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Abstract 

Understanding sediment infilling and sources to the surface waters of Agassiz National 
Wildlife Refuge are necessary to project future habitat management strategies. This study 
used the atmospherically deposited radioisotopes 137Cs and 210Pb to quantify sediment 
burdens in Agassiz Pool, estimate the loss of water depth, and qualitatively assess the 
sources of incoming sediments. Results based on multiple sediment cores estimate that 
over 1.2 million tons of inorganic sediment has been eroded from the watershed and 
trapped by the impoundment during the period of 1940 to 2008. This sediment has 
resulted in an average loss of 15 cm of water depth for the lake. Inventories of 210Pb in 
the cores indicate that sediments are not distributed uniformly across the basin. 
Measured sediment depths in the main pool show a loss of 4-10 cm of water depth, as 
compared to an estimated loss of over 25 cm in the margins and inlet bays. Aerial 
photographs from 1949 and 2006 confirm this pattern on non-uniform infilling. 
Sediment infilling has promoted the expansion of unwanted emergent vegetation, which 
has in turn acted to facilitate further sediment trapping along lake margins and inlet bays. 
Ditch 11, which traverses the pool, acted as an early sediment trap and is estimated to 
hold 260,000 metric tons of inorganic sediment. Loss of storage in the ditch and pool 
margins will likely result in accelerated infilling rates in the main pool. Because a 
reference fingerprint does not exist for field soils in the watershed associated with the 
Refuge, sediment source apportionment using 137Cs provides only semi-quantitative 
results. Concentrations of 137Cs on core samples and suspended sediment samples from 
tributaries are equal to or greater than the reference fingerprint for 137Cs determined for 
agricultural fields in the Minnesota River basin. This suggests that erosion from 
agricultural fields is likely the dominant source of sediment to Agassiz Pool, although 
more work needs to be done to confirm this finding. As cropping patterns change and 
artificial drainage intensifies locally, it is possible the hydrologic and erosive 
characteristics of the tributary rivers will change and non-field sources could increase in 
relative importance. Future habitat management of Agassiz Pool must consider the 
potential for increased infilling rates in the main pool, continued reduction of open water 
area, and changes in sediment source. 
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Introduction 

Agassiz National Wildlife Refuge (NWR) lies in a glacial-lake plain that has been 
intensively drained and farmed for more than a century. With the establishment of the 
refuge in 1937, formerly drained wetlands were converted to large open pools which 
today received runoff and suspended sediment from the adjoining agricultural and non­ 
agricultural lands. Refuge managers wish to know how much sediment has accumulated 
in Agassiz Pool-the largest of 26 Refuge impoundments; if the pool is a net sink or source 
of sediment to downstream waters, and whether agricultural fields or the steep banks of 
ditches leading into and out of the Refuge are the primary source. Infilling of the pool 
results in both a loss of water depth and reduced extent of open water. This in turn 
facilitates the expansion of unwanted emergent vegetation, degrading the habitat qualities 
of the Pool. Understanding the rate and pattern of infilling are necessary to predict and 
plan for future habitat management of the Refuge. Furthermore, during periods of high 
runoff, large amounts of sediment enter and leave the Refuge primarily through Judicial 
Ditch 11 and the Thief River. Mitigating these sediment loads requires an understanding 
of their sources. This project, through radioisotopic dating and fingerprinting, addressed 
both infilling rate and sources of sediment to Agassiz Pool. 

Objectives 

The purpose of this study was to probe two straightforward questions: 
a) what is the rate of sediment infilling and distribution in Agassiz Pool over the 
last half-century 
b) what proportion of present-day sediments entering Agassiz NWR are derived 
primarily from surface-field erosion versus destabilization and erosion of 
stream banks. 

Strategy 

This study used sediment cores from Agassiz pool and suspended sediments from 
tributary inputs to answer the above questions. Sediment cores were collected from 
multiple locations and dated by radiometric methods (210Pb and 137Cs) to derive a time­ 
trend of sediment infilling in the basin. Because Agassiz Pool had been drained and 
extensively farmed prior to creation of the Refuge, the early (pre-Refuge) part of the 
sediment record has largely been destroyed, thus the dating efforts focused on post­ 
Refuge history. Sediment chronologies were constructed using changes in sediment 
density and composition associated with creation of Agassiz Pool, 137Cs markers for 1950 
and 1963 (onset and peak, respectively, of atmospheric cesium deposition) and a detailed 
210Pb-dating model anchored to the 137Cs markers. Sediment focusing and redistribution 
was estimated by comparing total inventories of 210Pb in the cores to the amount expected 
from atmospheric deposition. Spatial difference in 210Pb inventories and focusing factors 
were used to estimate whole-pool accumulation rates and assess the pattern of sediment 
infilling over the basin. 
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Atmospherically deposited radioisotopes have been successfully used in other 
agricultural watersheds to "fingerprint" sources of eroded sediment (Collins et al. 2002; 
Walling, 2005; Brigham et al., 2001). To determine the relative source apportionment of 
present-day suspended sediment, surface intervals from the cores and total suspended 
sediment (TSS) samples were collected and compared to reference fingerprints. Core 
samples provide a temporally integrated assessment of source apportionment while TSS 
samples offer an event-based assessment. TSS samples were collected from two major 
runoff events at 5 locations along the flow path of two tributary inputs: Judicial Ditch 
Eleven (a.k.a Mud River) and the Thief River above Agassiz Pool. Samples were 
analyzed for 137Cs by gamma spectrometry, and the concentrations (activities) were 
compared to "fingerprints" established in the Minnesota River basin for field derived 
sediments. The ratio of radioisotope activity on the sediment samples to the reference 
fingerprints offers a provisional estimate of relative contributions from field versus non­ 
field sources. 

