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Urban Impa‘ct‘s"nn the Chemistry of Shallow Groundwater:
"~ ‘Barton Cree}:; Watershed, Austin, Texas

Formation.; Groundwater dlscha_rges fmm sprmgs in: the Glen
Rose limestone and from: small contact springs at the hase of
terrace deposits along the creek mainstream. Analysis of spring
samples indicates that the chemistry of shallow groundwater is
altered. in . springs with urban development in contrlbutmg
recharge areas

sprmgs in: urban settmgs mdmate sngmﬁcant differences. in
nitrate, ammonia, total Kjeldahl nitrogen, calcium, magnesium,
sodium, potassiom, chloride, sulfate, alkalinity, specific. con-
ductance, and total dissclved solids,. Mean concentrations of
nitrates in. urban spriugs are. oyer. 500% higher and ion cnn‘-

mconcluswe althongh heavy metals are more frequentb detect~
ed 1 urban.springs. In-some cases, spring chemistry and dis-
charge. rate appear to be affected. by effluent irrigation in
recharge areas. Chemistry of some sprmgs varies cnnsnderahlrv

typicatly dilutes nutrients and ions associated with effluent irri-
gat;on, C

chemlstry does not appear to_be eaused by changes in hﬁst:
rocks as most springs.discharge from the Glen Rose Formation..
Potentia! sources for. increasing nitregen concentrations in
urhan areas include landseape feriilizers and wastewater effiu-
ent. lncreases in inns in urb:m areas may resuit from enhanced

INTRODUCTION

- The: Barton Creek watershed encompasses. 120 -square miles
west of Austin, Texas with headwaters approximately 21-miles west
of town and emptying.into-the Colerado. River fiear the center.of
town {Fig. 1). BartosCreek is an important resource for the Austin
community. Its crystal-clear waters and nearly pristine water qual-
ity-are a unique community. attribute because il is so-close o the
urbanized center of the city. Seven miles. of greenbelt along the
lowermost creck rea:ch pmwdc abundant rccrcaimnal opportunmes

e Urban Spnngs
s Rural Springs . -
N Watarshed Divide - -

Flgure 1. Map- bhowmg Barton Creek watershed and iocatmn of urban and rutal Spring sample sites.
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for hiking, biking, swinuning, fishing, and gencral outdoor enjoy-

ment. Barton Creck also recharges the Barton Springs scgment of : '

the Edwards Aquifer which feeds Barton Springs, the only known
habitat for the endangered Barton Springs salamander.

discharging to Town Lake upstreant of the City of Austin (COA)
Green Water Treatment Plant.

Springs are a vital component of the Barton Creek ecosys-
ter. They discharge from shallow groundwater tabies, which store
infiltrated water following rains, to erecks and tributaries at dis-
creté points (springsy oF as dirhise discharge along the banks and
channel bottom‘. ‘ipring dischargc is important bmaum. it main—

water syst»m A

Utban " growth; atr &t 'By clear Hill C Ohntry creeks
SCERIC Vistas, covirslarge areas of the lower watershed with 4 mix-
ture of residentiat, ‘commercial, dnd recreational” development.
Conieétns of water' quality degradation in Barton Creék from point
and non-point source pollution have accompanied development. In
response, the COA has evacted land wse ordinances and the
Watershed Protection Department (WPD) monitors surface and
groundwater quality: iif the watershied: -Analysis of water chemistry
in springs provides data to determine diffuse chermcal inpurs 1o the
surface waker systerm: that: are dérived.from. natural sources or
human-getivities and-can-help détermine: the effects of Lhromc ar
Lataatmphm activities inispring récharge areas.

This teport - focnses on-impacts ot urban dew,lnpment 0
shallow groundwater systems in-the GlenRose Formation and local
tergace deposits a8 determined-by comparisons in water chemistry
hetween spring: sites.” Mondtoting goals ot the WPDinclkide char-
acterizing ‘overall-groundwater-quality. in theBarton Creek. water-
shed as well as determining basehine water chemnistry in rural areas
and determining the effects of urbanization on groundwater chem-
istry.

