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Abstract 
 
 Previous work indicates that significant amounts of sediment and pollutants are stored on 

floodplains, however the factors controlling the accumulation and redistribution of floodplain 

mercury (Hg) are not well understood. This project analyzed sediment samples from the 

floodplain and channel for total mercury and organic carbon content as a function of inundation 

frequency along the point-source contaminated Androscoggin River (NH), and along the 

relatively pristine Mink Brook (NH). Sediment samples were also analyzed for fallout 

radionuclides 210Pbex and 7Be, which interact with sediment particles similarly to Hg, and 

provide temporal information. Contaminant and organic carbon concentrations were uniformly 

high on the upper floodplain, and declined closer to the channel. Upper floodplain soils provide 

the major source of sediment and metals to the near-channel floodplain. The decline in 

contaminant concentration adjacent to the channel reflects near-channel floodplain stripping. 

Mercury concentrations did not decline near the channel on the Androscoggin River, most likely 

due to rapid redistribution and deposition of atmospheric mercury on a local-scale. Results from 

this study suggest metals and organic carbon are mobilized from the floodplain during low to 

moderate flows, and watershed and upper floodplain soils provide the major source of Hg to the 

channel. 
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1. Introduction 
 

Floodplains temporarily store a significant amount of sediment and pollutants, including 

mercury (Hg) (Bourgoin et al., 2007; Day et al., 2008; Lambert and Walling, 1987; Mertes, 

1994; Walling and Owens, 2003, Thonon et al., 2007). Mercury is a potent neurotoxin that can 

bioaccumulate in the food chain and, therefore, is an important environmental contaminant 

(Driscoll et al., 2007). The majority of Hg research in stream systems has focused on in-channel 

dynamics that control contaminant levels, and variations in Hg contamination downstream of a 

point-source (Carroll 2000; Miller et al., 2003; Riscassi et al., 2010; Sutherland 2000). However, 

recent research indicates that a significant amount of Hg contaminated sediment resides on 

floodplains. 

Studies examining both channel and floodplain Hg concentrations along contaminated rivers 

downstream of a point source have found that floodplain soil concentrations are higher compared 

to channel sediments (Miller et al., 2003; Wallschlager et al., 1998; Heaven et al., 2000). One 

study found that >70% of total topsoil Hg, and >90% of total river-bank Hg was stored on 

floodplains within 25km of the point-source (Heaven et al., 2000). Floodplains sequester 

contaminants because floodplain topsoils are rich in organic matter (OM), which strongly binds 

Hg, and floodplains receive Hg inputs from both overbank deposition and the atmosphere. 

However, floodplains are only a temporary sink for contaminated sediment, as erosion of upland 

floodplain soils rich in OM can significantly contribute to Hg-loading in the channel (Miller et 

al., 2003). In addition, re-volatilization of floodplain Hg could provide a diffuse atmospheric 

source of Hg to the watershed (Wallshclager et al., 1998), and contribute to atmospheric 

reservoirs despite remediation at the point-source.  

Recent studies have also indicated that the accumulation of mercury (Hg) on floodplains is 
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not spatially uniform. For example, Flanders et al. (2010) found that methylmercury (MeHg) 

sediment concentrations are highest on floodplains along upstream reaches of the South River 

due to accumulation of fine grained sediment (FGS) associated with lower hydrologic gradient 

and increased bank erosion along these reaches. Similarly, Skalak and Pizzuto (2010) found that 

fine grained channel margin deposits accumulated behind large woody debris are significant fine 

sediment, and thus Hg, traps. 

Despite previous research, factors controlling the spatial distribution of contaminated 

sediment and the mechanisms of contaminant remobilization are not well understood. One issue 

with Hg studies is the floodplain is poorly defined. There is no widely accepted approach to 

sampling floodplains, and what constitutes a floodplain ranges from a cut-bank or point-bar, to 

any area <3km from the channel edge. Furthermore, many studies lack control data and fail to 

address potential hydrologic controls on Hg floodplain deposition as a result.  

To resolve the shortcomings of previous research, this study performed high resolution in-

channel and floodplain sediment sampling. A point-source contaminated river (the Androscoggin 

River) was sampled in addition to a control site (Mink Brook), which receives only background 

level atmospheric deposition of Hg. The Androscoggin River (Berlin, NH) is an EPA superfund 

site contaminated by a former chlor-alkali facility. The Androscoggin is highly regulated, 

whereas Mink Brook is free-flowing. 

Sediment samples were analyzed for total Hg (THg), as well as short-lived fallout 

radionuclides 210Pbex and 7Be. Fallout radionuclides 210Pbex and 7Be behave similarly to Hg in 

the environment― they are similarly atmospherically deposited and retained within watersheds, 

and a strong correlation (r=0.92) has been observed between 210Pbex and THg in floodplain 

sediments (Underwood, unpub.). Similar environmental behavior suggests that inventories of 
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short-lived radionuclides might be used to study Hg sedimentation dynamics, and also provide 

temporal information on floodplain sediment dynamics. 

A better understanding of Hg contaminant distribution is important for remediation efforts. 

Floodplains act as large reservoirs for contaminant storage and could provide Hg inputs to the 

atmosphere and channel, degrading a watershed long after a point-source has ceased Hg 

production. Identifying controls on Hg re-mobilization by understanding the factors that control 

Hg sediment distribution is also important for effectively managing contaminated watersheds 

and for reducing impacts to ecosystems.     

2. Background 
 
2.1 Mercury 

2.1.1 Sources and environmental behavior 

 Globally, 6600 metric tons of Hg are emitted annually to the atmosphere, with 33-36% 

originating from anthropogenic sources and the remainder originating from natural or re-released 

anthropogenic sources (Driscoll et al., 2007). Coal-fired power plants account for 50% of 

anthropogenic mercury emissions, while the remainder is volatilized via burning of fossil fuels, 

metal processing, and municipal waste (Pacyna et al., 2003; Rodgers, 2005). The northeast 

contributes 4.5% of the 103 metric tons Hg emitted annually in the US (EPA, 1999). Mercury 

emissions occur in three forms: elemental Hg, gaseous ionic Hg, and particulate Hg (Chen, 

2007). While gaseous ionic Hg is the predominant form emitted by coal combustion in the 

northeast, elemental Hg is the most abundant form within the atmospheric Hg pool (Chen, 2007).  

Mercury is deposited via both wet and dry deposition, although estimated Hg flux 

measurements remain uncertain due to a sparse sampling network and difficult collection 

methods (Chen, 2007). Average wet deposition rates in the northeast range from 3.8-12.6 μg m-2 
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per year according to the Mercury Deposition Network, with no spatial patterns (NADP, 2007). 

Estimates suggest that dry deposition accounts for 50 to 75% of total Hg deposition (Seigneur et 

al., 2003; Xu et al., 2000). Greater than 90% of mercury deposited to the land surface is retained 

annually (Riscassi et al., 2010).  Thus over the past 150 years, the atmospheric mercury pool has 

increased significantly (Fitzgerald et al., 1998). 

2.1.2 Mercury in fluvial systems 

Mercury input to aquatic systems occurs primarily via atmospheric deposition and from 

point-sources including storm drains, medical waste, paper industry, leaching of municipal 

waste, and contaminated industrial sites (Driscoll et al., 2007; Rogers, 2005). Once deposited to 

the landscape, mercury can either be adsorbed to organic or clay sediment particles, reduced to 

gaseous elemental mercury and re-emitted into the atmosphere, or transported and converted to 

bioavailable forms (Chen et al., in press). The amount of Hg in surface waters derived from 

upland forest soils is thought to be generally low, although high Hg concentrations have been 

observed in water drained from upland soils high in DOC (Schwesig et al., 1999). Total mercury 

surface water concentration in Northeastern streams can be highly variable (see fig. 1) (Driscoll 

et al., 2007). Total mercury concentration typically increases with discharge and DOC or 

suspended solid concentration (Shanley et al., 2005; Riscassi et al., 2010). Total mercury 

concentrations in Northeastern surface waters range from <0.5-12.7 ng L-1 (Dennis et al., 2005). 
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Fig 1. Average water mercury (Hg) concentrations within 18-minute grid cells for lakes and streams across 
northeastern North America. Inset shows the distribution of Hg concentrations comprising the mean for each 
quintile.  Figure from (Driscoll et al., 2007).  
 

Once deposited, ionic mercury can be converted to bioavailable forms (i.e. MeHg) via 

natural processes. Freshwater systems are particularly sensitive to mercury contamination, 

because mercury can bioaccumulate to toxic levels in the aquatic food chain. Methylation, the 

conversion of Hg2+ to MeHg, is a microbially mediated process that favors low oxygen, high 

inputs of labile organic matter, and inputs of sulfur and mercury (EPA, 2001). The EPA criterion 

for MeHg in fish tissue is >0.3μg g-1 (Chen et al., in press). High Hg consumption has been 

linked to central nervous system damage, reduced reproductive success, hormonal changes, and 

motor skill impairment (Wiener and Spry, 1996; Nocera and Taylor, 1998; Evers et al., 2004). 

With no effective cure, contaminated fish have proved lethal to low-income coastal communities 

in Japan, Canada, and elsewhere over the past 60 years (Chen et al., in press). Current mercury 

hotspots in the US include the Everglades, the Adirondacks, and the Great Lakes (Chen et al., in 

press).  
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2.2 Floodplain Sedimentation 

Mercury and short-lived fallout radionuclides adsorb to fine grained particles. Tagged 

particles are transported by the stream and can eventually be deposited onto the floodplain. Fine 

grained sediments below bank-full discharge depth are considered “active channel sediments” 

that reflect recent sediment transport dynamics (Rodgers, 2005). Active channel sediments, and 

any pollutants adsorbed to their surfaces, are remobilized during high flow events (Sweet and 

Geratz, 2003). The amount of sediment transported to the floodplain depends upon the amount of 

sediment in the river (Middelkoop and Asselman, 1998), and as much as half of a river’s annual 

sediment load is deposited onto its floodplain (Bourgoin et al., 2007; Day et al., 2008; Lambert 

and Walling, 1987; Mertes, 1994; Walling and Owens, 2003). Therefore, floodplains sequester a 

significant amount of sediment and associated pollutants (Thonon et al., 2007). Once deposited 

to the floodplain, particles (and pollutants) can remain for decades to centuries, but  most are 

eventually remobilized by bank erosion during flood events or chemical weathering (Schumm, 

1972). The use of atmospherically-derived tracers of floodplain sedimentation may provide 

insight into floodplain sedimentation that can be important for predicting pollutant distribution 

and concentration. In addition, knowledge gained from using atmospherically-derived tracers of 

floodplain sedimentation may also provide important insight into nutrient transport, and thus the 

productivity of riparian ecosystems (Abengoza et al., in press).  

2.3 Short-lived Fallout Radionuclides as Sediment Tracers in Fluvial Systems 

Abegonza et al. (in press) expanded upon the use of 210Pbex in stream systems with their 

study of hydrologic controls on floodplain sedimentation in regulated reaches. Lead-210 

(t1/2=22.3 yrs) follows 222Rn in the 238U decay series (Hartman, 2010). 222Rn is degassed from 

uranium bearing minerals and decays to 210Pb in the atmosphere (see fig. 2) (Hartmann, 2010). 
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Mean annual deposition of 210Pb is relatively constant at a given location (Appleby, 2008). Lead-

210 can be supplied to the soil-stream system via decay of both atmospheric-222Rn and 

terrigenous-222Rn in soils. Atmospherically deposited 210Pb, or 210Pb-excess (210Pbex), is a 

measure of the “excess” amount of 210Pb in surface soil beyond the amount that can be explained 

by decay of 222Rn. Therefore, by using the known decay rate of 210Pb, 210Pbex inventory on the 

floodplain can be used to measure soil accumulation rates and fluvial influence on the floodplain. 

Measured 210Pb-ex fluxes to forest soils from the Hubbard Brook Ecosystem Study were on the 

order of 74-96 Bq m-2 yr-1, with inventories of the top 10cm of soil around 1000 Bq/kg (Kaste et 

al., 2003). 

By examining 210Pbex inventory versus distance from stream channel for various 

transects along the West River, investigators found that inventories are low immediately adjacent 

to the channel margin, then increase rapidly to a peak (quantified as the recurrence interval [RI] 

for flooding associated with peak inventory or “Rpk”) and decrease asymptotically to background 

levels with increased distance from the channel. The decrease in inventory with increasing 

distance from the channel is consistent with Pizzuto’s (1987) hypothesis that the rate of overbank 

sedimentation decreases exponentially with increasing distance from the channel. However, 

Abengoza et al. (in press) show that inundation frequency (RI) proves a better predictor of 

210Pbex inventory compared to distance from channel. Furthermore, peak sedimentation does not 

occur along the channel edge, close to the mean annual water surface, because flow velocities 

adjacent to the channel edge are too high to permit sedimentation (Abengoza et al., in press). 

Therefore, radionuclide inventory profiles decay as a function of inundation frequency, rather 

than distance from channel margin, and peak inventory is offset from mean annual flow. 
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  In addition to observing the above general pattern in radionuclide inventory profiles 

along a transect normal to the stream channel, Abengoza et al. (in press) found a link between 

along channel variations in overbank 210Pbex inventories and the downstream rate of change in 

the stream gradient index. Along degradational reaches (where SGI is increasing), elevated 

210Pbex inventories were restricted to a narrower band compared to aggradational reaches. 

Furthermore, Rpk occurred just above mean annual flow and 210Pbex inventories decayed rapidly 

with distance from the channel along degradational reaches; however peak inventory along 

aggradational reaches occurred farther away from mean annual flow and the inventories decayed 

more gradually. The width of the elevated 210Pbex inventories band is an indicator of floodplain 

sedimentation rate, because 210Pbex inventory is a measurement of sediment deposition. 

Therefore, floodplain nutrient dynamics differ with hydrologic controls including RI and 

downstream rate of change in stream gradient index.   

