across the fault, creating structural traps that account
for several o1l and gas fields, from Happytown in northern St. Martin Parish,
to Mallets Bluff field near the East Baton Rouge - Livingston Parish line. The
fault plane can be traced in well logs to the surface at an angle of about 55
to 60 degrees, where the Baton Rouge aquifers are displaced as much as 300
feet. In East Baton Rouge Parish the surface trace of the fault is represented
by a scarp 20 feet high and occasional cracks in pavements and foa§da§19§s.

The position of the fault is not as well known west of the Mississippi River
because the younger flood plain sediments are not noticably displaced at thg
surface. Here the position of the fault in the shallow aguifers was determined
by projecting the fault plane from the deep o0il and gas wells.

East-west geohydrologic cross sections (Figure 2-A and 2-B) were con-
structed south and north of the Baton Rouge fault respectively to illustrate
the correlation of the "1,200-foot" sand and to show the relationship of fresh
water to salt water in the aguifers. Except for a few limited zones in the
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"1,200-foot" sand, fresh water3/ occurs only in the upper few hundred feet of
sands near the surface, or below a depth of about 2,200 feet south of the

fault.

In contrast, al} aquifers to a depth of 2,100 feet contain fresh water
immediately north of the fault, except for limited areas of salt-water
encroachment (Figure 2-B). Salt water is limited to a tongue at the base of
the Alluvial Aquifer in the most westerly well. This cross section also
iustrates the massive nature of the "1,200-foot" sand in most of the District
with the noteable exception of the area (see wel] no. 8, EB-794) near Highland
Road and Washington in Baton Rouge. From this area to Port Allen the aquifer
is composed of several sand “stringers" having a maximum individual sand thick-

ness of about 20 feet.

The north-south correlation of the "1,200-foot" sand and the effects of
the Baton Rouge fauylt are.??3ustrated in Figures 2-C, 2-D, and 2-E. The most

water portion of the aguifer from the fresh-water portion caused by the fault.
The "1,200-foot" sand is enveloped by clays and fresh water sands north of the
fault. The only salt water in the interval shown on this section is in the
base of the Alluvial Aguifer and the equivalent beds of the "400-600-foot" sand
of the Baton Rouge area. These hydrologic units are adequately separated from
the deeper "1,200-foot" sand by clay layers. In the vicinity of well No. 1 on
the cross section (Figure 2-C) the "1,200-foot" sand may be partially connected
to a salt-water bearing sand south of the fault between depths of 1,000 to
1,200 feet.

The relationship of the "1,200-foot" sand to other aquifers in Pointe
Coupee Parish, as categorized by Winner and others (1969), is shown in Figure
2-D.  The effect of downward displacement at three faults along this north-
south cross section -- the Baton Rouge fault and the two Tepetate faults -- is
apparent. However, part of the apparent displacement across the Tepetate
faults may be due to changes 1in the position of the base of the aquifer as a
result of depositional variations. Again, salt water in the "1,200-foot" sand
south of the Baton Rouge fault is contrasted to fresh water for the entire

aguifer interval pictured north of the fault.

Correlations of the aguifers in the Port Allen area (Figure Z2-E) were
based on data from supply wells and test wells, which were drilled specifi-
cally to define the location of the Baton Rouge fault. Logs of wells WBR-36
and -100 occur in the area where the "1,200-foot" sand is made up of thin sands
alternating with thin layers of clay. This condition apparently extends east-
ward to well EB-794 (Figure 2-B). Sands immediately south of the fault at
WBR-147 (1og depth of 1,340 tg 1,385 feet), which are probably connected with
the "1,200-foot" sand at the fault, contain salt water with an estimated
dissclved solids concentration of 1,500 mg/1.