Sediment Coring and Analysis 

In October 2008, a total of ten sites were sampled from depositional areas within the 
Agassiz Refuge (Figure 1, Table 1). Six cores were collected from the open water areas 
of Agassiz Pool, Webster pool and Ditch 11 for the purposes of calculating sediment 
accumulation rates. Four additional samples of surface sediment were collected from the 
inlet areas on the margins of Agassiz pool to be used for sediment fingerprinting. 

Table 1. Coring locations. Numbering 
is non-sequential because additional 
sites were sampled, but were not useful 
for analysis. 

1 full core 
Location Site Description 

N 48° 19.525' 
w 95° 59.471' 

2 full core 

3 full core 

4 full core 

7 surface core 

8 surface core 

9 surface core 

10 full core 

12 surface core 

13 full core 

N 48° 19.601' 
w 96° 0.048' 
N 48° 19.769' 
W95° 59.826 
N 48° 19 .056' 
w 96° 0.226' 
N 48° 19.361' 
w 95° 56.694' 
N 48° 19.428' 
w 95° 57.193' 
N 48° 17.433' 
w 95° 57 .280' 
N 48° 19.415' 
w 95° 55 .828' 
N 48° 21.825' 
w 96° 0.511' 
N 48° 22.143' 
w 95° 56.508' Figure 1. Coring sites, October 2008. 
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Coring sites were reached by airboat with assistance from Agassiz NWR staff. A piston 
corer with a 7cm polycarbonate barrel was used to collect intact, undisturbed sediment 
from each site. After collection, the top 20cm was extruded in the field, sectioned into 
1cm intervals and stored in 200ml polypropylene jars for analysis at the St. Croix 
Watershed Research Station (SCWRS). A 1-2 g aliquot of wet sediment was used to 
determine sediment density and composition by loss-on-ignition (LOI) analysis. The 
remaining sample mass was then freeze-dried. 

Total 210Pb was measured by alpha spectrometry on 10-15 intervals of each core by alpha 
spectrometry through its daughter product 210Po (Eakins and Morrison, 1978; Engstrom et 
al., 2009). Cs-137 and 214Pb were measured by gamma spectrometry (Schottler and 
Engstrom, 2006). Measured concentrations of 210Pb are a combination of mineralogical 
supported 210Pb and meteorically deposited 210Pb. Supported 210Pb can be determined 
explicitly by gamma spectrometry, by measurement of 214Pb daughter products. 
Meteoric, or excess (unsupported) 210Pb, which is the measurement needed for dating, is 
determined by subtracting 214Pb (supported 210Pb) from total 210Pb. All future references 
to 210Pb in this report are for excess 210Pb. 

Dating 

The original intention in this project was to use the constant rate of supply (CRS) dating 
model (Appleby and Oldfield, 1978) to determine sediment ages and time trends in 
accumulation rates. It was recognized at the onset of the study that the full inventory of 
210Pb (necessary for traditional application of the CRS) would be compromised prior to 
1940, but the intention was to use several other markers to anchor the dates and adjust the 
model accordingly. However the CRS model also requires the sediments to be minimally 
mixed and have constant focusing (discussed later) over time. Only the core from 
Webster pool could satisfy the conditions for CRS modeling. The 210Pb profiles in the 
upper parts of the cores from Agassiz pool do not show exponential decay, indicating 
either sediment mixing or changes in sediment focusing. The shallow water depth, long 
wind fetch and high biological activity are likely factors contributing to mixing the 
sediments. As a consequence, only coarse resolution in chronology was possible. Figure 
2 shows comparative core profiles from Webster Pool and Agassiz Pool. 