 While Abengoza et al. (in press) found 210Pbex floodplain inventories to vary with stream 

gradient index, the study did not address in-channel 210Pbex inventories. Hartmann (2010) 

investigated in-channel 7Be and 210Pbex inventories in Mink Brook, NH. Beryllium-7 (t1/2=53.3 

days) forms by cosmic ray spallation of nitrogen and oxygen, and is primarily deposited during 

thunderstorms in late spring and summer (see fig. 2) (Hartmann, 2010). Beryllium-7 activity in 

channel sediments was found to increase with rising SGI, and decrease with decreasing SGI 

(Hartmann, 2010). However, 210Pbex did not change with SGI, due to the relatively short 

residence time (50-100 days) of sediment in the stream channel (Hartmann, 2010). 210Pb has a 

sufficiently longer half life relative to rate of sediment transport, and thus does not reflect short-

scale sediment cycles. Therefore, 210Pbex activity reflects longer-term transport mechanisms over 

the course of the stream and floodplain.  
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Fig 2. Cartoon diagram illustrating the theoretical behavior of 7Be and 210Pb in the fluvial system. 7Be and 210Pb 
“tag” soil column primarily via wet deposition. 7Be and 210Pb -bearing particles are eroded and transported to a 
stream channel, decaying along the way (represented by changes in hue). Higher activities of streambed sediment 
indicate more recent derivation of the sediment from the soil. Figure and caption from Hartmann (2010).  
 
2.4 Stream Gradient Index (SGI):  

SGI was originally developed by Hack (1973) as a proxy for stream power, and is defined 

as the product of channel slope (s) at a point and distance from the headwaters (x), or 

                                                              𝑆𝐺𝐼 = ∆!"
∆!

= 𝑠𝑥                                                 (1) 

where ∆𝐻 is the difference in elevation between the ends of the reach, and ∆𝐿 is the length of the 

reach (Hack, 1973). The downstream rate of change in stream gradient index provides a first 

order classification of a reach into either aggradational or degradational. Specifically, for gravel 

bed alluvial rivers where sediment load is dominated by bedload transport and where the ratio 

wx/A is approximately constant, where w is the watershed width at downstream distance x having 

a drainage area A, the deposition rate  is related to SGI as  

€ 

∂Qs /∂x
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                                             !"!
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                                                       (2) 

An aggradational reach is defined as 

                                                !(!")
!"

< 0                                                       (3)   

and a degradational reach is defined as 

                                                !(!")
!"

> 0                                                       (4) 

Studies by Abengoza et al. (in press) and Hartmann (2010) demonstrate that increasing 

SGI, and hence increasing stream power, corresponds to increased 7Be inventories, narrower 

210Pbex floodplain profiles, and smaller Rpk values. This occurs because as stream power 

increases along degradational reaches, the amount of tagged sediment eroded from the 

banks/floodplain increases, which is reflected in increased 7Be inventories in the channel. In 

addition, flow velocities along degradational reaches are relatively high and thus limit overbank 

sedimentation, reflected in a narrow 210Pbex floodplain profile. The opposite trend is true of 7Be 

and 210Pbex along aggradational reaches; decreasing stream power prevents high levels of 7Be 

from entering the channel while allowing for greater overbank sedimentation reflecting in wider 

210Pbex floodplain bands.      

3. Study Locations 
 
 The two study sites include Mink Brook, NH, and the Androscoggin River, downstream 

of the Chlor-Alkali Superfund Site near Berlin, NH (see fig. 3). Mink Brook was chosen due to 

its proximity to Dartmouth College, and thus accessibility for sampling. In addition, there is pre-

existing data available for the Mink Brook watershed including published hydrologic data, GIS 

data, climate records, and USGS stream gage data between 1962 and 1998. Furthermore, Mink 

Brook has had no documented point-source Hg contamination, and thus serves as an example of 
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a relatively pristine catchment receiving only atmospherically deposited Hg. The Androscoggin 

River was chosen as an example of a highly regulated, point-source Hg contaminated site. The 

area is developed, and thus easily accessible by road. Furthermore, the Androscoggin River has 

been the site of several published studies, by the EPA and Dartmouth, which provide background 

on the ecology and hydrology of the river. The two sites were chosen as dissimilar systems to 

investigate differences in contaminant storage between a relatively pristine river, and a 

contaminated, highly regulated river.  

 
Fig 3. Map of New Hampshire and Maine with Mink Brook Watershed and Androscoggin River Watershed 
delineated in orange and green respectively. 
 
 
 

Maine 

New	  
Hampshire 

Vermont 
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3.1 Mink Brook, NH 

 Mink Brook is a 15-km long tributary of the Connecticut River, located in east-central 

New Hampshire, USA. The Mink Brook catchment is approximately 47 km2 in area, with an 

average gradient of 0.02 (see fig. 3) (Hartmann, 2010). Mink Brook flows west from a starting 

elevation around 700 m, and drops approximately 600 m in elevation between the headwaters 

and outlet to the Connecticut River (Hartmann, 2010). Average monthly precipitation is 7.9 

cm/month, and is more or less equally distributed throughout the year (Renshaw et al., 2003). 

Approximately 25% of annual precipitation occurs as snow or ice (Renshaw et al., 2003). The 

majority (90%) of land use in the Mink Brook catchment is forested, with the remaining a mix of 

pasture and residential lands (Renshaw et al., 2003).  

 Bedrock of the Mink Brook catchment consists of steeply dipping Paleozoic Amonusuc 

metavolcanics and metasediments near the headwaters, and Oliverian metamorphosed granitoid 

in the lower reaches (Renshaw et al., 2003; Hartmann 2010). General soil stratigraphy consists of 

a thick O horizon (5-10 cm depth), followed by an A horizon (10-20 cm depth), a thin dark grey 

silty B horizon (20-30cm depth), and a thin Cr horizon (50 cm depth) which grades to bedrock 

(Renshaw et al., 2003). Mink Brook has received no known point-source mercury contamination.  

3.2 Androscoggin River (Superfund Site), Berlin, NH 

 The Androscoggin River runs 259 km from its source at Lake Umbagog, NH (part of a 

Wildlife Refuge) to Brunswick, ME where it joins the Kennebec River in Merrymeeting Bay 

(Chamberland et al., 2002). Land use in the watershed is predominately forested (85%), with 

only 6% of the landscape categorized as agricultural and urban land (Oczkowski et al., 2006). 

The basin consists of till-covered bedrock with some fine-grained marine deposits toward the 

south (Montgomery et al., 2002). The river has a drainage basin of 9, 127 km2, discharges 0.016 



13	  
	  

km3 at its mouth, and drops over 305 m in elevation between the headwaters and outlet 

(Chamberland et al., 2002). Due to its large flow volume and steep gradient, the river has served 

as a power source over the past 200 years for industries including pulp and paper mills, textile 

mills, and hydroelectric plants (Chamberland et al., 2002). Currently, there are 6 dams in the 

upper reaches of the river for flow regulation and hydroelectric power (Oczkowski et al., 2006).  

Riparian industries have exploited the river for effluent disposal consisting of industrial 

by-products and municipal waste (Chamberland et al., 2002). As a result, the river was ranked as 

one of the top seven most polluted rivers in the US (Chamberland et al., 2002). One such 

business, the chlor-alkali facility, was once a pulp and paper manufacturer on the east bank of the 

Androscoggin River and is now the namesake of an EPA Superfund site listed in 2005 (EPA, 

2008). The site is located in Berlin, NH, seven miles from the Maine border (see fig. 4). The 4.6-

acre property housed a facility that used mercury cells to produce chlorine gas for bleaching 

paper from 1898 to 1962 (EPA, 2008). Mercury was disposed of throughout the property (EPA, 

2008).  As recently as 2008, the EPA noted that: 

“Elemental mercury is seeping from the former chlor-alkali facility through bedrock 

fractures into the Androscoggin River… beads of mercury have been seen on the river 

bottom and in bedrock fractures adjacent to the former facility property” (EPA, 2008) 

Site investigations have revealed soil mercury concentrations up to 9,400 mg/kg, well above 

state soil standards of 13 mg/kg (EPA, 2008). Between 1999 and 2004, several companies were 

contracted to remove mercury and contaminated sediments (EPA, 2008). At the time the EPA 

report was published, the property was vacant with little vegetation (EPA, 2008).  

Several studies have been conducted to investigate pollution in the Androscoggin River 

(Chamberland et al., 2002; Hunt et al., 2005; Oczkowski et al., 2006). Researchers at Dartmouth 
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College, including Celia Chen and Vivien Taylor, are examining pollutant concentrations and 

effects on biota at the Superfund site and downstream. Their analyses include water and 

sediment mercury speciation and mercury concentration in fish at dams and reservoirs between 

Berlin and Gorham, NH. This study complements these on-going efforts. 

The reach sampled was located between Cascade and Gorham Brown Dams, 

approximately 4.2km downstream of the former chlor-alkalai facility (see fig. 4). There are five 

dams on the mainstem of the Androscoggin River within the first 5 km upstream of the sampled 

reach.  

 
Fig. 4 Map of Androscoggin River including dam locations and location of former chlor-alkalai facility. The 
sampled reach was located between Cascade and Gorham Brown Dams. Colored reaches correspond to EPA 
research designations (not related to this study). Map prepared by AVATAR Environmental, LLC for the EPA 
(EPA, 2008). 
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4. Methods 
 
4.1 Field Sampling Overview 

Five transects were sampled along the Androscoggin River, and seven transects were 

sampled along Mink Brook. Field sampling was conducted before and after Hurricane Irene 

along the Androscoggin River, and after Hurricane Irene along Mink Brook. Each transect was 

documented with GPS coordinates (accuracy ±8m) and photographs. A range of erosional, 

depositional, and transitional reaches were sampled, determined by change in SGI with distance 

downstream. Along reaches with specific rates of change in SGI, sampling locations were 

selected based on stream accessibility and minimal anthropogenic disturbance. Transects were 

sampled along relatively straight reaches to reduce variability in floodplain sedimentation caused 

by small-scale meander features. 

Sediment samples were collected at each site from the channel, and at the approximately 0.5-

, 1-, 2-, 3-, 5-, and 10- year flood RI stages. The stage associated with a given RI for flooding at 

a site was estimated from the topographic profile collected in the field and the rating curve of RI 

for flooding versus discharge. Rating curves were constructed using historical peak annual 

discharge measurements from USGS stream gage stations. Section 4.5 includes detailed 

explanation of calculations.  

Sediment samples were collected from the top 2 cm of the channel and floodplain. Channel 

samples were collected far enough from the banks to minimize direct bank or floodplain material 

inputs, and were often collected on the leeward side of boulders where well-mixed fine sediment 

had accumulated. Approximately 600g of sediment was grab-sampled using latex gloves, and 

was stored in 1 gallon re-sealable plastic bags (see fig. 5). Samples were kept at approximately 
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15ºC in coolers in the field, and were stored at 4°C in the laboratory before analysis. A total of 

91 sediment samples, from Mink Brook and the Androscoggin River, were collected. 

 
Fig 5. Photographs from sediment sampling on the Androscoggin River. A) Sediment was collected using latex 
gloves and was stored in gallon plastic bags; B) Example of recently sampled floodplain  surface and sediment in 
stored in gallon plastic bags.  
 

4.1.1 Androscoggin River 

Topographic cross-sections were measured at 5 sites along the 4.7 km reach between 

Cascade Dam in Berlin, NH and Gorham Brown Dam in Gorham, NH on 8.25.2011 (see fig. 6).  

A B 
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Fig 6. Map of dam locations, former chlor-alkali facility, and sampled sites along the Androscoggin River between 
Berlin and Gorham, NH. Black box on map of New Hampshire and Maine, including the Androscoggin Watershed 
in green, indicates location of map on left.  
 

Cross sectional topographic data were collected using a stadia rod, auto-level, and tape 

measure. Elevation along the banks and floodplain were sampled at a higher spatial density than 

stations within the channel. River depth exceeded 2m in some locations, and flow velocities were 

high. As a result, elevation information within the channel was measured as water depth using a 

stadia rod and canoe.  

Six sediment samples were collected from each transect on 8.26.2011 (before Hurricane 

Irene, 9.28.2011): one within the channel and five from the approximately 0.5-, 1-, 2-, 5-, and 

10- year RI stages. Transects were re-sampled for sediment on 9.14.2011 (post Hurricane Irene). 

The sampled reach is highly regulated, so although discharge associated with Hurricane Irene 

exceeded the 500-yr RI discharge in some locations (Magilligan et al., 2011), peak daily 
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discharge along the sampled reach corresponded to a 2.5-year event (peak daily discharge 

occurred on 9.29.2011). Approximately four samples were taken at each transect post Hurricane 

Irene: one from the channel, two below the high water mark, and one at the high water mark.  

4.1.2 Mink Brook 

Seven topographic cross sections were measured along Mink Brook on 10.26.2011(see 

fig. 7). Transects were measured using a Topcon total station. Five sediment samples were 

collected from each transect: one within the channel, and four at the approximately 1-, 2-, 5-, and 

10- year RI stages. All samples were collected two months after Hurricane Irene, an estimated 

40-year flood event on Mink Brook (C.E. Renshaw, personal communication). The five sites 

closest to the headwaters were sampled for sediment on 11.2.11, and the farthest two sites were 

sampled on 11.6.2011. 

 
Fig 7. Map of Mink Brook Watershed in orange, with Mink Brook mainstream and sampled sites labeled. Black box 
on map of New Hampshire and Vermont at bottom left shows location of watershed. 
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4.2 Radionuclide Analysis 

 To prepare sediment for radionuclide analysis, each sample was transferred to a labeled 

paper bag and dried for 2 days at 60°C in a muffle furnace. The bulk sample was weighed, then 

sieved for particles <2mm, and the mass of each size fraction was recorded. The fraction of 

sediment <2mm (40-200g) was packed tightly into 105mL plastic canisters and sealed with 

electrical tape (see fig. 8). 

 
Fig 8. Example of sieved/dried sediment packed plastic canisters, prepped for gamma detection (pen for scale). 

Canberra Intrinsic High Purity Germanium Detectors, equipped with low-background 

copper-lined lead shields, were used to determine activities (in Bq/kg) of 7Be (478keV) and 210Pb 

(47keV) following analysis methods from Landis et al. (2012).	  

A self-attenuation correction was made based on the mass of each sample, and gamma 

ray transmission from a point source through an empty canister in following Cutshall et al. 

(1983). Activities were calculated by correcting for sample mass, decay since collection, run 

time, and detector and photon efficiencies (Landis et al., 2012). Berrylium-7 activities were 

calculated using direct measurement of the 7Be photopeak at 478keV, and corrected by removing 

interference from the 228Ac peak at 478 keV (Landis et al., 2012). 

