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ABSTRACT 

The Barton Creek watershed west .of the Balcones .Fault 
Zone in Austin~ Texas is primarily underlain by the Glen Rose 
Formamn. Grou ndwater discharges from springs in the Glen 
Ros~ IimestoM and from small contact springs at the base 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 contributing 
recharge areas. 

Comparisons between springs in rural settings and 
springs in _ urban s.ettings indicate signif"lcant differences in 
nitrate, ammonia, total Kjeldahl nitrogen, calcium, magnesium, 
sodium,. potassium. chloride, sulfate, alkalinity~ specific con­
ductance, and total dissolved solids._ Mean concentrations of 
nitrates in _ urban springs are over 500% higher _and ion con­
centrations range from 25% to over 700W&-greater than those in 
rural springs. Results of beavy metal analyses are statisticany 
inconclusive although heavy metals are more frequently deteet~ 
ell in urban springs. In some cases, _spring chemistry and dis­
cbarge rate appear to be affected_ by_ emuent irrigatiO-n in 
recharge areas. Chemistry of so-me springs varies considerably 
depending -OP antecedent mOisture _conditions. Wet weatber 

typically dilutes nutrients and ions associated with effluent irri­
gation. 

The relationship between urbanization and groundwater 
chemistry does nO-t appear to be caused by cbanges in ho-st 
rocks as most springs discharge from the Glen Rose Formation. 
Potential sources for increasing nitrogen concentrations in 
urban areas include landscape fertilizers and wastewater emu .. 
ent. Increases in ions in urban areas may result from enhanced 
carbonate dissolution by irrigation with municipal drinking 
water and high ion concentrations in irrigated wastewater 
effluent. 

INTRODUCTION 

The Harton Creek -watershed encompasses 120 square miles 
west of Austin. Texas with headwaters approximately 21 miles west 
of town and emptying into the Colorado River ncar the center of 
town {Fig. I). Barton Creek is an important-resource for the Austin 
community. lts crystal dear waters and nearly pristine water qual­
ity are a wrique community attribute because it is so close to the 
urbanized center 'of the city. Seven miles of greenbelt along the 
lowermost creek reach provide ab-undant recreational opportunities 
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Figure 1. Map showing Barton Creek watershed and location of urban and rural spring .sample sites. 
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for hiking, biking, swimming, fishing, and- general outdoor enjoy., 
ment. Barton Creek also recharges the Barton Springs segment of 
the Edwards Aquifi:r which fceJi. Barton- Springs. the only known 
habitat for the endangered Barton Springs salatnandt:r. Barton 
Creek and Barton Spring:s are also drinking water supply sources, 
discharging to '[o\yn Lake upst~am of the City of Austin (COA) 
Green Water Treatment Plant. 

Springs are a vital compooent of the Barton Creek ecosys­
tem. They discharge from shallow groundwater tables, which store 
infiltrated water following rains, to creeks and tributaries at dis­
crete points (springs) or as diffuse discharge -along the- bank5 and 
channel bottoms. Spring discharge is irnport~nt because it main­
tains deekbase flbw, if sListains- poollcvels in Barton Creek, it pro­
vides fresh water at"stable temperatures, and i-t contributes- nutrients 
to the ecosystem. Springs are literal1y the life-blood of a so-tface 
water system. 

Urban growth; attracted by clear Hill Country creeks and 
sceniC vistas, Covers large areas of the lower \vatershcd with a mjx~ 
ture of residential, cnmmercial. -and recreational" development. 
Concerns -of water quuht).-· degradation in Barron Creek from point 
and non-point sourc-c pollution have at:cotnpanied development. In 
response, the COA. has enacted land use ordinances and the 
Watershed Protection Department (WPD) monitors surface and 
groundwater quality iIi the watershed. Analysis- of water chemistry 
in sprmgs provides dam to determine diffuse chemical inputs to the 
~urface -water system- that- art: derived from natural sources or 
human activities and can help detennin~ thl~ effects of chronic or 
catastrophic actjviti~s in spring recharge areas. 

This report 10cu!->~p. on -impacts 'of urban development to 
shallo\V" groundwater systems in-the Glt:n-Rose-Formation -and local 
terrace deposits as :determincd _by- comparisons in water chemistry 
hern'ccn spring sites. Monitoring goal~ of the WfJD include char­
acterizing overall groundwater -quality in the- Barton (:rcek water­
shed as well as dctennining bas.c1me water chemistry in rurJl areas 
and determining the etlccts of urbanization on groundwater chem­
istry. 

GEOLOGY 

The Barton Creek watershed begins \Vest of Austin and 
winds lts way through the Texas Bill Country, cro-ss1ng the 
Balcone.s Fault Lone to it~ l'Onfliience with the Colorado River. The 
fault zone divides the watershed -into t\V·o- major hydrogeol(lgic 
units: the Cornributing Zone a[ld Recharge Zone of the narton 
Springs. segment oftht: Edwards Aquifer. In the Contributing Zone, 
Barton Creek if; a gaining creek with water _discharging from 
numerous small springs and seepage horizons. Contributing-Zone 
geology is. dominated by th~ Cretaceous-age (ilcn Rose Formation 
(Barnes, 1974, 1981). OuK-r-opS of th(~ y"Counger Walnut Formation 
locally eap som~ hilh-. ()uatclilary-age terraCl~ deposits of Barton 
Creek and major tribUtari~s occur along main dlUuneis. The 
Contributing Zone m Barton Creek accounts for 112 square milcs, 
or 'N percent, of the watershed, whereas the Recharge Zone area 
tl1tals eight square miles, or six perCent of the watc-rshed (Santos, 
Loomis and As,,('ciate~l -199-5), 

1:he Rccbarge Zone begins at the "tount Bonnell Fault, tht': 
largest and \vestern-most flUh in tilt: Balcone~ Fault Zon~ (Slagle 
ct aI., t98-6: Small et 3l., 191J6J. This IS where aqui fer host rocks, 
the Georgetmvn Formation and ~'dwards Group limestone~, occur 
at the land surface. Here the creek (;hanges from a gaining: creek to 
u. IQsing creek. Recharging wakrs enter the Barton Springs s~g­
m.:nl of the EdVlard<;: Aquifer, a kar~t aquifer, and discharge fwm 
Barton Sp-Fing~. the fourth larg(!st spring in the state (Brune, 19X 1), 

and othcrsmaHcLspring,s along the Colorado River. Watt.:r lo~s can 
be rapid in the Recharge Zone, entering the aquifer through karst 
recharge features !'mch as faults, fradure::., 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 Glen Rose limestone and terrace/alluvial 
deposits. The occurrence of groundwater 18 highly localiz.ed and 
typically provldc~ only mode~t v()lumes of water. Ranchers using 
wells for ~tock watering or to maintain the water level in a stock 
tank are primary consumers of these shallow groundwater 
resources. 

