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The Sleepers River Research Watershed in northeastern Vermont was es
tablished by the Agricultural Research Service (ARS) of the U.S. Depart
ment of Agriculture in 1959 and is now operated jointly by the U.S. 
Geological Survey (USGS) and the U.S. Army Cold Regions Research and 
Engineering Laboratory (CRREL), with collaboration from several other 
Federal Agencies and Universities. The USGS has contributed to the under
standing of hydrological processes and added a major biogeochemical 
cycling research component in the last 10 years of Sleepers River's 40-year 
history as a field laboratory. The USGS uses hydrologic measurements and 
chemical and isotopic tracing techniques to determine how water moves 
from the hillslope to the stream, and what processes cause chemical 
changes, such as the neutralization of acid rain. Research results provide 
insights on how pollutants move through ecosystems, and how ecosys
tems may respond to climatic change . 

Streamgage placement in the Sleepers 
River Research Watershed was designed 
for nested- and paired -catchment studies. 
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Lik mu h f northern 

and bal am 
fth ar a· 

tur and hayfi ld . Dair farming and 
logging ar th primar human nt r-
pri in th at r h d. 

Permeable brow n soil rich in fine roots 
overlies the dense olive-gray glacial till. 
The tubing and collection vessels are part 
of devices that col lect water from the 
unsaturated zone of the soil. 

The Water, Energy, and Btogeochemtcal Budgets (WEB Bl Program was started 
in 1991 at five small watersheds tn he Untted States toe amtne water. energy, 
and btogeochemical fluxes and to determtne the effects of atmosphenc 
deposttion, climattc vanables, and human influences on watershed processes 

The five Sttes are at Loch Vale. Colorado; Luqutllo E penmen tal Forest, Puerto 
Rtco, Panola Mountatn, Georgta; Sleepers Rtver. Vermont, and Trout Lake, 
Wtsconstn These Sttes are supported, tn part. by other programs tn the 

USGS. other Federal and State Agenctes. and Untverstttes. 
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This streamflow-gag
ing station {W-2) 
records streamflow 
from a 59-hectare 
agricultural catch
ment. The USGS 
operates 4 of the 
original 17 Sleepers 
River streamgages, 
as well as 5 new 
gages on small 
streams within the 
forested headwater 
catchment W-9. 

at r h d ur-

From oxygen isotope ratios we know 
that under most conditions, stream
flow is composed primarily of ground 
water that was present in the catch 
ment before the runoff event, not the 
rain or snowmelt causing the event. 

and other m a urement 
con titute a aluable re ourc for hydro
logic modeling and forth e aluati n of 
I i matic hang . 

Water Budget 

In an a erage year 55 percent of the 
t ta l wat r input in pr cipitation run off 

Much of the streamflow at Sleepers Rive r 
is generated by rain falling or snow melt
ing directly onto saturated areas adjacent 
to streams. 

flo ach y ar i imp ly th amount 
of pre ipitation minu the amount of 

apotran piration. 

in th h dr logy 
r. Precipitation i tor d 

in th no pack during the wint r 
month and i r I a ed in a hort 
tim during the pring. pring no m It 
cau mo t of th annual gr und- at r 
r charg and n ar ly half f th annual 
tr amft w in March and pril. 

Water Flowpaths 

Kn o I dg f h w rain or no m It 
mo to a tream i fundam ntal to 
under tanding many n ironmental con
tamination problem . In th lat 1960 
Tom unn of th R dug a tr nch at 
the ba fa hill lope at I p r Ri r 
and d termin d that mo t ofth runoff 

nant tr amftow gen ration mechani m 
in humid t mperat en ironm nt . Fun-
dam ntal qu tion remain , ho v r, 
about hov th aturated area de el p, 

me th 

omp 
\ at r r nt in 

At the agricultural catchment W-2, frozen 
ground during the 1993 snowmelt season 
led to direct runoff of snowmelt water to 
the stream; the 180 /160 of streamflow (cir
cles) decreased from the value of ground 
water to nearly the level of snowmelt. 
In the more typical 1994 snowmelt, the 
180 /160 of streamflow remained much 
closer to that of ground water, indicating 
that ground water contributions dominated 
the stream snowmelt response. 
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the catchment before snowmelt began 
(McGlynn and others, 1999). Isotopic 
data revealed a striking exception to this 
pattern during one snowmelt season at 
the agricultural catchment W-2, when 
frozen soils caused snowmelt to run off 
directly into the stream channel. 