§/Grauﬂd water salinity was estimated from resistivity values recorded on
well Togs. A Tong-normal resistivity of Zﬁ«ghm mzfm was used as the demarca-
tion between fresh water (more than 20 ohm m¢/m) and salt water,




In all east-yest Cross sectiong (Figure 2), the "1,200-foot" sand is drawn
ds a continuous sand between data points. This continuity is supported, at
Teast in West Baton Rouge and East Baton Rouge Parishes, by water leve] flucty-
ations among observation wells in the aguifer, However, the correlation on

one aquifer to the other, Despite the apparent Connections, except for possi-
ble Teakage across the Batgn Rouge fault, the "1,200-foot" sand appears tg be
protected from éncroachment of sait water from other sands,

Water Qua]itx

Winner and others (1968, p1. 2) grouped the "1,200-foot" sang with shallow
aquifers in the Zone 1 hydraulic system of Pointe Coupee Parish. They found
that the shallower sands to the north (Winner and others, 1968, P. 23) in zone
1 were hydraulica??y Connected with the Mississippi River alluvium. Thus, a
source of recharge for the "1,200-foot" sand is, ip part, indirect recharge or
water from the Alluvial Aquifer, Additional recharge probably is deriyed from
connections with other sands above and below the aquifer and by movement of
water within the aquifer from the outcrop area.

Winner and others (1968, p. 24) described the water quality of the zone 1
aquifers in Pointe Coupee Parish as-

”moderately hard to hard, calcium bicarbonate type in
areas where the sand is in close hydrautic connection
with the overlying alluvial aquifer. Ag water moves
downdip, it ig modified through the process of ion
exchange to 3 soft, sodium bicarbonate type."

The "1,200-foot" sand contains fresh water south from Pointe Coupee Parish to
the Baton Rouge fault, with the possible exception of the area immediate?y north
of the fault at Port Allen, where chioride Concentrations are rising at wells
WBR-36 and -37. South of the Baton Rouge fault the "1,200-foot" sand contains

a limited amount of fresh water at the top of the aquifer in eastern East Baton
Rouge Parish (Figure 2-A).

Baton Rouge fault zone, two potential problems exist. First is the Tcng~te?m
possibility of salt water encroachment across the fault and second is high iron
concentration in water from some wells, particularly in West Baton Rouge and

Salt Water Encroachment
————==Cx=] LhCroachment

In the report on salt-water encroachment in aquifers of the Baton Rouge )
area, Rollo (19869, P. 29) noted no evidence of encroachment in.the “1,200-foot
sand north of the Baton Rouge fault. He specifically noted this was true even




has two wells (WBR-36 and -37) that are not more than a few hundred feet north
of the fault and in the area of largest head differential across the fault in
the "1,200-foot" sand. This is the location where salt-water encroachment
would occur first. Thus, the sudden increase in the chloride content shown in
Figure 3 in water from these two wells was to be expected.4/ The chloride
content increased in 197] from a background Teve] of less than 5 mg/1 to 120
mg/1 in 1978. Because of this increase in chlorides, the large head differen-
tial across the fault, and the occurrence on the south side of the fault of a
salt-water bearing sand opposite the "1,200-foot" sand on the north side of
the fault, it is tentatively concluded that the increase in chlorides is due to
salt-water encroachment.

Other possible sources for the salt water found in the Port Commission's
wells were considered. These were (1) a casing leak at a shallower, salt-water
sand, or (2) upward coning of salt water from the basal part of the "1,200-
foot" sand below the well screen. Because the chloride Tevel in the two wells
has risen steadily since 1972, which would be expected in the case of encroach-
ment, these two alternatives are considered Jess Tikely than salt-water
encroachment,

Of the above possibilities, the most serious implications would arise if
salt water was moving across the fault. If this is happening, the salt water
in WBR-37 could be expected to approach a dissolved solids content of 1,500
mg/1 in the distant future under the present pumping configuration. This is
equal to the approximate maximum concentration of dissolved solids in the
adjacent aquifer south of the fault. At the present rate of increase in WBR-37,
a chloride content of 250 mg/1 would be reached in about 6 years,

drawn across the fault in the vicinity of wells WBR-36 and -37. He calculated
that it would take 60 to 65 years for water from this area to reach the prin-

If the chloride concentrations continue to increase in wells WBR-36 and
-37, remedial measures might be required to prevent salt water from moving
further north and contaminating an important portion of the aquifer. The
actual rate of movement of salt water northward will probably be attenuated due
to the complex arrangement of sands and clays in the "1,200-foot" sand in the
Port Allen area. However, if salt water encroachment becomes significant it
could probably be minimized by Tocating any new wells farther from the fault
and by reducing pumpage from the "1,200-foot" sand. Rollo (1969, p. 17)
discussed the possible use of a barrier well system and/or scavenger wells to
reduce the effect of salt-water encroachment. However, these methods are
costly, will require extensive planning, and must be accomplished within envi-
ronmental guidelines.