Springs which issue froni the limestones and- dolomites -of 
the Glen Rose Fonnation are f(mnd at th~ head of incised drainages, 
altmg rock walls of drainages, and at bedding plane eontacts. Many 
perennial springs arc found in the Contrihuting Zone, but most 
springs of the Glen Rnse are ephemeral. Sp'ring~ may be identified 
during dry conditions by me~;jc ycgetation, induding maidenhair 
fern and ~pike -rush, by the -presence of travertine deposits. and 
pools whIch form below the poirit of-discharge. Typic"aHy, the dis­
charge rate of Glen-Rose -Formation springs ranges from -less than 
one- gallon pet m.inut(~ (gp-m) to approximately -1 () ·gpm-. Discharge 
rates arc highly dependent upon antecedelit \,,'eather conditiuns and 
may -val)' substantially. Some springs appear to sHsfain--rclativeiy 
high discharges -c-ven during droughts (such as in 1996 \.vh(~n- most 
spiings completely dried tip) because of frequent irrigation in their 
f('Charge ·areas. 

The--lri'O-"Sf common-zone of spring-dischargc in the Glen Rmc 
Formatinn is -porous Member 3 dolomitic limestone layer {Rodda et 
al.; -1970;- Garrii.>t-anct- Y()Uitg, -1976). Thi,,\-'70:tooHhick nodular 
dotomite and dolomitic limestone has- ,(-ho-rieyco"mhed 'texture 
\vhich permit-; ea~y infiltratim1 of ramwater into the exposed rock. 
Water migrates through the ink'f-COnnedcct pores to emerge at thl;.' 
bast: of Member 3. The grainy tex.ture of the dolomite functions 
similarly to a sand hody and can transmit water readily ('\ten in the 
absence of a honey-combed texture (Vvoodrutf, 1993). 

The stair-skp topography of tlle_ Hill Country, with its alter­
nating hard limestone/dolomite beds and soft marly beds, is an 
important cpmpOHent of Hill Country hydrology. RCl:harge to :shal· 
low ground.water __ bodies, the soU!"(·e forspring dischargc in the 
Contributing Zone, -occurs primarily as infiltration of rainwater 
through soils. This stajr~ster hydrologic system fiJrms a series of 
shallow groundwater reservoirs in v,'hkh water is slowly rdea~cd to 
surface drainages or is utilized by grasses and tree-so Infiltrated rain 
water triay pass- through several stair-step systems before reaching 
suifacc-~·ater,-cach time filtering thtough soiisand grasse~. This 
local hydrologic process has important implications if"! the Hill 
Couutry-for stream hydrology (short tcrm water storage) and land 
management (minimiLing disturhance of local flow-path!": and molX-· 
imi7ing natural filtration of runoff:) (\V90dmtl~ )-4l}3). 

Terrace and alluvial dep0t:>its -·are found along the-- entire 
course of Barton Creek. These deposits accumulated -ouring the 
Pleistocene and -·Holoc:en~ periods (Garner and Young, i976). 
Thic.kness varies but it is typically kst=. th:.m 30 feet. Tk sediment 
i~ derived by m~chanical weathenng of primarily the Glen Rose 
Formation~ wiUH.ome debris ofth~ Edwards (if()UP and the Walnut 
ForrnilHon, ThiCk acc_uI~luJation of terra~e_ de'PQsits occurs in the 
downstream p{)rt!.()TI: qrnartoiftreek; :partiQularl)/fiiiat confluences 
with large tributaries. In other locations, terrace deposits accumu­
late on the inside portion of meander loops of the creek 

Rain water infiltration, groundwater, and possibly periodic 
overbunk flow of Batton Creek ",/ater, -ae-cumulatc \vithin th~ grav-
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el deposits to form iocat, shallow groundwat~r systems. Springs 
arc found discharging from several terrace deposits along Barton 
Creek, partil:uiariy in the downstream portion of the Contrihuting 
:t...one. In some cases, terrace/alluvial systtms may als.o receive 
water from GI00 Rose springs buried by ancestral- BartOli Creek. 

METHODS 

Grouudwater ill the Barton Creek ,watershed is monitofl.!u by 
collection and chemical analyses of "'pring water sample..<.;, ThlS 
report inciudes data collected between Scptt:mbcr 19-90 and March 
1998. Field parameters have been tested at 26 springs, 10 urban 
springs and 16 rural springs (Fig. I f These measurements typical­
ly inciudc pH, temperature, total dissolved solids, specific conduc­
tan(X, and turbidity. Laboratory testing has. been condu0ted on 
samples from 18 springs. nine urban springs and nine rural springs. 
Estimates of spring discharge are made at the time of sample col­
kction by visual_cxamination of the flow volume, b:y Jinx" mea­
surement of the rate at which water fills a containcr of specific vol­
ume, or by velocity meter. 

The COA analyzes groundwater smnple~ tor selected chern·· 
ica1.s listed in the Endronmental Protectiun Agency primary drink.­
ing watcr standards. in addition to many other i.ndicator parameters. 
Parameter selection balalH.:cs hl.)alth and environmental hazards 
with sample costs, The resulting list of analytical parameters 
includes bactl~ria, nurrients, total organic carbon, major ions, and 
six heavy metals. Nitrogen testillg- illclude~ nitrate ~-nitrit('; as nitro­
gen. Since nilrile i~ rarely deteded in this area, results of nitratc­
nitrite tcsts will be assumed to be all nitrate. Flve samples from two 
urban Sltcs have been testt:d for a broad 'mite of metals and organ­
ic eompounds. Comprehensive suites of organic -compounds are 
too CObtiy to test for on a regular hasis at all springs. Drinking 
watcr standards an:: USed only as a guide or retererice -point f(lf 

groundwat~r results; environmental impacts can oe-cur at far !O\\:er 
constituent concentrations. Some analyses of nitrate+nitritt:-ui1ro.:. 
gen. orthoph{)sphorus, and 3mmonia·nitf()g~n are performed in the 
WPD in-house laboratory usmg a Each DR2000 spectrophotome­
ter. Most .,arnp!cs have been analYLed by the eOA\; \Vater and 
Wastewater Department Environmental Lahoratory nr other con­
tract laboratories. 

