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Preface 

The work reported herein was conducted as part of the Upper Mississippi -
Illinois Waterway (UMR-IWW) System Navigation Study.  The information gen-
erated for this interim report will be considered as part of the plan formulation 
process for the System Navigation Study. 

The UMR-IWW System Navigation Study is being conducted by the U.S. 
Army Engineer Districts of Rock Island, St. Louis, and St. Paul under the author-
ity of Section 216 of the Flood Control Act of 1970.  Commercial navigation traf-
fic is increasing, and in consideration of existing system lock constraints, will 
result in traffic delays that will continue to grow into the future.  The system navi-
gation study scope is to examine the feasibility of navigation improvements to the 
Upper Mississippi River and Illinois Waterway to reduce delays to commercial 
navigation traffic.  The study will determine the location and appropriate sequenc-
ing of potential navigation improvements for the 50-year planning horizon from 
2000 through 2050.  The final product of the System Navigation Study is a 
Feasibility Report, which is the decision document for processing to Congress. 

The work described in this report was sponsored by the U.S. Army Engineer 
District, Rock Island, as part of the Environmental Plan of the Upper Mississippi 
River-Illinois Waterway System Navigation Feasibility Study. 

The work was performed by personnel of the U.S. Army Engineer Waterways 
Experiment Station (WES), and the Environmental Management Technical Center 
(EMTC) of the Environmental Management Program s Long Term Resource 
Monitoring Program (LTRMP).  The study was conducted under the direction of 
Dr. John W. Barko, Director, Center for Aquatic Plant Research and Technology, 
WES, and Scientific Technical Director, National Biological Service, EMTC, 
Onalaska, WI.  This report was written by Messrs. James T. Rogala, EMTC, 
:LOOLDP )� -DPHV� :(6� DQG +DUU\ /� (DNLQ� :(6� 

Mr. Dale Dressel, Mr. Eugene Isherwood, and Mrs. Holly Wallace, Eau Galle 
Laboratory, and Ms. Sue Fox, AScI Corporation, performed the laboratory analy-
ses. Messrs. Pete Boma, Bill Meier, and Randy Poelma of the LTRMP assisted in 
the sample collection.  Dr. John Barko provided technical advice.  Dr. Dave 
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Soballe, EMTC, and the staff of the U.S. Army Engineer District, St. Paul, Plan-
ning Division, provided review of a draft of this report. 

At the time of publication of the report, Director of WES was Dr. Robert W. 
Whalin.  Commander was COL Robin R. Cababa, EN. 

The contents of this report are not to be used for advertising, publication, 
or promotional purposes.  Citation of trade names does not constitute an 
official endorsement or approval of the use of such commercial products. 
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1 Introduction 

The accumulation of sediments in off-channel areas (i.e., backwaters) of the 
Upper Mississippi River (UMR) is a major concern of river resource managers 
(Great River Environmental Action Team (GREAT) 1980; Fremling and Claflin 
1984; Nielsen, Rada, and Smart 1984) because it can result in significant losses in 
water volume and habitat for fishes and waterfowl.  Rates of net sediment 
accumulation of 1 to 2 cm/year and greater have been found using isotopic dating 
techniques in a few UMR backwaters with known high rates of sediment accu-
mulation (McHenry et al. 1984, Eckblad et al. 1977).  Similar rates have been 
found by comparing bed elevation changes over time (Claflin 1977, McHenry 
et al. 1984), although lower rates were found by Korschgen et al. (1987).  How-
ever, because backwaters have diverse morphometric features and varying con-
nections to the main river channel, there is a need to evaluate net sediment accu-
mulation in differing backwater types over an entire navigation pool. 

Different methods used for measuring sedimentation can provide different 
types of information on changes in an aquatic system.  Bed elevation change 
provides the best overall estimate of net deposition and erosion.  However, the 
historical elevation surveys of the UMR that are needed to detect changes are 
limited in spatial and temporal extent.  In addition, these elevation survey com-
parisons provide no information on the type of sediment that is accumulating.  In 
contrast, rates determined by isotopic dating can provide in most cases only esti-
mates of net accumulation of fine sediment because the methods rely on markers 
adsorbed to fine sediments.  However, these estimates of fine sediment accumu-
lation provide unique information on the type of sediment that has accumulated in 
the UMR. 

