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Qualities of spring -waters of Clarke County whe re biosolid

materials were applied as fertilizer to karst landscapes.
Webb, W., R. Marzolf, K. Andersen, B. Sawyer, A. Teetor
Report No. 0001 -2014. Friends of the Shenandoah River

Abstract

Here we examinethe nitrogen and phosphorus yields of 1&prings in the
karst areas of the orthern Shenandoah Valley. We documetihe nutrient yield at
base flowand report the yield differences from springs proximal to and distant from
the application of bbsolids applied as fertilizer to agricultural land. The objective
wasto gain perspective on the ground water contribution of nutrients to the spring
creeks of the northern Shenandoah ValleySprings were selected to sample rather
than wells because the water flowing from springs represents conditions from
larger area than most wells ould represent, usually yield the youngest water in the
aquifer, and comprise the water that is the source oflow in surface streams.

We observed as may parameters characterizing water qualities as time and
resources could allow; thus sacrificing numbers of samples f@ossible effects on
spring-x AOA OGS O 1 O Guekeditof thekehiellniday observationsand
comparisonssuggest that he con@ntration of nutrients in the flow of individual
springs did not vary with time, though there were differences among springs with
different proximities to biosolids application and the fraction of the spring
watershed underlain by karst.

Introduction

In recent decadeswith the growth in population and the consequent
intensification of agriculture, the increased production of waste products has
emerged as a source of several troublesome issst The pollution of surface waters
by nitrogen and phosphorushas led to eutrophication of freshwater lakes and
reservoirs. With the transport of nutrients downstream, coastal estuaries such as
Chesapeake Bay have been daged severely to the extent thatitizen concern has
begun tocall for corrective actionthat includes management activityin watersheds
far inland. Sewage treatment, i.e., composting and microbial decompositioh
various manuresOA OO01 O ET OEA DPOT AOCAOQCETT 1T &£ .A
The applicationof biosolids from these digestive processesto agricultural lands as
fertilizer has been a promisingpotential innovation. Biosolids are rich in organic
matter and nutrients yielding potential soil building capabilities. The downside risk
of applying nutrients centers onits effects on water resources. Theentral purpose
of this study was to examine some of these effects in karst geological situations
where the interaction of ground water and surface water underpins much of the
hydrological complexity.

OAOEAOQ.
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The Spout Run example

Spout Run is atype example ofakarst watershedin Clarke County inthe
Shenandoah Valleylts drainage basin of 21.4 sgare milesis entirely karst
(carbonate); with characteristic fracture zones,frequent sinks and springs and
fewer surface streams thanhe adacent less permeable metamorphic and
siliciclastic formations. Flow from springsis nearly a direct connection to the
ground water; that is,ground water, emerging to the surface in spring flow,
accounts for up to ca. 80% of the stream flow. Precipitatn infiltrates rapidly with
only 2- 4% of rainfall appearing as runoff, and, dependingrovegetation and season,
up to 70% of rainfall is returned to the atmosphereby evapotranspiration. The
upshot of this hydrogeologicalconfiguration is that base flowis sustained andflood
peaksare muted. Thecentral purpose of the studywasto examine the role of
ground-water transport of nutrient constituents of biosolidswhen they were
applied to lands near springs A general finding of the chemical analyses wasat
changes through time were minor in any one spring; while the differences were
observed to be among the various springs. Gendsathe nitrogen concentration
was higher in spring flow from springs proximal tobiosolid application areas.Total
Kjeldahl nitrogen (organic), ammonia and nitrite concentrations were below the
limit of detection.

Methods
Application of biosolids to the landscape.

The transport of nutrients from biosolids applied to the land is mediated by
the infiltration flow of water to ground-water aquifers and, subsequently, to springs
in karst areas. Detailed description of such flow patterns arenot understood. Using
GIS techniqueshe land area surrounding the springof interest wasrepresented by
concentric circles of one, two orthree square milesper cfswith the spring at the
center (seeAppendices 3.417 3.123)
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CLIFTON FARM SPRING LAND COVER

Figure 1. Example map of land use:
in the springshed of one of the
springs in this study. Additioral
maps are shown in the appendices;
A3.4to A3.13

Descriptions of theparcels of land that received biosolid treatment wereetrieved
fromOEA OAAT OAO 1 Aermitiind\ptoEeks (sedafpendix/AB Q. These
data were used in GIS analyses of maps of the land uses in the Clarke Coargs of
the Shenandoah Valley.

