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Annual reporting of environmental monitoring can
nual report.

challenge one to find something interesting to discuss
when there has been little apparent change from the
previous year. This is one reason why our committee
decided to feature a thematic topic in each of our recent

annual reports. In this report we examine the leegm  nsortunately, we do not have a lorigrm record of TSS.
record of stream flow and water quality data that has
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gage, which is about one mile downstream of impairment in certain.reaches of Spring. Creek, Since
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on this site because it has the longest continuous data |\ 5ter sites in the watershed, but this record is not long
record in the watershed and represents about 60% of theenough to reveal possible trends.

surface area of the watershed. Our preference would
have been to describe stream flow and water quality at
Milesburg, but the water quality record from that site is
only 11 years long.

One of the water quality variables we would have liked to
examine is total suspended solids (TSS), i.e., how much
sediment is being transported by Spring Creek.

Longterm data sets, like those from the Axemann gage,
are invaluable in understanding how our water resource
are changing. We expect the U.S. Geological Survey to
continue monitoring at this site, and their data combined
with ours, which has a much more comprehensive
geographic distribution, will help to ensure that
municipal officials are in a good position to make sound
management decisions.

—
i
O
=
ﬁ
>
D
o
-

Much of the data and discussion in this report were first
compiled for a manuscripon Spring Creek that is now in
production and should be available this fall. We added
an additional four years of data and reanalyzed the
records. The conclusions remained unchanged: (1)
stream flow and groundwater levels do not seem to have

been substantially influenced by development over the

past 60 years; (2) the pH and alkalinity at this site have

not declined owing to acidic deposition, (3) phosphorus $ﬂ{ (O .
concentrations are much reduced from historic levels; (4)

nitrite and ammonia, which are linked to poorly treated

wastewater, are barely detectable; and (5) nitrate

concentrations remain elevated. Much of the

improvement in water quality over the past 60 years can

be traced to fewer wastewater discharges and efficient ! Carline, R. F., R. L. Dunlap, J. E. Detar, and B. A. Hollender. 2010
treatment by the existing plants. We focused on The Fishery of Spring Creel Watershed Under Sieg@ennsyl-
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The longterm data set being amassed by the WRMP
provides the means to detect changes in the quantity
and quality of surface waters and groundwater in the
Spring Creek watershed. The type and quantity of
information collected by the WRMP is unique for a
watershed of this size. Measurement of the conditions
within the Spring Creek Watershed will be useful in the
management of this resource for years to come.

In addition to an irdepth look at the Axemann gage, this
report also reviews trends in water quality and quantity
throughout the Spring Creek Watershed in 2009. Daily
stream flow and temperature, as well as quarterly water
quality data, are available upon request by contacting
{LINXyYy3 / NBS|T R24yadNBIY 27F (KS theEWatery Resourdes WSritdking ARrdjesNNMayiaer,
Paradise (credit: S. Knorr) Brianna Hutchison, at (814) 28200.
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Water Resources Monitoring Project (WRMP) 2009
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Gage: Longerm Water Resource Monitoring in the

Spring Creek Watershedxamines trends in the water

quality and flow of Spring Creek at the United States

DS2t23A0Ft {dzNWSeQa ' ESYlLyy 3F3Aay3 adalirzy 208N (KS
past 68 years. Lorgrm data sets are invaluable to

scientists and land use planners as they struggle to strike

a balance between natural resource conservation and

growing human populations. By comparing historical

stream flow and water quality data to current conditions,

it is possible to identify changes that may have occurred

over time and attempt to correlate them with human

activities in the watershed.
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Contributed by WRMP committee chair Bob Carline (PA Fish and Wildlife Cooperative Research Wnigfitési(s

When hydrologists and water quality specialists attempt annual precipitation, which has ranged from 29 inches to
to assess the status of a stream they often look back oves9 inches and averaged 39 inches per year over the
longterm, historic records to first determine how flow  period of record. Despite some rather large y&ayear

and water quality may have changed through time. variations in stream flow, there is no indication that
These retrospective analyses can be useful when flows have either increased or decreased over this perioc
correlated with land use changes and other of record.

developments to see which human activities may have
either improved or degraded water quality and stream One concern with increased development and increased
flow. For many watersheds, good leteym records are  groundwater withdrawal is a reduction in stream flow.
scarce. We are fortunate here in the Spring Creek These data suggest that mean daily flow has not been
watershed because we have continuous stream flow  influenced by development or groundwater withdrawal.
records spanning more than 60 years and water quality Reduction in infiltration and groundwater recharge is
data for nearly as long. another concern with development, particularly the
increase in impervious surface area. Impervious surface
The longest record of stream flow and water quality in  like parking lots and roofs do not allow runoff to
the watershed is from the Axemann gage on Spring
Creek, which is about one mile downstream of