The r--csults of laboratory analyses of groundwater are evalu­
ated for data at-cura~~y. Approximately to percent of samples col­
lected arc field duplicateb. Duplicates are compared for consisten­
cy, and constituents with wide deviation in duplicate- analy"e<> are 
umitted from data analysis. Outliers arc evaluated- by examining 
previous data from the site or data from similar site~. A chargt' bal­
ance calculation is done for eaeh ion analysis-. HounsJow nq-QS) 
and Freeze and Cherry (1979~ rccommend that only analy:ses with 
a charge baJance less than five percent he accepted. llnwcveL con­
tract iaboratorics generaily have broader ion balance ranges than 
research lahoratories. 'Jv.'cnty -perccnt was s1,:.'kded <B th0 cHtoff 
limit f()f acceptanL"e of analyses. The range of chargt: balances fot 
samples includcd in this report is .,15.9 percent to-'~ 1 T.5 percent. 

Fm analysis and cvahwtion, groundwater -analyse" v,/er.e 
grouped as rural or urban foctne purposes of stati~tical evalUl1ti{m. 
Springs located in areas near and down gradient of residential. 
commercial, mdustrial buildings, high capacity roadwayS', or golf 
I.)ourscs were dassified in the urban group. Springs found in nature 
preserves, ranches, or 10\\1 density residential deVelopment (-< 1 
home/IO acres) were categoriL.ed in the rural group. 

Results from field :-md laboratnry testing weft) interpr~ted 

using several difft:r~nt methods. St.atistical tests wen: conducted on 
all pararnele[~ t:xcept hea'. y metals. Data were tested tor normali-
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ty using the Shapiro-Wilk Norniality Test. Data for all non-normal 
paramewrs \vere analyzed using ranked values. Values of one-half 
of the dCkctioll limit were used tor all AnalYSIS of Variance 
(AKOVA)- testing of" ntm.:.ddectiOn results -and then -confirmed 
using two~sample t-tests which eillPJoyed the Robust-Log 
Probability Regre::.sion Method to evaluate non-dl:tcction \alw,",,:~, 

Data from rural and urban gmups we-re compared using an A "\()VA 
for normally distributed data and \VilcoxOIi Rank·Sum Te'St for all 
non-tlormal data. A ::.ignificancc level of 0.05 was used for identi· 
tying statistically significant differences between the urban and 
rllral groups o[ data. To determine significant ditlerences within 
rural- and urban groups. a Duncan's Mu~tiplt: Range Test was used 
in conjunction v-..-ith ANOVA procedures employing specified con­
trasts to -check if any significant sub-groups could be delineated. 
Temporal trends with data were: tested using linear regression. -All 
;:..tatislical tests were performed using (~cneral Linear -MoJels 
Procedun:· availnble in the SAS sotlware package from the SAS 
lnstitute. 

Ion data were plotted on Piper diagrams to das&ify the 
waters chemically and determine if there were diflcrenccs within 
grouped data sels or within specifiC sites. Bivariate analyses were 
conducted to- -detennine relationships- between parameters and to 
identi(Y timi..~ trends withm data sets. Grouped data were examined 
to determine time- trend!." urball-impact signature fields tor classifi­
cJtion groups, or other envirolllnental factors affecting spring 
ch1;!rllistry. 

RESULTS 

Groundwattr quality js generally good in springs .n the 
Contributing Zune of Barton Creek, although l()calized degradation 
js evident based on differences ill wakr cbemistry in urban and 
rutal data sets. As a poin1 of refi..~rence, no samples exceed th~ pri·· 
mary drinking -water standard maximum (':ol1i..'entration levels (lAC, 
1994) for (lny parameter except bacterIa. S{.:conJary drinking water 
standard~ hav0 been exceeded only by iron in a ."illgle sampk Line 
in ~evcral salllp1ct" and pH in numerou~ samples. 1'0 synthetic 
organic chemicals have been detected during this study in five dif­
ferent samples at two springs. Copper, lead, and nickd have boon 
detected below-drinking water standards at several springs. 

A "larg,:! number of spring sampks exu:ed surface \vater st:ln­

dards and screening I.;:ve\s developcd by the Texas ::-Jatural 
Re:,;ource C'onsef\'-ation Commission for segment 1430 (Balton 
Creek) of the Colorado River (TNRCC, 1 (}Q6). Chloride and sul­
fate exce~ the 40 mgiL standard in 20 and 21 sampk~ re~pective· 
ly, 18 samples exceed the 500 mg/L TDS sti-mdard, 43 sallJpks 
exceed the 1.0 mg/L llitratt'-'llitrogen scre-cning 1~\'eI, and j samrk~ 

exceed the 0.1 mg/L orti1ophosphorus screening kvel. A.II but three 
-:;amplcs. Were from urban "prmgs. Normally, groundwater l~Ont~ell­
tr'dtions_ for most constituents are- greater than "urhu:\: water con· 
centrations. Ilowever, the fad that most of the samples that cx(:t'e<i 
surface water <>tandards or screening levels are from urban site,;; 
suggests that cOlHinued urban grow.th \vill incf[~asc groundwater 
discharges With elevated concL'",ntration~ ofcotlstituents As a result, 
Barton Creek ~uriace _watcrs may eventually L'"xceed current ,;;t<lh~ 

standardb for thes0 constituent .. , 
A P'pcr plot of ion rt.'s·ults fi'orn all sampled spring." is shown 

in Figure 2, As evident on the diagram, the chemistry expres"ed in 
these ~prings ranges from calcWlTI-bicarhnnate to caiciuffi"'·'sodium· 
mixed amon waters. Thi& figure sho\V~ little "pread in rural spnng 
~Hmples, hut much widcr range in those of urban ~prings. Jom; are 
ust:d in this. groundwater study as an indicator of differences in 
water quality. Elevated kvels of ions may not indicate detrimental 
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effects but merely a change to groundwater resources from urban­
ization with other formation variable~ constant. 