EfThe strong similarity in chloride increases in these two wells probably
results from the fact that the wells are connected by a prime-line that feeds
water from one well to the other (Whiteman, 1979).
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Figure 3. Record of chloride concentration changes in the
Greater Batgn Rouge Port Commission wells WBR-36
and WBR-37.

Rollo (1969, P. 30, P1. 4) also expressed concern that salt-water encroach-
ment could also occur in the vicinity of Acadian and College Drive (near EB-781)
because the "1,200-foot" sand is apparently opposite salt-water sands south of
the fault. Analyses of water from a monitoring well (EB-298), which is north
of the fault on Government Street near Acadian Thruway nearest the area of
potential encroachment in the "1,200-foot" sand, has shown no increase in
chloride concentration. In the earliest water sample collected in 1968, the
chloride content was measured at 3.2 mg/1 and in 1978 the concentration was 1.3

1.

Iron in Ground Water
— . 370UNd Water

In some areas of the District, development of water supplies from the
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"1,200-foot" sand could be adversly affected by high iron concentrations. Table
2 Tists wells in northern West Baton Rouge Parish and eastern Pointe Coupee
Parish that have yielded water with more than 0.3 mg/1 of jron.5/ Most
recently, well WBR-154, completed in the "1,200~foot" sand south of Highway 190
at Winterville, produced water with as much as 2.0 mg/1 iron. According to the
U.S. Geological Survey's records, the "1,200-foot" sand contains excessive iron
in water from other wells in northern East Baton Rouge Parish.

Table 2. Iron content and pH of water from selected
"1,200-foot" sand wells.

. Iron

Well No. Location (mg/1) pH Date

WBR-95 A&B Hwy. 190; T 6 S, R 12 E 1.0 - 07-24-63

WBR-101 2 mi. west of Port 0.43 - 03-18-66
Allen; T7 S, R 12 E

WBR-129 ¢ kEast of Lakeland; 2.2 6.8 05-07-75
T5S,R1TE

WBR-135 B South of Erwinville; 1.5 7.0 10-20-75
T7S,R11E

WBR-154 Winterville, Hwy. 190; 2.0 6.5 02-05-79
T6S,RI1TE

PC-120 Southeast of Lakeland; 0.36 6.9 03-06-64
T6S,R10E

The wells listed in Table 3 are north of the center of township 6 south and
east of the center of range 10 east (Figure 1). To the south or west of this
area, there are no wells known yielding water with excessive iron from the
"1,200~-foot" sand. Although all wells that fall northeast of these boundaries

Ground Water Levels

The "1,200-foot" sand 1s an artesian aquifer; that is, the water in the
aquifer is under sufficient pressure to cause it to rise in wells to a height

5/0.3 mg/1 is the upper Tlimit established by EPA (1976, p. 79).
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Figure 5 is g map showing the potentiometric surface (head of water, with refep.
ence to mean sea level) of the "1,200-foot " sand for the District in March,
1978.  Thisg Mmap was constructed by contouring the elevation of the water leve]
of the "1,200-foot" sand in observation wells maintained by the USGS. The “cone
of depression" is clearly centered in the Baton Rouge industria] area -- the area

only two observation wells (WBR-147 and EB-782 A) are available in the aquifer
of interest. The maximum water level difference across the fault in the "71,200-
foot" sand is estimated to be 70 to 80 feet and occurs 1in the area where the
fault crosses the Mississippi River.