GEOL()GY

winds s way throagh the T;Kas H]H (.‘ountry,_.c_l.’oSMng the
Balcones Fault Zone to its confluence with the Colorads Raver. The

fault zone divides the watershed:dnto two major hydmgeolngiu

Barton
Creek and Barton Springs are also drinking water supply soirces,” 7+ 7

and other sinaller springs along the Colorado River. Waler loss can

. be rapid in the Recharge Zope, eutering the aquifer through karst

recharge feafiired such as faults, fractures, sinkholes, caves, and
vugs within the exposed bedrock.

Hydrogeologic Systems of Barton Creek

Springs in the Contributing Zone discharge from two hydro-
geologic systems: the (ilen Rose limestone and terrace/alluvial
deposits. The occurrence of groundwater is highly localized and
typically provides only modest Volimes of water. Ranchers using
wells for stock watering or to maintain the water fevel in a stock
tank ‘afe. primary consumers of rhese shdllow grf)uudwater
resources. :

e Bprings whlch issue from tbe ltmeqmncq and’ delomites of
the Glén Rose Formation are found at i d of incised drdinages,
along tock walls of driitiages, and at bediditiy plane contaéts. Many
perermial springs are found in the Contributing” Zone, but ‘most
springs of the Glen Rose dre ephemeral. Springémay be identificd
dl.:rinsc dry conditians by mui(, \Lg_ctation inoluding mdidenhnir

rates are h1ghty dependml upoi aftecedent’ weather _Lond]tmm zmd
niay vary substantially. - SomeSprings appeit’ to distain relatively
Engh dlbtlldfgt‘E e\fen durmg drou}.,hts (stich a8 in 1996 \Ahen most-

7 0-é gotithick nodalar
hotieyeonibéd texture
'\’thCh permlb easy mixltrauon_ of ranwaier into 1he exposed rock.
Water migrates through the inter-connectad pores to emerge at the
base of Member 3, 'The grainy testure of the dolomite functions
simnilarly to a sand body and can transmit water readily even in the
absence of a honeycombed texture (Woodrutf, 1993). -

-The stair-step topography of the Hill. Country, with its altex-

" inating hard limestone/dnlomite beds and soft marly’ beds. is an .

nits: the Contribating Zone and: Recharge Zone of the Barton -

Springs segmcntofthc Edwards Aguifer. In the Contributing Zone, -~

Barton Creck is' a gaining crock with water discharging from

numerous small springs and seepage horizons, Conttibuting Zone ™ ¥
geology is dommatpd by the Cretaceous-age (Glen Rose Formation

(Barnes, 1974, 1981}, Outcrops of ihe

Creck and wajor tributaries occur along main channels,  The
Confributing Zone in Barton Creek accounts for 112 square miles,
or 94 percent, of the watc_rshed, ‘whereas the Recharge Zone area
totaly eight square miles, or six; pucmt of ‘the watcrshod (Santos,
Loomis and Associates, 1995375 :

FThe Recharge Zone beging at the ‘Vh)unt Bnnm.ll Fault, the
largest z;nd western-most fault in the Balcones Fauit Zone (Slagle
et al., 1986; Smull et al., 1996). This is where aquifer bost rocks,
the Georgetown Formation and Fdwards Group limestones, oceur
at the land surface. Here the creek changes from a gaining creek to
o Josing creek] Recharging waters enter the Barton Sprinigs seg-
ment of the Edwards Aquifer, a karst aquifer, and discharge from
Barton Springs, the fourth largest spring in the state (Brurie, 1981),

_ yennger Walnut Formation ™
locally cap some hifis. Quateinary-age terrace deposits of Rarfon & -

surface water, tach time filtering theough soils and grasses,
_local hydrologic process has impertant lmphcancmr. in the Hill

important component of Hill Coantry hydrology. Rechargeto shal-
low groundwater bodies, the source for spring discharge in the
Contributing Zoné, occurs primatily as infiltration of rainwater
through soils. This staje-step hydralogic systert forms a series of,
shallow groundwater teservoirs i Which water is slowly released tw
surface drainages or is utilized by grasses and trees. Iofiltrated rain
Water may pass through several stair-step systems before reaching
This