CAGKSNNFYQ& t I NFRA&ZS | yR o —o "
Hatchery (see Figure 7, page 15, for WRMP sampling 160 | precpitation 60
locations). The U.S. Geological Survey (USGS) installe 140 1 - 50
the first permanent stream gaging station in the 120 - o .
watershed at this site in 1941. This gage is about1.5 & 100 2
miles from the village of Axemann, from which it takes i 80 | 30 f
yIEYSo lo2dzi cmwr» 2F GKS ¢ 60 L 2
m?) is upstream of this gage, making this site a good 40 -
indicator of average watershed conditions. 20 - 10

0 T rr+ O
Annual mean daily flow at this gage has varied EE00REEEEEEEEERECC82EE

considerably over the past 67 years. It has ranged from a_ _ _ _ _
low of 43 cubic feet per second (cfs) in 1965 to a high of Figure 1 Mean daily flow in cubic feet per second (cfs) of Spring C

) . ., . atthe Axemann gage and annual precipitation in inches from the P
172 cfs in 2004 (Figure 1). The average for the period is sylvania State University weather station in State College from-194

96 cfs. This variation in stream flow reflects changes in  2009.

abeo uuewaxy ayl e spuall wia1buo

2009 State of the Water Resources in the Spring Creek Watershed



D
(@)
®
O
C
c
®
-
()]
x
<
D
e
=
=
M
(7))
©
c
=
I_
&
| -
D
=
(@)
-
@)
—

cfs

90 Before the Pennsylvania Department of Environmental
80 - Protection and its predecessor, the Department of

70 - Environmental Resources, were organized, the

60 - Pennsylvania Department of Health conducted water

quality sampling. Quarterly sampling at the Axemann
gage began in 1950. Samples were analyzed for
constituents that are of concern when mine drainage is
present, including pH, alkalinity, acidity, aluminum, iron,
and sulfate. In 1972 the state increased the number of
compounds included in the analyses; among these were
phosphorus, nitrate, nitrite, and ammonia. The USGS has
recently taken over water quality sampling at the

Figure 2 The 7day low flow in cubic feet per second (cfs) of Spring Axemann gagg. Data from th|§ site can be downloaded
Creek at the Axemann gage from 192009. Data compiled by L. from the following USGS website:

Fennessey. http://nwis.waterdata.usgs.gov/usa/nwis/qwdata. The
site number for Axemann is 01546500.

50 -

40 -

30 4
20 +
10 -

infiltrate, resulting in decreased groundwater recharge.

If current groundwater levels and discharges from The limestone bedrock underlying the Spring Creek wa-
springs to the stream are less than historic levels owing tershed produces alkaline groundwater; hence, the pH at
to reduced infiltration, one would expect to see reduced the Axemann gage is nearly always above 7.0, which is

stream flows during dry periods. The entire stream neutral. The longerm average pH is 7.9. During sunny
discharge would consist of groundwater inputs during  summer days when aquatic plants and algae are actively
these periods. photosynthesizing carbon materials, they take up carbon

dioxide from the water. As carbon dioxide
One statistic that describes low stream flow conditions isconcentrations decrease, the pH of the water increases
the 7-day low flow, which is simply the lowest average and may approach a value of 9.0. During a single day, pH
7-day stream flow during an entire year. If groundwater can vary by as much as 1.5 units; therefore, average
levels had been declining since 1942, we would expect values for pH are the best measure to use. Since 1962
the 7-day low flow to decrease with time. But, in fact, the average stream pH at the Axemann gage has
the 7-day low flow has increased slightly from 1942 to  remained at the same level.
2009 (Figure 2) rather than decreasing. These data
suggest that groundwater levels on average have not  Another water quality variable related to pH is alkalinity,
declined over the past 60+ years. GKAOK A& I YSFada2NBE 2F 4 §SNDa
ability to resist change in pH. Alkalinity is similar to water
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Figure 3 Total alkalinity in milligrams per liter as CaQ@y/L as Figure 4 Concentrations of total phosphorus (milligrams per liter) i
CaCg@) of Spring Creek at the Axemann gage from 12804. Data Spring Creek at the Axemann gage from 192@29. Data available
available from the USGS website at from the USGS website at http://www.nwis.waterdata.usgs.gov/usa
http://www.nwis.waterdata.usgs.gov/usa/nwis/qwdata. nwis/qwdata.