Hydrographs of observation wells completed in the "1,000-foot" and "1,200-
foot" sands were compared in Figure 6 to evaluate possible hydraylic connections
between these aquifers near the Baton Rouge fault. Water Tevel records for
wells EB-146 and EB-301 represent changes in the "1,200-foot" sand north of the
fault. Well EB-782 A is completed in the "1,000-foot" sand south of the fault
at Acadian Thruway. The hydrograph of this well ig included because the brack-
ish aquifer (420 mg/1 chlorides in 1978) in this well is Tikely in partial con-
tact with the '1,200-foot" sand north of the faylt (see Rollo, 1969, P1. 4),
This is the only hydrograph available south of the fault at a depth equivalent
to the "1,200-foot" sand to the north. Thus, if salt water were moving from the
"1,000-foot" sand across the fault into the "1,200-foot" sand, the hydrograph of
EB-782 A should be similar to hydrographs of the "1,200-foot" sand north of the

fault,

It is apparent from Figure 6 that the water level differences across the
fault have signiffcantly increased since measurements began in EB-782 A in 1965,
While the water lTevels in EB-14g and EB-301 have declined 27 feet and 43 feet
respectively, the water Tevel in EB-782 A, which is nearly totally isolated by
the fault from the effects of pumping in the Baton Rouge industrial center,
declined only about 4 feet. This relationship indicates that the hydraulic
connection across the fault between these two aquifers ig slight. Rollo (1969,
p. 31) found the same is true for the "1,500-foot" sand. Thus, it appears that
encroachment of water from south of the fault at this lTocation is insignificant.
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APPENDI X

List of Wells Used in Geologic Cross Sections (Fig. 2)

Well Company Lease La.Cons.Dept. Location

No. Serial No. Sec. T. R.

Cross Section A-A'

1 Mark]ey—Bankhead IberviTle [d. Co. #1 27182 111 75 8E
2 Southwest Gas Wilbert & Sons #1 53435 M 7S 9F
3 Texas Gulf E. B. Schwing #1 52155 64 7S 9E
4 Southwestern @ & R D. Angelloz #1 29302 42 7S 10
5  Sohiog Petr. Wilbert & Sons #B-1 43357 31 S. 1E
6 J. L. Loeb Wilbert & Sons #1 45164 34 7S 1E
7 Amerada Petr. Aillet #1 36962 102 75 12E
8 U.S. Geol. Survey EB-783 : - 54 75 1
9 U.S. Geol. Survey EB-778 - 94 75 1E
10 Goldking D. H. Holmes #1 156159 57 758 1E
1T u.s. Geol. Survey EB-803 - 5 85 2E
Cross Section B-B'
1 Bakke and Salt Dome - R. ATbritton #1 69579 97 7% 9E
2 . L. Loeb Slack Bros. #1 45694 7 7S 1oE
3  Drew Cornell Baist ¢, & L. #1 72926 97 7S 10E
4 Humble Lobdel7 0. Unit #4 50039 39 75 1IE
5 U.S. Geol. Survey WBR-102 - 7 7S 12
6 U.S. Geol. Survey WBR-101 - 91 75 12
7 U.S. Geol. Survey WBR-100 - 68 75  12F
8 U.S. Geol. Survey EB-794 - 52 75 W
9 U.S. Geo]. Survey EB-790 - 95 75 1E
10 U.S. Geol. Survey EB-804 - 70 75 1E
Cross Section C-C!
1 Southwest Gas 1lbert & Sons $1 53435 111 75 9E
2 Bakke and Salt Dome A. R. Albritton #1 68579 97 75 9F
3 Magnolia Petr. J. K. Nicholson #1 53237 92 65 9E
4 Humble J. 0, Long - #B-2 43323 32 65 8E
5  Franks Petr. SWD #5 - 35 58S 8F
Cross Section D-p°
' Sohio Petr. Wilbert & Sons #B-2 43357 31 S 1E
2  Drew Cornell Baist C. & L. #1 72926 97 75 10E
3 La. Dept. Public Works WBR-134 - 7S 11E
4 Humble Southern Land #1 65320 31 6S 1E
5 U.S. Geo]. Survey PC-78 - 12 6S  10E
Cross Section E-f'
] W.B.R. Water District WBR-99 - 75 S 12E
2  City of Plaquemine WBR-113 - 70 75 12E
3 U.S. Geol. Survey WBR-147 - 7075 12
4  G.B.R. Port Comm. WBR- 36 - 69 75 12t
5 U.S. Geo]. Survey WBR-100 - 68 7S  12¢
6 La. Dept. Public Works WBR-134 - 7 75 11E
7

Sunrise Wel] #1 WBR-150 - 63 7S 12t
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