Comparisons Between Urban and Rural 
Springs 

Potentia} g.-oundwater chemistry impacts- tbat are due to 
anthropogenic influences have been investigated by c{)rnparison of 
parameter concentrations, Statistical evaluation indicates a rela­
tionship between urbanization and changes in groundwatcr chem­
istry_ Many of the springs -in urban settings are in areas downgra­
dient ofwastcwater eftluent irrigation fields (golf courses or nati\te 
landscape}. This factor may have influenced the magnitude of 
chemical ditferences between urban and rural sites but does not 
explain all of tile chemical differences observed. 

Rc!:mlts of the b.tatistical evaluation reveal a statistically sig­
nificant:difference between urban and rural groups for twelve para­
meter& at the 95 percent confidence level. These parameters are 
specific conductance, total dissolved solids ('1'DS). nitrate-nitro­
gen. ammonia-nitrogen, total Kjeldahl nitrogen (TKN), calcium, 
magnesium, sodium, potassium, -sulfab.\ chloride, and alkalinity, 
Fluoride and total organic carbon flOC) show significant differ· 
ences at the 90- percent ('.onfidence ie-vet Summary statistics of 
results from the urban and rural groups for these are sho\\iu in Table 
l. 

Currently there are insufficient data to detennine if heavy 

metal occurrences i.n urban springs exceed background concentra­
tions because of variable detection limits and lack of detectabl~ 
concentrations. although 21 of 28 (7Y!/o) of the heavy metal detec­
tions are in urban springs. 

Statistics indicate striking differences in chemical composi­
tion of wate-rs from urban and rural spring sdtings. The amount of 
change from rural to urban springs in the twelvc parameter.':> with 
significant differences rangCb-_ from 25 t() over 700 percent, all 
increasing in urban sites. The greatest increases are present in 
nitrate (580~'o), sodium (150'-?·o), potassium (330%), chloride 
(590%), and sulfate (360%). 

The dramatic diffcrClll:CS. in ion concentrations are evident 
when plotted ()ll a Piper diagram, commonly used to classify 
groundwater chemistry types (Fig. ~), Rural sites tend tu cluster in 
the calcium-bicarbonate area of the diagram. lJrban sites -have 
greater variability, showing increasing sodiuin, 0hioride. and suI .. 
fate content in the mixed ion region of the diagram above the 20 
percent sulfate·t'chll)ride line 

Significant differences ill some constituents oc.cur between 
indi\.'Jdual springs within urban and rural groups but not in an idet1· 
tifiablc pattern. H(M'ev~r, springs downgradient of effluent inigu­
tion fields tcnd to have higher .,;oncentrations of constituents. 

Bivariate analysis. of :''Prings in urban and rural settings wa~ 
conducted to determine if there were any subtle rclati(IDships 
hctv.een chemical parameter!) and det~rmine signature fields f()r 
site- groups Prcvlous-COA studies of groundwater [min springs in 
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Fig~re 2. Pi~er plot of ions in samples from urban (fifled cirde.;;) and rural (pluses) in Contributing ZOll": of Barwn Cf~t:k wate-r::~hcd i1ius­
trattng chemIcal drf'ferenccs between the two group&- of springs. 
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the Bull Creek watershed have idcntifi~d differences in total dis­
solved solids. -nitrate-nitrogen, chloride, _sulfate, -potassium, sodi­
mil, l:akium, and magnesium between springs in urban areas and 
those in rural areas. (COA, 1993, Johus, 1(94), 

fjgure J illustrates the differell{;t:~ between two constituents, 
specific conductance and nitrate, with slgmficant differences in 
concentrations from urban and rural sites. SJrnpte~ from rural sites. 
cun be characteri7cd by plotting below approAimatdy 700 us/em 
~pecific condudance, and less than 05 mg/L nitrate-nitrogen 
Samples from urban sites gonerally plot greater than 800 us/em 
specific conductance and greater th<m 1.0 mg/I, nitrate-nitrogen. 
Some l~Xl:CptIOns are present in th~ urban ::..a.tnp-ks whe::e ~ever.ll 
plot c10sc to rUlal points. ThesE" samples were all collect~d during 
very \I,:et condition~ and may have diluted urban signatures. 

Figurf: 4 illustrates the signaturt: of sodium and 5uWite from 
:~prings in orban and rural settings. A held defining an area in 
WhlCh impacts due to urbani7Jrion occur can be drawn at greater 
than 40 mwL sulfate and 20 mg/I., sudiun\. The urban points plot­
tin" within the rural area \verc collected during very wd conditions., 
wh~ch prnhably affeekd constituent concc~trations, '1 he fural 
spring withjn the urban- field may be affec:ted by a smaU ranching 
operation and a ranch house septtc system. 

Ground-v.'Jtcr sttldie~ in Ne\v \(}rk and Florida identified 
similar trends in data whcn comparing: urh.:1.n and rural sites 
{Eckhardt ano St<H.:kdhelg, 1 i)9~\ German, 1.996), In New York. the 
authors identified median concentratwns of nitrate below four 
rng/I. In undeveloped site:::.- and median concentrations of five to 
Hint: rug/L in developed sites The sCiurce~ of nitrate identified tor 
the studv ))11,-" indud!:': nitrogen tertilizcr.s and sewage wa&tB&, In 
Florida,' sredfie eonductan~e valUe';' and concemrations of calci­
um. :sodium, potaSSIUm, sui fatc, chluridt::, ammonia. orthophospho­
rus, and total pho~phom:3 \yere slgnifi..:antly hight;;r in develop~~d 
areas than in control (ulld(~veloped) areas, 

Environmental impacts of elevated conc(~ntratums of COI1-

stitUCllb from urban springs on surface wakr depends on many t~1C" 
tors, including loading to the receiving water, receiving water flow 
conditioll&. and the chemical behavior ()f the c-onstltucnt. DIrect 
human {.\)Jh,umption of sprmg water, and thu:, comparisons with 
drinking watel standards, is not currently a cotlc~rn :iinclJ lheI~ are 
few shaHov.,· vmkr we!ls and spring '"vaters have opportumty to mix 
with large volume:s of surface watcI priur to possible lIptakf! hy 
""ater tr..:.:ntl)Jt.'ut plants. fic()logical impacts arc a mon: lmmcdiJte 
concem hc(:aus~ they ot.:l:ur at tflr lower concentrations than human 
health problem", impact;;. of ions are difficult to identity and poten­
tially IlIay be parlly mitIgated by increased travertinc-d<"positioll at 
spring heads. Bi{)asse!'>sm(~nt strategies that examme aquatie org<m­
IMns may prove useful fix dCleeting CX'ological impact..; of devated 
ion concentrations. 