Thelands that received biosolid amendment were chosen according to this
permitting process and overlaid other land use categaes. (See @pendix A6.2) for
criteria and for the rules that govern theapplication process. This wasnot a precise
manipulation in any experimental sense; furthermore, tere could beno designed
controls in the statistical senseThus, while we attempedto achievea quantitative
comparison of nutrient yield by measuring the land areas defined bg few
independent variables, i.e.geology(karst or non-karst), biosolids application
(applied or unapplied),vegetation, (forest orfields) and land use (urban offields),
unfortun ately, the attempt wascompromised by small sample sizes, uncertain
independenceof the measurel variables, and heterogeneous permeability.This is
candidly an attempt to make use o&vailable data to sort out the complexity of
nutrient loading in this tributary setting. Conclusions are preliminary.

Field sampling methods

Each of ten springs was sampled 6 times between February and October in
2013. Spring locations are shown on Map 1. and sampling dates are indicated by
vertical bars onthe time axis of theSpout Run hydrograph in Fig
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Two of the study springs a USGS8bservation well, and a USGS stream gage
are located in the Spout Run drainag&.he samping dateswere chosen to
approximate a monthly frequency and a base flow hydrologic status€cach spring
was sampled six times at base flow over a sevemonth period from February 25, 2
2013 to October 28 2013. The sampling sites are avn on Map 1. Thesampling
datesare plotted in figure 1 along with the flow of Spout RunSGS 01636316
SPOUT RUN AT RT 621 NEAR MILLWOOD, téAshow that the samples were
collected during periods of base flow.Grab sampledor chemical analysis othe
springsd  x Awerk Eollected atthe centroid of the spring as itemerged at the land
surface before the formation of a channel or spring rurrhe objectivewasto
minimize the effects of surficialor in-channelprocesses on the sample; that i$o
attempt to focus the sample on the ground water emerging from the spring.

Samples vere iced immediately and analyss were performed with 24 hours.

Temperature, oxygen and pH measurements were made in the field as parallel

checks on the laboratory analysedischarge measurementson the other hand,

xAOA 1T AAA AAT T x OEA OPOEI ¢ @mdsEetonwad O1T 11 A
discernableand the flow cross-sectionwas controlled.

The similarity between water levelin the Blandy observationwell (USGS
390348078035501 46W175 well site) and flow at the $out Run gages evidence
that the springs were responding to similar concurrent rainfall and recharge events.
Water level in the Blandy observation well and the average of the flows of the 10
springs are plotted in figure3. As the water level inthe Blandy observation well
rose the flow of the springs increased.

The rainfall amounts during the 7 and 14 day periods preceding the sampling
days along with the flow of Spout run and the water level in Blandy observation well
are in table 1.

g  average spring flow cfs x vs Blandy well
3 water surface feety
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Figure 3. Blandy Well USGS 390348078035501
46W175) water level above 560 foot elevation versus
the average flow of the project springs on the project
sampling dates
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sampling date| 25-Feb | 22-Apr | 24-Jun | 29-Jul | 16-Sep | 28-Oct
Spout Run flow (cfs) 16 20 27 17 12 25
Spout Run historic median for day 20 26 18 14 11 12
prior 14 day rain inches| 0.37 1.26 2.36 16 0.06 0.10
prior 7 day rain inches| 0.05 0.78 0.41 1.44 0.01 0.00
average of spring flows| 2.35 2.97 3.22 2.88 1.60 1.94
Blandy well water level above 560 ft| 4.87 5.27 7.6 5.74 3.33 4.6

Table 1.Rain fall amounts during the 7 and 14 day periods preceding the
sampling days along with the flow of SpouRun and the water level
in Blandy observation well

Aquatic chemistry methods

Nitrogen, phosphorus, oxygen, conductance, pH, and temperature

The measurements made include nitrogenN as NQ, NG, and NH)
phosphorus (P as soluble reactive phosphate)conductivity, temperature, pH,
dissolved oxygenEscherichia coli (E. col) and turbidity. Methods used to make
these measurements are standard and described in ti&andard Methods for the
Examination of Waer and Waste Vter as used by the Rends of the Shenandoah
River (FOSR) laboratoryin an application forasegmented flow auto analyzer More
detailed results of analyses are reported graphically below and the data that
support them are presented inthe Appendices.