Country for streani hydrology (short term water storage) and fand’

: _manal.,cmem{uumrmang disturbance of Jocal flow- -paths .md nax-
-~ imizing natural filiration of rimof (Woodrutt, 1993

Terrace and alluviat deposits Tare found .xlong: the entire
course of Barton Creek. These deposits accumulatid during the
l’lusmcme and-Holoeene perinds (Garner and Young, 1976).
Thickness varics but it is typically less than 30 feet. The sediment
s derived by mechanical weathering of primarily the Glen Rose
Formation, with.some debris of the Edwards Group and the Walnuwt
Formatmn T hmk aLLumulauun uf terrace deposus oceurs in the

with lar;:e tributaries. In other iocatl_ons, terrace deposits accumu-
late on the inside porfion of meander loops of the ereek.
Rain water infiltration, groundwater, and possibly periodic

-overbank flow-of Barfor Créek water, accumulate within the Sray-
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¢l deposits to form local, shallow groundwater systems. Springs
are found discharging from several terrace 'deposits along Barton
Creek, particularly in the downstream portion of the (lontributing
Zone. In some cases, lerrace/alluvial systems iy also feceive
water from Glon Rose springs buried by ancestral Barton Creek.

(xround“dk,r i1 the Batton Creek watmhs.d.::_ mommrud bv
collection and chemical analyses of spring waler samples. “Fhis
report includes data collected between September 1990 and March
1998, Field parameters have been tested at 26 springs, 10 urban
springs and 16 rural springs (Tig. 1), These measurcments typicai-
ly include pti, temperature. total dissolved solids, specific conduc:
tance, and turbidity. Laboratory testing has been conducted on
bamph:s from 18 springs. nine urban springs and nine rural springs.
i i__‘:sprmgj dm:har;_.,e are made at. thc tlme of samp]c COI—

mng wat(.r standardb in addmon 0 man) other mduator paramcters.
Parameter selection balunces health and environmental hazards
with sample costs. The resulting list of analvtival purameters
includes bacteria, nutrients, total organic carbon, major iens, and
six heavy metals. Nitrogen testing includes nitrate +nitrite as nitro-
gen. Since niitiie 1 rarely deiccted in this area, results of nitrate-
nitrite tests will be assuned to be all nitrate. Five samples from two
urban sites have been testeid fof a broad suite of metals and organ-
ic compounds. Comprchensive suites of organic compounds are
too costly to test for on a regular basis at all springs. Drmkmg
water standards are used only as a guide or refererice poiat for
groundwater results; environtuental impacts can oeéut at far fower
constituent concentrations. Some analyses of nitrate+nitrite-nitro:
gen, orthophosphorus. and ammonia-nitrogen are performed in the
WPD in-house laboratory using a Hach DR200O spectrophotome-
ter. Most samples have been analvzed by the COAs Water and
Wastewater Department Fnvironmental L.ﬂmratory or other con-
tract laboratorics. :

e sesults of laboratory analvses of grqu'n.dwater }are evalu-

iated for data accuracy. Approximately 10 percentof samples col- g

‘fected are field duplicates. Duplicates are coimpared: for consisten-

¢y, and constituents with wide deviation in duplicate analyses are -

omitted from data analysis. Outliers aré. evaludted: by examining
previous data from the site or data from simailar sites. <A charge bal-
ance calculationt is done for each jon analysis. Hounslow. (1995)
and Freeze and Cherry (1979 recommend thal only analyses with
a charge bajance less than five percent be accepled. However, con-
tract faboratorics generaily have broader ion balance ranpges than

research laboratories.  Twenty percent was selected as the cutoff’

|1m1t ior auct,ptame of analyqeq The mngc 01 chart_g, hdlam,us for

gxouped as rural or urhzm. fo stical ey DI,
Springs located in arcas near:and down gradient of residential,

commercial, industrial buildings, high capacity roadways., or golf’

courses were classified in the urban group. Springs found in nature
preserves, ranches, or low density residential development (<1
home 10 acres) were categorized in the rural group.