Excess 210Pb, or atmospherically derived lead, was calculated by subtracting the mineral 

210Pb component from total 210Pb (measured at photopeak 47keV). The mineral 210Pb component 

was calculated from measurement of 226Ra or 222Rn via 214Pb depending on sample incubation 
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time. For samples that were not incubated for 3 weeks (includes all samples from the 

Androscoggin River), the mineral 210Pb component was calculated from direct measurement of 

the 226Ra photopeak at 186keV. Contributions from 235U at 186keV were removed by measuring 

234Th at 63 keV, and assuming equilibrium between 238U and 243Th and a 235U/238U ratio of 

0.04605 ( J.D. Landis, personal communication). However, direct measurement of 226Ra can be 

problematic, since radon loss from the sample during detection cannot be eliminated. Radon loss 

from plastic containers used in this analysis were on the order of 10-20% (Landis, personal 

communication). For samples that were incubated for at least 3 weeks (including all samples 

from Mink Brook) to allow in-growth of 222Rn from its parent 226Ra, the mineral 210Pb 

component was calculated from 214Pb (which follows 226Ra in the 238U decay-series).  

4.3 Mercury Analysis 

Analysis for total Hg (THg) was conducted using a Milestone DMA-80 Direct Mercury 

Analyzer (DMA). To prevent mercury volatilization by drying samples in a conventional muffle 

furnace, samples were freeze dried at 20°C. Sediment samples were then sieved for particles 

<2mm. No metal was used in the sample preparation or storage process, with the exception of 

sieves, to prevent Hg contamination. Sieves were cleaned after each sample to prevent cross 

contamination. Approximately 0.5g of the <2mm size fraction was weighed into nickel sample 

trays and run on the DMA. The DMA instrument was calibrated in the 20-400ng range (see fig. 

9). 
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Fig 9. Calibration curve used for direct Hg analysis.  
 

Controlled heating first dried, and then thermally decomposed each sample. A continuous 

flow of oxygen carried decomposed products to a catalyst furnace where halogens and 

nitrogen/sulfur oxides were trapped. Mercury species were reduced to elemental mercury (Hg0) 

and selectively trapped by a gold amalgamator. The amalgamator was heated to 700ºC, releasing 

(Hg0). Mercury vapor was measured at a fixed wavelength (235.7 nm) by atomic absorption 

spectrophotometer.       

Following EPA quality control standards, a blank, duplicate, spike (100µl of 1000ppb Hg 

solution), and standard reference material (SRM) were analyzed for every 10 sediment samples. 

No sample THg concentration fell below three times the standard deviation of blank sample 

concentrations, the average relative difference for duplicate samples was 7%, all SRM’s were 

within certified values, and the average percent recovery for spiked samples was 80%. 

4.4 Loss on Ignition 

Loss on ignition (LOI) (Dean, 1974; Bengtsson and Enell, 1986) was used to estimate 

organic content of the samples. Sediment was first dried at 110ºC, then organic matter was 

oxidized to carbon dioxide ash by heating at 550ºC (Heiri et al., 2001). The ratio of sample mass 

before and after combustion was used to calculate the percent total organic carbon (%TOC). 
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%𝑇𝑂𝐶 = !"##  !"  !"#$!"  !"#$%  !"#$%&  !"  !""℃
!"##  !"  !"#$%&  !"#$%  !!"#$%&  !"  !""℃

𝑥  100                                               (5)      

LOI was measured using clean, dry crucibles. The mass of each crucible was recorded before 

adding 0.5-3g of sediment (see fig. 10). Crucible and sample were heated for an hour at 110ºC to 

dry the sample. The sample was weighed, then heated for an hour at 550ºC using a muffle 

furnace. After cooling, the sampled was weighed again. Samples and crucibles were handled 

with latex gloves. Due to the small sample mass and heterogeneity of sediment composition, 

samples were analyzed for %TOC in triplicate. The final %TOC for a sample was recorded as 

the average of all replicates.  

 
Fig.10 A) Close-up image of sediment samples in crucibles after heating; B) Tray and crucibles used to analyze 
%TOC. 
 
4.5 Calculations 

*Denotes function used from Hydrotoolbox Excel Add-in developed by Carl Renshaw  

4.5.1 Estimating recurrence interval for flooding at a sampled stage 

First, a rating curve of RI for flooding versus discharge was constructed using historical 

peak annual discharge measurements from USGS stream gage stations (USGS, 2012).  Historical 

peak annual discharge data were arranged in descending order. Peak annual discharge records for 

Mink Brook spanned 1963-2000 (37 years) and records for the Androscoggin River spanned 

1913-present (99years). A Log Pearson Type III distribution* was used to calculate discharges 

associated with RI values from 1-100 years. Next, discharge at a gage site was scaled to 

A B 
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discharge at a sample site using the ratio of drainage area at a sample site to drainage area at the 

gage (Dingman and Palaia, 1999)   

𝑆𝑐𝑎𝑙𝑒𝑑  𝑄 = 𝑄!"!"
!"#$%#&'  !"#$!"#$
!"#$%#&'  !"#$!"!#

!.!
                                 (6) 

Discharges for all seven sites on Mink Brook were scaled using equation 6. Tributary inputs 

were negligible along the reach sampled on the Androscoggin River, therefore discharges at all 

sample sites were assumed to be equivalent to discharge at the gage, and discharges were not 

scaled. Finally, RI was plotted as a function of scaled discharge to obtain the rating curve for a 

site (see fig. 11). An exponential trend-line equation was extracted and used to calculate the RI 

associated with a given discharge.    

 
Fig.11 Example of rating curve used to estimate the recurrence interval of a given discharge (example pictured here 
is from the Androscoggin River). 
 
 Next, the RI associated with a sampled elevation on the floodplain was estimated from 

the rating curve. First, floodplain sample locations were adjusted based on a reference point (a 

nail placed in a tree on the transect) to fit the topographic cross section at a site. Next, cross-

sectional channel area* at a sampled elevation was calculated using coordinates from the 

topographic cross-section and the elevation of the sample. The wetted perimeter* of the channel 

was calculated for a sampled elevation using the same inputs from the cross-sectional area 
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calculation. Hydraulic radius was then calculated as the quotient of cross-sectional area and 

wetted perimeter at a sampled stage. Next, depth-averaged velocity V was calculated using 

manning’s equation (see eqn. 7), where R=hydraulic radius, s-slope, and n= manning’s 

roughness coefficient (nMink= 0.045; nAndroscoggin= 0.04) 

                                          𝑉 =
𝑅
2
3 𝑠

𝑛                                                (7) 

The discharge associated with a sampled elevation was then calculated as the product of velocity 

and cross-sectional area. Finally, the RI associated with a sampled elevation was estimated using 

the exponential trend-line developed from the rating curve.  

4.5.2 Calculating SGI from a longitudinal profile 

 Longitudinal profile data was used to calculate SGI. The longitudinal profile for Mink 

Brook was extracted from the USGS Streamstats application (USGS, 2012). Streamstats is not 

available for the Androscoggin River, which crosses the NH/ME state boundary. The 

longitudinal profile for the sampled reach on the Androscoggin River was extracted from a 

FEMA (2009) bed elevation profile. Only elevations between the base of Cascade Dam and the 

top of the Gorham Brown Dam reservoir were used to exclude changes in elevation caused by 

the presence of dams. 

 Reach slope* was calculated from the longitudinal profile. A reach scale of 750m was 

used on Mink Brook to smooth small changes in slope caused by local-scale variation in 

topography and DEM accuracy. A much shorter reach scale of 25m was used on the 

Androscoggin River, to capture only slope changes occurring along the sampled reach (not 

caused by the dams bordering the reach).  Finally, SGI was calculated as the product of reach 

slope and distance from headwaters (see eqn. 1 from section 2.4).	  
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5. Results 

5.1 Overview of Results 

In general, contaminant concentrations and %TOC values reached equilibrium levels at 

high RI, and decreased closer to the channel. The notable exception to this pattern was THg on 

the Androscoggin River, which did not decrease near the channel. Metal concentrations and 

%TOC values on Mink Brook yielded the same RI ranges that defined the near-channel 

floodplain (RI 0-1) and the upper floodplain (RI >1). The same was true of the Androscoggin 

(excluding THg), although the upper limit of the near-channel floodplain was higher (RI 0-10) 

compared to Mink Brook. The magnitude of stream gradient index on Mink Brook, and 

downstream channel gradient along the Androscoggin River, were inversely related to 

contaminant and %TOC values on the near-channel floodplain.	  	  

5.2 Contaminant Concentrations and Recurrence Interval 

 To compare contaminant values between sites, contaminant floodplain values were 

normalized by the maximum absolute value along each transect measured on the date the sample 

was collected. Normalized channel concentration values were calculated as the average channel 

contaminant concentration divided by the maximum contaminant value measured on the date the 

sample was collected. 

 Average absolute contaminant values are summarized in Table 1. The “near-channel 

floodplain” describes all floodplain elevations for which contaminant concentrations rise with RI 

(near-channel floodplain describes the 0-1 year RI on Mink Brook, and 0-10 year RI on the 

Androscoggin River); “upper floodplain” describes all elevations characterized by equilibrium 

(unchanging) contaminant concentrations (>1 year RI on Mink Brook, and >10year RI on the 

Androscoggin River).  Average absolute metal concentrations (210Pbex, 7Be, and THg,) in the 
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channel, on the near-channel floodplain, and on the upper floodplain were at least two times 

higher on the Androscoggin River. THg concentrations were 40, 23, and 9 times higher in the 

channel, on the near-channel floodplain, and on the upper floodplain respectively on the 

Androscoggin River compared to Mink Brook.  

Table 1. Absolute average channel (Ch), near-channel (Near-Ch), and floodplain (FP) contaminant values for Mink 
Brook, the Androscoggin River, and a comparison of Androscoggin River metal concentrations divided by Mink 
Brook values. 

  Mink Androscoggin Androscoggin/Mink 
  Ch Near-Ch FP Ch Near-Ch FP Ch Near-Ch FP 
210Pbex 
(Bq/kg) 1.2 12.5 47.3 3.0 39.4 266.3 2.5 3.2 5.6 
7Be (Bq/kg) 4.1 6.6 10.1 11.1 14.8 26.9 2.7 2.2 2.7 

THg (ppb) 3.0 16.4 43.3 119.3 367.7 367.4 39.9 22.5 8.5 
 

 
         

 

 5.2.1 Mink Brook 

 All normalized contaminant concentrations (THg, 210Pbex, and 7Be) on Mink Brook 

increased linearly with RI, and reached equilibrium levels around the 1-yr RI. A plot of 210Pbex, 

and THg, as a function of RI shows equilibrium metal concentrations at above the 1-yr RI, and 

decreasing concentrations closer to the channel (RI<1) (see fig. 12). Near-channel contaminant 

concentrations were not statistically similar to upper floodplain concentrations (p<0.05). The 

correlation between RI and 210Pbex on the near channel floodplain was high (r=0.82), while the 

correlation between RI and 7Be (r=0.67), and between THg and RI (r=0.32), on the near-channel 

floodplain were less strong.  Correlations between RI and contaminants 210Pbex, 7Be, and THg 

on the upper floodplain (r=0.31, r=0.57, and r=0.62 respectively) were moderately strong. 

Channel sediment concentrations were not statistically similar to near-channel floodplain 

(p<0.05), or upper floodplain (p<0.05), contaminant concentrations, and average near-channel 

metal concentrations were higher than average channel concentrations (see table 1).  
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Fig. 12 Graph of normalized 210Pbex activity and THg concentration as a function of recurrence interval on Mink 
Brook. Channel values are shown as bars on the y-axis (RI of 0.1 years). Gray band is for display purposes and has 
no statistical significance. 
 
210Pbex and THg floodplain values increased linearly to the 1-yr RI. Contaminant concentrations 

reached stable equilibrium values around the 1-yr RI, and remained stable.  One Hg value was an 

order of magnitude higher than Hg values at similar RI values. This point was taken at Site 7 

(Upper Valley Land Trust) on Mink Brook, a site approximately 20m from a highway. Elevated 

Hg concentrations near the channel may have been the result of highway runoff or vehicle 

emissions. Also, only one other site was sampled the same date that Site 7 was sampled, and 

values were normalized by the maximum contaminant value collected on the date of sampling. If 

the value were instead normalized by the overall maximum THg concentration from Mink 

Brook, the normalized value would be 0.59, instead of 0.82. Without considering this single 

outlier, all normalized contaminant value follow the trend described very well.  

 Normalized 7Be concentrations also increased linearly with distance from channel and 

reached equilibrium around the 1-yr RI (see fig. 13).  
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Fig. 13 Graph of normalized 7Be activity as a function of recurrence interval on Mink Brook. Channel value is 
shown as a bar on the y-axis (RI of 0.1 years). Gray band is for display purposes and has no statistical significance. 
 
All normalized contaminant concentrations (THg, 210Pbex, and 7Be) on Mink Brook increased 

linearly with RI, and reached equilibrium levels around the 1-yr RI. 

5.2.2 Androscoggin River 

 Normalized 210Pbex and 7Be activities on the Androscoggin River increased linearly with 

RI, and reached equilibrium concentrations around the 10-yr RI (fig. 14, 15). Normalized THg 

concentrations were uniform for all RI values on the Androscoggin River, and did not decrease 

within or adjacent to the channel (fig. 16). Near-channel 210Pbex activities were correlated to RI 

(r=0.65), while 7Be and THg concentrations were weakly correlated to RI (r=0.25 and r=0.13 

respectively). Normalized values on the near-channel floodplain were more scattered compared 

to near-channel floodplain levels on Mink Brook.   

Normalized 210Pbex and 7Be activities on the Androscoggin River followed the same trends as 

normalized 210Pbex, 7Be, and THg on Mink Brook. However, equilibrium floodplain levels 

corresponded to a RI of 10 years, an order of magnitude higher compared to Mink Brook 

(equilibrium at RI of 1 year). Metal concentrations on the near-channel and upper floodplains 

were not statistically similar to channel contaminant values. 
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Fig. 14 Graph of normalized 210Pbex activity as a function of recurrence interval on the Androscoggin River. 
Channel value is shown as a bar on the y-axis (RI of 0.1 years). Gray band is for display purposes and has no 
statistical significance. 
 