Coliform bacterial enumeration

Enumeration of E. coliwas performedO OE 1T QCOOECARM O A Ote1 A
provide an index to pathogenic microbial catamination. This is a healtkrelated
parameter to helpdetermine the safety of the water fordrinking and water contact
recreation. E. colimost probable number (mpn) are shown in in the Appendices A2.
Montana Hall Spring was the only spring that never had an mpn above the drinking
water standard of none E.coli mpn changedsubstantially between samplings and
between springs.E.colimpn per 100ml ranged from 0 to 387 and for any individual
spring the lowest count was less than 1/10 highest count. In only one case was the
mpn above the Virginia level for water contact recreation. The mpn numbersere
generally low but the highest counts were for springs with the lowest biosolids
application and percent area in fields.
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Spring -flow methods

Flow of the springs was measured so that the yield of nitrogen and
phosphorus could be calculated. Flowrad nitrate yield of the springs are shown in
tables A2.311, and A2.312 in Appendix A2 The Flow ranged from 0.04 to 11.7 cubic
feet per second (cfs) between springs and for any individual spring the lowest flow
was less than half and often only 1/3 the higést observed flow. The yield of the
springs was directly related to the flow because the nitrate concentration was
almost constant.

Summary of re sults: conclusions
Nitrogen

Nitrogen in its bioavailable forms is of interest since it is one of the 3
constituents that the Chesapeake Bay TMDL is working to have controlled to
improve the Bay quality and when ammonia and nitrate concentrations exceed
certain limits they can be detrimental. However these limits were only exceeded in
this study in the nitrate concentrations in the Montana Hall spring that averaged
10.9 mg/L. The driinking water standard isless than 10 mg/L.

Generally the nitrogen concentration is higher in spring flow from springs
near biosolids application areasNitrogen data are in apgndices A2 Nitrate
concentration is higher in springs with a higher percent of the springshed covered
by fields. Nitrate concentration is also higher in springs with a higher percent of
karst springshed. Because biosolids are applied on fields, most thelds in the
springsheds are on karst lands and adjoining fields may have had other nitrogen
fertilizer applied it is not clear that application of biosolids is the sole reason for
elevated nitrate concentrations. TotaKjeldahl nitrogen (organic), ammoniaand
nitrite concentrations were below the limit of detection.

Phosphorus

Phosphorus is of interest since it is one of the 3 constituents that the
Chesapeake Bay TMDL is working to have controlled to improve the Bay quality
Total phosphorus and ortho plosphorus data are shown irthe Appendices A2Total
phosphorus and ortha-phosphorus concentrations were usually below the reporting
limits of 0.05 and 0.01 mg/L. Total phosphorus was not measured in the samples
collected on September 16 and on October 28013.
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Dissolved Oxygen

Dissolved oxygen andE (pérént saturation are shown in Tables 4a and 4b.
Dissolved oxygen concentrations are an indication of thdissolved organic matter
condition of the springshed ground water and irthe interpretation of reduced
nitrogen compounds such as nitrite and ammonia.Oxygen concentrations less than
1 mg/L would indicate organicthe presence of organic carbon and bacterial
decomposers. The substantial oxygen concentrationsneasured in this study
indicate little organic contamination and nitrogen should be, as it is, in the form of
nitrate. Dissolved oxygen and percent saturation of dissolved oxygen are shown in
tables Appendix 2.These measurements wersimilar from one samplingdate to the
next with 2 exeptions. The measurements of dissolved oxygen on October @8all
10 springs werethe highest observedduring the study with one exception Yager
Spring on February 25. Thesituation at Yager springon that occasion was
comprised of (1) an algal bloom irthe spring pond, (2) a bright sunny day, (3) a
sampling time late in the day and (4) a measurement aue at the pond outflow] 8 A
O b A O £A Afér pldddyrdhktic oxygen production.The dissolved oxygenin the
springOWater was alwayslower than 100% saturation and relatively consistent
from one sampling time to the nexgenerally about 2/3 saturation.