Abrupt changes in sediment composition and density associated with inundation of the 
Refuge were used as a maker for 1940 (1943 for Webster Pool). Cs-137 was released by 
above-ground nuclear bomb testing from -1950 to 1964 and subsequently reached the 
impoundments via precipitation. The onset and peak of mes are often used to define 
these dates. The core from Webster Pool shows a "classic" mes profile. The non­ 
descript 137Cs profiles in the cores from Agassiz Pool can only be used to confirm which 
sediments are younger than -1950. The small amounts of mes present below the 1940 
marker are most likely due to down-core diffusion. For Agassiz Pool, anchoring to the 
date associated with refuge inundation/flooding made it possible to estimate the sediment 
accumulation rate and total 210Pb inventory for each core site for the period of 1940 to 
2008. Unfortunately, no other information about how accumulation rates have changed 
over time could be ascertained from the Agassiz Pool cores. 
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Figure 2. Comparison of radioisotope profiles, sediment composition and dry density (g/cnr') for 
cores from Agassiz and Webster Pools. The red line marks the transition associated with creation 
of the refuge and flooding. Webster Pool shows "classic" profiles for 210Pb and 137Cs and was dated 
using the CRS model. Radioisotopes in cores from Agassiz Pool appear mixed or truncated, thus 
dating was limited to the marker for Refuge flooding in -1940. In cores 1,3 and 4 the composition 
below the red line (1940) is similar to soil. 
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The core from Webster Pool shows an exponential decay profile of 210Pb and a clear mes 
peak. The CRS model was preformed on this core with results predicting dates of 1940 
and 1964 at depths of 15 and 17 cm respectively. The rise and peak in mes activity are 
markers for the initiation of above ground nuclear bomb testing in -1950 and the 
maximum release in -1963 respectively. The dates predicted from the Cs profile (Figure 
3) in Webster Pool match closely with the dates predicted by 210Pb. The small amount of 
mes measured below 20cm is probably the result of down-core diffusion. The sediment 
density profile shows a dramatic shift at 19 cm (Figure 2), reflecting the inundation of the 
pool in "'1943. This dating marker also agrees with the 210Pb predicted dates. 

The agreement between dating methods substantiates that the time trends of sediment 
accumulation rates predicted by the CRS model are accurate. Dating results and 
historical trends in total sediment accumulation rates are discussed later. 
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Figure 3. Sediment accumulation rate profile for Webster Pool. Chronology and 
sediment accumulation rates were determined by 210Pb and the CRS dating model. Even 
though this is a shallow bay and the sediments could be mixed, the preserved chronology 
is confirmed by the onset and peak of 137Cs defining 1950 and 1963 respectively, and the 
by the abrupt change in composition (LOI) related to creation of the Pool in 1943. 
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Source Apportionment Methodology 

Overview of Radiometric Fingerprinting and Source Apportionment Model 

Quantifying the relative and absolute contributions of different sediment erosion sources 
to surface waters has proven to be a difficult task, but one that is paramount to efficiently 
allocating resources to land management/soil erosion efforts. Numerous studies (Schottler 
et al., 2010; Whiting et al., 2005; Walling et al., 2002; Collins and Walling 2002; 
Schottler and Engstrom, 2002; Brigham et al., 2001; Walbrink and Murray, 1996; He and 
Owens, 1995; Walling and Woodward, 1992) have used atmospherically deposited 
radioisotopes as tracers to discriminate between sediment sources in small watersheds. 
The underlying premise of these studies is that soils with differing land use and exposure 
to the atmosphere will have unique radiometric "fingerprints". Naturally occurring 
radioisotopes such as 210Pb and mes, are enriched in cultivated soils through atmospheric 
deposition. In contrast, streambanks, ravines and near channel bluffs which have minimal 
exposure to atmospheric inputs and greater time for decay losses are depleted in these 
tracers (Figure 4). Thus, suspended sediments originating from fields should have much 
higher activities (i.e., concentration) of2IOPb and mes than suspended sediment eroded 
from non-field sources. Comparing the tracer signature of soils from different sources 
with the signature of suspended sediment in rivers permits the contribution of each 
erosion source to be calculated. 

A simple mixing model employing the source fingerprints was used to calculate 
contributions from field and non-field sources. A two-source model is sufficient for the 
Agassiz NWR watershed where the majority of soils that receive atmospheric deposition 
are in similar land use-row crop agriculture. Source apportionment can be described as: 

Csed, = o/of(CO + o/onf(Cnf) eq. 1 

Where Csed, is the concentration of tracer(i) (i.e., mes) in a sediment core interval or 
TSS sample, Cnf is the mean concentration of tracer (i) in a non-field source, C( is the 
mean concentration of tracer (i) from field sources, o/onf is the percent contribution from 
non-field, and o/of is the percent contribution from field sediment. Note that radioactive 
decay is analogous to concentration. In this report, the terms concentration and activity 
are interchangeable and have radioactive decay units of pCi/g. 

The mixing model must also satisfy the conditions: 

o/ofi +%n(= 1 eq.2 

and 

0 s %n(,%( s 1 eq.3 
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