 
Fig. 15 Graph of normalized 7Be activity as a function of recurrence interval on the Androscoggin River. Channel 
value is shown as a bar on the y-axis (RI of 0.1 years). Gray band is for display purposes and has no statistical 
significance. 
 
 Normalized THg concentrations were uniform for all RI values, and did not decrease near 

the channel. Normalized THg was the only contaminant to exhibit this trend. Following the 

definitions for near-channel floodplain and floodplain from section 5.1, two distinct RI ranges 

could not be resolved from the Hg concentration data on the Androscoggin, because contaminant 

concentrations did not decrease near the channel. It should be noted that absolute THg 
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concentrations (in ppb) were an order of magnitude higher on the Androscoggin River compared 

to Mink Brook (see table 1). 

 
Fig. 16 Graph of normalized THg activity as a function of recurrence interval on the Androscoggin River. Channel 
concentration is shown as a bar on the y-axis (RI of 0.1 years) Gray band is for display purposes and has no 
statistical significance. 
 
5.3 Organic Content 

Organic content (%TOC) was measured for each sediment sample. Values were 

normalized by the maximum absolute %TOC value measured on a given sampling date. 

Normalized channel values were calculated as the average channel value divided by the 

maximum value measured on the date sampled. Organic content values plotted as a function of 

RI are displayed on graphs with log-log axes. All values graphed below represent normalized 

values.  

Average absolute contaminant values are presented in Table 2. Absolute near-channel 

and floodplain %TOC values were over 2 and 4 times higher on the Androscoggin River 

respectively. The “near-channel floodplain” describes all floodplain elevations for which %TOC 

levels are rising with RI (near-channel floodplain describes the 0-1 year RI on Mink Brook, and 

0-10 year RI on the Androscoggin River); “upper floodplain” describes all elevations 

characterized by equilibrium (unchanging) contaminant levels (>1 year RI on Mink Brook, and 
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>10year RI on the Androscoggin River). The RI ranges that distinguish the near-channel 

floodplain from the upper floodplain were equivalent for metal contaminants and %TOC on both 

Mink Brook and the Androscoggin (with the exception of Hg concentrations on the 

Androscoggin River, which had no distinct near-channel or upper floodplain RI ranges).  

Table 2. Average channel (Ch), near-channel (Near-Ch),and  floodplain (FP) %TOC values for Mink Brook, the 
Androscoggin River, and a comparison of Androscoggin values divided by Mink Brook values.  

  Mink Androscoggin Androscoggin/Mink 
  Ch Near-Ch FP Ch Near-Ch FP Ch Near-Ch FP 
%TOC 0.7 3.6 9.4 0.6 7.8 42.7 1.0 2.2 4.5 

 

 5.3.1 Organic content as a function of recurrence interval 

 On both Mink Brook and the Androscoggin River, organic content was low immediately 

adjacent to the channel, and increased linearly to stable equilibrium floodplain levels (fig. 17, 

18). %TOC values reached equilibrium around the 1yr RI on Mink Brook, and the 10 yr RI on 

the Androscoggin River. %TOC values followed the same pattern as nearly all other 

contaminants (THg, 210Pbex, and 7Be) when examined as a function of RI.  

Organic content concentrations on Mink Brook were strongly correlated to RI on the 

near-channel floodplain (r=0.81), and moderately correlated to RI on the upper floodplain 

(r=0.34). %TOC values on the near-channel floodplain at Mink Brook were not statistically 

similar to values on the upper floodplain (p<0.05). Organic carbon concentrations in the channel 

were not statistically similar to carbon values on the near-channel floodplain (p<0.05), or the 

upper floodplain (p<0.05). 
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Fig. 17 Graph of normalized %TOC as a function of recurrence interval on Mink Brook. Channel content is shown 
as a bar on the y-axis (RI of 0.1 years). Gray band is for display purposes and has no statistical significance. 
 

Organic content concentrations on the Androscoggin River were strongly correlated with 

RI on the near-channel floodplain (r=0.84). %TOC values on the near-channel floodplain were 

not statistically similar to organic content values on the upper floodplain (p<0.05). Organic 

carbon concentrations in the channel were not statistically similar to carbon values on the near-

channel floodplain (p<0.05), or the upper floodplain (p<0.05). 

 
Fig. 18 Graph of normalized %TOC as a function of recurrence interval on the Androscoggin River. Channel 
content is shown as a bar on the y-axis (RI of 0.1 years). Gray band is for display purposes and has no statistical 
significance. 
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 5.3.2 Organic content and contaminant concentration 

 Organic content (%TOC) was strongly correlated to THg concentration (r=0.73) and 

210Pbex activity (r=0.96) on Mink Brook (fig. 19, 20), and with 210Pbex activity (r=0.86) on the 

Androscoggin (fig. 20). Organic content was poorly correlated to THg on the Androscoggin 

River (r=0.15) (see fig. 19). Correlations between organic content and 7Be on Mink Brook and 

the Androscoggin were moderately strong (r=0.53 and r=0.15 respectively) (fig. 21).  

 
Fig. 19 THg concentration (in ppb) as a function of %TOC for Mink Brook (diamonds) and the Androscoggin River 
(squares) 
 

 
Fig. 20 210Pbex activity (in Bq/kg) as a function of %TOC for Mink Brook (diamonds) and the Androscoggin River 
(squares) 
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Fig. 21 7Be activity (in Bq/kg) as a function of %TOC for Mink Brook (diamonds) and the Androscoggin River 
(squares) 
 
5.4 Contaminant Concentration and Stream Gradient 

 In general, contaminant concentrations and organic content were lower on the near-

channel floodplain for reaches characterized by higher downstream stream gradient. 

 5.4.1 Mink Brook 

Stream gradient index (SGI) was used as a proxy for stream power on Mink Brook (see 

section 4 for calculations). Variations in SGI with distance downstream are shown in fig. 22. 

Positive changes in slope, reflected in rising SGI, corresponded to reaches where stream power 

increased with downstream distance (includes sites 2, 4, 5, and 7). Decreasing downstream 

stream powers are  reflected in decreasing SGI (includes sites 1, 3, and 6).      
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Fig. 22 Profile of SGI with distance from headwaters for Mink Brook. Red squares correspond to sample sites, with 
site 1 closest to the headwaters. 
 
 Average contaminant concentrations (including THg, 210Pbex, and 7Be) and %TOC were 

higher on the near-channel floodplain along reaches of decreasing SGI (see fig. 23, 24, 25, and 

26; and table 3). Although, near-channel floodplain contaminant values were not statistically 

different (p>0.05) when comparing reaches of increasing and decreasing SGI, and the same was 

true for %TOC values (p>0.05) (fig. 26).  

 Values immediately adjacent to the channel (RI<0.2) along reaches characterized by 

increasing SGI were slightly higher compared to values of similar RI along reaches of decreasing 

SGI. However, direct comparison of contaminant values at very low RI (<0.2) for the different 

reach categories was difficult because no samples were collected within this RI range for reaches 

of decreasing SGI. 
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Fig. 23 THg concentration as a function of RI for all samples on Mink Brook. Samples collected at sites 
characterized by increasing SGI are represented by diamonds, sites of decreasing SGI are represented by squares.  
 

 
Fig. 24 Pb210ex activity values as a function of RI for all samples on Mink Brook. Samples collected at sites 
characterized by increasing SGI are represented by diamonds, sites of decreasing SGI represented by squares.  
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Fig. 25 Be-7 activity values as a function of RI for all samples on Mink Brook. Samples collected at sites 
characterized by increasing SGI are represented by diamonds, sites of decreasing SGI are represented by squares.  
 
 

 
Fig. 26 %TOC values as a function of RI for all samples on Mink Brook. Samples collected at sites characterized by 
increasing SGI are represented by diamonds, sites of decreasing SGI are represented by squares.  
 
 5.4.2 Androscoggin River 

Contaminant concentrations (including THg, 210Pbex, and 7Be) and %TOC on the 

Androscoggin River were generally higher on the near-channel floodplain for reaches of lower 

stream gradient (low stream gradient reaches included sites 1 and 3) (see fig. 28, 29, 30, and 31). 

This pattern was strong on the adjacent-to-channel floodplain (RI 0.1-1), moderate at 

intermediate floodplain elevations (RI 1-10), and weak at equilibrium floodplain values (RI >10).  
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Site 2, an increasing stream gradient site, was a notable exception to this pattern (see section 6.4 

for discussion). Increasing gradient sites included sites 4 and 5, in addition to site 2.  

 Slope values at a site, not SGI, were used to evaluate the influence of stream gradient on 

contaminant values along the Androscoggin River. SGI was not used because a high resolution 

longitudinal profile of the sampled reach could not be calculated, most likely due to poor 

topographic resolution caused by numerous dams on and near the sampled reach (see fig. 27). 

The USGS Streamstats application was not available for the Androscoggin (because the river 

crosses a state boundary), and the resolution of the DEM was too course to resolve changes in 

channel slope.  

 
Fig. 27  Longitudinal profile of the Androscoggin River, including location of dams. Reach sampled was between 
Cascade and Brown Dams. Note artificial increases in elevation with downstream distance caused by poor resolution 
of DEM. (Data and graph courtesy of James Degnan, USGS, for [USGS, 2009]). 
 

Normalized 210Pbex values were higher along low stream gradient reaches on the near-

channel floodplain (excluding Site 2 points) (see fig. 28). However, 210Pbex values from 

increasing and decreasing gradient sites were statistically similar (p>0.05), most likely due to 

influence from higher concentration values at site 2. 
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Fig. 28 210Pbex activities as a function of RI for all samples on the Androscoggin River. Samples collected at sites 
characterized by high stream gradient are represented by diamonds, sites of low stream gradient are represented by 
squares. Values from Site 2 are shown as triangles. 
 
THg concentrations were higher on average for all RI values (excluding Site 2 points) (see fig. 

29). 

 
Fig. 29 THg concentrations as a function of RI for all samples on the Androscoggin River. Samples collected at sites 
characterized by high stream gradient are represented by diamonds, sites of low stream gradient are represented by 
squares. Values from Site 2 are shown as triangles. 
 
7Be activities were higher along low stream gradient reaches on the near-channel floodplain 

(excluding Site 2 points), similar to observed patterns in 210Pbex values (see fig. 30). However, 

7Be values from increasing and decreasing gradient sites were statistically similar (p>0.05). 
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Fig. 30 7Be activities as a function of RI for all samples on the Androscoggin River. Samples collected at sites 
characterized by high stream gradient are represented by diamonds, sites of low stream gradient are represented by 
squares. Values from Site 2 are shown as triangles. 
 
%TOC values were higher along low stream gradient reaches on the near-channel floodplain 

(excluding Site 2 points) (see fig. 31). %TOC values along high and low gradient reaches were 

statistically similar (p>0.05) on both the near-channel and upper floodplains. 

 
Fig. 31 %TOC values as a function of RI for all samples on the Androscoggin River. Samples collected at sites 
characterized by high stream gradient are represented by diamonds, sites of low stream gradient are represented by 
squares. Values from Site 2 are shown as triangles. 
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6. Discussion 
 

The mechanisms controlling Hg accumulation and redistribution on floodplains are the 

same mechanisms controlling organic carbon and fallout radionuclides, despite different 

environmental sources and behaviors among the four variables. Both Hg and fallout 

radionuclides are deposited from the atmosphere and uniformly tag fine-grained sediment. 

However, 210Pbex and 7Be decay, whereas Hg is transferred via biochemical processes. Organic 

carbon can decay via biochemical processes, but is derived from vegetation and microorganisms, 

not the atmosphere. Despite differences in deposition and environmental behavior among the 

four variables, nearly all contaminants at all locations are uniform at high RI stages, and decline 

closer to the channel (the exception is THg on the Androscoggin River). The repeated pattern 

suggests that the conceptual model applied to the data must be compatible with the factors that 

control production and life-span of the contaminants analyzed.  

In addition, the mechanisms of contaminant redistribution must be the same for both 

systems because contaminant values follow the same pattern on both Mink Brook and the 

Androscoggin. There was initial concern that flow regulation on the Androscoggin River, which 

reduces the timing and magnitude of flows (Magilligan and Nislow, 2005), would in turn reduce 

the signal of floodplain to channel exchange. However, significant flows were observed on both 

rivers prior to sampling (a >8-yr event on the Androscoggin River [5.31.11], and a >20-yr event 

on Mink Brook [8.29.11]). Significant flows, and the observed similarity in 210Pbex, 7Be, and 

%TOC concentrations with RI, suggest the channel and floodplain are connected, and 

mechanisms of near-channel contaminant redistribution must be similar. 

 The other important consideration when examining results is the role of organic carbon 

on the floodplain, and in the data analysis. The results of this study and others show that organic 
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carbon is positively correlated with 210Pbex and THg (Koide et al., 1972; Wallbrink et al., 2005; 

Matisoff et al., 2002; Driscoll et al., 2007), and to some extent with 7Be (Matisoff et al., 2002). 

While it is possible that organic carbon controls metal accumulation and redistribution on 

floodplains, the important point is that the distribution of organic carbon is controlled by fluvial 

reworking. Therefore, because organic carbon reflects the hydrologic and geomorphic controls 

on near-channel floodplain dynamics, metal contaminants reflect those same mechanisms by 

association.  

6.1 Conceptual Model 

Based upon trends in contaminant concentration and organic carbon as a function of RI, 

uniform values on the upper floodplain are interpreted as background equilibrium values, 

reflecting little to no fluvial interaction. Contaminant and organic carbon concentrations from the 

near-channel floodplain decline with decreasing RI, closer to the channel, due to floodplain 

stripping. The systematic decline in near-channel contaminant concentration is a function of 

flood frequency, where more frequent events mobilize and strip more contaminants, organic 

carbon, and sediment immediately adjacent to the channel.  

According to the proposed model, sediment exchange from the upper floodplain to the 

channel is one-directional. The upper floodplain is a large reservoir of soil, with a long residence 

time. Only a small portion of the soil stored on the upper floodplain resupplies the near-channel 

floodplain, and eventually the channel. Sediment transport from the upper floodplain occurs by 

diffusion and soil creep. The flux of sediment leaving the upper floodplain is low because 

downslope soil creep rate is proportional to hillslope gradient (McKean et al., 1993), and the 

slope of the upper floodplain is lower compared to the bank slope near the channel. As a result, 
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the upper floodplain soils are relatively undisturbed and accumulate a uniform layer of organic-

rich forest litter and metals deposited from the atmosphere.  