Higher nutrient concentrations will have mon: vi~ihk 

re.;;ults Hill Country cn:eks tend to h~';e low c.oncentratlon:; of 
nitlOgcn and ph-c)<.;phorus n:"u[tin~~ in limited algat: growth (CO/\., 
i t)Y7) Increases in the local nutri~nt loads can illitiate alga~ 

blooms which n<lt only impact the aesrhetic qllaliti~~ nfthc crc~k 
but can l:atbe dramatic rcductlOns in (lis~o!v~d oxyg~n !evels when 
the algat~ begin to decay, Surface water chemical analyscs ilHJicate 
rhat elevated nitrak cuncentratiol1~ occur in a pool downstream of 
une Imgt: &pring afleeted hy ncarby urban uL'vdopmcnt The- pool 
downstream of LC Spring had -<1 mean nitrate-nitrogen COTIIJBhlra· 
rion 1),11 mg/L, which is high~r than in any other momtoft'd pool 
in Barton Creek (medn:-. fdnging from D.OS to 0.1 ltJg'L nitrate w 

nitrogen) (COA, 1997) Thi~ pool has had rc-oecrnring algae 
hloom~. Impacts are particularly apparent: during very low cr~ek 
flow IJonditions 

DlSClJSSION 

The diffaenccti in groundwater chemistry between urban 
and rUfal sites in the Barton Cn,'ck wakrshed arc distinct. An urban 
groundwater signature: can he defined using «mstitueots with the­
greatest differences (TJ.ble 2), These signature values may differ in 
other gl~ologic formations in th~ Au~tin area, The precise causes ,)f 
all these ditlerences ar.;: unclear although in o;ome case,;;; possihle 
sources can be identified. 

The rdation~hip !.'xtwt:en urbanization and groundwater 
c1lCmistry docs not Hppear to be call.'~ed by changes- in host rocks as 
maIl)' springs discharge trom the 5ame geologic unit, the Glen Rose 
Formation, and even the :s.(lme memb(~r within the Glen Rose. 
Water ti-om the lower (jlen Rose, Member L (:uo have high con­
eentrations of some comtituents, particularly sulfate, whil~h may 
yield a falsI..: urban groundwater signature. However, the lower 
Gkn Rose doc~ nol crop out in the Barton Creek hasin (Brune- and 
DutTin. 198.1; Barnes, 1(74) aml therefore, is unlikely the source 
of water causing these difterenr.es in groundwater chemistry, In the 
case of springs diseharging from Barton Creek terraces, thdr 
occurrence is so localiz.ed that variations in the chemical signature 
of the terrace/alluvial deposit :;;prings most likely result from lo,~al 
impact ... , 

Possible explanations for higher nitrogen l~oncentrarjons in 
urban .springs include- tertili7crs, wastewater, and atmosphoric 
deposition. Dry ut'posilion (dust) and emis~ions may raise the, 
nitrate and ammoma concelltmtion~ in rainfall. Recent stud1es ';;Oll­
dw..:t~d in the Dela\var~ Bay (Scudlark and Church, 1(93) indicate 
that 26 percent of the summe-r total dissolved inorganic nitrogen 
tlux is from atmo~phcric input. Rainwat(~r has also hcen .:onsid­
-:red as a pote-ntial sOllr...:e of e1cvated nitrate ~on(:emrati()ns m 
sprmgs. The eOA c()lJe-cred rainwater samples at a watl'r quality 
pond located in s()tlth-t:a~1 Austin during eight rain events In ! 995. 
Total nitrogen concentratwn!'>- were in5Uffjti~nt to ace-ount tor all 
nitrogen in urban springs IhC'ret<m~, additional sources must pro­
vldc tht: nitrogL'lL 

Nitrogen isotopes \vert:: used to investigate potential sources 
of nitrogen at selected ,;;ites n anle 3). Nltrogen isDt(.lpe ratios 
gr~atcr than to are- generally considered indicative uf a wastewater 
source (If mtrogen, h.'tween- six and 10 may indicah~ a tcrtihzcr 
source, and less than six may mdi-c~lh~ nahlral soil nitrogen 
(Kreitler, 1975; Brov,ning, 1977). Thr~e sprmgs are-duwngtadit:nt 
of ('irher golf courses or fi(.,dds of native vegetation lrrigated with 
wastewat~r effluent: [,C, LJ, and BSB. Lf Spring consistently has 
nitrogen isotope ratios in a range from five to !-ievcn anu arc similar 
w a golf course holding pond up gradiem of the spring (' I able 3), 
At thi~ golf course, eftlu~l1t j, mixed with lake water which dilutes 
nitmgeu cun(t.:ntratil)I1S and decreases the isotupic ratio. Nitrogen 
isotope ratIOS- for BSB and LC Springs show wide variation, rang­
ing from heaVier rahos suggesting a wastt:water source of nitrogen 
to lighle;: ratios sugge"ting a I'ertili/£r or natural soil nitrogen 
source. Thl.:sC' variations Ihay result from dltfero;:nt moistllre condi­
tions prjor to sampling. Sampll.:::.. from inigation holding p(mds 
upgradicnt of LC Spring have a heavy isotopic ratio indic:ltive of 
wastewater. S-WP Spring underlies a lig;htly traveled t)ix lane- high­
\VilY bur shows a simi !ar range in isotopic ratios. However, there arc 
no apparent \\/a~te\',ater sourccs to generate tbe heav-y nitrogen 
T3.tios. A .'Single highway runoft'sample indicated a heavy nitrogen 
i:;otol'e ratio (Table 3). therefore, the- heavier ratio at SWP Spring 
may hI..' from infiltrated road runolf. A single nitrog~n isotope ratio 
from a rural spring is in a range suggestin~ natural soi! nitrogen. 
Furt.h.;:r indications that efflucnt irrigation may- be atfecting spring 
water ljuality at these three springs melude higher conc.entrations 01" 
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Figure 4. Bivariate diagram of sodium and sulfate in Barton Creek spring'S illustrating an urhan groundwater signature of generally greater 
than 40 mg/L sulfate and greater than 20 mg/L sodium. 

