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THE MISSISSIPPI RIVER VALLEY ALLUVIAL AQUIFER

S PART OF A REGIONAL WATER AVAILABILITY STUDY, the U.S. Geological Survey
(USGS) is comprehensively studying and modeling the Missi River Valley
vl aquifer (MRVA) and associated hydrogeologic units in and near the Mississippi River
alluvial plain (MAP, fig. 1, http 2.usgs.
html).
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Figure 1. C; I view of associated units to the Mississippi River
Valley alluvial aquifer (MRVA) with post-development flow (2006) conceptual water move-
ment (Clark and others, 2011, fig. 10).

The study is being done in cooperation with more than 10 local, State, and Federal stake-
holders (hutp huml). A key part
of the study is the systematic evaluation of water-level data and well-inventory information
by using the science of informatics — the systematic processing and storage of data for sub-
sequent retrieval and use. The history of water-level data collection in the MRVA is long and
complex. Data synthesis by inconsistent data. practices that have
changed over time; there are appreciable data completeness and consistency issues to over-
come. Large changes in information acquisition and storage practices, ranging from analog
to digital methods in the past century further complicates data syntheses. Data consistency
issues can hinder stakeholder ability to make informed management decisions.

The MAP is an alluvial plain extending beyond the historic floodplain of the Missis-
sippi River and other proximal streams (fig. 1). The MAP is an extensive, flat plain and a
major physiographic feature spanning in parts of seven states (Arkansas, Illinois, Kentucky,
Louisiana, Mississippi, Missouri, and Tennessee [fig. 2]). The northern and central sections
of the MAP mostly are used for intensive production agriculture, and primary crops include
cotton, rice, and soybeans. Several cities and communities include Jonesboro, Little Rock,
and Pine Bluff, Ark.; Baton Rouge and Monroe, La.; Cape Girardeau and Poplar Bluff, Mo.;
Clarksdale, Greenville, Yazoo City, and Vicksburg, Miss.; and Memphis, Tenn

The MRVA (https://pubs.usgs.gov/ha/ha730/ch_f/F-text2.html#missRV) directly under-
lies the MAP (fig. 1) and extends southward from the head of the “Mississippi Embayment”
and merges with the coastal lowlands aquifer system band of sediments in low-lying areas
parallel to the Gulf Coast. The MRVA spans nearly 33,000 square miles and ranges from
about 75 miles wide near the latitudes of Monroe or Vicksburg to about 120 miles wide near
the latitude of Litdle Rock. Many wells have been drilled into the MRVA (fig. 2).
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ure2. Mississippi Al Ecoregion (322 kilometer buffer) and wells
color coded by unique years represented within dates of water-level measurements across
various agencies within the Mississippi River Valley alluvial aquifer through April 2017.
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Sand, gravel, silt, and minor clay deposits of Quaternary age make up the aquifer in east-
ern Arkansas, northwestern Mississippi, northeastern Louisiana, and also extend to the Gulf
Coast in southeastern Louisiana (fig. 2). For purposes of this study, the extent of the MRVA
is ambiguous and limited to the region encompassed by groundwater wells in USGS database
inventory classified as MRVA, and the ippi Alluvial Plain Level 111 Ecoregion (U.S,
Environmental Protection Agency, 2013) is used herein for horizontal visualization.

MRVA hydrology is greatly influenced by the streams and rivers incising it (fig. 1)
When a stream incises the MRVA, the stream may recharge the MRVA, or the MRVA may
discharge to the stream. Large groundwater withdrawals have resulted in long-term declines
of water levels in some areas and have reduced MRVA discharges to the streams

USGS Groundwater Database and Furnished Records

ATER-LEVEL DATA currently are (circa December 2017) available for the MRVA and
w comprises some 18,883 wells with 275,947 measurements. For this study, a measure-
ment is either a discrete measurement of water level or a daily mean value computed from
hourly or sub-hourly data. These 18,883 wells are currently classified in metadata as repre-
senting the MRVA and whose database-stored locations are within the Mississippi Alluvial
Plain Level III Ecoregion region (fig. 2)

MRVA well data are stored in the USGS National Water Information System (NWIS)
servers (U.S. Geological Survey, 2017) and were collected during the past century in part by
the USGS and importantly in large part by numerous other local, State, and Federal agencies.
from other agencies within the USGS NWIS database are referred to as

tory and illustrates that disparate amounts of water-level data available for a given well over
time. For a large number of wells only a single measurement is available. Aggregation,
preparation, analyses, and syntheses of MRVA water-level data for the greater regional water
availability study encounters several challenges:

1. Centralized oversight of data i needed to ensure that the aggregated database contains
reliable information that can be used with confidence to prepare data products and inter-
pretive reports;

2. Documentation of historical and current groundwater-level conditions is paramount at
both regional and local scales; and

3. A general and persistent regional groundwater-level monitoring network and program
for the MRVA is lacking. The use of informatics could help develop such a network at
the necessary spatial and temporal resolutions.