hardness and both are often expressed as milligrams peiThe most dramatic change in water quality variables at
liter of calcium carbonate. Since 1950, the longterm  Axemann has been in phosphorus, a plant nutrient of
average alkalinity at Axemann has been 178 mg/L as  much concern. Concentrations of total phosphorus
calcium carbonate, which would be classified as hard  declined from 0.63 mg/L in 1971973 to 0.045 mg/L in
water. A notable trend in alkalinity has been the gradual 2007-2008, a 93% reduction (Figure 4). Several factors
increase from 1950 to present (Figure 3). This change inhave contributed to this decline. The diversion of treated
alkalinity may reflect an increase in water withdrawal  effluent from the Penn State University wastewater
from alkaline wells for household use and subsequent treatment plant to spray irrigation in 1983 eliminated a
treatment and disposal to the stream via wastewater major source of nutrients to the stream and, more
treatment plants during the past 50 years. In the first  recently, the closures of treatment plants at the
half of the 2¢" century, more residents were relying on  Rockview State Correctional Institution and Ferguson
surface water supplies, which typically came from soft Township have further reduced nutrient loading. The
water sources on the sandstone ridges. These small  major wastewater discharger in the upper Spring Creek
water systems have now been mostly replaced by large basin, the University Area Joint Authority (UAJA), has
water authorities that rely on wells that draw water from been using tertiary treatment to remove phosphorus
deep in the limestone bedrock. from its discharge since the plant began operations in
1969. Hence, all of these changes have contributed to
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wastewater treatment plants and fish hatcheries, and

90 from groundwater. During periods of base flow
80 1 : groundwater contributions can be significant. For
701 . example, in 2006 mean concentrations of nitrates were
3 ‘:z Py T r e el It 4.7 mg/L in the Linden Hall Park Spring, 5.7 mg/L in Axe-
M1 eee Y ce %t * P * M :‘ * L H 1 1
w0 SEI R e ey SIS A & mann Spring, and 4.0 mg/L in Benner Spring. Thus, even
AT ry > P *e, 3 * ‘0, . o . . . .
o | te S er ~*..°t.";o,‘.-.'.‘;" :* .";‘ “pe TPy if discharges and runoff were completely eliminated,
: ‘e - * . ., ¢ . * . . . .
50 | AR ¢ . .o nitrate concentrations would still be substantial because

10 1 . of the groundwater contribution.

*

0.0

In summary, these analyses of stream flow and water
quality represent mostly good news. Flow can vary

Figure 5 Concentrations of nitrate in milligrams per liter (mg/L) in greatly from year to year but it seems to be directly tied

Spring Creek at the Axemann gage from 19008. Data available (O precipitation_rather than deVGlOpment_Or
from the USGS website at http://www.nwis.waterdata.usgs.gov/iusagroundwater withdrawal. The pH of Spring Creek has
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nwis/qwdata. remained high throughout the period of record, unlike
many streams with sandstone bedrock that have shown
reduced phosphorus loading in Spring Creek. declines in pH owing to acid rain. Concentrations of

phosphorus are now at alime lows, as are
The other nutrient of concern, particularly here in the  concentrations of ammonia and nitrite. Nitrate

Susquehanna Riw&hesapeake Bay Watershed, is concentrations remain elevated and because of long
nitrogen, which can occur in several forms. Nitrite and term inputs of nitrate to groundwater, this nutrient will
ammonia may be detectable when poorly treated continue to be problematic. While most of these flow
wastewater is discharged into a stream. In 1972, when and water quality variables have been improving, there
nutrient testing was first initiated, concentrations of are signs of impairment in some stream reaches where
nitrite and ammonia each averaged about 0.1 mg/L. biological indices have been examined. The likely culprits

Since then, these two compounds have been steadily are excess sediments and possibly higher nutrient
decreasing and in recent years concentrations have beemoncentrations at certain times of the year. Better

so low that they are usually not detectable. However, management of nofpoint source pollution (urban and
most soluble nitrogen occurs in the form of nitrate. agricultural runoff) may be required before we see
Concentrations of nitrate can vary from day to day, but further improvements in biological indices.

the long term average (4.1 mg/L) has been remarkably

stable since 1972 (Figure 5). Sources of nitrate include Lastly, this overview of long term trends provides an
runoff from urban and agricultural areas, discharges fromnstructive lesson on the value of sustained monitoring
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efforts. Spring Creek, like most other streams, can
experience rather large variations in flow and particularly
chemical constituents from week to week or month to
month. Examining results from water sampling is like
examining the behavior of the stock market over a short
period of time¢ it is nearly impossible to detect trends
unless one looks at a long record. If one took g/&ér
record for nearly any flow or water quality variable and
described a likely trend, the conclusion might be rather
different than if one were able to examine the entire
60-year record. This is one of the uncomfortable facts
intrinsic to environmental studiesthere is simply no
good substitute for longerm monitoring.

Spring Creek at Axemann (credit: S. Knorr)
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