chloride, sulfate, and sodium than in other urban springs. 
Elevated concentrations of ion.<; such a .. calcium. magne­

sium, and bicarbonate can possibly be attributed to increased dis­
solutlOn of carbonate rocks or fertilizers and soil conditioners. A 
method of in ere as cd di~solution has not been identified. There are 
two possible processes for enhanced dissolution. In urbanized 
areas, high pH potahle watcr may enhance dissolution of calcium-

carbonate during irrigation, thereb:- increasing calcium concentra­
tions in groundwater. Treated wastewater effluent may have a sim­
ilar effect. Alth{)ugh most soluble at low pl-t, calcite, as the princi,· 
pal component inl.imes;tone, ~llso can he dissolved at the higher pH 
of potable water. This may occur \vhcn I()w ionic strength tap water 
mixes with higher ionic strength groundwater. decreasing the activ­
ity codficients and subsequently increasing the (;alcite solubility 
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SPRINC AQUIFER 
BARTON 
CREEK 

h\~le 1. Ulltra<:ttl'l:;tw urban :ngruiJPre:: for ~ t ('on..;ti?:!Jlmt:, whh 
signiLcJfil ,jin;;:rj~n(,ei; b0!:\li(;I~n :'lrbil1i ;~x;d nm~J Gf(ll.lj}:;, i\. !;ign:mJJ"e 
for amm(I~li;:l 'NUS _~l(;t d';:H~rminfd he.;; lU~~ (,I' tb:3 ,.;,lighT (!l:ttt;:renci;~; 

j,'\ d~lm n(;:11' tn(~~hnd delf,('.I;i{;n lirnits, 

{~IOi.I'l.;;kw;, 1995,') 

S':li.n:-z::,; of ildJili'J;:ul i;(uJlum. (:hiofide, ilnd !>l.Iliat~ ~:.J't', {nl)~'t' 

dffi(:u!t !{;. dcL:n:n,m.'. t),s:jokliuH of halik (XaCI} jo; a nall~ra!ly 
;i;;currklg ;.;our'.:l'- oj 'i1,h,lHl;'1I awl cilior;dc. :lithou!.~h i.mhkcly in th~: 
"h,dl'.I\v t-ub:sud~l(t." l)fl110 I).:;nnr; ('rt-ek W;1!i;(,:ih,:~d Tht:'.I\~ ;:il'(~ ~n:my 

t:!:Jn:n;-;.dc S<Hin:...::; uf sodium 11"hid, L'U;' t:n~l.:r l!(;ll':lGho~d ::.e-Vr'<lgc, 
ind_w:hnh': \1J];ff S~1ncncr~" hica,;;h" and d';:fcrg(~njs. rrrif.Fition \'Vidl 
!~;;;dt;:(. Wi!.';rl~\V;1!i'r ~~fi1:.!(~!-11 \v;)n.ld, t.hf.:reti·IY(~" bt;: (;'Y,l"fct.;~d ~n 

i;:lCn:l±st: ':loJ~um ·";Ollo::enil"utiulIS ill grol1ndvva1l:r. Th~ Lug".: numb'':1 
(.f ";lmp!;;,;; if, thE i"~ata s.t:£ l~~rm :..;prings in an:a; .... that :Jpp~:ar 10 h,~: 

ir)f1'.l<;:n(:r;.{ by ct11u<::nr inigai!.on lll"'-Y ,a,trtki"lly skev,: tnt' CO'l(:en·' 

li'ati,;.r:. 'n'<.::mge-':l up\Vd~d. Fk}YT~v<~L d{t~~:. from Si!b' in tht.' Bull 
{:n:-;:k ~"iiltcr~h;!d ~,hDW ,l similar trt:ld but 'Nith lower sodium con­
c,::mmJi<)fI~; _;n mb.:m ;lr~::ls (OM, 1l!Y3; Johm., H9,fj [!1h,a::1;:~d 

di::;soiu~iun uf n"turd!y (J(:(;uni=:I,g bari~0 o.nd gYi,:;uon dKly ~:JS(I ~ 
iln ;n;pnrmnt bct;:·r as Yidi H:oi L:rtili.l'.:r:~ and ;~oi! cunditio[;e-I"s. 

lIigbi:-r lln':::l:lnif)' !;:o!J~ .. ~ntn~ticn..; III grnundwak, trom reS1·· 

th:-Iltji.d il,;:;:U:, :s;:rH";l by (c,nve;l:ti'Jn[ll ('I~rt! 1'<1 Hl.:f.d S~~\tJ0:' .;;y!;~(~n':; 

hitv~; .t~:l~ll \tpscrvcd in L01~g ls!a,J<l New Yi..)rk (b.:k.hardt and 
Sr!lc~~d)f.:l'b, 1995i, fr i~: likdy tblt '.'iJ~.L:'-.'iil.:::cr cttlu.;:nt :r;igati,;;n, 
pl':;,~ibly uUl!Je~;li;~ ~\''-1si(:w;:.h:r. ;',1' ':I(:C(:-]f,r.:tre-Il :::.:H'b,)n;n(~ di':!,()1ui;_OI·1 
ar.;: ~hc som-::;,:s .;,f devaleJ alktdinily ub~,cr\Gti in, lhc L<H,g ¥!'!unJ 
'irndy, 

Se'l'n-e l1tJ!]L~li.any largo tl(l,;:tu:~1:i{11l': in "pring c-her!'li~try .x:cur 
at LC S-pring, ii ~pri!=g appart!n!ry affcd:d by dllU(:rlf irrigation 
from.~ n~;;-rby g{)ih~olJr~e. l:-m ~.priD.g dischl~rgcs from the d-own­
iitrel\iU t:nd of iU" 0~te.rH;j'.'f.: -\~eJH~"i.t ;)f krt.~(:e "ledinlf.'-I:i-h lmll Hvtin" 
tJ.:'f1S i~ n:lat±vdy higJ) vohu11t:-lJf uis,:ht'.rgr: ,.::','e-n '.l!nk-r dz'{;ught ~on" 
dition~ .. In f'igures :; lind 4; smm! of the ~!d}ar: dHta points plottmg 