The comprehensive study of the MRVA water-level data using informatics can help
addressthese challenges,offer mitigation sategis. and provide a communication b

support interests of the many data-acquisition agencies and other stakeholders
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NFORMATICS involves the science and practice of information processing (https://www.
H—” merriam-webster.com/dictionary/informatics).  For this study, the use of informatics
encompasses enterprise-scale database access and manipulation, geographical information
system (GIS) processing, and computational statistics. Inherently, informatics is iterative.
The detection of anomalous data is only a part of the process — After a data anomaly is
identified, it must carefully be reviewed by USGS database and subject matter experts, and
close scrutiny of original field notes is crucial. Communication with local stakeholders and
data managers is of paramount importance to achieve data integrity. Mitigation for erroneous
data can include (1) revising data if possible, (2) identifying such data using additional data
descriptors (flags), and (3) reclassifying the data as not consistent with the MRVA hydrogeo-
logic framework

Anomalous Data Identification

ROUNDWATER INFORMATICS FOR THIS STUDY are based on the R language (R Devel-
Q opment Core Team, 2017) and specialized add-on packages of kernlab and mgev
(Karatzoglou and others, 2004; Wood, 2017). MRVA informatics currently (December 2017)
are focused on visualization of time-series data along with metadata for individual wel
(well hydrographs) in conjunction with temporal overlap of data from nearby wells. From
the time-series data, analyses of temporal trends are made. Statistics of the time-series data
can then be used for (1) visualization of spatial patterns and trends throughout the MRVA and
(2) subsequent spatial analyses. Anomalous data are referred to as “outliers,” and two types
of outliers described are time-series outliers (measurement outliers) and spatial outliers
(“out-of-place” wells).

A hydrograph for well USGS:331745090260401 is shown (figure 3) along with the con-
struction (completion) data for this well. The data from well USGS:331745090260401 in
conjunction with data from as many as 40 neighboring wells within 10 kilometers of this well
are shown. A generalized additive model (GAM), which is a type of curvilinear regression
(Wood, 2006), depicts a trend analysis. The GAM also is configured to evaluate seasonality.
(This particular well does not have detectable seasonal (trigonometric) terms in its GAM.) A
support vector machine (SVM), which is a type of machine-leaming and classification tech-
nique with an analog formulation to regression (Steinwart and Christmann, 2008), depicts
another trend analysis. A range of summary statistics are computed for the data including
‘number of observations, period-of-record minima and maxima, decadal means and standard
deviations, and Kendall's Tau test for monotonic trend in time. For discrete statistical analy-
ses, time filters could be used to restrict analyses to specific years and (or) seasonal-specific
month ranges.

Residuals from GAM and SVM were computed, and potential outliers — resi
exceeding at least 6 feet (fr) and simultancously exceeding the 99th percentile of the pre-
dicted standard error of fit—were identified. One outlier exists (figure 3) and was identi-
fied by both GAM and SVM. This outlier is about 70 ft different from other values for the
well and thus is inconsistent with neighboring data. Currently, all wells with at least one
such outlier that are defined with a residual > =20 ft (more than 20 ft in magnitude), such
as USGS:331745090260401, are identified for further scrutiny by USGS database experts
and hydrogeologists. Wells having at least one outliers are shown in figure 4. There were
36 wells by GAM and 80 wells by SVM. Measurement outliers though require time-series
data for identification. Insufficient time-series data often is a problem for measurement out-
lier identification.
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Figure3. Hydrograph of well USGS:331 showing water-level
measurements at neighboring wells, metadata, and outlier detection (residual > 20 feet
as of April 2017) by both generalized additive model (BAM) and support vector machine
(SVM) trend lines — Well location is shown in figure 4.

OUTLYING MEASUREMENTS AND OUTLYING WELLS

IGURES 4 AND S are distinet depictions of wells where some of the measuremens are
F outliers compared to other made at that well outliers) or the
‘measurements for the well in aggregate are outliers in relation to the measurements from
neighboring wells (spatial outliers).
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Figure 4. Wellinventory and wells with 10 or more water-level measurements suitable for
time-series trend analyss (as of April 2017) and two types of “time-series outlers” (resid-
ual > 20 feet) within the Mississippi River Valley alluvial aquifer — A hydrograph for well
USGS:331745090260401 is shown in figure 3.