The magnitude of the RI associated with the transition between upper-floodplain and 

near-channel floodplain may be related to channel gradient. The near-channel floodplain on 

Mink brook, which has an average channel gradient of 0.01, occurs at the 1-yr RI stage; whereas 

on the Androscoggin River, which has an average slope of 0.003, the near-channel floodplain 

transition occurs at the 10yr RI stage. The magnitude of the transition could also be controlled by 

the presence of riparian vegetation, as established vegetation would reduce flow velocities at the 

channel margin and reduce the amount of sediment eroded during high flows. 

Channel gradient controls the magnitude of contaminant (and organic carbon) 

concentration on the near-channel floodplain in addition to the transition between the near-

channel and upper floodplain. Along reaches of high gradient, or increasing SGI, we observe 

lower concentrations. Stream power, which is proportional to slope, increases along higher 

gradient reaches. Higher stream power mobilizes higher amounts of near-channel sediment, 

leaving behind more depleted, or lower concentration, sediment. 

The near-channel floodplain is a smaller reservoir with a larger sediment flux compared 

to the upper floodplain. The near-channel floodplain receives sediment from the upper 

floodplain, and supplies sediment to the channel during low to moderate flows. Again, sediment 

exchange within the near-channel floodplain is one-directional. Sediment is stripped from the 

near-channel floodplain and transported downstream. The transition between stripped floodplain 

and more stable floodplain is clearly supported by fig. 31, taken on Mink Brook. The organic-

rich floodplain, which is infrequently eroded or disturbed, has accumulate much higher amounts 
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of leaf-litter compared to the near-channel floodplain, that has been stripped of organic material 

and is dominated by exposed sediment and gravel. 

 
Fig. 31 Photo taken from the right-bank of Mink Brook, transition between organic-rich upper floodplain, and 
stripped near-channel floodplain (exposed sediment and cobbles) is evident. Photo by C.E. Renshaw. 
 

Stripping of near-channel floodplain material introduces sediment and contaminants into 

the channel. Compared to the upper and near-channel floodplains, sediment turnover in the 

channel is far more rapid. Channel slope and flow depth for the low-flow channel at all sites, 

including only the particle size fraction <2mm, correspond to a shields value >0.5 indicating that 

the size fraction of sediment analyzed is mobilized as suspended or bed load under all flow 

conditions.  

 This study has interpreted metal and organic carbon concentrations on the near-channel 

floodplain to reflect accumulation of material on the upper floodplain, and stripping of material 

closer to the channel. Assuming the mechanisms that control metal and organic carbon 

distribution on the floodplain also control sediment distribution, the explanation presented 

contributes to a long-standing debate on floodplain development in geomorphology. This project 

was motivated in part by findings from Abengoza et al. (in press), who interpreted peak 210Pbex 

inventory values at the 2-yr RI stage to reflect a peak in overbank sedimentation. Such an 
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interpretation supports the “lateral accretion” model of floodplain development from Wolman 

and Leopold (1957). The results from this study suggest that the revised model of “vertical 

accretion and catastrophic stripping,” presented by Nanson (1986), may be more appropriate. In 

Nanson’s model for floodplain development (1986), overbank deposition gradually builds a 

floodplain that is episodically destroyed by a series of moderate flows. Vertical accretion of the 

near-channel floodplain increases the proportion of flow retained in the channel, which increases 

the erosional energy of flows exceeding bankfull channel dimensions. 

 Although the vertical accretion and stripping model for floodplain development requires 

“very large floods” to erode the near-channel floodplain, floodplain stripping varies as a function 

of local stream gradients. Near-channel floodplain stripping in this study extended to the 1-yr 

discharge on Mink Brook and the 10-yr discharge on the Androscoggin River, which may not be 

considered “catastrophic” flows. However, the stream gradients at transects sampled for this 

study were up to an order of magnitude higher compared to the reaches observed by Nanson 

(1986).  

 Finally, it should be noted that the results from this study do not necessarily refute the 

lateral accretion model for floodplain development. The lateral accretion model may instead 

apply to lower gradient alluvial systems, rather than higher-energy bedrock-alluvium systems 

including Mink Brook and the Androscoggin River. This study sampled the top 2cm of sediment, 

so it is also possible that the mechanisms controlling organic-rich contaminant laden sediment 

are different from mechanisms controlling mineral-rich sediments. Perhaps the floodplain-

stripping model applies to low-density surface material, whereas total inventories (measured by 

[Abengoza et al., in press]) are controlled by lateral accretion.  
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6.2 Limitation of Conceptual Model 

 The conceptual model outlined above does not explain all observations; however the 

model is not necessarily incorrect. Instead, it is possible that additional mechanisms and models 

could supplement the existing model. For example, the proposed interpretation alone does not 

explain why THg concentrations are uniform for all RI values on the Androscoggin River. The 

model also does not explain why organic carbon content and metal concentrations are at least 

two times higher on the Androscoggin River compared to Mink Brook. Continued research is 

needed to address these inconsistencies. A review of additional models and mechanisms are 

below.   

6.3 Hypotheses for Elevated Mercury Concentrations on the Androscoggin River 

 6.3.1 Floodplain is contaminated at depth 

 One explanation for elevated THg concentrations measured near the channel on the 

Androscoggin River is that near-channel sediments are contaminated and well-mixed at depth.  

If near-channel floodplain soils are contaminated at soil depths below to top 2cm, sediment 

exposed after floodplain stripping would be equally contaminated with Hg and reduce the signal 

of floodplain stripping. Although it has been suggested that the leaching rates of Hg from 

contaminated soils is slow (Lodenius, 1987; Wallschlager et al., 1996), studies have observed 

elevated levels of Hg at depth in sediment cores taken on the near-channel floodplain (Miller et 

al., 2003; Heaven et al., 2000). Fig. 32, from a study of soil Hg contamination downstream of a 

point-source, found that Hg concentrations were fairly uniform with depth on the lower and 

middle floodplains (Heaven et al., 2000). Although Hg concentrations declined with depth on the 

upper floodplain, the top 40cm of soil were highly contaminated (Heaven et al., 2000).  
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Fig. 32 Variation of total mercury concentration with depth in the floodplain of the River Nura, Central Kazakhstan 
(figure from [Heaven et al., 2000]). 
 
 The weakness of this model is the inconsistent timescale of contaminant accumulation 

and mixing. Based on the timing of events (operations at the chlor-alkalai facility ceased in 

1962) and the half-life of 210Pbex (t1/2=22.3years), one would expect 210Pbex activities to also be 

similar to equilibrium floodplain values, and remain high near the channel. Instead, 210Pbex 

activity decline closer to the channel, weakening the efficacy of this hypothesis.  

 6.3.2 High rates of atmospheric deposition from soil Hg photo-reduction and emission 

 Atmospheric deposition rates could be very rapid relative to the timescale of floodplain 

stripping. Light enhanced photo-reduction of Hg in contaminated upper floodplain soils has been 

shown to promote Hg soil emissions (Gustin et al., 2002). Soil Hg emission, atmospheric 

redistribution, and subsequent re-deposition could occur at rapid enough rates to dwarf near-

channel sediment dynamics and cause all THg floodplain concentrations to appear uniform on 

the Androscoggin River.  

 Local atmospheric deposition rates measured on the Androscoggin River (30 µg/m2 THg 

per year [Kamman and Engstrom, 2002]) are an order of higher compared to deposition rates 

near Mink Brook (6 µg/m2 THg per year [NMDN, 20007]). Using the relationship between soil 
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Hg concentration and Hg soil flux from Southworth et al. (2003), average upper floodplain soil 

concentrations on the Androscoggin River emit approximately 11.6µg/m2 THg per year. The 

estimated soil emission rate is similar to locally observed atmospheric deposition rates, both of 

which are higher than rates of emission and deposition near Mink Brook, suggesting that photo-

reduction could provide a mechanism for rapid and local Hg redistribution and deposition on the 

Androscoggin River. More research is needed to identify potential mechanisms that could 

oxidize Hg, leading to re-deposition. 

 Although there is currently no mechanism for oxidation and re-deposition of atmospheric 

Hg, several studies indicate that atmospheric and soil Hg concentrations are higher near chlor-

alkalai facilities. Wangberg et al. (2003) observed a local plume of total gaseous mercury above 

an operational chlor-alkalai facility in Sweden. The plume extended 40m high and 350m wide 

(Wangberg et al., 2003). Furthermore, Southworth et al. (2003) observed elevated soil Hg 

concentrations near an operational chlor-alkalai facility. Locally high atmospheric and soil Hg 

concentrations suggest that rapid Hg emission, re-distribution, and deposition is possible.  

 Although the reach sampled was 4km from the point-source, an order of magnitude 

farther than the radius of elevated atmospheric and soil Hg concentrations observed in the 

aforementioned studies, longer-range redistribution and deposition has been observed. Hatcher 

and Filippelli (2011) found surface wind magnitude and direction were related to higher soil Hg 

concentrations 20+ km down-wind of a point-source. Therefore, high atmospheric and soil Hg 

concentrations near chlor-alkai facilities, and km-scale atmospheric redistribution and deposition 

downwind of a point-source, suggest that rapid atmospheric Hg deposition could explain high 

THg concentrations observed on the near-channel floodplain on the Androscoggin River.  
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 6.3.3 Elevated mercury concentrations remain from point-source  

 In-channel point-source contaminated sediment could also explain elevated near-channel 

THg concentrations on the Androscoggin. During operation from 1898-1962, the chlor-alkalai 

facility acted as an in-channel point source because Hg-laden waste was improperly disposed of 

on site, evidenced by beads of Hg observed in stream bottom sediments adjacent to the facility 

(EPA, 2008). Elevated channel and near-channel floodplain THg sediment concentrations are 

well documented downstream of a point-source (e.g. Sutherland, 2002; Rodgers, 2005; 

Wallschlager et al., 1998; Miller et al., 2003). While Hg was produced and improperly disposed 

of on site, in-channel Hg concentrations rose to concentrations significantly above background 

levels. THg sediment concentrations were very high in and immediately adjacent to the channel, 

and decayed to equilibrium values. After Hg production ceased, channel and near-channel 

concentrations were slowly stripped from the floodplain during low to moderate flows. The rate 

of floodplain stripping is inversely proportional to RI, so higher contaminant levels closer to the 

channel were stripped at higher rates. Today, concentrations near the channel are similar to 

background level, and will continue to decrease near the channel with time. One question 

generated by this approach is why are the near-channel and upper floodplain THg concentrations 

the same? The uniformity seems too coincidental.  

 6.3.4 Overbank sedimentation dilutes floodplain signal 

 Another hypothesis attributes elevated THg concentrations on the near-channel 

floodplain to overbank deposition of Hg-bearing sediment from the channel. This hypothesis 

modifies the conceptual model proposed in section 7.2.1 and assumes that near-channel sediment 

is derived from the channel, not the upper floodplain. Assuming the floodplain receives uniform 

inputs of atmospherically derived metal contaminants, the decline in contaminant concentration 
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near the channel observed on Mink Brook and the Androscoggin reflects overbank sedimentation 

of ‘untagged’ sediment from the channel. Overbank deposition rates are highest at low RI, 

immediately adjacent to the channel and decrease systematically with increasing distance from 

the channel.  

 An overbank deposition model is problematic because of the observed similarity between 

channel and near-channel THg concentrations, and the geomorphic instability created by 

floodplain accretion. Average channel contaminant values are similar to near-channel floodplain 

values, consistent with the interpretation from section 7.2.1 that near-channel floodplain material 

supplies the channel. If instead, overbank deposition introduced channel material to the near-

channel floodplain, in-channel sediment concentrations should be lower than near-channel 

values. Channel material is cut-off from atmospheric deposition, and should be relatively 

depleted in isotopic activity or THg concentration compared to sediment on the near-channel 

floodplain exposed to constant atmospheric metal deposition. However, channel contaminant 

concentrations are not significantly different from near-channel contaminant values.  

 Near-channel 7Be activities are also inconsistent with an overbank deposition 

interpretation. This study observed lower radionuclide activities on the near-channel floodplain 

along high gradient reaches or reaches of increasing SGI. But according to Hartmann (2010) 7Be 

activities increase in channel sediments along reaches of increasing SGI (more freshly 

'tagged' floodplain material is eroded into the channel). Therefore, if the overbank deposition 

model were correct, higher contaminant concentrations (or at least higher Be-7 activities) would 

be expected on the near-channel floodplain along high gradient reaches, which is inconsistent 

with the observed data. 
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 Finally, and perhaps most convincing, are the problematic geomorphic consequences of 

the overbank deposition model. Vertical accretion on the near-channel floodplain would create 

physical barriers (levees) to overbank flow and concentrate erosional energy within the channel. 

Assuming hydrologic regime is unchanged, the stream bed must either incise or the floodplain 

must be stripped to maintain steady state. Furthermore, an overbank sedimentation model 

provides no explanation for channel sediment source. The model of near-channel floodplain 

stripping expanded in section 7.2.1 is therefore the only model that adequately explains observed 

contaminant concentrations and effectively preserved the geomorphology of the channel. 	   

6.4 Caveats to Analysis and Sources of Uncertainty 

 The timing of sediment sampling relative to recent peak flows is an important constraint 

to consider when interpreting results. The best working interpretation of contaminant distribution 

on the channel floodplain is one of near-channel floodplain stripping. However, 8-year and >20-

year flood events occurred within the two months prior to sampling on the Androscoggin River 

and Mink Brook respectively. Therefore, it is possible that results reflect only a snapshot of 

recent near-channel floodplain erosion, and is not indicative of longer-scale dynamics. 