Results from field and laboratory testing were interpreted
using several different methods. $tatistical tests were conducted on
all parameters except heavy metals. Data were tested tor normali-

ty using the Shapire-Wilk Noroality Test. Data for all noa-riermal
paramneters were analyzed using ranked valiies. Values of onehalf
of the detection limit were used for all Analysis of Variance
(ANOVAY t».stmg_, ‘of adhidetection results ard dien ‘confirmed
using two-sample ‘t-tests -which: employved the Robust-Log
Probability Regression Mathod to evaluate noo-detection values.
Data fromi rura) and wban groups wete compared using an ANOVA
for nermally: distributed:dadta and Wilcokou Rank-Sum Test tor all
non-normal data. A’significance level of 065 was. used for identi-
fying *statistivally. significant differences’ between . the urbanand
rural groups of data.: To-determing significan ditferences witlifi
rural and arban groups, & Durican’s Maltiple Range Test was usad
in conjunction with ANGVA procedures cmploying specified con-
trasts to check:if any significant subsgroups could be -delineated.
Temporal trends with datd were tested using linear regression. -All
statisticat ‘tests -were performed using General ' Linear -Models
Procedure avaitable it the sfxs qoﬂware PaCkﬂEL from lhc SAS
Fnstituie: ; :

""" - fon - data -were ptottcd on I’lpar dmg:rams o Lid&blf\r tbe
waters- chemically and determme it there were-differenices “within.
grouped data sety up within specific sites, Bivariate analyses were
condacted to - détermine relafionships-between parameters and 1o
identify-time trends within datd sets: - Grouped data Were examined-
to detetinine time trends, urbait-impact signature Tields forclassifi-
cation groups, or other environmental factors aiteptmg spring
chemistry.

RESULTS

Groundwater guality 18 generally good in springs in the
Contributing Zone of Barton Creek, although localized degradation
is evident hased on differences in water chemistry in urban and
rural.ddata dets. As a point of reference, no samples exceed the pri-
mary drinkingwater standard maximum concentration levels (TAC,
1994) for any parameter except bacteria. Sccondary drivking water
standards have been exceaded only by iron in a single sample, sine
in several samples, and pH in numercus samples. No synthetic
organic chemnials have been detected during this study in five dif-
ferent samples-at two springs. Copper, lead, and nickel have been

* detected: below drinking water standards at several springs.

AJarge number of spring samples exceed surface water stan-

3'dafds ‘and - sefeening levels developed by the Tesas Natural

Resol

ree Conservation Commission for segment 1430 (Barton

-+ Creek) of the Colorado River (TNRCC, 1996y, Chloride and sul-

fate exceed the 40 mgrl. standard in20 and 2| samples respective-
Iy, 18 samples exceed the 500 mg/l. TDS standard, 43 samples
exceed the 1.0 me/L nitrate-nitropen screening iaved, and 3 samples
exceed the 0.1 my/L orthophosphorus screening Jevel. All but three
samples were from nrban springs. Normally, groundwater coneen-
trations for most constituents are greater than surface water con-
centrations. However, the fact ot most of the samples that exceed
Suri‘ace wa _rE an'dards or sofeening levels are from urban sites
ted vrban growth will increase groundwater
dl\Chd[‘?LS w:rh elevated cohcentrations of constituents. As a result,
Barton (reck surfau, walers may eventually cxeced current state

. As evident.on the L!msnram th : chumstrv exprmqul in
these springs ranges trom calcigm-bicarbonate to calcium-+sodium-
mixed anton waters, This figure shows little spread in rural spring
samples, but much wider range in those of urban springs. lons are
used in this groundwater study as an indicator of differcaces in
water quality. Elevated levels of ions may not indicate detrimental

in Figure 2



effects but merely a change to groundwater regources from wban-
ization with other formation variabfe stant. o

Comparisons Between Urban and Rural
Springs

.- Potential - groundwater. chemistry impacts, that are due to
anthropogenic influences.have been investigated: by: comparison of
parameter concendrations.:: Statistical evaluation indicates a rela-

istry: . Many of the springs-n. urban settings are- in arcas downgra-
dient of wastewater effiuant irrigation fields (golf courses or pative
landscape}. - This factor may have influenced the magnitude of
chemieal differences between.urban and rural sites but does not
explain all of the chemical differences observed.

