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must be developed prior to the imple- pastured. Cooperation from each farm
mentation of fencing in one of the basins.operation is critical to the objectives of

The objective of this fact sheet is to the study.
describe the study design of the project
and to evaluate the effectiveness of the
paired-watershed component of the

The Pequea Creek and Mill Creek
Basins within Lancaster and Chester
Counties in Pennsylvania have been
identified as areas needing control of
nonpoint-source (NPS) pollution to

Two adjacent basins comprise the
study area. Basins are similar in land use,
climate, topography, and geology. The

improve water quality. The two basins

project by presenting preliminary find-

are a total of approximately 200 square ings.
miles and are primarily underlain by car-

bonate bedrock. Land use is predomi- ) )
The study area is a 3.2 square-mile

stream channel will be fenced in pasture
areas in one basin (treatment basin),
while the other basin (control basin) will
not be fenced. The treatment basin,

nantly agriculture. The most common

agricultural NPS pollution-control prac- Watershed (fig.1) within the Mill Creek which covers 1.4 square miles and

; ; ; includes 2.8 stream miles, contains about
tices implemented in the Pequea Creek Basin. Land use in the study area is abou?so dai Th trol basin. which
; : 80 percent agricultural; the remaining airy cows. The control basin, whic
and Mill Creek Basins are barnyard-run- - ' k ' - :

: land uses are either urban, residential, grovers 1.8 square miles and includes 2.7
off control and streambank fencing. To ial. Agricultural land in the  Stream miles, contains about 250 dairy
provide land managers information on €ommercial. Agricultural land in the cows (fig. 1)
the effectiveness of streambank fencingPasin is used primarily for dairy-cow e
in controlling NPS pollution, a study is Pasture and hay and corn production. Presently, the majority of dairy cows
being conducted in two small paired Approximately 12 farming operations in both basins have unlimited access to
watersheds within the Mill Creek Basin. are located within the study area. Farm-stream channels in pastured areas. Begin-

ers provide nutrient-application data anching in fall 1996, fencing on the treat-
information on when the dairy cows are ment basin will be installed along 1.6

The objective of the project is:

To evaluate the effect of stream-bank
fencing of pasture land on surface-
and near-stream ground-water
quality within a small watershed
underlain by carbonate bedrock.

PENNSYLVANIA

To attain the project objective, the
hydrology and water quality of the study o
area needs to be characterized and qua/]

. . . . . 0.5 KILOMETERS
titative relations between paired basins

A cooperative effort between the U.S.
Geological Survey (USGS) and the
Pennsylvania Department of Environ-
mental Protection (PaDEP), this project
supports the study initiative of the U.S.
Department of Agriculture within the
Pequea and Mill Creeks Hydrologic Unit
Area. The project is funded by PaDEP
through the National Monitoring
Program (NMP) of the U.S. Environ-
mental Protection Agency (USEPA).
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Figure 1. Location of study area and number
of dairy cows in the control and treatment
basins.

The NMP stems from Section 319 of

Time period

Basin

the 1987 amendment to the Clean

1996

‘ 1997 1998 1999 2000 2001

Water Act. The NMP was developed to
document the effects of NPS pollution-
control measures and associated land-
use modifications on water quality
(Osmond and others, 1995).
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Figure 2. Time line of fence installation
along stream channel in pastured areas of
treatment and control basins.



miles of stream channel adjacent to pasStormflow samples are collected
tures. Fencing will be completed by earlythroughout the year.

Table 2. Description of water-quality sampling
sites in study area and use of data in project

. 4 . desi

spring 1997 (fig. 2). The buffer strip esion
Sampling -

btetweerg thek fe_rlllcl;e aln(t)j igefedtge of th(;.1 A paired-watershed comparison of oo Description Data use
s'ream ank will be 19- e? on eac . water-quality characteristics at the out- c-1 Outlet of control Compare to T-1
side of the stream. Post-fencing data will|gts of the treatment (T-1) and control (C- basin and T-2 for
be collected through the year 2001. 1) basins will be made before and after el

fence installation in the treatment basin. 1 Outlet of treat- Compare to C-1

. Three other surface-water sampling ment basin for paired-

A study design was developed that  gjteq are located within the treatment ‘;vr?;?yr:gegnd
documents changes in surface-water anfagin At the most visually degraded site T3 for
ground-water systems that could result (T-2), which drains 0.36 square miles gpstream/