Specific Conductance

Specific conductance in the absenad contamination indicates the solubility
of the aquifer. Specific conductanceesults are shownin appendices A2 Specific
conductance measurements changed little from one sampling time to the next. The
specific conductance measurements are typical of the bicarbonate water in
limestone aquifers. The specific conductance of Yager spring is a littless than half
of that of the other springssuggestingthat this spring may be receiving some or all
of its groundwater flow from other than carbonate rocks.

Water Temperature

The temperature of the spring water is about the long term average air
temperature of the study area. The fact that the temperature is near the lorigrm
environmental temperature indicates that the source of the water is not from
extremely deep circulation patterns and is another clue that we are measuring
recent local water inputs. The temperature of the spring water was relatively
constant with all measurements for any spring within a 2 degree Celsius range and
all the temperature measurement between 11.3 and 13.8 degrees Celsius.
Temperature measurements are shown in appendes A2

pH

Measurements of pH are shown in table 7. pH values were almost constant
and very close between springs ranging from 7.0 to 7(éxcluding the Yager spring
measurement on 2/25). For any specific spring the pH measuremestranged less
than 0.2 pH units.
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Summary of results: implications N and E. coli

Nitrate-N concentration and mpnof E. coliper 100ml are the measurements
that were different amongsprings. The discussion that follows examines the
relation of these measurements to land use angkeology.

The springs all yielded water with concentrations of nitratenitrogen that is
similar to the concentrations observed in nearby streams that originate in the karst
areas of the Shenadoah Valley. Most of the flow in the karst streams is ground
water and much of that flow issues from springgNelms and Moberg2010). It
follows that the source of a substantial amount of the nitrate tmasported by the
karst streams originates in theground water. The nitrate concentration in Spout
Run and other larst streams decreasswith increasing stream flow (Figure 4.)
Decreasing concentrations of a dissolved constituent such as nitrate with increasing
stream flow is typical if thesource is a point source. Theewage treatment plantfor
the town of Boyce isghe only point source in the Spout Run drainage. Thus the
decreasing concentrations in the other streams and the constant concentration from
the springs is evidence that much of the nitrate in the streams is from ground water.

Spout Run 2002 TO 2012
I
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| |
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Figure 4. Nitrate concentrations in Spout Runnear the qage versus stream flow
for the period 2002 to 2012
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The nitrate-N concentrations are higher in the springs near biosolids application
areas. Land use data ithe Appendices tables A3.11, A3.183.13list various land
usetypes near the springs. Strearfiow records show that the longterm average
stream flow in the Shenandoah River is about 1 cubic foot per second per square
mile of drainage area. For each spring the land use was measured for 1, 2 and 3
square mile area forapproximately each cfs of spring flow with the spring at the
center of the areaFigure 5 is a plot of the rate of biosolids application in the
springsheds and the spring average nitrate concentratiorzigure 5 indicates that
springs with the highest average nitrate concentration have the highest rate of
biosolids application within the springshed over the period of biosolids record of
application (2000 to Sept. 2013). When the nitrate concentration is compared to
the rate of biosolids application sinceanuary 2010 however there appears to be no
relation between application rate and nitrate concentration. The lack of a relation
maybe because there were no applications in 2013 and no applications at all in two
of the springsheds permitted for application.The disparity between the short term
and long term effect of biosolids application on nitrate concentrationsuggeststhat

if there is an effect it is long term.
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Figure 5. average nitrate concentration compared to biosolids application rate
within the springshed.
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spring BIOSOLIDS APPLIED | AVERAGI
shed Wet '[OT:IS
/sq mi NITRATE

a“f‘f‘i . 2%180 post2010 total |
FHS 2.8 2078 1960 4038 6.8 Federal Hill Spring
CHS 17.6 1596 126 1721 3.5 Carter Hall Spring
MHS 0.4 14523 0 14523 10.9 Montana Hall Spring
CS 2.8 1087 0 1087 5.2 Clifton Farm Spring
LMS 6.3 316 756 1072 2.9 Lockes Mill Spring
SCS 6.3 1459 477 1936 2.1 Salem Church Spring
TBS 2.8 0 0 0 35 Toms Brook Spring
YS 30.7 0 0 0 1.7 Yager Spring
FS 9.1 0 0 0 3.0 Fadeley Spring
MS 9.1 0 0 0 2.6 McKay Spring