A premise is that the minimun water-level for the period-of-record is informative, and
its use compensates for great variation in data availability. Spatially, these minima were
estimated using a two-dimensional GAM (2D-GAM), which is a “surface estimator” that
uses the Albers Equal Area projection coordinates of the well locations. The 2D-GAM also
produces predicted standard errors of fit. This surface is not shown in figure 5. but instead,
a color scheme by well is used to represent these minima (actual data ranges). The resid-
uals of the 2D-GAM surface were computed, a rank-ordering of these residuals reviewed,
and thresholds of and ly determined. These thresholds identify
0 f1) wells as shown. This analysis processes
wells with a solitary measurement and also identifies wells along the castern edge of the
MRVA that might be erroneously classified as MRVA wells. On close inspection, erronous
classification could exist because the well is located in the hilly terrain east of the MAP.
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Figure 5. Period-of-record minimum water-level all

of August 2017) identified by the 2D-GAM within the Mississippi River Valley alluvial aquifer.

TRENDS — DECADAL ESTIMATION OF WATER-LEVEL ALTITUDE

F (GURES 6 AND 7 depict spatial patters in water-level altitudes using arithmetic mean
values for all data in the respective decades. All 16,756 wells in the inventory are shown
1o accentuate spatial differences in data availability between the 2000 and 2010 decades.
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Figure 6. Mean decadal water-level altitude for the 2000 decade (January 2000-December
2009) based on 2,533 wells and 32,759 measurements for the Mississippi River Valley alluvial
aquifer— Note the disparity in data avail between states and in areas of rapid change
inwater levels.

Decadal mean water-level altitudes are useful for the generalization of water levels by
smoothing the inherent variation of measurements at each well. A given time period mean
can compensate for gaps in record and increase the available sample size (well count) avail-
able for spatial analyses. For the MRVA, water levels decrease from north to south with a
general similarity of altitude with longitude at a given latitude. The 2000 decade (fig. 6) and
has an obviously larger well count than the 2010 decade (fig. 7), which is partially attributable
1o about another three years still remaining in the 2010 decade. Itis difficult to discern sys-
tematic changes from 2000 to 2010 visually, but geos
attention made to data-rich parts of the MRVA could be us
two decades both show pronounced local areas of depressed water levels; further review
shows these areas are in regions of extensive irigation use of the MRVA for production
agriculture.
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Figure 7. Mean decadal water-level altitude for the 2010 decade (January 2010-April
2017) based on 1,370 wells and 23,288 measurements for the Mississippi River Valley al
vial aquifer— Note reduction in data availability compared to the 2000 decade shown in
figure 6.

LONG-TERM MONITORING NETWORK — EXPLORATORY EFFORTS

TWO-DIMENSIONAL SVM (2D-SVM) was made to estimate minimum water-level alti-

tudes for a period-of-record from January 1960-April 2017 (13,218 wells; 149,156
measurements). The prediction data were the projected coordinates of the well locations.
‘The range and spatial patterns in these minimum altitudes are depicted in figure 8. A green-
shading scheme is used with a narrower range than shown in figure 4 to accentuate values
near the map center. The root-mean-square error of estimate of the fitted 2D-SVM surface
is RMSE = 12.3 ft and the Nash-Sutcliffe Efficiency is NSE = 0.966, which indicates that a
very high proportion of variation of these data can be explained by the 2D-SVM.
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Figure 8. Exploratory long-term network identification through mapping of the minimum
water-level alitude for the period-of-record (1960-April 2017) using a two-dimensional sup-
port vector machine (20-SVM) —Because of much record overlap, numerically the values
in green shades are similar to those in figure 4.

those

the 2D-SVM (5,026 su 2 wells) versus
2 wells). SVM uses a rigorous approach for identi-
whose vectors support the model. To augment.
the description provided by the 2D-SVM inclusion/exclusion, wells included but also with
last record not less than 2005 are shown (956). A “modern well” is more likely suitable for
measurement than a well whose last year of data was in say 1963. A more sophisticated
scoring system is envisioned; this system should incorporate other information: seasonal
variations, hydrogeologic frameworks, feedback from numerical models, and stakeholder
concerns. Wells not included by the 2D-SVM could be given a score of 3, wells included
given a score of 2, and those included and modern (last measured in 2005 or more recently)
given ascore of 1, where higher scores are preferable. A long-term monitoring network could
be identified from rank ordering of well scores by the 2D-SVM as one of other criteria.

FINAL REMARKS

ONSIDERABLE PROGRESS has been made by the authors towards the construction of a
O comprehensive informatics system for MRVA water-level database review. Expansive
routines for data manipulation and subsequent statistical processing now exist. The system
has substantial summary and visualization capabilities. Complex variations in record avail-
ability in time and space are present for the MRVA. Such variation complicates statistical
processing, but novel ways of analysis using familiar statistics, such as minimums and arith-
metic means, GIS, and sophisticated regression-like methods (GAMs) and machine-learning
techniques (SVMs), result in identification and ranking of potentially erroneous data. Lastly,
machine-learning techniques promise to help identify individual wells providing particularly
informative local and regional water-level information that might be especially suitable for
participation in a long-term MRVA monitoring network.
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1AF) Regional Water “Roports & Data Reloases” can be found (Dec. 14, 2017).
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