Isotopic dating techniques (i.e., cesium-137 or lead-210) are often used to 
estimate rates of fine sediment accumulation (Evans and Rigler 1980, McHenry et 
al. 1984) but are very expensive, and this expense limits the number of sites that 
can be evaluated.  This technique can be inaccurate and, in some cases, inap-
propriate in dynamic systems such as the UMR because isotope-marked sediments 
can be resuspended and mixed with other sediments, making rate estimates 
biased. However, in impoundments/backwaters on the UMR and many reservoirs, 
sediment accumulation can be estimated by determining the depth of sediment 
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overlying preimpoundment soil in a sediment core sample (James and Barko 
1990). Although this method is subjective and limited to measuring fine sediment 
accumulation, it can greatly increase the sample size at relatively low expense as 
compared with isotopic dating. 

Rates of net fine sediment accumulation were estimated over a wide range of 
backwater types in Pool 8 of the UMR using the depth to preimpoundment soil as 
a method for estimating sediment accumulation.  Rates of net fine sediment 
accumulation were determined for 147 sediment cores collected from 25 back-
water regions in this UMR pool.  Correlations between these rates and backwater 
morphometric and sediment characteristics were determined to investigate the 
possibility of extrapolating the results from this study.  In addition, comparisons 
of rates during the 58 years since impoundment estimated in this study to rates 
estimated during a 7-year period from 1989 to 1996 were made in selected back-
waters to begin to investigate changes in rates through time. 

Results from this study of rates of accumulation since impoundment are im-
portant in evaluating past accumulation of fine sediment and the variability of 
rates within and among backwaters.  This information can be combined with 
studies of coarse sediment accumulation, studies of erosion, and studies of sedi-
mentation in the other backwater types and channels to estimate total loss of water 
volume due to sedimentation in Pool 8.  The rates determined in Pool 8 may not 
represent rates in other reaches of the UMR because of differences in sediment 
loading rates, source sediment characteristics, and hydraulic conditions. 
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2 Methods 

Pool 8 is one in a series of 26 pools in the UMR formed by the construction of 
low-head dams in the 1930s for navigation.  Pool 8 is 37 km long and, at low-
water conditions, has a water surface area of 8,874 ha and a mean depth of 
1.85 m.  The area of Pool 8 that is aquatic at low discharge is composed of various 
geomorphic types including main channel, side channels, contiguous backwaters, 
and isolated backwater lakes.  The focus of this study was contiguous backwater 
areas, excluding the large impounded backwater in the lower pool. These areas 
cover 1,980 ha and range in size from less than 0.1 ha to 256 ha (Figure 1).  The 
backwater areas are shallow (mean depth of 0.67 m) and typically have low 
current velocities (median of 0.04 m/sec during the summer). 

A geographical information system (GIS) was used to generate maps of all 
existing contiguous backwaters in Pool 8 (Owens and Rusher 1996).  Backwater 
regions were defined as areas beyond the banks of the main or secondary channels 
(Wilcox 1993). A total of 337 distinct backwater areas were identified using 
these criteria.  The study area did not include either backwater areas that have 
completely filled with sediment since impoundment or the impounded area as 
previously described.  Estimates of sedimentation in the impounded area can be 
better obtained from elevation map comparisons using terrestrial preimpoundment 
elevation data.  Many of the backwaters in the middle and upper portions of the 
pool were aquatic at the time of the preimpoundment terrestrial surveys and, 
therefore, the map comparisons cannot be done. 

Backwater size (i.e., surface area, perimeter maximum, and effective fetch) and 
channel connection parameters (i.e., the number of channel connections, distance 
between connections to channels, and the size of the connections to channels) 
were used as criteria to stratify backwater selection.  From this information, three 
general strata of backwaters were delineated: large backwaters, small, low-
connectivity backwaters, and small, high-connectivity backwaters (Figure 2).  A 
subset of backwaters was randomly selected from each stratum for sediment core 
sampling (Table 1, Figure 1). 
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Figure 1. Map of the study area backwaters in Pool 8 and the location of the 
randomly selected backwaters selected for obtaining sediment cores 