 Despite high to moderate correlation between contaminant concentration and RI along 

most reaches, there is some scatter in the data. Some scatter within the near-channel floodplain 

may be attributed to differences in stream gradient, presented in section 6.4. Scatter could also be 

caused by small-scale perturbations including nearby tributary junctions or variations in riparian 

vegetation.  Contaminant and %TOC concentrations at Site 2 on the Androscoggin River, for 

example, are higher than expected along a high gradient reach (see section 6.4.2 for results). Site 

2 was located immediately downstream of a small tributary, and approximately 270m 

downstream of a recently clear-cut strip of steep, forested land. Previous research suggests that 
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regulation reduces bed mobility at tributary junctions (Curtis et al., 2010), so higher inputs of 

freshly tagged upland soil from the tributary and from sediment mobilized during upstream 

forest disturbance could cause anomalously high contaminant and %TOC values at Site 2.   
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7. Conclusion 
 
 This project analyzed sediment samples from the floodplain and channel for total 

mercury, 210Pbex, 7Be, and organic carbon content as a function of inundation frequency along 

the point-source contaminated Androscoggin River (NH), and along the relatively pristine Mink 

Brook (NH). Uniformly high contaminant and organic carbon concentrations on the upper 

floodplain were interpreted to represent background levels undisturbed by channel influence. The 

decline in contaminant concentration adjacent to the channel was interpreted to reflect near-

channel floodplain stripping of metal contaminants and organic matter. The mechanisms of 

contaminant redistribution must be the same for both study locations, because fallout 

radionuclides and organic carbon values follow the same pattern on both Mink Brook and the 

Androscoggin. 

 Mercury concentrations on the floodplain at the Androscoggin River, which did not 

decline near the channel, were a notable exception to the observed pattern. More research is 

needed to identify the mechanisms that explain Hg concentrations near the channel on the 

Androscoggin River. Working hypotheses include: Hg profiles on the near-channel floodplain 

are well-mixed so stripping does not change concentration, near-channel concentrations were 

high during Hg production at the point-source but have been stripped to background levels, 

overbank sedimentation of contaminated channel sediment has elevated concentrations on the 

near-channel floodplain, and photo-reduction of contaminated upper floodplain soil results in 

locally high rates of atmospheric Hg deposition.  

 Results from this study suggest that metal contaminants and organic carbon are stripped 

from the floodplain during low to moderate flows, evidenced by the decline in contaminant and 

organic carbon concentrations near the channel. Highest contaminant concentrations were 
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observed on the upper floodplain, and were associated with high organic content. Therefore, 

organic-rich watershed and upper floodplain soils provide the major source of Hg to the channel. 
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Appendix A: GPS Coordinates and Channel Slope for all Sample Sites 
Mink Brook   

Site 
Number Site Name X Y Channel Slope   

1  Old Dana 43°41'40.38"N 72°10'44.51"W 1.1E-02   
2  Land Slide  43°42'4.64"N 72°11'36.12"W 6.5E-03   
3  Hewes Bridge 43°42'2.62"N 72°11'56.36"W 2.1E-02   
4  Upper Ruddsburough 43°42'0.47"N 72°12'26.60"W 7.0E-03   
5  Etna Post Office 43°41'35.45"N 72°13'12.72"W 1.0E-02   
6  Public Works 43°41'13.89"N 72°14'13.78"W 1.2E-02   

7 
Upper Valley Land 
Trust 43°41'34.05"N 72°16'24.60"W 7.3E-03   

            

Androscoggin River 
Site 
Number   Northing Easting Slope (field) Slope (USGS) 

1    44°26'50.28"N  71°11'6.40"W 0.000331675 0.003057298 
2    44°26'41.50"N  71°11'4.78"W 0.002986023 0.006372017 
3   44°26'12.05"N 71°11'22.88"W 0.000763359 0.001588745 
4   44°25'49.55"N 71°11'26.05"W 0.003709677 0.002939526 

5   44°25'24.67"N 71°11'30.34"W 0.002585034 0.002936568 
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Appendix B: Mink Brook Cross-section Data 
Site 1- Old Dana Site 2- Land Slide Site 3- Hewes Bridge 

Cross-Section Cross-Section Cross-Section 

Distance (m) Elevation (m) Distance (m) Elevation (m) Distance (m) Elevation (m) 
0.12 102.37 0.09 101.85 0.07 102.59 
0.55 102.19 0.32 101.85 0.37 102.50 
1.07 102.01 0.88 101.81 0.84 102.43 
1.59 101.92 1.38 101.73 1.18 102.36 
1.87 101.83 2.00 101.69 1.56 102.39 
2.30 101.74 2.80 101.61 1.83 102.22 
2.95 101.67 3.64 101.52 2.07 102.06 
3.56 101.65 4.14 101.46 2.26 101.92 
3.98 101.63 4.63 101.30 2.65 101.66 
4.34 101.57 5.14 101.13 3.19 101.65 
4.91 101.52 5.81 100.95 3.82 101.63 
5.33 101.51 6.38 100.95 4.37 101.62 
5.66 101.49 7.04 101.02 4.96 101.60 
5.83 101.37 7.52 100.99 5.25 101.60 
6.07 101.26 8.30 100.79 6.07 101.49 
6.30 101.15 8.95 100.62 6.55 101.30 
6.42 100.98 9.74 100.46 6.84 101.14 
6.68 100.81 10.17 100.30 7.50 100.79 
6.90 100.74 10.58 100.22 8.20 100.72 
7.22 100.65 11.11 100.00 8.93 100.61 
7.54 100.57 11.44 99.92 9.60 100.46 
7.84 100.48 11.82 99.98 9.97 100.12 
7.91 100.40 12.26 100.00 10.60 99.98 
7.99 100.37 12.74 99.96 11.07 100.04 
8.06 100.34 13.02 100.10 11.49 99.96 
8.35 100.32 13.89 100.14 12.10 99.92 
8.70 100.31 14.10 100.62 12.79 99.99 
8.99 100.31 14.43 100.72 13.29 99.95 
9.27 100.29 15.25 100.73 13.98 99.99 
9.51 100.29 16.38 100.75 14.54 99.97 
9.72 100.36 17.10 100.75 15.14 100.13 
9.97 100.23 17.79 100.87 15.61 100.26 

10.18 100.22 18.41 100.97 16.16 100.39 
10.40 100.22 18.73 100.92 16.64 100.52 
10.55 100.23 19.52 100.90 16.81 101.26 
10.75 100.28 20.05 100.97 21.81 103.88 
10.99 100.27 20.73 101.02     
11.21 100.24 21.70 101.22     
11.47 100.27 22.36 101.33     
11.72 100.32 23.19 101.46     
11.98 100.35 23.56 101.54     
12.20 100.39 28.56 104.17     
12.39 100.41         
12.44 100.53         
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12.50 100.59         
12.66 100.63         
12.83 100.70         
13.04 100.78         
13.28 100.85         
13.63 100.92         
14.12 100.99         
14.57 101.00         
15.00 101.04         
15.42 101.03         
15.77 101.14         
16.10 101.21         
16.45 101.30         
16.75 101.32         
17.85 101.39         
18.39 101.39         
19.03 101.40         
19.92 101.34         
20.57 101.30         
21.17 101.26         
21.79 101.23         
22.49 101.16         
23.12 101.13         
23.72 101.09         
24.21 101.08         
24.82 101.12         
25.37 101.18         
25.52 101.21         
26.28 101.30         
26.84 101.39         
27.40 101.40         
27.88 101.38         
29.26 101.37         
29.73 101.38         
30.21 101.37         
35.20 104.00         

 
Site 4- Upper Ruddsburough Bridge Site 5- Etna Post Office Site 6- Public Works 

Cross-Section Cross-Section Cross-Section 

Distance (m) Elevation (m) Distance (m) Elevation (m) Distance (m) Elevation (m) 
0.13 100.54 0.65 103.00 0.00 100.67 
1.14 100.49 0.69 100.98 0.39 100.47 
2.33 100.42 0.94 101.04 0.79 100.48 
3.43 100.47 1.07 100.98 1.46 100.45 
4.24 100.50 1.23 100.92 1.62 100.45 
5.08 100.34 1.32 100.89 2.23 100.42 
5.59 100.26 1.56 100.75 2.73 100.40 
5.84 100.05 1.72 100.69 3.30 100.35 
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6.35 99.86 2.01 100.84 3.67 100.34 
6.91 99.77 2.21 100.78 4.14 100.35 
7.33 99.68 2.27 100.48 4.37 100.39 
7.96 99.57 2.44 100.41 4.86 100.39 
8.65 99.54 2.94 100.37 5.39 100.40 
9.42 99.57 3.26 100.41 5.86 100.38 
9.98 99.63 3.50 100.36 6.27 100.38 

10.89 99.66 3.91 100.34 6.63 100.27 
11.82 99.69 4.22 100.37 6.89 100.12 
12.67 99.80 4.59 100.37 7.05 100.09 
13.82 99.86 4.96 100.27 7.35 99.99 
14.35 100.30 5.76 100.31 7.47 99.94 
15.08 100.60 6.03 100.30 7.59 99.59 
15.55 100.84 6.62 100.32 7.69 99.56 

    6.80 100.42 7.98 99.55 
    7.20 100.42 8.38 99.57 
    7.40 100.45 8.89 99.57 
    7.61 100.53 9.41 99.55 
    7.72 100.61 9.69 99.52 
    7.87 100.61 10.00 99.49 
    7.98 100.66 10.41 99.48 
    8.15 100.76 10.76 99.49 
    8.34 100.85 11.05 99.46 
    8.41 100.94 11.38 99.45 
    8.71 100.91 11.65 99.44 
    8.88 100.88 12.01 99.47 
    9.19 100.78 12.26 99.49 
    9.30 100.76 12.79 99.53 

    9.54 100.81 12.87 99.61 
    9.54 100.81 13.02 99.65 

    9.92 100.84 13.17 99.73 
    10.35 100.95 13.38 99.80 
    10.98 100.97 13.59 99.82 
    11.15 101.04 13.76 99.88 
    11.43 101.16 14.01 99.96 
    11.68 101.49 14.21 99.96 
    11.98 101.64 14.52 100.03 
    12.63 101.87 14.78 100.09 
    14.16 102.16 15.02 100.15 
    14.99 102.41 15.34 100.22 
    15.97 102.58 15.94 100.25 
    16.55 102.68 16.17 100.31 
        16.24 100.45 
        16.74 100.54 
        17.43 100.55 
        18.11 100.53 
        18.81 100.50 
        19.59 100.49 
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        24.59 103.11 
 

Site 7- Upper Valley Land Trust 
Cross-Section 

Distance (m) Elevation (m) 
2.20 103.00 
2.26 102.23 
2.54 102.16 
2.80 102.10 
3.41 100.59 
3.68 100.58 
4.08 100.41 
4.25 100.38 
5.21 100.04 
5.44 99.99 
5.60 99.88 
5.87 99.84 
6.39 99.81 
6.88 99.78 
7.30 99.71 
7.82 99.79 
8.42 99.70 
9.00 99.69 
9.07 99.73 
9.44 99.72 

10.15 99.70 
10.88 99.72 
11.27 99.62 
12.02 99.72 
12.55 99.69 
12.98 99.71 
13.46 99.78 
13.91 99.88 
14.55 99.90 
15.01 100.00 
15.19 100.03 
15.43 100.09 
15.67 100.14 
16.00 100.15 
16.40 100.21 
17.13 100.19 
17.38 100.28 
17.66 100.25 
17.90 100.31 
18.16 100.47 
18.33 100.55 
18.85 100.59 
19.48 100.72 
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19.91 100.81 
20.30 100.94 
20.66 101.14 
21.12 101.41 
21.39 101.62 
21.95 101.95 
22.24 102.13 
22.70 102.30 
23.20 102.41 
24.05 102.59 
24.49 102.62 
24.59 102.49 
25.01 102.53 
25.58 102.67 
26.09 102.86 
26.44 103.11 
26.86 103.36 
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Appendix C: Mink Brook Sample Site Locations on Transects 
 

Site 1- Old Dana Site 2- LandSlide Site 3- Hewes Bridge 
Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

OD_1 6.89 100.72 LS_1 9.25 100.55 HB_1 9.75 100.36 
OD_2 6.15 101.28 LS_2 7.74 100.97 HB_2 9.17 100.65 
OD_3 4.48 101.56 LS_3 4.49 101.37 HB_3 7.39 100.86 
OD_4 2.62 101.71 LS_4 1.29 101.74 HB_4 6.09 101.49 

 
Site 4- Upper Ruddsburough 

Bridge Site 5- Etna Post Office Site 6- Public Works 
Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

UR_1 6.05 99.96 PO_1 9.36 100.83 PW_1 14.56 100.02 
UR_2 5.15 100.33 PO_2 11.19 101.04 PW_2 15.64 100.19 
UR_3 3.91 100.49 PO_3 12.31 101.80 PW_3 16.44 100.46 
UR_4 0.71 100.50 PO_4 14.86 102.41 PW_4 18.35 100.52 

 
Site 7- Upper Valley Land Trust 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

UVLT_1 16.55 100.22 
UVLT_2 19.41 100.71 
UVLT_3 20.44 101.16 
UVLT_4 22.22 102.25 
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Appendix D: Data for Mink Brook Rating Curve Data by Site 
 

Site 1- Old Dana Site 2- Land Slide Site 3- Hewes Bridge 
Site 4- Upper 

Ruddsburough 
RI 
(years) 

Discharge 
(m3/s) 

RI 
(years) 

Discharge 
(m3/s) 

RI 
(years) 

Discharge 
(m3/s) 

RI 
(years) 

Discharge 
(m3/s) 

0.50 1.21 0.50 3.69 0.50 3.91 0.50 4.21 
1.00 1.96 1.00 5.98 1.00 6.34 1.00 6.83 
2.00 2.69 2.00 8.20 2.00 8.69 2.00 9.36 
3.00 4.10 3.00 12.48 3.00 13.23 3.00 14.26 
4.00 5.30 4.00 16.13 4.00 17.10 4.00 18.43 
5.00 6.37 5.00 19.39 5.00 20.55 5.00 22.15 

10.00 10.66 10.00 32.48 10.00 34.43 10.00 37.10 
15.00 14.04 15.00 42.76 15.00 45.33 15.00 48.84 
20.00 16.92 20.00 51.53 20.00 54.63 20.00 58.87 
25.00 19.48 25.00 59.32 25.00 62.88 25.00 67.76 
50.00 29.61 50.00 90.20 50.00 95.61 50.00 103.03 
75.00 37.45 75.00 114.07 75.00 120.91 75.00 130.30 