.. - Resulte of the statistival evaluation reveal a statistically sig-
nificantditference between urbai and rural groups for twelve para-
meters at the 95 percent confidence level. These parameters are
specific conductance, total dissolved: solids (TDS), nitrate-nitro-
gen, ammonia-nitrogen, total Kjeldahl nittogen (TEN), calcium,
magnesinm, sodium, potassium, -sulfate; chloride, and alkalinity.
Fluoride and. total organic carbon {TOC) show significant differ-
ences. at the, 90 percent confidence level. Summary statistics, of
results from theurban and rural groups for these are shown in Table

1. Coee e e : R

tions becaiise 'of variable detection fimits and lack of detectable
cencentrations. although 21 of 28 (75%) of the heavy metal detéc-
tions are in urban springs. '
Statistics indicate striking differences in chemical composi-
tion of waters trom urban.and rurat spring setlings. The amount ot
change from rurat to urban springs in the twelve parameters with
significant differences ranges, fiom 25 to over 700 percent, all
increasing in urban sites. T reatest ‘increases are present in
nitrate (380%), sodium {
{5904%), and sulfate (366%). o
“7 The dramatic différences it ion’ conicenirations”are-évident
when plétted on & Piper didgram, commonly used to classify
groundwater chemistry types (Fig. 2). Rural sitesténd fo cluster in
the calcium-bicarbonate’ dica of the diagram. Urban sites have
greatér variability, showing increasing sodim, chloride, and sul-

fate Content, in the mixed ion region of the diagram above the 20

percent sulfate+chloride line.

itutrits Gecur between

Significant differences in some ¢o

individual spiings within urban and rural groups but et in an idén:
tifiable paitern.  However, springs dovwngradient of ¢ffluent ivriga:
tion fields tend to have higher concentrations of constituents.

' Bivariate analysis of springs in urban and rural settings was
conducted to -determine it there were any subtle relationships

hmead  Amiom

Figure 2. Piper plot of ions in’samples from urbari (fiffed circles) and raral ¢plusis) in Contributing Zone of Barton Creek watershed itius-

trating ¢hémical differences between the two groups of springs.



CFOHNS

..... rtmeore e r—

Ty 1 Yurbldey : S - Githa-pt

Fiypat

HGARIE | iitorm

Gk

Fegdh, #1400

pede
A B
LB

EEm
By 4E0 et

ELEIEEH

bagelian
RMaxirtan

Cibliniciue

&2
0. oosa
0.G110

DUGnEE
BTG

s of she Baslop Creal wi



134 GULF COAST ASSOCIATION OF GEOLOGICAL SOCIETIES TRANSACTIONS

VOL. XLVIIT 1998

the Bull Creek watershed have identified differences in total dis-
solved solids, -nitrate-nitrogen; chloride; sulfae; potassiuny, sodi-
aint, calcinin, aiid maghesium between' springs in urban areas and
those in rural areas (COA, 1993 Johns, 1994),

Figure 3 illustrates the differenees between two constitients,
specific conductance and, nitrate, with sigmficant differences in
concentrations trom urban and rural sites. Samples from rumi sites

can be characterized by plotting below approxiniately 700 us/cm
specific conduetance, and less than 0.5 mg/l nitrate-nifrogen
Samples from urban sites” generally plot greater than. 800" us/cm
specific conductance and greater than 1.0 mg/Ls nitrate-nifrogen.
Some cxeeptions gre present-in the urban smnples where several
plot close to rural points. These sampies were all collected duwing
very wet conditions and may have diluted urban signatures.

