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ABSTRACT
The Stone Valley Recreational Center, located approximately 10 miles from the
University Park campus of Penn State, was until recently home to the manmade reservoir Lake
Perez. This body of water was recently drained, leaving deposits of clay and silt from its 45 years
of active use. These sediments have been incised by a number of small, unnamed streams, which
now flow through the empty reservoir. Underlying these streams are naturally occurring clay
sediments, which are potentially preventing their communication with the local groundwater. To
determine if a barrier to flow exists, a fiber-optic distributed temperature sensor was laid out
along a portion of one of the streams, and water temperature data were collected over a 5-month
period, from May to September 2011. Analysis of the data was performed, focusing on the
identification of points where water temperatures remained relatively constant on a daily basis.
One such location was found 300 meters along the length of the cable lying in the stream,
suggesting that the clay fines may not be preventing communication between the ground and
surface water. Further tests are required to determine if groundwater is in fact entering the stream
at this location, and what this means for the surrounding hydrology.
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Chapter 1
Introduction
Located approximately fifteen miles from the University Park campus of The
Pennsylvania State University, the Stone Valley Recreational Center was completed in 1961 and
serves as an outdoor recreational and educational facility to this day ("About Stone Valley,"
2011). Until recently, the main attraction at the site was a manmade reservoir, Lake Perez;
however, the lake was drained in 2006, leaving a large, grassy basin (Yermal, 2012). For the 48
years that Lake Perez was active, lacustrine silts and clays were likely deposited over the entire
areal extent of the basin. These sediments have been incised by a number of small, unnamed
streams that flow across the dry lakebed. The naturally occurring clay sediments now underlying
these small flows may be affecting the water circulation patterns in the area.
Ground- to surface-water communication is extremely important to the overall health of a
given environment. The ground- and surface-water reservoirs are usually intimately connected to
one another, each being replenished by and supplying water to the other. This interaction is
integral to the movement of substances through an environment: nutrients stored underground can
be dissolved and pulled up to the surface, while contaminants that seep into the groundwater at
one location may travel undetected for hundreds of miles beneath the surface before resurfacing.
Certain types of sediments can impede this flow between the surface and the subsurface,
disrupting any exchange that might normally occur. The small grain-sizes of fine silts and clays
leave little space for fluid to flow, effectively creating a barrier and isolating one reservoir from
the other (Fetter, 2001). There is concern that this is currently affecting the Lake Perez basin,
preventing the numerous small streams from communicating with the local water table. This
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could have serious consequences for the movement of dissolved substances from one reservoir to
the other. Of special interest in this region would be the movement of nutrients such as nitrogen
and phosphorous originating from fertilizers applied to agricultural lands. This region is a portion
of the Chesapeake Bay Watershed, which drains into the Chesapeake Bay, a body of water that
has experienced significant eutrophication for the majority of the 20th century (Boesch 2001).
The watershed is also one with heavy agricultural land use. If clay is indeed preventing surface
water from entering the groundwater, then more nutrients may be transported to this alreadyoverloaded estuary than have been in the past. This could potentially have ramifications for both
the ecology of the bay and for agricultural practice and policy in the area surrounding Lake Perez.
An easy way to determine if a clay barrier exists is to monitor the temperature of the
stream over a distance. The stream itself is an open system, easily influenced by the air
temperature, the shade of vegetation, and the presence of precipitation. In contrast, the
temperature of the groundwater is extremely consistent and would be uninfluenced by the factors
that would alter the surface water temperature ("Groundwater temperature's measurement,"
1999). Therefore, if a location along the stream’s length displayed a consistent temperature
regardless of changes in the variables mentioned above, it would be reasonable to assume that
groundwater is entering the flow in that area. However, to effectively determine if this was
occurring, measurements of temperature would need to be taken constantly over the entire length
of the stream, which would be impractical with traditional technologies.
Fiber optic distributed temperature sensing (DTS) is a relatively new technology that is
designed to monitor temperature over the length of a fiber optic cable by sending short pulses of
laser light down its entire extent. These pulses interact with the lattice structure of the fiber,
which is altered slightly based on changes in temperature, and are reflected back to the instrument
at shifted frequencies. The associated computer unit analyzes this “backscattered” light to
determine the temperature at each location, based on the frequency received and the amount of
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time it took to return (Smolen & van der Spek, 2003). Commonly utilized in mining and
engineering situations to monitor bore-hole temperatures and electrical wires, this technology is
ideal for this project because it allows for measurements to be made along a large stretch of
stream, minimizing the chances of missing a small input of groundwater. Distributed temperature
sensing technology has been applied to similar problems in the past with success (Selker 2006,
Lowry 2007, Selker 2006, Westhoff 2007, Tyler 2009).
Much of the methodology of this project was adopted from the studies listed above after
modifications to fit the current study area and problem. In addition, the goals of this project are
based on the precedents set by these papers and are twofold: to determine whether or not groundto surface-water communication is occurring in the Lake Perez basin, and to further investigate
the applicability of DTS technology to this type of problem. This will hopefully lay the
groundwork for future experiments surrounding the effects of groundwater communication in the
Lake Perez basin and will also continue to support the utility of DTS technology in ecology and
stream monitoring.
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Chapter 2
Methods
Principal among the datasets needed to complete this experiment was stream
temperature data from the studied stretch of the unnamed stream in the Lake Perez basin
(a diagram of the study area is included below).