(':'Itskk; ~he urban imrac'!:s fi0ld lirf fron:: LC ~rrinb mni were c;;1· 
k~tl:d ,j:.uing wd pt."ri'_ld::-;, A Pip!..!f p]oi (Fig. YJ ue Jdt:l colkd::,j 
from !hi~ spri;:lg dlmng \v·.,;r and dry cnndlli.;:tij ();js-::d on Bartlli:l 
Creek tl()w) .;;ho\l';-~ a clear dlll!ti~ln trEI!d t1::::)r:f dry r,\lndition~. to Il'.'('t 

c('ndi.ri;:'H:; Durir,-t;, dry (.ondi!i<:ln;; m;):ir, _ifnc,t ;'111. watc( disdlJf8" 
ing irom the- ~priEg uppe-a;::; t'J_b,: frum irrigation \;,'at~;: infiltnHing 
the ,:hiillo·,,;"ter • .1ce sedi_m~-:n::~ and migmtlllg to U-w sprin,~;, DU;1ng 
"1/(\1: l~(lndjd;"r;~i, infiltrmi.ng (,flimt',io:rr _<ind po~:sjhl~v h;~,:;t;;tiC>Iii-' j';lfi! .. 

tratjo;:1 i!um D larK!..! tributary thCil '':ro~sc!-! the- terrULi.' O:.Ii':rop Ju::n 
milk iiha.::harg!:, {~ibt:ng th~!-df!u~-:nt; and til;! n;,';u!tmg:chcrmc;-;.I sig­
n;;Jl,re, 

Ibe' !:-,JT('.cl: of di1w.i('/1 Ol~ wHtt:r.dlcuii:stry in lhe !'pfi~lg dt LC 
Spri::lg: i~ also rcll-::c!cd j,1 mtrog<:ri- !~(~lop~: cht:rn::s.t:-y nJhk~ J ft. 
SJmplc'\ ;-:~l-licdcd lInd.;:r varying: diiimti~: \:o!ld'ir!;-:H:" :,;ug!,~ .. :,,,t J 

5~r(tog irtl'ef5e teJatJ,:Ir!.;,hip br;:nv(~e-p_ (ky-o,nd--'I-';<2~ conditions h., 
eWJupk, san;pk:~ L{~lkL[::J !(H !,-\-<: diflcIcnl sfH:ing o'.Itit:l:s dUeing 
ii wet p~:;iod (2,'22,'95) ShO\'-i J IO\.-v TIltrog!.:'T; i:~otopc value wn~,reas 
fi..1mpk's -nuder dry period.;; of 2,'22;/94. 4,'}9,\ll~ ,~nd 7i LF:}6 had 
c.unsiJl.!wbly high~~ isv~ljpi'J ~alu~h ("Llbk J). 

CONCLLJSIONS 

Sig,niflcll_nt diffl'!"I:nc.c--; ill gml'Xll::1"\'ili(~r _dt<.::mii;Iry IKwe het:~n 
itkllliikJ hdwCt:.fl slll'iugs lUl~akd in ilrb~El :lml fum! af;ca~ iii the 
(:on!:nhuting i.,me of the i1a,ton (:y~~ck w;!ky~.hc,i. Hight'r \lat·· 
ue:;':c(>n(:entn~jnn~; ;;1' "lpedfic i:;)P(llJct:1r1.::r. ~t)m1 di:;.~:(!lsed !,~;!;d~" 

nilute, ':ImnK1ni'-1, lU:.ii.1 Kidd:tbl nllrogl.:n, ':ul-t:iuin. magJl.:~~~iuEl, 

sod him., p·;~t3sjillm, ch!ori-:h~, ,~uH~k" and alkalidty arc fO~l!ld on 
:;pring~; 4~i~;('hargiIIg: -in llrbr:m ;m~~I:;'. Tht:: din~~r.;:nce' heh'if,~n urban 

S~l\.' tlnJ rura] :sik pl1raw~ttl' Z'Vlh.'l:nll'iiti'Jlb £'': sratl~,l~l·aHy SigHifi­
cant, i'1dic'lti~lg all impllct,;:.f urbm,i.(~ati-::-r:, CV~,l though g::ou!:.thva­
tf,f _{{i'-<lhry in urb"ln .m-:rw ,.:nwjn~\ g(lO-d r~bth-'.;! to ddnking ~tYiltcr 
:EUJli,Lrd:: . 

h::IPltd~ to :;uriuc:.c ",,·,~l;.:n Imv.;: ,,{:curJcJ in 2ire,~s ,.k.'l',-n­
s::n:'<ln1 ;;f -l,rhl'lI;izcd ,"prinr:~; HlCV,1tcd iiit1".T!T· ':,;n:C~~m:ratkms 

lkt~l~teC in LC Sf)ritlg. hali:2_fi!S(l be~m cekcvJd -in t}>J(, [\lXl! ,J:;.v'-Tt~ 

sin.:am of ~hc spring. E\~l:I)~ivl.: :J~g2.C btuom:! htl\,c blJGII Jun! 
nwnkd if! thj;~. r-;,;ach of tb: (:'Ct'k. Sl.rta-,:~; \v;"k, ,mpiicb m:.!y 
inn:;~.]~:~ in ~ht;; )'hrlll"e "," j.l~h':ln grow~h (.onrini'e;;; and di~;(;h;;trge of 

grll:jllZ.b,,·uJ,.:;: with hi,bht:r e'.\l;.stitlJ'':::I~ t:('DL,"'::!lWlio!)~ jlH.'It:L1~::S. 

fh~: prnhabk ;~,!)urcC' of thr niIT~H:e in f.C ;wd BSn Springs 
dl1l'.;ng dry condili':'l:I': i~; dtlll~nr hokiklit p,:rnd'. and etf!llfnt -in'iga" 
tiOl!. This e'~'Ed:'biol! i~ ::,uppuftt:u by h.:uvy ni~!'Ogt;'1l b{'[('pe !~ltiG-S 
in lhi; ~pritlgs mdicating a wastl.;wat·::;:- :-lOi.ECC of nitrogen. 'fhcse 
spnll,?:': also !11;~if!t.~m r;;l;;ti'.'cly high d:sdl!lrgrs duri!J,~! prolonged 
drought e{,nditil)!J~ 'whirl1 dry up ntOi;t :springs and _'T!(I:;t s:,nfa;~,~ 

flm!,' in thr-km Crt:ek. 
rtiv;;Jr;(lt.;! ::m3ly:m.; groUp1lli;'?' spr:ngs int,) bllfb,-:c cJ£cgnrii;,'l 

ha~ t\J5en etTc-(:rive in dmecting _imp[;Cl~ jue ~(t lJ;:h.:mi7;;.tion. 
RL':-l'..dlil!g {!i:J.gra;:n:~ :lEo!,\' deCinili,:t~ (~f urbuE arK! £.ural g«IUEd',VLl­
k, ~;igrtl!t:.m;.~ wh)ch c.an hi: .1ppbi;{i k -;)h~!; ''''J.tt:l"shcJ:~ i.':1 thl: 
,-'\\.l::itin ::trea ~md P0T.flilbHy ,)~ht;:r l'egi')(IS '!.).,'jjh ~,imd]::- gCO~()!f,j{; f},:~ .. 