Figure 4 Hustrates the signature of sodium aud suifate from
springs i wban. and rural settings. A field defining an area n
which impdcts duc to urbani.?arion oceur can be drawn at greater
than 40 mg/L
tin within thc rural area were coile,ct"'
which probably. affected const;tuex

hmng »ery wet wndm(mfs
The rural
smatl:Fanching

orida - identifisd

divater studies-in - Ng
similar trends™in data when comparing wban and rural siles

{Eckhardeand Stackelberg, 1995, Genman, 1996). Tn New York, the
authors idemificd median! concentrations of ‘nitrate below: four
g1 m undeveloped sites and median concentrations of five to
nine mg/L in developed sités The sources of nitrate identitied for
the study aren include nitrogen fertilizers and sewage wastes. In
I"lorida spcciftc conductanue vaiuu and (‘oncemtia.tidnq of talci-

stitumtb from urban sprmgs on .surmce waler dupt.nds o many tac-

tors, including loading 1o the receiving water, recelving water flow
conditions, and the chemical behavier of the constient.  Direct
human comsumption of dpring water, and thus comparisons with
drinking water standards, is not currently a concern since there are
few shallow water wells and spring waters have opportuniiy to mix
with large volumes of surface water prior to. possible uptake by
water treatment plants. Ecological unpacl.\ are a mors immediale
concern because they ovewr at far lewer concentrations than homais

'hudlth prob]erm lmp.i(.!x of ions e d]ﬁ" mlh to 1d<.m11y aml poten-

isms may prm ¢ useful for mucung wolog__mal impacits of eie'va.ted'

ion concentrations.

Higher nutsient concentrations will have maore “visible
results.  Hill Country creeks tend to have low concertrabions of
nitrogen and phosphorus resulting in limited algae growth (COA,

1997).  Increases in the local nutrient loads can initiate . algoe
blooms which not anly 1mpati the aesthetic qualitizs of he. creek
but can cause dramatic reductions in dissolved oxygen lev
the algae begin 1o decay, - Surface water chemical ana_lyst :
rhat elevated nitrate concentrations oceur in a pool downstream of
one large spring affected. by nearby urban development. The pool
downstrcam of L& Spring had a mean nitrate-nitrogen concentea-
tion 0.31 mg/L,, which s higher than in any other monitored pool
in Barton Creek (means ranging from 0.05 o 0.1 mg/l. nitrate-
nitrogen) (COA, 1997} This pool has had re-oceuring. algae
blooms. [mpacts are particularly apparent during very low creek
flow conditions

Jinpag

DISCUSSION

'Phe differences in groundwater chemisiry between urban
and rural sites in‘the Barton Creck watershed are distinet. Anurban
groundwater signature can be defined using constitugnts with the
greatest differences (Table. 2). These signature valags may differ in
other geologic fornan(ms ini the Austin area, The precise causes of
all these differences arc umiear although 1 mme :i_sec; possible

sources can be 1d¢nnf1cd

chemistry does not appear to be caused by alung_,gs uy host rocks as
many springs discharge trom the same geologic unit; the Glen Rose
Formation, and cven the same member within the Glen Rose,
Water from the lower Gles Rose, Member 1. can have high con-
centrations of some constituents, particularly sulfdate, which may
yield a false urban groundwater signature. However, the lower
Glen Rose does not crop out inthe Barton Creek basin {Brune and
Daffin, 1983; Barnes, 1974 and, therefore, is unlikely the sowrce
of watér causing these differences in groundwater chemistry. In the

ot springs discharging -from Barton Creek terraces, their
e is.50 localized thdt variations.in the chemical signature
ce/aliuvial deposit springs most likely resut from local

