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EXECUTIVE SUMMARY

The U.S. EnvironmentalProtectionAgency (EPA) hasset a national goalof establishing

numericalnutrient standardsin the watersof the U.S. The target date to havecriteria in place is now

2004, andTexashascommittedto addresscriteria for lakesandreservoirsby the sametime.

Nutrients, primarily nitrogenand phosphorus,are a water quality concernbecausein

excesssupply they can stimulatehigh concentrationsof aquaticplants anddegradethe quality of waters

for particularuses. At the sametime, a certainamountof nutrientsare necessaryto supportthe baseof

the aquaticlife food web. Thereare manyuniqueconditionsthatcan affect the levelsthatactually result

in degradedwaterquality. The challengeof settingnumericalcriteriais to defineamountsthat protectthe

designatedusessuch as aquatic life support and public water supply, without making unreasonable

demandson sourcesof nutrients.

The EPA haspublishedGuidanceManuals(EPA, 2000a,2000b, 2001) for developing

nutrient numericalcriteria. The methodologyproposedin the EPA GuidanceManuals is essentially

empirical in that it recommendsestablishingcriteriabasedon a percentileof existingdatafor systemsthat

share some type of geographicsimilarity. The commonfactor in their method is being in one of 14

Ecoregionsdefined for the continental U.S. The Guidance Manualssuggesttwo ways to establish

criteria. The first is to identify referencewater bodies in the Ecoregionthat are relatively undisturbed.

The 75111 percentileof the frequencydistributionof theserelatively pristine referencewaterbodiescould

be usedto developthecriteria. Whenpristine referencewaterbodiesare not identified,the
25

th percentile

of the frequencydistributionof the entire populationofwaterbodies is used. The 25~percentilemethod

was used in this evaluation. The Guadalupe-BlancoRiver Authority (GBRA), the Upper Guadalupe

RiverAuthority (UGRA) andthe TexasNaturalResourceConservationCommission(TNRCC) recognize

that the issue of numericalnutrientcriteria is very complexandvariable. This study was designedand

supportedby the Texas Clean Rivers Program(CRP) to evaluatethe techniquesproposedby EPA to

establishnumericnutrient criteriaandto assessotherapproachesthat may havegreaterutility for waters

in the GuadalupeRiverbasin.

In addition to the national recommendationsfrom EPA, the U.S. Geological Survey

(USGS), with EPA supporthasappliedthe percentilemethodologyto amoredetailedsetof Ecoregionsin

Texas(Hornig, 2000). In this studythe samemethod was also applied to the watersof the Guadalupe

Basin. The resultsof this work, together with the EPA recommendationsand USGS findings were

reviewedand discussed. The basic finding is that the percentilemethodologyyields resultsthat differ

substantiallydependingon the studyareabeing considered.This variability doesnot inspireconfidence

in the result.

Anothermajor limitation of the percentilemethod noted anddiscussedis that thereis no

technicaltie betweenthe percentilevaluesandthe usesthathavebeenestablishedfor the waters. Water
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quality standardsconsistof two elements:designateduses(the goalof the standard)and criteriathat can

be measuredto determineif the useis beingachieved.TheNational ResearchCouncil’s (NRC) report to

EPA on the Total Maximum Daily Load (TMDL) program(NRC, 2001)arguesthat to avoid confusion

the use statementshould be as specific as possible. They note that statementslike “aquatic life use

support”aretoo vaguefor properquantification and suggestlanguagelike support for a specific type of

fisheryandthe biological communitiesnecessaryto supportthat fishery. The NRC report alsonotesthat

it is desirablefor the criteria to be as closely relatedto the use beingprotectedas possible. The lack of

anytechnical relation betweendesignateduse and the criteria used to judge attainmentof the usewas

consideredby the NRCteamto be a seriousproblem.

Another problem is that when the national and state-basedpercentile criteria are

comparedwith actual datafrom the GuadalupeBasin, mostof the lakes/reservoirswould not attainthe

criteria. In theory,this wouldmeanthatthey arenot supportingtheir designatedaquaticlife supportuses

andaTMDL studywould haveto determinethe neededreductionsin nutrient loads. While this maybe

the caseat somelocations,it is hardto imaginethis is true for mostbasinwaters.

The main studyrecommendationis that effort is neededto work with the TNRCC and

EPA in developingsite-specific standardsfor the key waterwaysin the basin. Following on the NRC

(2001)recommendations,thesestandardsshould include a more specific definition of the usesfor each

reservoir,and numericalcriteria that havea quantitativetie to attainmentof theseuses. The GBRA and

associatedwaterquality programswouldbe well suitedto supervisethis effort.
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1.0 INTRODUCTION

The U.S. EnvironmentalProtectionAgency (EPA) has seta national goal of establishing

numericalnutrientstandards.TheirNational Strategyfor the Developmentof RegionalNutrientCriteria,

publishedin June 1998, definesa goal to havenumericnutrient criteria for all U.S. waters. The target

date to have criteria in place is now 2004. Technical guidancemanuals(GuidanceManuals) for the

developmentof nutrient criteria have been publishedby the EPA for lakes/reservoirs(EPA, 2000a),

streams/rivers(EPA, 2000b),andestuarine/coastalmarinewaters(EPA, 2001).

Nutrients, primarily nitrogen and phosphorus,are a water quality concernbecausein

excesssupply theycan stimulatehigh concentrationsof aquaticplantsanddegradethe quality of a water

body. At thesametime, a certainamountof nutrientsarenecessaryto supportthebaseof theaquaticlife

food web. There are many uniqueconditionsthat can affect the levels that actually result in degraded

water quality. The challengeof setting numericalcriteria is to defineamountsthat protectthe designated

usessuch as aquatic life support and public water supply, without making unreasonabledemandsoii

sourcesof nutrientssuchas agricultural runoff, wastewaterdischarges,andatmosphericdeposition.