To select stations for sediment core collection, selected backwaters were fur-
ther stratified by water depth, creating three depth strata to account for potential 
variance due to sediment focusing (Likens and Davis 1975, Håkanson 1977, 
Bellrose et al. 1983).  Depth stratum 1 included depths less than the mean depth 
of the backwater (Figure 2).  Depth stratum 2 included depths between the mean 
depth of the backwater and the mean depth plus 1 standard deviation (SD). 
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Backwater surrounded by land ? l yes 
no 

) Isolated backwater (not sampled) 

Backwater with surface area < 0.1 ha ? 

l>-~ye~s---)> Very small backwater (not sampled) noi 
Backwater with surface area > 50 ha ? 

l>-~yes~---)> Large backwater noi 
Backwater with channel perimeter to land perimeter ratio< 1:5 and number of inlets< 2? 

no 
1 yes ) Small, low-connectivity backwater 

Backwater with channel perimeter to land perimeter ratio< 1 :20 and number of inlets = 2 ? L. Small, low-connectivity backwater 

no 

Small, high-connectivity backwater 

Depth class Description 

Depth less than the mean depth 

2 °"j!th g!PJlt..r than the mp,an rl"l-'th and less than the mean deoth olus one standard deviation 

3 Uepth greater than the mean depth plus one standard deviauon 

Figure 2. Methods used to stratify sampling in Pool 8.  (Flow chart illustrates 
criteria for classifying backwaters into three strata.  Table shows the 
criteria for classifying depth ranges in each backwater based on 
mean depth and standard deviation of depth in each backwater) 

Depth stratum 3 included depths greater than the mean depth plus 1 SD. In addi-
tion to randomly selected stations, sites along existing sediment range transects in 
Pool 8 were sampled to provide a comparison with rates of net sedimentation 
determined via changes in bed elevation since 1989 (Rogala and Boma 1996). 
These sites were not used in estimates of pool-wide fine sediment accumulation 
rates. 

Sediment cores were obtained using a Wildco KB Sediment Core Sampler 
(Wildco Wildlife Supply) containing a plastic core liner (with an approximate 
5-cm inside diameter and 50-cm length).  The core was stored upright and trans-
ferred to the laboratory where it was sectioned at 10-cm intervals until preim-
poundment material was encountered.  Sections were weighed for moisture 
content determination and then dried to a constant weight at 105 oC (Håkanson 
1977). Sediment density was estimated as dry mass of the section divided by its 
volume.  Organic matter content in each core section was determined by loss on 
ignition at 550 oC (American Public Health Association 1992). 
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Backwater type (total no.) Backwater 
Area (ha) of Number of 

Number of 
sampled sites 

(total area) number 
backwater sampled 

sites visited 

3 54.65 15 15 

33 132.59 10 12 

Large backwaters ( 10) 38 60.42 10 10 

(1065 ha) 109 256.04 15 15 

210 53.19 14 15 

260 98.39 12 15 

Total 76 82 

15 3.21 6 6 

28 0.49 2 2 
29 19.48 7 7 

42 0.71 3 3 

49 2.26 4 4 

51 12.67 9 9 

54 0.60 1 1 

Small, low-connectivity backwaters (89) 58 7.67 6 6 

(205 ha) 74 2.53 4 4 

91 0.55 3 3 

95 0.33 1 1 

101 0.61 1 1 

124 1.37 2 2 

219 0.90 1 1 

313 3.44 5 5 

396 0.16 1 1 

Total 56 56 

68 21.63 8 9 

102 8.82 0 6 
132 2.18 0 4 

179 7.58 0 6 

Small, high-connectivity backwaters (195) 193 2.89 0 6 

(706 ha) 215 2.47 6 6 

270 0.18 1 3 

279 0.17 0 2 

386 1.83 0 3 

393 0.12 0 2 

406 4.33 0 6 

Total 15 53 

Very small backwaters (unsampled) (142) 

(4 ha) 

Total 147 191 

Table 1 
Backwater Number, Area, Number of Sites Sampled with Coring 
Device, and Number of Sites Visited for Each Backwater Type.  Total 
Number and Total Area of Each of the Four Backwater Types in 
Pool 8 are Shown in Parentheses 