Possible explanations for highgr nitrogen concentrations in
urban springs inclnde tertilizers, wastewater, and -atmospheric
deposition.  Dry deposition: (dust) and emissions may raise the
nitrate and ammoma concenragons imrainfall. Recent studies con-
ducted in the Delaware Bay (Scudlark and Chuareh 993) indicate
that 26 percent of the! susimer total dissolved inorganic nitrogen
flux is from ate nsphmc iaput, Rainwater has aléo:been consid-
ered as a poteptial source of clevated nitrate 4 mirations in
springs. The COA ¢olfected raigwater sample vater quality
pond lacated in soutbeast-Austin during eight raii gvents in 1995,
Total nitrogen concentrafions were insufficient 1o :aceonnt for alf
nitrogen in urbap springs. Theretore, additional sogrees must pro-
vide the nitrogen.

Nitrogen isotopes wiirs used 1o investigate potential sources
of nitrogen at felected sitcs (Table 3). Nutrogen' isotope ratios
greater than 10 are generally considered indicative of a wastewater
source of mtrogen, between six and 10 may indicate a fertilizer

~source and less - than six.may sndicate * natural soil nitrogen
{Kreitler, 1975; Browning, 1977) Three springs are-dewngradient
- pt.gither goft courses or ficlds of native Vegetation irrigated with

; walur cﬂluem [ ( , L and BHB .-l I Spr]n;., Lons,istcntly ha\

At this goH cotrse, effluent is mm,d with lake water Wh]Lh dllutcs
nitrogen concentrations. and decreases the sotopic ratic. Nitrogen
isotape ratios for BSB and LC Springs show wide vatiation, rang-
ing from heavier ratios supgesting a wastewatler souice of nitrogen
to lighte: ratios suggesting a fertilizer or natural soil vitrogen
source. These variations may result from different moisture condi-
Lipns prior to samplmg Samples from irtigagion oldmg, ponds
upgrradient of LC Spring have a heavy isotopic satic indicative of
wastewater. SWP Spring underlies 4 lightly traveled six lanc high-
waty buit shows a 'similar rajze in 1sotopi ratios. However, there are
ne apparet wiastewater sources to - gencrais’ ‘the “heavy nitrogen
ratios. A single highway runoff sample indicated a heavy nitrogen
isotope tatio: Table 33 Thevefore, the heavier ratio at SWP Spring
tnay be frog intiltrated road runoff. A single nitrogen 1sotope ratio
from a rural spring’is in a range suggesting natoral soil aitrogen.
Further indrcations that effluent irrigation may be atfecting spring
water quality.at these thres springs include higher concenteations off
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Figire 3. Bivariate diagram of nitrate and specific conductance in Barton Creek. springs illustrating chemical differences-between urbaty and
rural springs. Au urban groundwater signature is genera]ly greater than 1.0 mg/L, nitrate-nitrogen and greater than 806 us/cri specific con-
ductance P
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Figure 4. Bivariate diagram of sodium and sulfate in Barton Creek springs illistrating an urban groundwater signature of generally greater
than 40 nig/L. sulfate and greater than 20 mg/L sodium.

chloride, sulfate, and sodium than in-other usban springs. carbonate during irrigation, thereby increasing calcium concentra-

Elevated concentrations’ of ions such s calcium, magne- tions in groundwater. . Treated wastewater.effluent may have a sim-
siwm, and bicarbonate can possibly be atirtbuted to increased dis- ilar effect. Although most soluble at low pH, ealcite, as the prinei-
solution of carbonate rocks or fertilizers and 5o conditioners. A pal component in Himestone, alse canbe dissolved at the higher pH
methed of increased dissolution has noi been identified. There are of potable water. . Thig tay oceur when low ionic strength lap water
two possible processes for énhanced dissoliition. In wirbanized ixes with hl!.,hb[‘ tonic strength groundwater, decreasing the activ-

areas, high pH potable water may enhance dissolution of calcium- iy cociﬁclmts and xubstqutmly increasing the calgite sofubility
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Urban
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Level
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Total Dissolved Solids ng/l.i
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Calcium > 110 mg/L |
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Sodium > 20 mg/L
Potassium >1.0 mg/L
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Alkalinity > 300 mg/L
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