Figure 1 – Lake Perez Study Area. The area surrounding Lake Perez, with the
study area and location of the Met Weather Station marked (Gerecht 2011).

The stream temperature data were collected utilizing a DTS Sentinel Unit
SEN2SR fiber-optic distributed temperature sensor. The fiber optic cable was doubledback twice along a stretch of stream in the manner shown below.
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Figure 2 – DTS Cable Layout. A diagram highlighting the lengths of cable that lay along different
portions of the stream (Gerecht).

The cable was collecting stream temperature data along 480 meters of its length.
Water temperature data was collected along the entire length of the cable every 5 minutes
between the 1st of May, 2011 and the 30th of September, 2011.
Following data collection, analysis was performed using MatLab codes developed
by Kamini Singha. These codes read the files provided by the DTS, eliminated
extraneous data from portions of the cable lying outside the water, and rendered the
information in sets of graphs displaying temperature versus time for each day. These
graphs were compared with graphics built using the DTS and stream survey data to
investigate a link between location within the stream and water temperature over the
course of a day. The primary goal of this endeavor was to pinpoint areas where stream
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temperature remained relatively constant despite changes in air and water temperature
elsewhere.
In addition, due to the relative novelty of DTS technology and its application in
this particular field, its performance and reliability were subjectively reviewed
throughout the course of the project, with the goal of assessing the tool’s potential in this
type of work in the future.
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Chapter 3
Results
Upon reviewing the data, certain trends began to emerge almost immediately: days with
lower average air temperatures and days with heavy precipitation generally showed lower water
temperatures. However, careful inspections of water temperature graphs from each month were
required to attempt to identify point sources of groundwater input. A representative graph from
each month has been included below.

Figure 3 – May 30th Stream Temperature. In each of these graphs, the Distance (X-axis)
indicates the distance along the cable as shown in Figure 2. The colors are indicators of time:
blue corresponds to time closer to noon, while red corresponds to times closer to midnight. Red
arrows indicate points of possible groundwater input. Twenty-four hours are displayed on each
graph.
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Figure 4 – June 15th Stream Temperature

Figure 5 – July 2nd Stream Temperature
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Figure 6 – August 12th Stream Temperature