In the forested catchment W-9, nested 
wells and piezometers were used to dis
tinguish zones of ground-water recharge 
and discharge and to discern the nature 
of ground-water/surface-water interac
tions. Hillslopes are recharge areas where 
ground water rises into the soil nearly to 
land surface during snowmelt. The 
surficial soi I trans-

streamflow on the falling limb. The pat
tern was reversed at hillslope sites (Ken
dall and others, 1999). 

Hydrologic Modeling and 
Energy Budgets 

A topographically based model TOP
MODEL was used as a supplementary 
approach to understanding water move
ment and storage in the headwater 
catchment. TOPMODEL simulates soil
saturation deficit and generates overland 
flow when the deficit is zero. The model 
is built on the concept that the amount 
of water draining toward a point on 

mits water more 
readily than the 
underlying till, 
such that water 
moves easily 
downslope and 
generates increased 
streamflow. 

Streamflow chemistry provides clues 
about hydrology. High concentra
tions of calcium and magnesium 
indicate a deep ground-water flow 
path, whereas high concentrations of 
nitrate and dissolved organic carbon 
indicate shallow subsurface flow. 

the landscape is 
controlled by the 
upslope contrib
uting area, and 
the amount of 
water draining 
away from that 
point is controlled 

Ground-water discharge occurs only in 
riparian areas and in upland convergent 
flow areas. The relation between ground
water level and streamflow revealed a 
hysteresis relation; for a given stream
flow, ground-water level at riparian sites 
was higher on the rising limb of the 
snowmelt hydrograph than for the same 

During snowmelt, the large volume of 
water moving through the upper organic 
soil zone flushes nitrate and dissolved 
organic carbon (DOC) to the stream. Nitrate 
concentrations reach a maximum early 
in the snowmelt period, whereas DOC 
concentrat ions continue to peak with indi
vidual streamflow peaks throughout the 
melt period. 

by the local slope. 
The minimum requirements to run 
TOPMODEL are topographic and pre
cipitation data; soil hydraulic properties 
can be incorporated if available. Wolock 
( 1995) applied TOPMODEL to the 
nested catchments at Sleepers River and 
determined that the percentage of over
land flow in total streamflow increased 
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In riparian areas, ground-water levels 
rise rapidly as streamflow increases in 
response to snowmelt, then fall rapidly 
after peak flow. On hillslopes, by contrast, 
ground water rises slowly at first but 
maintains high levels during the snowmelt 
recession (note opposite direction of time 
arrows). This pattern suggests that riparian 
ground water supplies most streamflow 
during the early part of snowmelt and hill
slope ground water supplies most stream
flow during the later part of snowmelt. 
Negative depths indicate the water table is 
above land surface. 

as catchment size increased up to 5 
square kilometers, after which the per
centage remained fairly constant. 

The energy aspects of the WEBB studies 
have been investigated primarily by 
CRREL. CRREL maintains three energy 
stations for the collection of mete
orological and energy data, including 
temperature, humidity, wind speed, and 
incoming and outgoing short- and long
wave radiation. This information is used 
to compute an energy balance, which then 
is used in a model that simulates how 
fast the snow melts. Recently CRREL has 
focused on measurements in the forested 
environment to quantify how the forest 
litter in the snow changes the snowpack 
albedo an important term in the energy 
balance. The USGS collaborates with 
CRREL on using the output of the 
snowmelt model as the input to drive 
TOPMODEL. 

Biogeochemical Budgets 

Although the Sleepers River watershed 
receives significant acidic precipitation, 
streamflow is well-butTered from the 
weathering of calcite in the bedrock 
and glacial till. Calcium (Ca), magne
sium (Mg), sodium (Na), and bicar
bonate (HCO,) are products of mineral 
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C02 production and flux out 
of the soil continue through 
the cold winter months. 

Isotopic tracers of solutes 
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Nitrogen and carbon 

RESEARCH FINDINGS 

• Precipitation is acidic, but streamflow is well -buffered from the 
weathering of calcite in till and bedrock. 

• Infiltrating snowmelt causes ground water to rise into the permeable 
soil zone, where it moves rapidly downslope. 

• Naturally occurring isotopic and chemical tracers indicate that "old" 
water dominates streamflow, and that water acquires solutes from weather
ing and biogeochemical processes along deep and shallow flowpaths. 

• Nitrate in streamflow is supplied primarily by mineralization and 
nitrification in the soil , rather than directly by precipitation. 
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