Table 2 Biosolids application rate by date and springshed including spring average
nitrate concentration

A map? that shows some of the areas that contribute to McKay spring lieproduced

in Map 2 This map was developed as part of a dye tracingugty that included

McKay spring. An area,if the circle were complete, of about 9 square miles is super
imposed on that map As shown on the map the areas that contribute to a spririg a
karst area are difficult to define and are not necessarily the topographic areas that
appear to be tributary to a spring. The blue lines iiMap 2connect McKay spring

with sink holes from which dye appeared in McKay spring. The land uses listed for
the measured springs can be considered a first cut approximation of the land uses
that contribute to the quality of the spring water.
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Figure 2. Geology of Cedarville Enterprise Zone

Map 2 of McKay Spring springshed outlined in black.. Adapted from Cedarville Enterprise

The original intent of the study design was to sample springs karst land
only. Wewere unable to achieve that distibution and maintain the sampling scale
comparable to the scale of biosolid applicationSalem Church Spring and McKay
Spring are both near the edge of the karst area and are no more than 10 to 40 %
karst. Fadeley and Toms Brook Spring are about 2/3 kairs The fact that the
contributing area wasnot entirely karst added a new dimension to the study.

Plotting nitrate concentrations versus @6 of contributing area in fields
(Figure 6), &% of contributing area that is karsb(Figure 7), and®% of contributing
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area that is permitted for biosolidsapplication6 j ZEEBE €haws that for this
sampling set nitrate concentrations are generally higher in springs that have a
larger fraction of their contributing area in fields. Nitrate concentrations are
generally higher in springs that have a larger fraction of karst area in their
contributing area. Nitrate concentrations are generally higher in springs that have a
larger fraction of area permitted for biosolids application in their contributing area.
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Figure 6. Average observed nitrate concentration in spring water compared to the %
of springshed that is covered in fields
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Figure 8. Average obseved nitrate concentration in spring water compared to the %
of springshed that had biosolids applied

Fecal coliform counts changed at each site during the study. The median
E. coli densities decreased with increasing % of area with biosolids apphtion,
(Figure 9),% of area in fieldgFigure 10), % of area karsffigure 11), TheE. coli
densities results are puzzling.
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Figure 9. MedianE.coli mpn in spring water compared to the % of springshed that
had biosolids applied
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Figure 10. Median E.coli mpn in spring water compared to the % of springshed that
is covered in fields
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Recent biosolids application have been on pasture land. In this study pai® land,
un-grazed meadow and tilled land were measured as fields. In the Shenandoah
Valley fields are most often on karst land. The relations between nitrate and land
use, andE. coli and land use are similar in each of the three land uses. Thus
increased nitrate or decreasecE. coli densities cannot be ascribed solely to the
application of biosolids.

Based on this admittedly smalland preliminary study there are nitrate
concentrations in the ground water of the Shenandoah Valley that range from 2 to
10 mg/L Because the water in the streams in the karst area of the Valley is mostly
ground water then the nitrates in the stream are also transported to the streams by
ground water.
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USGS

A1  General Information

SPRINGSHED AREAS AND RADII

lsgmi 1rft

2sgqmi  2rft 3sgmi 3rft

FHS 1.0 3000
CHS 6.3 7500
MHS 0.1 1000
CS 1.0 3000
LMS 1.8 4000
SCS 1.8 4000
TBS 1.0 3000
YS 10.2 9500
FS 2.8 5000
MS 2.8 5000

1.8 4000 2.8 5000 | Federal Hill Spring
12.4 10500 17.6 12500 | Carter Hall Spring
0.2 1350 0.4 1900 | Montana Hall Spring
1.8 4000 2.8 5000 [ Clifton Farm Spring
4.1 6000 6.3 7500 | Lockes Mill Spring
4.1 6000 6.3 7500 | Salem Church Spring
1.8 4000 2.8 5000 | Toms Brook Spring
20.5 13500 | 30.7 16500 | Yager Spring