Figure 7 – September 6th Stream Temperature
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Despite monthly and daily changes in water temperature, the general temperaturedistance profile of the stream can be seen to stay the same throughout the study period. The
spatial locations of the major peaks and troughs do not change through time, indicating that the
locations along the stream with significant external controls on water temperature do not change
significantly.
There are a number of locations along the length of the cable where the
temperature is generally higher than that of the surrounding water at night and lower than that of
the surrounding water during the day. However, two points with especially strong signals are
found at approximately 270 and 300 meters. At these locations, the temperature appears to
remain fairly consistent on a daily basis, and varies only a few degrees with the change in
months. These locations will be discussed in further detail in the discussion section.
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Chapter 4
Discussion
It is clear from the graphs above that water temperature in the stream varied somewhat
over the length of the stream and a great deal over the course of each day. These results are
consistent with the findings of past studies, which have also indicated that temporal variations in
stream temperature are generally much larger than variations over the length of the stream (except
when influenced by external factors such as confluences and groundwater inputs) (Selker 2006,
Selker 2006, Westhoff 2007). These variations over the course of each day and from day to day
were almost certainly caused primarily by solar radiation and levels of precipitation. For
example, on May 30th the average temperature of the stream water varied between approximately
17.5 and 34 oC (Figure 3). The study area received no precipitation on this date (Appendix B).
However, on September 6th the average stream temperature varied between only approximately
18.5 and 23 oC (Figure 7). On this date, the study area received 33.7 mm of rainfall (Appendix
B). Although this is a relatively small data set, it seems to suggest a strong correlation between
water temperature variation, solar radiation, and precipitation. In addition, these findings were
reflected in previous studies (Selker 2006, Westhoff 2007).
Beyond the large-scale variations, the peaks and troughs (“temperature anomalies”)
present on each graph could have been caused by a number of different factors: intense sunlight,
the cable lying outside the water, or shade from overhanging vegetation. However, all of these
factors are reliant on solar radiation, and would have caused consistent warming during the
daytime hours and had little effect during the night. On the other hand, groundwater would
display a different trend: because the temperature of groundwater is so constant, a point source
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would show little change in temperature over the course of each day (Lowry 2007, Westhoff
2007). It would also most likely be warmer than the surrounding water at night (or on
rainy/cloudy days) and colder than the surrounding water during the day because the groundwater
temperature should be approximately 1-2 oC above the mean annual air temperature of the region
(Kasenow, 2000). The mean annual air temperature for Central Pennsylvania is 15 oC (National
Climatic Data Center, 2011). Therefore, one would expect groundwater to be between 15-17 oC.
Analysis of the results outlined above seems to contradict the primary hypothesis of this
project: that the clay sediments currently underlying the small streams in the Lake Perez basin
would prevent communication with the local groundwater. At a number of locations along the
length of the stream, points were located that displayed fairly consistent temperatures on a daily
basis (red arrows in Figures 3-7). In addition, water at these locations was warmer than the
surrounding water at night and colder than the surrounding water during the day. These
characteristics suggest that there may be a groundwater input at these locations, rather than an
especially sunny or shady spot. Many of the papers referenced in the introduction had similar
success locating groundwater inputs, and the determination of their positioning was based upon
the same principals utilized for this project (i.e. temperature characteristics) (Selker 2006,
Westhoff 2007, Lowry 2007).
Unfortunately, this project did not allow for any method to confirm that groundwater was
entering the stream at this point. Future research could be conducted in this area, first to
determine if ground-to-surface water communication is in fact occurring (utilizing dissolved ion
analysis, etc.), and then to monitor the effects of this interaction (contaminant/nutrient transport).
This would provide insight into the water transport mechanism in this area, and perhaps allow
civil engineers to prepare for a time when the reservoir is in use again. Two locations, at
approximately 270 and 300 meters along the length of the cable, were identified as areas of
special interest that displayed especially strong signals. Future studies could focus on these areas,
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expanding outward along the full length of the stream as more groundwater inputs are identified
and confirmed.
The other main question addressed by this project was the applicability of DTS
technology to environmental problems of this type. Although this type of device has been applied
to similar research projects in the past, it is still a relatively new utilization for DTS. After
completing the project I believe it would have been difficult to accomplish the goals of the paper
without this piece of technology. The spatial and temporal resolution offered would have been
nearly impossible to achieve with almost any offer method or device, and proved indispensable to
the completion of the project. Had more traditional methods been utilized, there would have been
large holes in the data collection or a prohibitive number of temperature sensors would have been
required. Despite the fact that DTS has been more traditionally used in mining and industrial
industries, there is great potential for the technology in environmental studies. Applications in
oceanography, limnology, hydrogeology, and soil science are varied and numerous, and I fully
expect to see more research utilize this unique tool in the near future.
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Appendix A
Weather Data for Select Dates
TIMESTAMP

5/30/2011 0:00
5/30/2011 0:10
5/30/2011 0:20
5/30/2011 0:30
5/30/2011 0:40
5/30/2011 0:50
5/30/2011 1:00
5/30/2011 1:10
5/30/2011 1:20
5/30/2011 1:30
5/30/2011 1:40
5/30/2011 1:50
5/30/2011 2:00
5/30/2011 2:10
5/30/2011 2:20
5/30/2011 2:30
5/30/2011 2:40
5/30/2011 2:50
5/30/2011 3:00
5/30/2011 3:10
5/30/2011 3:20
5/30/2011 3:30
5/30/2011 3:40
5/30/2011 3:50
5/30/2011 4:00
5/30/2011 4:10
5/30/2011 4:20
5/30/2011 4:30
5/30/2011 4:40
5/30/2011 4:50
5/30/2011 5:00
5/30/2011 5:10
5/30/2011 5:20
5/30/2011 5:30