Preimpoundment material was identified tactilely as an abrupt change in sedi-
ment density and/or texture. This determination was confirmed by examining 
differences in moisture content between the sections above and below the tactilely 
estimated preimpoundment interface, and by visual observations of differences in 
the composition of sediment.  Other criteria were also used to arrive at a final 
estimate of the depth of preimpoundment material (see Figure 3). 
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Figure 3. Examples of criteria used to identify preimpoundment sediment in the sediment cores. 
(Decline in moisture content is depicted by slope of dashed lime in each graph; more 
horizontal lines indicate a rapid decline in moisture content.  Sediment types are labeled 
above and below the switch as marked with the solid horizontal lines) 
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Sediment cores were not collected at sample sites that were found to be 
channel-like, as determined by the presence of high-velocity and predominantly 
sand sediment during sampling.  However, for the purposes of estimating fine 
sediment accumulation, these sites were considered to have no accumulation of 
fine sediment. 

Rates of net fine sediment accumulation were calculated as the sediment depth 
above preimpoundment material divided by the time period since impoundment 
(58 years for Pool 8).  Mean rates of net accumulation for each backwater were 
estimated by weighing rates within different depth strata by surface area.  Simi-
larly, rates of accumulation in the three backwater types were calculated based on 
surface area.  Finally, a pool-wide mean (overall) net fine sediment accumulation 
rate for Pool 8 contiguous backwaters, excluding the impounded area, was 
estimated using the area-weighing approach.  The Tukey s multicomparison test 
(P = 0.05) was used to test for significant differences. 
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3 Results and Discussion 

Net fine sediment accumulation rates ranged from 0.017 to 1.36 cm/year over 
the 147 stations where some fine sediment accumulation was detected (Figure 4 
and Appendix A).  Mean rates of net fine sediment accumulation for the 33 back-
waters sampled ranged from 0 to 0.82 cm/year (Table 2).  However, no individual 
backwaters were found to be significantly different from each other, probably due 
to low sample sizes and highly variable accumulation rates among locations 
within backwaters (Figure 4).  Overall means for the different backwater strata 
were 0.29 cm/year for the small, high-connectivity backwaters, 0.43 cm/year for 
the small, low-connectivity backwaters, and 0.57 cm/year for the large back-
waters.  Accumulation rates of fine sediment in large backwaters were found to be 
significantly different (P > 05) than rates in small, high-connectivity backwaters. 

The estimate of a low mean rate of net sedimentation obtained for the small, 
high-connectivity backwaters suggests that these areas are channel-like.  The 
majority of the areas that were not sampled due to the presence of flow and sand 
substrate were in this backwater stratum (Table 1).  In addition, the coring sites in 
this stratum had accumulated sediments with low moisture content (<50 percent) 
as compared with the other two strata, which suggests that small, high-
connectivity sites that had accumulated sediment were channel-like.  Therefore, if 
accumulation has occurred in these areas, it may likely be due to sand accumu-
lation and not fine sediment accumulation as measured in this study. 

Rates of net fine sediment accumulation for the three depth strata were 
0.50 cm/year for the shallowest depth stratum, 0.55 cm/year for the medium depth 
stratum, and 0.68 cm/year for the deepest depth stratum.  However, no significant 
differences were found among the depth strata as a whole using Tukey s 
multicomparison testing.  Significant differences were detected between the 
deepest and shallowest depth classes for the small, low-connectivity backwaters 
and within a few backwaters.  Accumulation rates were highly variable in the 
depth classes selected; therefore, few differences could be detected.  Also, 
because present-day depths were used to look at correlations, accumulation of 
sediments in areas that were deeper in the past may have  masked any relationship 
between depth and accumulation. 
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Figure 4. Net fine sediment accumulation rate as estimated by the depth to preimpoundment sedi-
ment for each sample site that fine sediment accumulation was found in Pool 8.  (Sites 
grouped by backwater type and by individual backwater (separated by dashed lines)) 
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Backwater Pool 8 

Backwater type 
Backwater Accumulation type sampled area 

number rate (cm/year) accumulation accumulation 
rate (cm/year) rate (cm/year) 

3 0.53 
33 0.48 

Large backwaters 38 0.25 
109 0.66 0.57 
210 0.62 
260 0.64 

15 0.39 
28 0.15 
29 0.25 
42 0.65 
49 0.82 
51 0.46 
54 0.47 

Small, low-connectivity backwaters 58 0.69 0.43 0.46 
74 0.51 
91 0.57 
95 0.31 
101 0.33 
124 0.63 
219 0.78 
313 0.61 
396. 0.26 