. - . ) : ) ownstream
from streambank fencing. This will be  g515 collected before and after fence analysis
accomplished by collecting chemical, instajiation will be compared to data T2 Visualy Compare to
physical, and biological data in the study¢,om c-1 to determine changes in water degraded C-1 for paired-
basins i upstream watershed

. quality (table 2). Upstream of T-1 and T- tributary site in analysis

The primary approach to determine 2, a surface-water site (T-4) was installec treatment basin
effects of streambank fencing on surfaceto determine the effect of a new (con- T3 Upstream sitein  Compareto T-1
water quality is a paired-watershed struction began 2 years after initial data located above dowhetream
analysis. Secondary approaches to docwollection for the study) residential most pastured analysis
ment water-quality changes include col-development on water quality. One site land

T4 Upstream Used to charac-

lecting pre- and post-fencing data at site{T-3) is located above most pastured are
within the treatment basin and monitor- and will be compared to T-1 in an
ing of sites upstream and downstream ofipstream/downstream design to deter-

tributary site in
treatment basin
located down-

terize effects of
new residential
development.

. . . . stream of new Changes in
fence installation. Ground-water wells mine effects of fencing. residential water quality
were also installed in the treatment basin development me:jy Taflfect T-2

an E

to document effects of riparian vegeta-

tion on shallow ground-water quality. The effects of streambank fencing on

Surface-water samples are collected ground water near the stream is being and outside of the (proposed) fenced
every 10 days from April through evaluated at two locations (T1 and T2) riparian buffer strip (table 3).
November (table 1) because this is the within the treatment basin. At each loca-
time when dairy cows and heifers are tion, four wells were drilled and com- Data from water samples collected
pastured. Monthly base-flow samples arepleted at different depths to monitor from wells within the proposed riparian
collected the remaining part of the year. water quality and hydraulic head within puffer will be statistically compared to

Table 1. Data collection in study area
[NA, not applicable]

Source Type of data Data collected? Sites ;—éﬁp?ef Frequency of data collection
Total and dissolved nutri- Every 10 days, April -
ents, suspended sedi- T-1, -2, T-3, T4, C-1 Fixed November; monthly,
Chemical and physical ment, field measurements December - March
Total and dissolved nutri- 5
ents, suspended sediment T-1, -2, T-4, C-1 Stormflow 15-20 storms per year
Surface water T-1, T-2, T-3, Monthly, January -
i X Fecal streptococcus Base flow
Biological T-4,C-1 December
Benthic macroinvertebrate  T-1, C-1, and upstream sites Base flow May and September
. T1, T7-2, T4, C-1 NA Continuous
Flow Discharge -
T3 NA Intermittent
Dissolved nutrients, field
Chemical measurements, and alka-  Nest of 4 wells at T-1, Fixed Monthly, January -
G g linity nest of 4 wells at T-2 December
round water Biological Fecal streptococcus
Water level Depth below land surface Nest of 4 wells at T-1, NA Continuous
nest of 4 wells at T-2
Number of cows and time in All farms in the treatment
Agricultural activity Physical pasture, nutrient applica- and control basins NA Continuous
tions to farm land
Precipitation Physical Quantity T1 NA Continuous

1 Total nutrients—ammonia plus organic nitrogen, phosphorus; dissolved nutrients—nitrite and nitrate, ammonia, ammonia plus organic nitrogen,
phosphorus, orthophosphorus; field measurements—pH, temperature, specific conductance, and dissolved oxygen.

2 Samples are collected by automatic samplers during the entire storm event. Flow-weighted composite storm samples are submitted for analyses.



data from control wells outside of the samples can be determined. Such pre-

buffer to evaluate streambank-fencing FIXED TIME ~ STORM COMPOSITE treatment analysis can be used to guide
effects on ground-water quality. In addi- _ Streamflow post-fencing sampling procedures. Atthe
tion, samples from the wells will be used 3 100g ©® @3 3 1201 4 @5 . end of the post-fencing period, analysis
to help explain observed changesin z% | : R B L of covariance will be applied to the
base-flow stream quality before and aftef & ¢ % ] 8 ] regressions developed for before and
fencing. Water-level measurements wﬂl% E 1;’ I%I EY o ] after treatment to determine the effect of
show the hydraulic potential for ground-s  o1f 165 082 3 ;‘g: 1] streambank fencing on water-quality
water movement toward and away from" 3 001f—1 T I il ] constituents. This procedure is discussed
the stream, which will aid in the interpre- 3 Suspended sediment thoroughly by Clausen and Spooner
tation of the stream-chemistry data. P ) R L) B L B CL) (1993). Regression equations developed
sk * 1 condk ] for data from storm-composite and fixed-
This section focuses on the paired- I | %% 488 376 ] time samples collected from 1993 to
watershed approach to the study design.¢ sool 425 140 | 4000 . O 1995 at the outlets of the control and