Precip	
  in	
  Clearing	
  
mm	
  (10	
  min,	
  Sample)	
  
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

TIMESTAMP

9/6/2011 0:00
9/6/2011 0:10
9/6/2011 0:20
9/6/2011 0:30
9/6/2011 0:40
9/6/2011 0:50
9/6/2011 1:00
9/6/2011 1:10
9/6/2011 1:20
9/6/2011 1:30
9/6/2011 1:40
9/6/2011 1:50
9/6/2011 2:00
9/6/2011 2:10
9/6/2011 2:20
9/6/2011 2:30
9/6/2011 2:40
9/6/2011 2:50
9/6/2011 3:00
9/6/2011 3:10
9/6/2011 3:20
9/6/2011 3:30
9/6/2011 3:40
9/6/2011 3:50
9/6/2011 4:00
9/6/2011 4:10
9/6/2011 4:20
9/6/2011 4:30
9/6/2011 4:40
9/6/2011 4:50
9/6/2011 5:00
9/6/2011 5:10
9/6/2011 5:20
9/6/2011 5:30

Precip	
  in	
  Clearing	
  
mm	
  (10	
  min,	
  Sample)	
  
0
0
0.1
0.2
0
0.1
0.1
0.3
0.2
0.1
0.1
0.1
0.1
0.1
0
0.1
0
0
0
0.1
0
0.2
0.2
0.2
0.2
0.3
0.2
0.2
0.2
0.3
0.3
0.6
0.2
0.1
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5/30/2011 5:40
5/30/2011 5:50
5/30/2011 6:00
5/30/2011 6:10
5/30/2011 6:20
5/30/2011 6:30
5/30/2011 6:40
5/30/2011 6:50
5/30/2011 7:00
5/30/2011 7:10
5/30/2011 7:20
5/30/2011 7:30
5/30/2011 7:40
5/30/2011 7:50
5/30/2011 8:00
5/30/2011 8:10
5/30/2011 8:20
5/30/2011 8:30
5/30/2011 8:40
5/30/2011 8:50
5/30/2011 9:00
5/30/2011 9:10
5/30/2011 9:20
5/30/2011 9:30
5/30/2011 9:40
5/30/2011 9:50
5/30/2011 10:00
5/30/2011 10:10
5/30/2011 10:20
5/30/2011 10:30
5/30/2011 10:40
5/30/2011 10:50
5/30/2011 11:00
5/30/2011 11:10
5/30/2011 11:20
5/30/2011 11:30
5/30/2011 11:40
5/30/2011 11:50
5/30/2011 12:00
5/30/2011 12:10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9/6/2011 5:40
9/6/2011 5:50
9/6/2011 6:00
9/6/2011 6:10
9/6/2011 6:20
9/6/2011 6:30
9/6/2011 6:40
9/6/2011 6:50
9/6/2011 7:00
9/6/2011 7:10
9/6/2011 7:20
9/6/2011 7:30
9/6/2011 7:40
9/6/2011 7:50
9/6/2011 8:00
9/6/2011 8:10
9/6/2011 8:20
9/6/2011 8:30
9/6/2011 8:40
9/6/2011 8:50
9/6/2011 9:00
9/6/2011 9:10
9/6/2011 9:20
9/6/2011 9:30
9/6/2011 9:40
9/6/2011 9:50
9/6/2011 10:00
9/6/2011 10:10
9/6/2011 10:20
9/6/2011 10:30
9/6/2011 10:40
9/6/2011 10:50
9/6/2011 11:00
9/6/2011 11:10
9/6/2011 11:20
9/6/2011 11:30
9/6/2011 11:40
9/6/2011 11:50
9/6/2011 12:00
9/6/2011 12:10