68 0.58 
102 0.00 
132 0.00 
179 0.00 
193 0.00 

Small, high-connectivity 
215 0.76 0.29 

backwaters 
270 0.20 
279 0.00 
386 0.00 
393 0.00 
406 0.00 

Table 2 
Mean Rate of Net Fine Sediment Accumulation For Each of the 
Sampled Backwaters, Sampled Backwater Types, And Sampled 
Overall Area of Pool 8 

There were generally poor relationships between rates of net fine sediment 
accumulation at the 147 sample sites and variables describing backwater morpho-
metry.  For example, backwater size provided the strongest correlation with net 
accumulation rates, but the measure of the strength of correlation r2 was less than 
0.07.  Similarly, measurements of various site-specific morphometry provided 
poor correlation with net accumulation rates, with site distance to a channel 
providing the strongest correlation with an r 2 of less than 0.05.  These poor 
correlations suggest that extrapolation on the basis of these variables is not 
possible. 

A wide range of surface (i.e., upper 10 cm) sediment characteristics (moisture 
content, sediment bulk density, and organic matter content) was observed over the 
147 backwater station locations where cores were collected.  Moisture content 
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ranged between 17 and 84 percent; sediment bulk density ranged between 0.14 
and 1.62 g/mL; and organic matter content ranged between 0.43 and 19.53 per-
cent.  In addition, significant differences (P < 0.05) in moisture content, sediment 
bulk density, and organic matter content were found among the three backwater 
strata.  The large backwaters had surface sediment with the highest moisture and 
organic matter content, and lowest sediment bulk density; the small, high-
connectivity backwaters had sediment with the lowest moisture and organic matter 
content and highest sediment bulk density; the small, low-connectivity backwaters 
were intermediate in sediment characteristics.  The small, high-connectivity 
backwaters likely have sediments with lower moisture content overall than 
determined in this study, as suggested by the large number of sites unsampled 
with the coring device due to the presence of sand. 

Poor correlations were found between surface sediment characteristics and net 
fine sediment accumulation rates for the 147 stations (Figure 5).  Poor correlations 
were also found between surface sediment characteristics and net accumulation 
rates determined by changes in bed elevation during the period 1989 to 1996 
(Rogala and Boma 1996).  However, large variations in moisture content were 
often observed with sediment depth (Figure 3b).  Although many stations exhib-
ited a pattern of silt/clays over sands (Figure 3a), other patterns were observed 
such as distributions of silt/clays throughout the core (Figure 3c), mixtures of sand 
and silt/clay over sand (Figure 3b), thin layers of sand over silt/clays, and thin 
layers of detrital material (Figure 3f).  These observations, coupled with generally 
low correlations between net sedimentation rates and surface sediment 
characteristics, suggest that some layering may result from episodic loading. 
These findings suggest that fine sediment accumulation cannot be predicted by 
surficial sediment characteristics. 

Correlations were poor between net fine sediment accumulation rates over the 
last 58 years measured by coring in this study and bed elevation change measured 
by Rogala and Boma (1996) between 1989 and 1996 (Figure 6).  The poor 
correlation was not due to accumulation of coarser sediments because all sites 
sampled contained only fine sediment.  The poor correlation observed may be due 
to changes in accumulation rates over a long time (e.g., loss of trapping effi-
ciency) or to episodic changes in rates over shorter time periods (e.g., effects of 
floods).  Therefore, caution must be used when estimating present-day patterns of 
fine sediment accumulation using the historical rates obtained by this or other 
methods relying on long-term averages. 