treatment basins for all nutrients listed in

Chemical, physical, and benthic-commu- '_ I é E!:l 17T EIEI é ] table 1 and suspended sediment were sig-

nity data presented here were collected « o

0

from T-1 and C-1 from June 1993 § Total phosphorus nificant at an alpha level Of, 0.05. .
through December 1995, during the pre-= ,, ©5 (69 oD (44 As an example, regression equations
fencing time period. g f ] L 077 0.90 | for both storm-composite and fixed-time
=R 1L .. samples developed for the concentration
S o5 004 0067 L o of suspended sediment for T-1 against
Data collected at the outlets of control 2 [ A . the concentration of suspended sediment
nd treatmen ins from 1 1 zZ [ 3 ] % I% - in fi i
indicate that concentrations of total it £ 22221 oo Rior e st !
' ) g Total nitrogen adjuste(_j for the storm-composite
gen and phosphorus (fig. 3) in stream- £ 65)  (66) @2)  (49) regression and the actual distribution of
flow were similar at T-1 and C-1. 8 R ™ data indicate less variation for the storm-
Nutrient concentrations from the study 3 b 102 116 3 E5% 695 composite data relative to the fixed-time
area are relatively high compared to con© % i 1 T ] data. The lower the variability in pre-
centrations for other water-quality sites |} o ‘#‘ 1 wof él ] treatment data, the better the likelihood
within the Chesapeake Bay drainage S N : = ] of detecting significant changes in water
basin (Langland and others, 1995). o= o———= quality after the fencing has been
R(;B?refﬁlon eqfuatlpns will bdetde(;/etl_ SITE SITE installed. Therefore, it appears that there
oped for the pre-tencing period to deter- . is a better likelihood of detecting a
mine if nutrient and sediment concen-  BXPLANATION g;ggi:grzé Rargesof  significant change in suspended-sedi-
trations in streamflow at the outlets of the observations  concentrations of ment concentrations from storm-com-
treatment basin (T-1) are statistically 138 getd‘a” Iva'“e «ige NUtrients and posite samples than from fixed-time
related to those same constituents mea- ?hivl%%fin%”gs&ﬁ suspended sedimentfor  samples collected at the outlets of the
sured at the outlet of the control basin 90'1?;2':;?”6 géi:jpggteeasg%sgloersm treatment and control basins.
(C-1). If relations between the two out- Upper fourth collected from 1993 « Based on preliminary analysis of
lets are not significant, there is no chance Median through 1995 at outlets sorm-composite and fixed-time data
of detecting a significant change in water Lower fourth of control (C-1) and the st mg kfenci iact within
quality caused by fencing. If relations are 10th percentie  treatment (T-1) basins. € streambank 1encing project within

the Mill Creek Basin can progress
forward with fence installation in the
fall of 1996. Statistical relations
evident between the outlets of the

significant, then the likelihood of detect-
ing a change based on a fixed number of

Table 3. Description and use of data for ground-water monitoring wells in treatment basin control and treatment basins will
Description allow for the detection of any
Well depth, in feet below ianifi i - i
land surface / and open Relative depth of Location of well Data use S|gn|f|_cant changes in water qua“ty
interval, in feet ground-water relative to fenced constituents caused by streambank
sampled buffer fencing.
Well Nest at T1
6/1 Shallow Inside Comparison to control well before ) )
12/1 Shallow Inside and after fencing Benthic-macroinvertebrate samples
8/1 Shallow Outside Control well are used to indicate the overall health of
100/83 Deep Inside Characterization of regional the stream. Two metrics of invertebrate
round-water quality and . .
ﬁydraunc hea(? Y community health will be used, the EPT/
Well Nest at T2 Chironomidae abundance ratio and taxa
6/1 Shallow Inside Comparison to control well before richness. The EPT/Chironomidae abun-
7n Shallow Inside and after fencing dance ratio compares the relative abun-
<t Szl Cuiztlz i) el dance of three orders of aquatic insects
63/43 Deep Inside Characterization of regional

ground.water quality and (Ephemeropte_ra?lecoptera, andri-
hydraulic head choptera), which require clean water, to a
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Figure 4. Concentrations of suspended
sediment at the outlet of the treatment basin
(T-1) as a function of the control basin (C-1)
for storm-composite and fixed-time samples
collected from 1993 through 1995.

family of aquatic insects (Chironomi-
dae), which is generally tolerant of
degraded water quality. Thus, the highe
the metric score, the better the water
quality. Taxa richness is simply the total
number of taxa present. Generally, large
taxa richness values denote better wate
quality (Plafkin and others, 1989).