100.00 44.07 100.00 134.23 100.00 142.29 100.00 153.33 
 

Site 5- Etna Post Office Site 6- Public Works Site 7- UVLT 
RI 
(years) 

Discharge 
(m3/s) 

RI 
(years) 

Discharge 
(m3/s) 

RI 
(years) 

Discharge 
(m3/s) 

0.50 6.63 0.50 7.31 0.50 9.50 
1.00 10.75 1.00 11.86 1.00 15.40 
2.00 14.74 2.00 16.26 2.00 21.12 
3.00 22.44 3.00 24.76 3.00 32.16 
4.00 29.00 4.00 32.00 4.00 41.57 
5.00 34.86 5.00 38.46 5.00 49.96 

10.00 58.39 10.00 64.42 10.00 83.68 
15.00 76.87 15.00 84.81 15.00 110.18 
20.00 92.64 20.00 102.22 20.00 132.78 
25.00 106.64 25.00 117.66 25.00 152.85 
50.00 162.14 50.00 178.90 50.00 232.40 
75.00 205.05 75.00 226.25 75.00 293.90 

100.00 241.31 100.00 266.25 100.00 345.87 
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Appendix E: Topographic Profiles with Sample Sites from Mink Brook 
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Appendix F: Radionuclide Data by Sample Site for Mink Brook 

Site Name Sample ID 
Collection 
Date RI (years) 

Pb-210ex 
(Bq/kg)     

Be-7 
(Bq/kg)     

        Absolute Normalized σ Absolute Normalized σ 
Old Dana M1_+1 11/2/2011 1.2752096   0 1.4369408   0 2.7674297 
Old Dana M1_+2 11/2/2011 9.7410318 44.272854 0.6694332 2.6507156 14.663872 0.8009666 2.9748835 
Old Dana M1_+3 11/2/2011 26.406934 66.134835 1 1.6937563 15.165871 0.8283866 3.0112621 
Old Dana M1_+4 11/2/2011 46.547635 66.000124 0.9979631 1.8322141 18.30772 1 3.4858905 
Land Slide M2_+1 11/2/2011 0.1846176 2.1107485 0.0319158 0.8233693 4.2095859 0.229935 1.4177495 
Land Slide M2_+2 11/2/2011 0.7805551 14.979084 0.2264931 0.951738 4.796833 0.2620115 1.0910048 
Land Slide M2_+3 11/2/2011 3.9255962 47.800814 0.7227782 1.4947201 6.9774495 0.3811206 2.0006759 
Land Slide M2_+4 11/2/2011 10.343843 48.934756 0.7399241 1.910996   0   
Hewes Bridge M3_+1 11/2/2011 0.3477374 5.802771 0.0877415 1.0880821 3.742938 0.2044459 2.2119673 
Hewes Bridge M3_+2 11/2/2011 1.4586762 31.868988 0.481879 1.9519675 15.729675 0.8591826 4.4161656 
Hewes Bridge M3_+3 11/2/2011 3.0161925 42.723616 0.6460077 2.5307427 13.957977 0.7624093 2.8316773 
Hewes Bridge M3_+4 11/2/2011 14.153882 41.737376 0.6310952 2.2730482 11.330319 0.6188821 2.4995966 
Upper 
Ruddsburough M4_+1 11/2/2011 0.1315533 2.5769565 0.0389652 0.7623134 6.6807995 0.3649171 1.7314077 
Upper 
Ruddsburough M4_+2 11/2/2011 0.9210938 21.67041 0.3276701 1.281109 8.4844199 0.463434 4.0840998 
Upper 
Ruddsburough M4_+3 11/2/2011 1.2821761 6.7898885 0.1026674 1.1563038 8.1183433 0.4434382 1.7780617 
Upper 
Ruddsburough M4_+4 11/2/2011 1.2862265 37.455223 0.5663464 1.3501081 10.099761 0.5516668 2.8798466 
Etna Gen/PO M5_+1 11/2/2011 0.1571878 0.5052124 0.0076391 0.7179651 5.9463747 0.3248015 1.3569202 
Etna Gen/PO M5_+2 11/2/2011 0.4113983 2.4114297 0.0364623 0.6239768 5.2086027 0.2845031 0.7787755 
Etna Gen/PO M5_+3 11/2/2011 4.0056985 19.725722 0.2982652 0.9608072 3.785111 0.2067494 2.2452732 
Etna Gen/PO M5_+4 11/2/2011 10.24372 35.446831 0.5359782 1.9540579 10.639526 0.5811497 3.3865572 
Public Works M6_+1 11/6/2011 0.199808 5.2368245 0.0457659 1.1759077 5.8930316 0.4363132 1.5567852 
Public Works M6_+2 11/6/2011 0.4175418 7.5807835 0.0662503 2.1125709 7.5261219 0.5572253 2.6529019 
Public Works M6_+3 11/6/2011 0.8441916 25.084475 0.2192194 1.773592 13.506424 1 1.9727789 
Public Works M6_+4 11/6/2011 0.9869684 33.2189 0.2903081 1.7601088 7.8473841 0.5810112 2.1876114 
UVLT M7_+1 11/6/2011 0.1333387 0.9985636 0.0087267 0.7385989 2.5321025 0.1874739 1.263365 
UVLT M7_+2 11/6/2011 0.919517 60.727096 0.5307089 2.1264388 10.824289 0.8014178 2.9627336 
UVLT M7_+3 11/6/2011 2.7371657 114.42637 1 2.1873135 8.109057 0.6003852 3.2351496 
UVLT M7_+4 11/6/2011 12.83342 73.066086 0.6385424 1.791893 6.0567344 0.4484336 2.4858824 
                    
Old Dana M1_ch 11/2/2011 0 3.2952211 0.0498258 0.9412933 4.7907622 0.2616799 1.8192419 
Land Slide M2_ch 11/2/2011 0 0.5304453 0.0080207 0.6862362 3.1896503 0.1742243 0.6137643 
Hewes Bridge M3_ch 11/2/2011 0 2.1314016 0.0322281 0.816162 3.7375502 0.2041516 1.6158095 
Upper 
Ruddsburough M4_ch 11/2/2011 0 0.5797645 0.0087664 1.3134355 5.0731432 0.277104 1.4802611 
Etna Gen/PO M5_ch 11/2/2011 0 1.1564557 0.0174863 0.4813697 3.2898052 0.179695 1.1172782 
Public Works M6_ch 11/6/2011 0 0 0 1.2722634 4.4702128 0.3309694 1.2313072 
UVLT M7_ch 11/6/2011 0 0.8634806 0.0075462 1.0796249 4.0531441 0.3000901 0.7175739 

 
 
 
 
 
 
 
 
 
 



76	  
	  

Appendix G: %TOC and THg Data by Sample Site for Mink Brook 

Site Name Sample ID 
Collection 
Date RI (years) % LOI   Hg (ppb)   

        Absolute Normalized Absolute Normalized 
Old Dana M1_+1 11/2/2011 1.2752096 6.850276 0.5426954 32.278609 0.3475081 
Old Dana M1_+2 11/2/2011 9.7410318 12.33088 0.9768821 80.664279 0.8684232 
Old Dana M1_+3 11/2/2011 26.406934 12.090238 0.9578179 92.885912 1 
Old Dana M1_+4 11/2/2011 46.547635 12.62269 1 72.315422 0.7785403 
Land Slide M2_+1 11/2/2011 0.1846176 0.8062052 0.0638695 2.8770324 0.0309738 
Land Slide M2_+2 11/2/2011 0.7805551 2.8362473 0.2246944 8.0743257 0.0869273 
Land Slide M2_+3 11/2/2011 3.9255962 7.592482 0.6014948 37.156569 0.4000237 
Land Slide M2_+4 11/2/2011 10.343843 9.4193337 0.7462224 31.081285 0.3346179 
Hewes Bridge M3_+1 11/2/2011 0.3477374 2.4219529 0.191873 16.625634 0.1789898 
Hewes Bridge M3_+2 11/2/2011 1.4586762 5.6004178 0.4436786 22.82657 0.2457485 
Hewes Bridge M3_+3 11/2/2011 3.0161925 7.1100588 0.563276 28.565293 0.3075309 
Hewes Bridge M3_+4 11/2/2011 14.153882 9.8929154 0.7837406 47.653438 0.5130319 
Upper 
Ruddsburough M4_+1 11/2/2011 0.1315533 1.6376822 0.1297411 5.0771141 0.0546597 
Upper 
Ruddsburough M4_+2 11/2/2011 0.9210938 4.6073665 0.3650067 19.305074 0.2078364 
Upper 
Ruddsburough M4_+3 11/2/2011 1.2821761 1.6884798 0.1337654 7.6398545 0.0822499 
Upper 
Ruddsburough M4_+4 11/2/2011 1.2862265 6.9470758 0.5503641 32.806373 0.35319 
Etna Gen/PO M5_+1 11/2/2011 0.1571878 0.6739713 0.0533936 2.6344181 0.0283619 
Etna Gen/PO M5_+2 11/2/2011 0.4113983 0.9724986 0.0770437 5.6394233 0.0607134 
Etna Gen/PO M5_+3 11/2/2011 4.0056985 4.9477472 0.3919725 0.0299816 0.0003228 
Etna Gen/PO M5_+4 11/2/2011 10.24372 8.686478 0.6881638 31.096349 0.33478 
Public Works M6_+1 11/6/2011 0.199808 1.4978948 0.0682802 10.035737 0.150696 
Public Works M6_+2 11/6/2011 0.4175418 4.7721104 0.2175325 21.280375 0.3195448 
Public Works M6_+3 11/6/2011 0.8441916 8.7759747 0.4000451 28.340976 0.4255663 
Public Works M6_+4 11/6/2011 0.9869684 9.6270909 0.4388425 45.483773 0.6829814 
UVLT M7_+1 11/6/2011 0.1333387 0.7257344 0.033082 54.824976 0.8232483 
UVLT M7_+2 11/6/2011 0.919517 13.55525 0.6179042 21.810264 0.3275015 
UVLT M7_+3 11/6/2011 2.7371657 21.937463 1 64.216364 0.9642688 
UVLT M7_+4 11/6/2011 12.83342 13.013069 0.5931893 66.595915 1 
                
Old Dana M1_ch 11/2/2011 0 0.7253009 0.0574601 4.4260144 0.04765 
Land Slide M2_ch 11/2/2011 0 0.6349772 0.0503044 2.0167073 0.0217117 
Hewes Bridge M3_ch 11/2/2011 0 0.7373211 0.0584124 2.3666724 0.0254793 
Upper 
Ruddsburough M4_ch 11/2/2011 0 0.7660697 0.0606899 2.7382597 0.0294798 
Etna Gen/PO M5_ch 11/2/2011 0 0.5591412 0.0442965 2.4929329 0.0268387 
Public Works M6_ch 11/6/2011 0 0.6308887 0.0287585 3.6583612 0.0549337 
UVLT M7_ch 11/6/2011 0 0.572624 0.0261026 3.2152584 0.0482801 
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Appendix H: Site Photos from Mink Brook 
Site 1- Old Dana 

                           

Site 2- Land Slide 

  
Site 3- Hewes Bridge 
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Site 4-Upper Ruddsburough 

  
 
Site 5-Etna Post Office 

  
Site 6- Public Works 
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Site 7- Upper Valley Land Trust 
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Appendix I: Androscoggin River Cross-section Data 
Site 1 Site 2 Site 3 

Distance (m) Elevation (m) Distance (m) Elevation (m) Distance (m) Elevation (m) 
2.00 99.76 -1.30 101.14 -3.95 104.04 
4.00 99.17 1.20 98.64 1.05 99.04 
7.40 99.10 1.75 98.32 5.17 98.84 

12.05 98.35 4.30 98.41 10.10 98.94 
19.30 98.45 5.40 97.85 11.95 98.86 
27.10 98.46 6.80 97.78 13.80 98.49 
34.20 98.59 7.70 97.40 15.00 97.98 
39.25 98.49 8.60 97.48 15.40 97.42 
44.65 97.75 9.80 97.73 18.20 96.64 
46.00 97.38 10.90 98.13 18.80 96.14 
49.60 96.37 11.40 98.52 20.45 95.82 
51.90 95.90 14.30 98.64 23.20 95.49 
52.40 95.46 18.00 98.64 25.60 95.05 
54.70 95.14 20.70 98.61 29.70 95.01 
54.70 95.14 24.20 98.52 34.20 94.82 
56.40 94.79 27.60 98.30 39.40 93.94 
57.60 94.27 29.20 97.93 45.00 93.65 
59.90 94.22 30.30 97.49 50.00 93.58 
60.60 94.21 30.40 97.59 55.00 93.85 
63.40 94.04 31.80 97.54 60.00 93.60 
64.30 94.15 34.00 97.16 65.00 94.43 
67.30 93.77 39.30 97.02 68.50 93.95 
70.00 93.29 39.70 96.88 71.50 94.43 
74.60 93.40 40.90 96.07 72.85 95.82 
79.60 93.56 41.00 95.93 76.80 97.56 
85.60 93.79 44.00 95.66 79.10 99.58 
90.60 94.18 48.50 95.27 84.10 104.58 
95.60 94.16 52.50 95.04     
98.10 95.14 84.90 95.04     

103.10 100.14 85.90 96.07     
    90.90 101.07     

 
Site 4 Site 5 

Distance (m) Elevation (m) Distance (m) Elevation (m) 
2 99.29 1 99.6 

4.4 99.06 2.2 99.45 
7.5 98.34 4.15 98.57 
7.9 97.765 8.1 97.89 
10 97.505 10.7 97.745 

12.4 97.24 11.7 97.475 
12.8 96.67 12.3 97.045 
14.6 96.255 13.3 96.85 
17.3 96.29 16.2 96.31 

26 95.96 20 95.95 
30 96.05 28 95.25 
35 95.92 34 95.62 
41 95.82 38 95.49 
47 95.92 43 95.68 
51 95.82 48 95.71 

56.3 95.32 53 95.88 
61.7 95.15 58 96.07 
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67.4 95.32 63 96.07 
71.5 95.92 69 96.05 

77 96.11 72 96.07 
81 95.92 75 96.61 
85 96.52 78 96.85 
87 96.62 79.4 97.82 

88.5 97.37 80.8 98.7 
91.3 98.32 81.8 99.05 
92.3 99.32 82 100 
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Appendix J: Androscoggin Sample Locations on Transect  
 