The pool-wide mean (overall) net fine sediment accumulation rate for the con-
tiguous backwaters of Pool 8, excluding the impounded area, was 0.46 cm/year. 
This mean rate is lower than previously documented fine sediment accumulation 
rates in the UMR obtained from isotopic dating (McHenry et al. 1984, Eckblad 
et al. 1977). This may be due in part to differences in site selection and study area 
selection for the studies.  Previous studies have focused sampling in large 
impounded areas and large backwater lakes, whereas this study excluded sampling 
in the impounded area and included small backwater areas for sampling.  In 
addition, some previous studies focused site selection in deep areas and areas of 
known fine sediment deposition, which may have provided overestimates of 
accumulation for backwaters as a whole.  The positive correlation observed 
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Figure 5. Correlation between surficial sediment characteristics (moisture 
content and organic content) and net accumulation rates for the 
147 sites sampled in Pool 8 

between depth strata and fine sediment accumulation rates in this study suggests 
higher rates would be obtained from sampling exclusively in deeper areas.  In this 
study, locations were randomly selected across the selected backwater area of Pool 
8, thus providing unbiased site selection and a better estimate of the overall mean 
rate of fine sediment accumulation for the study area. 

The variability in accumulation rates of fine sediment in Pool 8 backwaters 
was, for the most part, uncorrelated to the factors investigated in this study.  In 
general, backwater type and depth strata accounted for some variability in accu-
mulation rates, but overall the predictive capability was poor.  Backwater charac-
teristics related to exchange of water in backwaters with channels provide very 
poor correlation with accumulation rates.  A more holistic investigation of 
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Figure 6. The comparison of historical and recent accumulation rates.  (Upper 
graph illustrates the comparison of historical net accumulation rates 
as determined by the depth to impoundment sediment (historical 
rate) to more recent net sedimentation rates determined from sedi-
ment ranges surveyed between 1989 to 1996 (recent rates).  Lower 
graph illustrates the regression line from the comparison of the rates 
for the two time periods) 

sedimentation including accumulation of coarse sediments and erosion of sedi-
ments may provide for better predictive capabilities.  However, this study effec-
tively illustrates high variability in accumulation rates of fine sediments in 
backwaters that would suggest high variability in sedimentation rates also likely 
exist in these areas. 
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Appendix A 
Sediment Information 

Appendix A  Sediment Information A1 



Sample site Backwater X coordinate Y coordinate Net Moisture Bulk density Organic 
ID ID 

(UTM zone 15, (UTM zone 15, accumulation content(%) (g/rnL) content(%) NAD27) NAD27) rate ( cm/yr) 

l 3 637608 4857933 1.29 70 0.35 10.26 

2 3 637933 4857783 0.52 30 1.27 2.53 

3 3 637758 4857608 0.86 67 0.42 9.18 

4 3 637933 4857358 0.72 21 1.44 1.33 

5 3 637808 4857283 0.34 58 0.56 7.34 

6 3 638008 4857233 0.38 60 0.54 7.32 

7 3 638308 4857233 0.43 61 0.51 8.02 

8 3 638183 4857208 0.97 70 0.37 9.65 

9 3 638333 4857183 0.33 61 0.49 7.58 

10 3 637783 4857158 0.26 50 0.71 8.18 

11 3 638183 4857133 0.9 22 1.25 1.23 

12 3 638208 4857008 0.17 37 1.05 3.34 

13 3 638483 4856983 0.17 32 1.22 2.32 

14 3 638333 4856933 0.26 52 0.71 5.8 

15 3 638408 4856908 0.34 26 1.37 1.32 

37 33 639108 4850683 0.78 75 0.28 13.74 

38 33 638358 4850383 0.53 79 0.21 13.8 

39 33 638658 4850333 0.78 73 0.3 11.6 

40 33 639283 4850333 * 29 1.28 2.59 

41 33 638708 4850308 0.62 70 0.35 10 

42 33 639183 4850233 0.52 39 0.97 3.68 

43 33 638358 4850208 l 78 0.24 12.61 

45 33 638533 4850108 1.03 72 0.34 10.27 

46 33 638283 4850008 0.45 59 0.49 9.1 

47 33 638508 4849908 1.02 70 0.36 10.21 

48 33 638458 4849808 0.13 40 0.24 8.3 

54 38 641608 4849383 0.21 44 0.91 5.41 

58 38 641783 4849158 0.4 41 1.03 3.57 
59 38 641758 4848958 0.21 44 0.84 4.43 

60 38 642133 4848933 0.17 25 1.31 1.13 
61 38 642208 4848683 0.29 65 0.4 16.16 
68 38 642483 4848183 0.09 20 1.41 1.19 
72 38 642458 4847983 0.33 23 1.31 0.81 
74 38 642483 4847908 0.45 32 1.11 1.57 