Water-quality criteria are applied to
streams based on the uses designated
that stream. Designated uses for strean
in the Pequea Creek and Mill Creek
Basins include warm-water fishes, cold-
water fishes, trout stocking, and high
quality waters (Pennsylvania Departmer
of Environmental Resources, 1994). By
comparing the EPT/Chironomidae abur
dance ratio or the taxa richness score t

of impact as discussed by Bode and othC€lausen, J.C., and Spooner, J., 1993, Paired

ers (1993) was used as a guideline for
converting the biological data into terms
that are in accordance with NMP guide-
lines. A fully supported stream would

support all the typical uses for that water

body. A partially supported stream is

somewhat degraded and thus would not
support all the typical uses for that water

body (U.S. Environmental Protection
Agency, 1991).

The metrics used to measure commu-

nity health indicate that the designated

uses within the treatment basin at T-1 are

fully supported; however, within the con-
trol basin at C-1, the EPT/Chironomidae

watershed study design: U.S. Environmental
Protection Agency, 841-F-93-009, 8 p.

Langland, M.J., Lietman, P.L., and Hoffman, S.,
1995, Synthesis of nutrient and sediment data
for watersheds within the Chesapeake Bay
drainage basin: U.S. Geological Survey
Water-Resources Investigation Report 95-
4233, 121 p.

Osmond, D.L., Line, D.E., and Spooner, J.,
1995, Section 319 National Monitoring
Program -- An overview: NCSU Water
Quality Group, Biological and Agri-cultural
Engineering Department, North Carolina
State University, Raleigh, North Carolina,
13 p.

abundance ratio indicates the designateflennsylvania Department of Environmental

uses are fully supported but threatened
(fig. 5).
Macroinvertebrate-community

Resources, 1994, Pennsylvania Code Chapter
93. Water quality standards: Bureau of Water
Quality Management, 212 p.

metrics indicate that designated useg’'afkin. J.L., Barbour, M.T., Porter, K.D., Gross,

of the stream are fully supported
within the treatment basin at T-1.
Therefore, improvements in water
quality following streambank fencing
will be difficult to document at this

site using these metrics as indicators
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Figure 5. Benthic-macroinvertebrate metrics
for samples collected during spring and fall
1994 and 1995 at outlet of control and
treatment basins.

scores from reference stations, an evaluu-
tion is made about the ability of the sam-
pling site to support its designated UseSg,4e R W Novak M.A. and Abele. LE. 1993 Denver, Colorado 80225-0286I

For this study, because reference sta-

tions are not available, best professional
judgment was used to designate levels of
stream health. The typical four-tiered
classification system based on the level

August 1996

20 year trends in water quality of rivers and
streams in New York state based on

S.K., and Hughes, R.M., 1989, Rapid
bioassessment protocols for use in streams
and rivers: U.S. Environmental Protection
Agency, EPA/444/4-89-001,

176 p.

U.S. Environmental Protection Agency, 1991,
Watershed monitoring and reporting for
section 319 national monitoring program
projects: U.S. Environmental Protection
Agency, Office of Water, Washington, D.C.,
112 p.

All water-quality and water-quantity
data collected for this study are pub-
lished in the USGS Annual Data Reports
for water years 1994 and 1995 for the
Susquehanna and Potomac River Basins.
If interested in these reports, please con-
tact the following:

U.S. Geological Survey

840 Market St.

Lemoyne, Pennsylvania 17043
(717) 730-6900

Copies of this fact sheet can be
purchased from:

U.S. Geological Survey
Branch of Information Services
Box 25286

For additional information about USGS pro-

macroinvertebrate data 1972-1992: New York9'ams and activities in Pennsylvania, please

Department of Environmental Conservation, visit our web site at:
196 p. http://wwwpah2o.er.usgs.gov/
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