6.3 7500 9.1 9000 | Fadeley Spring

6.3 7500 9.1 9000 | McKay Spring

NUMBER FOSR SITE NUMBER

46WS 1

47XS 6

46WS 7

CARTER HALL SPRING
CHS

CLIFTON FARM SPRING
CF

FEDERAL HILL SPRING
FHS

these data are from the USGS

USGS 390405078014201 46WS 1

Latitude 39°04'06.02", Longitude 78°01'41.18" NADS83

Land -surface elevation 511.72 feet above NAVD88

Clarke County, Virginia Site Type: Spring

Spring discharges from Conococheague Group (371CCCG) local aquifer

USGS 391136077560701 47XS 6

Latitude 39°11'34.62", Longitude 77°56'06.12" NADS83
Land surface altitude: 530.93 feet above NAVD88.
Clarke County, Virginia , Hydrologic Unit 02070007

USGS 390147078055401 46WS 7

Latitude 39°01'38.60", Longitude 78°05'57.73" NAD83

Land surface altitude: 580.00 feet above NGVD29.

Clarke County, Virginia , Hydrologic Unit 02070007

Spring discharges from "Conococheague Group” (371CCCG) local aquifer

A2



USGS
NUMBER

47WS 2

46WS 10

45VS 2

46XS 9

FOSR SITE NUMBER

FADELEY SPRING
FS

LOCKES MILL SPRING
LMS

MONTANA HALL
MHS

MCKAY SPRING
MS

SALEM CHURCH SPRING
SCS

TOMS BROOK SPRING
TBS

YAGER SPRING
YS

these data are from
the USGS

Latitude 38°50' 48.9", Longitude 78°36' 14.3" NAD27
Land surface altitude: 780 feet above NAVDS8S8.

Shenandoah County, Virginia

USGS 390618077583301 47WS 2

Latitude3 9 A0 6 "' 19 . 1 777°538'38.829yNADSBd €
Land-surface elevation 440.93 feet above NAVD88
Clarke County, Virginia Site Type: Spring

USGS 390211078042501 46WS 10

Latitude 39°02'09.21", Longitude 78°04'14.34"
Land surface altitud e: 578.09 feet above NAVD88.
Clarke County, Virginia , Hydrologic Unit 02070007
Spring discharges from "Conococheague Group" (371CCCG) local
aquifer

NADS83

USGS 385843078110701 45VS 2

Latitude 38°58'42.59", Longitu de 78°11'07.06" NAD83
Land -surface altitude 500 ft. above NGVD29

Warren County, Virginia Hydrologic Unit Code 02070007

USGS 390751078050301 46XS 9

Latitude 39°07'51.42", Longitude 78°05'02.74" NAD8 3
Land surface altitude: 590.90 feet above NAVD88.

Clarke County, Virginia , Hydrologic Unit 02070004

Latitude 38°56' 33", Longitude 78°26'13" NAD27
Land surface altitude: 650 feet above NAVDS88.
Shenandoah County, Virginia

USGS 01629990 YAGERS SPRING NEAR LURAY, VA
Latitude 38°40'55", Longitude 78°27'33" NAD27
Page County, Virginia , Hydrologic Unit 02070005

Note: All nitrogen species are repded as N

All phosphorus reported as P
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A3.41 Carter Hall Spring Land Cover

CARTER HALL SPRING LAND COVER
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A3.42 Carter Hall Spring Air Photo

CARTER HALL SPRING AIR PHOTO
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A3.43 Carter Hall Spring Topography

CARTER HALL SPRING TOPOGRAPHY
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A3.44 Carter Hall Spring Sampling location 6 24 2013
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A3.45 Carter Hall Spring Sampling Measuring section 6 24 2013
Measuring section
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A3.51 Clifon Farm Spring Land Cover

CLIFTON FARM SPRING LAND COVER
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A3.52 Clifton Farm Spring Air Photo

CLIFTON FARM SPRING AIR PHOTO
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A3.53 Clifton Farm Spring Topography

CLIFTON FARM SPRING TOPOGRAPHY
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A3.54 + A3.55 Clifton Farm Spring

sampling location and measuring

ey

A22

section
ne: USUNI1ZeU.JF G

Date Created 013 7:05:13 AM

Date Modified: 10/28/. 19 AM

File Size

File Info 2

Camera Info

Exposure

Fash

Image Settings

Optimize Image

Location Info
Latitude:

Longitude:
Altitude:
Altitude Ref

Heading



A3.61 Fadeley Spring Land Cover
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