80 38 642933 4847483 0.21 30 1.11 4.23 

81 38 643008 4847408 0.05 17 1.26 0.46 

118 109 640058 4844783 1.03 74 0.28 13.64 
121 109 639783 4844658 0.41 75 0.27 19.53 
124 109 639258 4844233 0.43 74 0.28 15.89 
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Sample site Backwater X coordinate Y coordinate Net Moisture Bulk density Organic 
(UTM zone 15, (UTM zone 15, accumulation 

ID ID NAD27) NAD27) rate (cm/yr) content(%) (g/mL) content(%) 

128 109 639758 4843708 0.6 74 0.29 12.34 

132 109 639258 4843558 1.1 84 0.14 18.04 

133 109 639583 4843533 0.64 65 0.41 8.15 

139 109 639358 4843333 0.05 53 0.72 9.43 

140 109 639658 4843258 0.86 71 0.34 11.52 

145 109 639633 4843058 1.21 75 0.26 12.94 

147 109 639733 4843008 0.52 79 0.21 13.21 

151 109 639508 4842808 0.55 76 0.24 13.76 

155 109 639033 4842358 1.36 78 0.22 14.04 

156 109 639608 4842333 0.36 64 0.45 13.52 

160 109 639308 4842158 0.34 42 0.85 4.61 

162 109 639308 4842108 0.19 65 0.43 8.39 

152 210 643083 4842608 0.5 75 0.25 13.26 

153 210 643258 4842508 0.45 71 0.34 12.44 

154 210 643283 4842483 0.74 79 0.22 17.04 

157 210 643208 4842308 0.81 84 0.16 18.32 

158 210 643183 4842208 0.6 81 0.2 16.56 

159 210 643283 4842208 1.31 80 0.21 14.94 

161 210 643183 4842133 0.41 54 0.61 6.06 

163 210 643108 4842058 0.34 69 0.36 9.31 

165 210 642883 4841908 0.52 78 0.23 13.57 

166 210 642958 4841908 0.69 41 0.92 3.5 

167 210 643108 4841833 * 39 0.86 5.44 

170 210 642758 4841783 0.93 80 0.2 12.58 

172 210 642808 4841733. 0.69 76 0.25 11.68 

174 210 642808 4841683 1.12 76 0.26 10.91 

180 210 642833 4841358 0.64 72 0.32 11.06 

173 260 644258 4841733 0.9 58 0.56 6.45 

177 260 643808 4841583 0.69 45 0.86 4.59 

179 260 643733 4841408 0.64 42 0.89 4.81 

181 260 643908 4841308 0.67 48 0.76 5.39 

183 260 643633 4841258 1 43 0.85 5.38 

184 260 644158 4841258 1.21 72 0.33 10.94 

186 260 644108 4841183 1.24 71 0.35 10.58 

188 260 643833 4841058 0.88 52 0.69 6.49 

193 260 643533 4840858 1.03 43 0.83 5.4 

194 260 643908 4840708 1.33 63 0.47 8.22 

195 260 643883 4840608 1.24 64 0.45 8 

196 260 643858 4840533 0.43 54 0.64 6.49 
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Sample site Backwater X coordinate Y coordinate Net 
Moisture Bulle density Organic 

(UTM zone 15, (UTM zone 15, accumulation 
ID ID NAD27) NAD27) rate (cm/yr) content(%) (g/mL) content(%) 