0.4
0.6
0.3
0.3
0.2
0.2
0.1
0
0.1
0
0.1
0.4
0.2
0.2
0.1
0.2
0.4
0.2
0
0
0
0.2
0.2
0.2
0.2
0.2
0.2
0.4
0.3
0.2
0.2
0.5
0.3
0.1
0.3
0.2
0.2
0.3
0.2
0.3
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5/30/2011 12:20
5/30/2011 12:30
5/30/2011 12:40
5/30/2011 12:50
5/30/2011 13:00
5/30/2011 13:10
5/30/2011 13:20
5/30/2011 13:30
5/30/2011 13:40
5/30/2011 13:50
5/30/2011 14:00
5/30/2011 14:10
5/30/2011 14:20
5/30/2011 14:30
5/30/2011 14:40
5/30/2011 14:50
5/30/2011 15:00
5/30/2011 15:10
5/30/2011 15:20
5/30/2011 15:30
5/30/2011 15:40
5/30/2011 15:50
5/30/2011 16:00
5/30/2011 16:10
5/30/2011 16:20
5/30/2011 16:30
5/30/2011 16:40
5/30/2011 16:50
5/30/2011 17:00
5/30/2011 17:10
5/30/2011 17:20
5/30/2011 17:30
5/30/2011 17:40
5/30/2011 17:50
5/30/2011 18:00
5/30/2011 18:10
5/30/2011 18:20
5/30/2011 18:30
5/30/2011 18:40
5/30/2011 18:50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9/6/2011 12:20
9/6/2011 12:30
9/6/2011 12:40
9/6/2011 12:50
9/6/2011 13:00
9/6/2011 13:10
9/6/2011 13:20
9/6/2011 13:30
9/6/2011 13:40
9/6/2011 13:50
9/6/2011 14:00
9/6/2011 14:10
9/6/2011 14:20
9/6/2011 14:30
9/6/2011 14:40
9/6/2011 14:50
9/6/2011 15:00
9/6/2011 15:10
9/6/2011 15:20
9/6/2011 15:30
9/6/2011 15:40
9/6/2011 15:50
9/6/2011 16:00
9/6/2011 16:10
9/6/2011 16:20
9/6/2011 16:30
9/6/2011 16:40
9/6/2011 16:50
9/6/2011 17:00
9/6/2011 17:10
9/6/2011 17:20
9/6/2011 17:30
9/6/2011 17:40
9/6/2011 17:50
9/6/2011 18:00
9/6/2011 18:10
9/6/2011 18:20
9/6/2011 18:30
9/6/2011 18:40
9/6/2011 18:50

0.5
0.5
0.3
0.3
0.1
0
0.1
0.2
0.3
0.2
0.2
0.3
0.1
0.1
0.1
0
0.3
0.2
0.6
0.3
0.3
0.4
0.6
1
0.4
0.3
0.3
0.2
0.1
0.1
0.2
0.1
0.2
0.2
0.2
0.5
0.5
0.3
1
0.7

17
5/30/2011 19:00
5/30/2011 19:10
5/30/2011 19:20
5/30/2011 19:30
5/30/2011 19:40
5/30/2011 19:50
5/30/2011 20:00
5/30/2011 20:10
5/30/2011 20:20
5/30/2011 20:30
5/30/2011 20:40
5/30/2011 20:50
5/30/2011 21:00
5/30/2011 21:10
5/30/2011 21:20
5/30/2011 21:30
5/30/2011 21:40
5/30/2011 21:50
5/30/2011 22:00
5/30/2011 22:10
5/30/2011 22:20
5/30/2011 22:30
5/30/2011 22:40
5/30/2011 22:50
5/30/2011 23:00
5/30/2011 23:10
5/30/2011 23:20
5/30/2011 23:30
5/30/2011 23:40
5/30/2011 23:50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9/6/2011 19:00
9/6/2011 19:10
9/6/2011 19:20
9/6/2011 19:30
9/6/2011 19:40
9/6/2011 19:50
9/6/2011 20:00
9/6/2011 20:10
9/6/2011 20:20
9/6/2011 20:30
9/6/2011 20:40
9/6/2011 20:50
9/6/2011 21:00
9/6/2011 21:10
9/6/2011 21:20
9/6/2011 21:30
9/6/2011 21:40
9/6/2011 21:50
9/6/2011 22:00
9/6/2011 22:10
9/6/2011 22:20
9/6/2011 22:30
9/6/2011 22:40
9/6/2011 22:50
9/6/2011 23:00
9/6/2011 23:10
9/6/2011 23:20
9/6/2011 23:30
9/6/2011 23:40
9/6/2011 23:50

0.7
0.3
0.7
0.6
0.2
0.4
0.3
0.3
0.2
0.1
0
0.4
0.7
0.6
0.3
0.1
0.1
0.2
0.1
0.4
0.3
0.2
0.1
0.1
0.1
0
0
0
0.1
0.2
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