Site 1 Site 2 Site 3 
Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

1 45 97.6 1 28.4 98.1725 1 14.7 98.13 
2 43.6 98.075 2 27.7 98.2825 2 14.4 98.345 

_-1 47.55 96.945 _-1 30.2 97.6025 _-1 15.2 97.72 
-2 48.4 96.64 -2 33.2 97.3925 -2 16.9 97.175 

HWM 46 97.32 HWM 29 97.9525 HWM 15 97.975 
B1_+1 51.81 95.93 B2_+1D 39.10 96.77 B3_+1 18.00 96.62 
B1_+2 50.11 96.36 B2_+1E 40.10 96.60 B3_+2 17.30 96.97 
B1_+3 46.91 97.13 B2_+2 34.10 97.13 B3_fp 5.50 98.91 

      B2_+3 33.35 97.37       

 
Site 4- Pre Irene Site 5- Pre Irene 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

Sample 
ID 

Distance 
(m) 

Elevation 
(m) 

1 6.9 98.47 1 3.65 98.86 
2 6 98.64 2 3.05 99.16 

_-1 7.7 98.1 _-1 5.05 98.38 
-2 8.8 97.875 -2 6.65 98.12 

HWM 7.5 98.34 HWM 4.15 98.57 
B4_+1 10.9 97.375 B5_+1 9.60 97.65 
B4_+2 8.5 97.69 B5_+2 6.35 98.16 
B4_fpA 2 99.285       
B4_fpO 2 99.285       
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Appendix K: Androscoggin River Rating Curve 
 
 
 

RI (years) 
Discharge 
(m3/s) 

0.5 243.7898675 
1 293.44 
2 343.0901325 
3 372.1335982 
4 392.7402651 
5 408.7240377 

10 458.3741702 
15 487.4176359 
20 508.0243028 
25 524.0080753 
50 573.6582079 
75 602.7016736 

100 623.3083404 
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Appendix L: Topographic Profiles with Sample Sites from the Androscoggin River 
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Appendix M: Radionuclide Data by Sample Site for the Androscoggin 
      Pb-210ex (Bq/kg) Be-7 (Bq/kg) 
Sample ID Date Collected RI Absolute Normalized σ Absolute Normalized σ 
B1_+1 9/14/2011 0.2223135 15.721829 0.0319953 11.784038 13.525884 0.5189124 1.5157538 
B1_+1 8/26/2011 20.769106 154.5488 0.3141185 4.8332323 11.945585 0.1800213 1.9876715 
B1_+2 9/14/2011 0.5776391 6.5588035 0.0133477 3.4131275 11.351646 0.4354991 0.961259 
B1_+2 8/26/2011 99.256731 492.00795 1 11.933594 39.106126 0.5893336 4.4022048 
B1_+3 9/14/2011 4.6924225 48.678116 0.0990642 6.5214974 16.1534 0.6197155 2.1342312 
B1_-1 8/26/2011 2.7275171 20.641082 0.0419527 9.9547887 7.0059638 0.1055806 1.9370458 
B1_-2 8/26/2011 1.1769314 12.828027 0.0260728 4.6239366 7.5378709 0.1135965 1.9421984 
B1_HWM 8/26/2011 8.4049791 59.488384 0.1209094 2.5601804 21.516081 0.3242497 1.9470438 
B2_+1 8/26/2011 23.831404 192.54053 0.3913362 17.957096 15.236187 0.229611 2.7539977 
B2_+1D 9/14/2011 0.2515611 0 0 3.1229707 13.205971 0.5066391 1.3403883 
B2_+1E 9/14/2011 0.159699 17.603837 0.0358253 5.3361933 7.4748591 0.2867685 1.1001391 
B2_+2 9/14/2011 0.6107432 0.1242916 0.0002529 3.3652955 19.876952 0.7625673 1.4271902 
B2_+2 8/26/2011 39.707621 424.18818 0.8621572 #NUM! 35.328899 0.5324104 4.5385107 
B2_+3 9/14/2011 1.2665875 23.618316 0.0480653 3.2540209 8.9042772 0.3416073 1.6242547 
B2_-1 8/26/2011 2.4784167 109.15071 0.2218474 5.1051852 50.122692 0.7553545 4.4341808 
B2_-2 8/26/2011 1.3927351 38.204312 0.0776498 7.3767241 25.860902 0.3897266 2.7033476 
B2_HWM 8/26/2011 9.1710268 228.79102 0.4650149 5.7308386 26.81409 0.4040913 3.388234 
B3_+1 9/14/2011 0.2998908 13.073408 0.0266055 4.6575678 9.5000438 0.3644635 1.0204033 
B3_+1 8/26/2011 13.22575 59.477885 0.1208881 18.886254 13.354184 0.201249 1.5965789 
B3_+2 9/14/2011 0.6236077 29.289076 0.0596058 5.0755386 4.426363 0.1698148 0.943306 
B3_+2 8/26/2011 25.372059 232.49516 0.4725435 15.077939 26.894193 0.4052985 6.4973683 
B3_-1 8/26/2011 4.0183163 18.948735 0.0385131 5.7662301 9.5235493 0.1435209 1.5057097 
B3_-2 8/26/2011 0.9904811 25.526196 0.0518817 2.9870442 13.118672 0.1976998 1.3501472 
B3_fp 9/14/2011 90.552254 491.37958 1 26.895824 25.943198 0.9952952 3.8969307 
B3_HWM 8/26/2011 8.4049721 72.777621 0.1479196 3.7629676 9.9327215 0.1496872 1.597093 
B4_+1 9/14/2011 0.2531782 3.033227 0.0061729 3.9900222 10.499591 0.4028105 1.4775184 
B4_+1 8/26/2011 14.78829 485.26875 0.9863027 #NUM! 66.356516 1 4.9501235 
B4_+2 9/14/2011 0.6643113 3.2317825 0.006577 2.4331756 9.6034639 0.3684311 1.6905415 
B4_+2 8/26/2011 31.938417 304.26377 0.6184123 129.58165 31.975131 0.4818687 4.3261008 
B4_-1 8/26/2011 3.069308 0 0 5.9268365 10.654996 0.160572 1.220657 
B4_-2 8/26/2011 1.2778834 16.247312 0.0330225 5.513035 11.829681 0.1782746 1.5890424 
B4_fpA 9/14/2011 737.23151 67.386303 0.137137 3.4188511 0 0 0 
B4_fpO 9/14/2011 737.23151 426.29421 0.8675456 #NUM! 26.065832 1 4.7333516 
B4_HWM 8/26/2011 8.4051766 338.59452 0.6881891 10.877438 50.710604 0.7642144 5.3232823 
B5_+1 9/14/2011 0.3692783 3.6272991 0.0073819 6.3653419 7.9612124 0.3054271 1.1176985 
B5_+1 8/26/2011 24.861675 118.10559 0.2400481 43.759588     #VALUE! 
B5_+2 9/14/2011 1.6940899 7.6154716 0.0154981 2.122047 12.59919 0.4833604 1.0667724 
B5_+2 8/26/2011 94.830303 131.02858 0.266314 6.7768268 17.964328 0.2707244 2.3499242 
B5_-1 8/26/2011 3.6634579 0.9550308 0.0019411 4.4774738 12.543042 0.189025 1.3522542 
B5_-2 8/26/2011 1.4809415 1.9672965 0.0039985 2.1503804 5.7650973 0.0868807 1.4288423 
B5_HWM 8/26/2011 7.444458 8.7834038 0.0178522 4.037581 8.3835805 0.1263415 1.5421669 
B1_ch 8/26/2011 0 5.0529238 0.01027 2.7323064 9.3851541 0.1414353 1.0005243 
B1_ch 9/14/2011 0 7.8310373 0.0159368 2.1057076 12.652083 0.4853896 1.0712509 
B2_ch 8/26/2011 0 0 0 5.0973841 14.679489 0.2212215 1.431593 
B2_ch 9/14/2011 0 0 0 2.9201867 7.6132058 0.2920761 0.8312579 
B3_ch 8/26/2011 0 0 0 4.4581293 16.268743 0.2451717 1.4347435 
B3_ch 9/14/2011 0 6.6330507 0.0134988 6.3560984 7.9122825 0.30355 0.7348769 
B4_ch 8/26/2011 0 2.4702866 0.0050208 2.6497261 11.618184 0.1750873 0.958107 
B4_ch 9/14/2011 0 1.8290515 0.0037223 2.7154724 10.357991 0.3973781 0.9393528 
B5_ch 8/26/2011 0 5.8653702 0.0119213 2.6846228 11.352631 0.1710854 0.9431728 
B5_ch 9/14/2011 0 0.400868 0.0008158 4.0122519 9.5181713 0.3651589 0.686367 
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Appendix N: % TOC and THg Data by Sample Site for the Androscoggin 
      %TOC THg (ppb) 
Sample ID Date Collected RI Absolute Normalized Absolute Normalized 
B1_+1 9/14/2011 0.2223135 1.8450298 0.0216544 2562.2165 1 
B1_+1 8/26/2011 20.769106 43.217796 0.5818056 457.65723 0.4739164 
B1_+2 9/14/2011 0.5776391 0.619016 0.0072652 102.27589 0.039917 
B1_+2 8/26/2011 99.256731 73.743653 0.99275 458.49799 0.4747871 
B1_+3 9/14/2011 4.6924225 8.0274818 0.0942155 1138.279 0.4442556 
B1_-1 8/26/2011 2.7275171 5.2022944 0.0700342 354.20575 0.3667896 
B1_-2 8/26/2011 1.1769314 3.3825701 0.0455368 458.35297 0.4746369 
B1_HWM 8/26/2011 8.4049791 35.494557 0.477834 287.9843 0.2982155 
B2_+1 8/26/2011 23.831404 40.858333 0.5500421 913.16463 0.9456067 
B2_+1D 9/14/2011 0.2515611 1.0915203 0.0128108 38.97037 0.0152096 
B2_+1E 9/14/2011 0.159699 4.405892 0.0517103 435.64273 0.1700257 
B2_+2 9/14/2011 0.6107432 1.8973494 0.0222685 325.08653 0.1268771 
B2_+2 8/26/2011 39.707621 63.999633 0.8615743 356.64023 0.3693106 
B2_+3 9/14/2011 1.2665875 7.3558705 0.0863331 722.12975 0.2818379 
B2_-1 8/26/2011 2.4784167 15.199026 0.204612 395.32476 0.4093695 
B2_-2 8/26/2011 1.3927351 7.4483826 0.1002714 382.7286 0.3963258 
B2_HWM 8/26/2011 9.1710268 34.349686 0.4624215 542.0298 0.5612865 
B3_+1 9/14/2011 0.2998908 3.552707 0.0416968 427.20798 0.1667338 
B3_+1 8/26/2011 13.22575 12.852761 0.1730261 148.25682 0.1535239 
B3_+2 9/14/2011 0.6236077 3.5473028 0.0416334 355.8545 0.1388854 
B3_+2 8/26/2011 25.372059 53.307039 0.7176287 965.69183 1 
B3_-1 8/26/2011 4.0183163 7.4539464 0.1003463 151.28765 0.1566625 
B3_-2 8/26/2011 0.9904811 3.7214003 0.0500981 215.14563 0.2227891 
B3_fp 9/14/2011 90.552254 44.17612 0.5184784 176.92718 0.0690524 
B3_HWM 8/26/2011 8.4049721 25.339825 0.3411292 204.24671 0.211503 
B4_+1 9/14/2011 0.2531782 0.4630059 0.0054341 61.14879 0.0238656 
B4_+1 8/26/2011 14.78829 74.282197 1 274.92006 0.2846871 
B4_+2 9/14/2011 0.6643113 0.392047 0.0046013 18.206226 0.0071057 
B4_+2 8/26/2011 31.938417 32.247753 0.4341249 438.3165 0.4538886 
B4_-1 8/26/2011 3.069308 2.2905337 0.0308356 48.793557 0.050527 
B4_-2 8/26/2011 1.2778834 3.7578578 0.0505889 143.36646 0.1484598 
B4_fpA 9/14/2011 737.23151 11.515505 0.1351531 133.28085 0.0520178 
B4_fpO 9/14/2011 737.23151 85.203389 1 136.23874 0.0531722 
B4_HWM 8/26/2011 8.4051766 36.482444 0.4911331 405.6847 0.4200975 
B5_+1 9/14/2011 0.3692783 0.7820703 0.0091789 114.3828 0.0446421 
B5_+1 8/26/2011 24.861675 18.076053 0.243343 237.58107 0.2460216 
B5_+2 9/14/2011 1.6940899 0.5401341 0.0063394 60.581013 0.023644 
B5_+2 8/26/2011 94.830303 19.571386 0.2634734 138.80598 0.1437373 
B5_-1 8/26/2011 3.6634579 1.8492407 0.0248948 63.793844 0.0660603 
B5_-2 8/26/2011 1.4809415 1.0943412 0.0147322 120.11752 0.1243849 
B5_HWM 8/26/2011 7.444458 5.0034235 0.067357 57.531602 0.0595755 
B1_ch 8/26/2011 0 0.5560245 0.0074853 128.05578 0.1326052 
B1_ch 9/14/2011 0 0.4365958 0.0051242 87.84546 0.0342849 
B2_ch 8/26/2011 0 0.5923972 0.007975 135.5881 0.1404051 
B2_ch 9/14/2011 0 0.8132961 0.0095453 33.963457 0.0132555 
B3_ch 8/26/2011 0 0.8778152 0.0118173 104.78277 0.1085054 
B3_ch 9/14/2011 0 0.8539774 0.0100228 124.70246 0.0486698 
B4_ch 8/26/2011 0 0.4443058 0.0059813 108.04788 0.1118865 
B4_ch 9/14/2011 0 0.5615947 0.0065912 227.49576 0.0887887 
B5_ch 8/26/2011 0 0.5247711 0.0070646 185.81585 0.1924173 
B5_ch 9/14/2011 0 0.6369764 0.007476 56.522341 0.0220599 



89	  
	  

Appendix O: Site Photos from the Androscoggin River 
Site 1- 

  
Site 2- 

  
Site 3- 
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Site 4- 

  
Site 5- 

  
	  