16 15 639258 4855933 0.48 64 0.44 8.3 

17 15 639283 4855908 0.43 68 0.39 9.2 

18 15 639308 4855883 0.12 40 0.92 5.14 

19 15 639308 4855783 0.4 69 0.38 9.1 

20 15 639308 4855733 0.19 62 0.47 8.13 

21 15 639358 4855708 0.66 53 0.63 8.39 

22 28 639183 4854058 0.34 27 0.83 2.88 

23 28 639233 4854008 0.07 34 1.06 2.66 

25 29 639733 4852733 0.53 59 0.48 7.25 

27 29 639733 4852383 0.02 17 1.61 0.43 

28 29 639708 4852133 0.07 40 0.88 5.39 

30 29 639608 4851558 0.12 37 0.91 3.57 

31 - 29 639658 4851483 0.17 41 0.88 5.32 

32 29 639758 4851458 0.72 51 0.62 7.03 

33 29 639558 4851308 0.24 45 0.74 6.12 

55 42 640733 4849308 0.53 55 0.58 6.87 

56 42 640783 4849308 0.74 33 1.07 3.56 

57 42 640808 4849283 0.52 43 0.85 4.97 

62 49 640483 4848658 * 43 0.81 6.13 

63 49 640558 4848583 * 41 0.91 4.96 

64 49 640683 4848408 0.98 62 0.48 7.89 

65 49 640708 4848408 1.05 59 0.53 7.16 

66 49 640883 4848308 0.72 51 0.68 5.8 

67 49 640933 4848233 0.33 43 0.84 5.15 

69 51 642358 4848133 0.98 74 0.29 10.62 

70 51 642383 4848108 0.6 65 0.42 9.32 

71 51 642333 4848033 0.36 25 1.4 1.87 

73 51 642383 4847933 0.69 73 0.31 10.24 

75 51 642308 4847883 0.14 45 0.8 7.46 

76 51 642333 4847883 1.12 75 0.29 10.95 

77 51 642333 4847858 1.21 75 0.29 11.21 

78 51 642383 4847658 0.19 45 0.82 4.5 

79 51 642283 4847608 0.36 40 0.92 3.85 

82 54 641758 4847383 0.47 26 1.33 2.69 

83 58 642183 4847108 0.64 59 0.52 10.97 

84 58 642408 4847033 0.17 42 0.89 3.75 

85 58 642183 4847008 0.64 57 0.57 7.18 

86 58 642258 4846958 0.93 68 0.4 8.71 
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Sample site Backwater X coordinate Y coordinate Net Moisture Bulk density Organic 
(UTM zone 15, (UTM zone 15, accumulation 

ID ID NAD27) NAD27) rate (cm/yr) 
content(%) (g/mL) content(%) 

87 58 637608 4857933 1.31 64 0.43 8.7 

88 58 637933 4857783 0.66 52 0.7 5.4 

94 74 638183 4857208 0.52 37 0.99 4.7 

96 74 637783 4857158 0.86 57 0.53 8.5 

97 74 638183 4857133 0.5 63 0.45 10.9 

98 74 638208 4857008 0.34 52 0.64 7 

106 91 639308 4855733 0.47 39 0.92 3.9 

107 91 639358 4855708 0.29 48 0.69 6.2 

108 91 639183 4854058 1.28 44 0.77 5 

103 95 639283 4855908 0.31 38 1.01 5.2 

105 101 639308 4855783 0.33 59 0.52 9.6 

115 124 637808 4851683 0.62 69 0.35 10.2 

119 124 639558 4851308 0.64 45 0.75 6.7 

148 219 640483 4848658 0.78 51 0.58 6.6 

185 313 642883 4846283 0.69 66 0.42 12.7 

187 313 642808 4846108 0.34 59 0.49 9.2 

189 313 642358 4845733 0.79 60 0.48 8.5 

190 313 643533 4845733 0.64 51 0.61 7.3 

191 313 641108 4845683 0.76 34 1.04 4.4 

202 396 642708 4844833 0.26 56 0.55 8 

89 68 637758 4857608 0.55 65 -0.41 14.9 

90 68 637933 4857358 0.52 33 1.14 2.3 

91 68 637808 4857283 1.21 42 0.92 4.6 

92 68 638008 4857233 0.98 47 0.77 4.7 

93 68 638308 4857233 0.52 54 0.59 8.4 

95 68 638333 4857183 * 28 1.27 1.6 

99 68 638483 4856983 0.1 31 1.23 2.8 

100 68 638333 4856933 0.67 47 0.79 5.8 

101 215 638408 4856908 0.84 32 1.12 2 

142 215 640783 4849308 0.62 40 0.92 4.4 

143 215 640808 4849283 0.52 40 0.92 5.7 

144 215 641783 4849158 0.88 39 0.92 3.1 

146 215 642133 4848933 1.09 30 1.23 1.9 

149 215 640558 4848583 0.62 45 0.78 5.8 

150 215 640683 4848408 0.9 35 1.02 3.7 

168 270 641758 4847383 0.59 39 0.71 2.5 

169 270 642183 4847108 * 21 1.56 1.5 

171 270 642183 4847008 * 18 1.62 1 
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