1 ing.s. ~\I[;tliY :,jgnawre cO;:lstitu<:n~~; al~ t.'~7jnmJ)nly ilk'mifjL~.d !1jjJ 

il;CXp{!n,·;iv{; to "If; "l'ihkh ca.r, n;!du~:c ~:o~:t..; in delineation prog;:-:1!t1~. 

ACKNOWLEDGEMENTS 

'hris ~l;:,rington p.;;rt'-;)Tmi:<i :~.tat;s6cal anaj:;~:::,:- 01:. tb·~ JatCl. 
S(;(I~r 1-1.\(;(':: and A lis.a Rc:mjngl.on it~:sj~;kd iii. ~;amp1e C~")!!f.:ctH)n ,;end 

Uiita I:ntry. Ed P<"3t:ol:k, :vrikc Lydt.'.y, and SmlC)! McClintock edit,· 
cd v~~r~bn,:-i d this mall~!::-icripl. Mikl,;: Hdt:: app,;)vcd public;-;.!iu::l of 
lhf. maml:-{:,:'ip~ 



JOHNS 

IDS - mw'l per 1r-..¢11 

-, 
Ca 

Cations %m<t:q!i 

~-.. -" .. ""-'-.. "'''''------"", .... ,""""''''''_._----'''-.. ,-'''""-,,,.,,.,, .. ,,-

L ............. __ .. .. 

figurt:: 5" Samples from LC Spring ,XI Piper dJagr:t!n shlJwing I~ \;~.rf,e variation in gmun,l,!J',l:::cr ion chcEli:~tt'Y :;:'::~:i.lltil).[(, from ch2.nging 
antlX'I;:,j,::m ii'!';~lst:!ri~ conJiti<.llls, 

Bafi1~:~, V. t., I :Y;'·t ,\:.l,~tin S::':'':~: The lJniv<::f:;ity of'f~~:<a~ at Au~,tin 
BUlTilll ~;r b":OIlO'TI;C Gl,:olngy., Ui.,!O~UgiL /\tbs l)fT e!\{l,;:, 

l1nn,/;,;;, \/, i',. .. t 981. L1fUl£' Sheft" Till! University i..'f"!f:X3~; "t Auc:.tm 
i::l.i(~:;_lt; c,f L~:o:1:::ni(; C;<:!)/(tgy, (;e;;l~Vlc Ath~ .;;C T.:,~.i;S" 

Bro\'ri!i:)g. [ . ,!t, • 1 'Y,! 7. 5UUfl'{; ('of NiJrnh'! in \Vakr (.'[·lh..: Ed';ii:jrd~. 

Aqui.fer, South C::;Jtral TC'K.:ts. The Universil;y ·;~f Texa:s <.it 

'\u:;:;ll, ,\!La::tc:-'s Thf.>~i'\, S-l,} p. 

Hn,l1f, (L!!IEaL 1~)8L 5pn_ng~" "f ·r~::<.a~: BWrI,:h .. Sn:)i-;l"L, !i:c' H. 

\VOi'th '1';;-":.]:-" 566 p. 

L1mnc, Gunrtcw. iHl4i G. i .. Duffin, t 983, Oe-nrrrer,c£: .. .tt'Ii:J.dut.:-iH.¥ 
;,lid Qu.ality Df G'(hmdwati:r if: lra"ls ('.):.lmy" ·h;xJ~.: kxu:~ 

Ikp.Ftmt::nl. i:,niVa1\;:f E!0:(Om:;:es kcpori 276, 219 i!. 

City {,y ;\~I,;;tin, 19-9::·, Cumulmi';f~ :,ffip~cts o( De\"~I(,p~T!0nt on 
\V:tkr Qu;~!i'!;y :illd E!ld.:1;]g;;;",;;d ,Sr'l'.cj.::S 111 dll~ HuE ;:;.nJ ,\i'V,~!,t 

lkli Crl..':l:k \V!;'J~~::;hl;,ds~, City '.II' /\:J>thL Flrvh,nm~:n~<+1 and 
(\')ns~!;1!Jtion Str\'i(,e~i Dep::_ftm{:nt, Ln·;'~ruIIlY'tl'.l\t-Hl i{f',(t!Jr'::'5 

!l.bnagen:en1 U-ivi:,kHl, 69 p. 

City t>f AlJ-~:~iJ:,\ 1 Y'J), 'l'he TJ:<lrh::-E C10.;k !~q;·;;r!: Ci.ly uf A.u:;tlrL, 
iJraiEa!;t: llti1i~y j)(~partmcm, Ell\tl'(li'JU'I:erltJl 1<{::SUU1C{:S 

Mnr;3g-::,nenl DisisiC>rL T15 r 



138 GULF COAST ASSOCIATION OF GEOLOGICAL SOCIETIES TRANSACTIONS VOL. XLVIII 1998 

Parameter 

S~cific Conc!ll~tliIJ.ce ....... . 
Iotal DjssolYC:c!~Qli.~_ 

Urban 
Signature 

Level 

> 800 us/em 

> 300 tnglI, 
l:'i.trate.Nitrogen mmmm ••• ?:J,O mg/1 
'I'0tllI<.i,,-ldahI;t:Iitr0.s.~n > O.lUlg/1. 
Calciulll > 110 mg/L 
M~~-;;~··· ...............; 20 mg/L 

Sodium._ > 20 mg/L 

Potassium m •••• > 1.0 mW1. 
Sulfate > 40 mg/L F==--------- _ .... _. 
Chloride > 50 mg/L 
Alkalinity > 300 mg/L 

Table 3. Results of nitrogen isotope and nutrient analysis from 
selected Barton Creek springs. 
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