The methodologyin the GuidanceManualsis essentiallyempirical in that it recommends

establishingcriteria basedon a percentileof existingdatafor systemsthat sharesometype of geographic

similarity. The commongeographicalsimilarity in their methodis beingin oneof 14 Ecoregionsdefined

for the continentalU.S. Briefly for background,a percentile is obtainedby arrangingavailabledata in

order from largestto the smallestvalues. The 75111 percentileof the datawould be thevalueobtainedby

going 75% of the way up the list.

Largestdatavalue

75111 percentile

50
th percentile

(median)

25
1h percentile

Smallestdatavalue

The GuidanceManualssuggesttwo waysto establish criteria. The first is to identify

referencewater bodies in the Ecoregion that are relatively undisturbed. The 75~percentile of the

frequencydistribution of theserelativelypristine referencewater bodieswould be oneway that could be
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used to developthe criteria. When pristine referencewater bodies are not identified, anothermethod

offered is to usethe 25111 percentileof the frequencydistributionof the entire populationof waterbodies.

The 2501 percentilewas chosenby EPA to representa surrogatefor an actualreferencepopulation. Note

that for parameterssuch as Secchi depth that havehigher readingsassociatedwith betterwater quality,

the criterion is developedfrom eitherthe 2501 percentileof referencewaterbodiesor
75

th percentileof the

entire population.

Water quality standardsconsist of two elements:designateduses (the goal of the

standard)and criteria that can be measuredto determineif the use is being achieved. The National

ResearchCouncil’s (NRC) report on the Total Maximum Daily Load (TMDL) program(NRC, 2001)

arguesthat to avoid confusion the use statementshould be as specific as possible. They note that

statementslike “aquatic life use support” are too vaguefor properquantificationand suggestlanguage

like supportfor aspecific typeof fisheryandthe biological communitiesnecessaryto supportthat fishery

for particularconditions.The reportalsonotesthatit is desirablefor the criteriato be as closely relatedto

the usebeingprotectedas possible.

The purposeof numericalcriteria is to quantifyandsupportprotectionof the designated

water uses. For example, dissolvedoxygen (DO) criteria exist as a quantitativemeasureto support

aquaticlife uses,and indicator bacteriacriteria are establishedto supportcontactrecreationuses. While

recognizingthat the percentilemethoddoesnot establisha tie betweenthe numericalvalues (criteria)

neededto allow a given use,andthat theecologicalor scientific basisbehindthe recommendedpercentile

methodsis not robust, EPA hasexpressedthe intent that criteria of somesort be adoptedby the year

2004. Texas has indicated that it intendsto focus initially on lakesand reservoirsand have some

numericalvalues in placeby 2004.

Oncecriteria havebeenincorporatedinto the SurfaceWaterQuality Standards,failure to

attainthe criteria is equivalentto a finding that the associatedwaterusesare not beingsupported,which

can leaddirectly to a TMDL study designedto attain the criteria by allocatingnutrient loads to various

dischargers. To avoid misunderstandingsand incorrect actions, it is critical to have as clear an

understandingas possibleof the specific usesandthe relationof the criteriato theseuses. An analogy

might bea uselike safehighwaytransportation,wherea criterion is a postedspeedlimit. A fair amount

of work hasgone into developingspeedlimits, andthere is a measureof consensusthat exceedingthat

criterion by a significantdegreemeansthattheuse(safetransportation)is not supported.

Currently, nutrientsare assessedin Texasby a combinationof narrativecriteria and by

usingstatewidescreeninglevels statistically derived from long-term monitoring data. Typically these

screeninglevelsaresetat the8501 percentileof the statewidedatapool, andarenot intendedas criteriabut

rather as a meansto flag potential problems. Becausethereare no criteria for nutrients,exceedingthe

screeninglevel is only a causefor waterquality concernandfurtherstudy.
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The Guadalupe-BlancoRiverAuthority (GBRA), the UpperGuadalupeRiver Authority

(UGRA) andthe TexasNaturalResourceConservationCommission(~VNRCC)recognizethat the issueof
numericalnutrientcriteria is very complexandvariable. This studywas designedand supportedby the

TexasClean Rivers Program(CRP) to evaluatethe techniquesproposedby EPA to establishnumeric

nutrient criteriaand to assessotherapproachesthat may havegreaterutility for watersin the Guadalupe

River basin. GBRA, with its managementresponsibilityof both the quantity and quality of the waters,

hasa stronginterestin seeingthatthis issueis addressedproperly.

Overthe last several decadesTexas has establishedand revisednumericalcriteria for

eachwater quality segmentthat quantify support for usessuch as domesticwater supply, aquatic life

protection,and contactrecreation. For example,water supply usesaregenerallyprotectedwith criteria

for dissolvedsolids, chloridesand sulfates;aquaticlife with DO and also with toxicity-basedcriteria;

while contact recreationusesare addressedwith indicator bacteriacriteria. This documentcan be

consideredas an intermediatestepalongthe way to havingnumericalcriteria for eachsegmentthat are

neededto supportdesignatedusesthat might be affectedby nutrients. We believetheseusesneedto be

refined for each body of water, but until that can be done we expect theseusesto be the general

statementslike aquaticlife supportandin the caseof watersupplyreservoirs,the publicwatersupplyuse.

The first step in the processwas takenby EPA in establishinga broad policy goal and suggestinga

relativelysimple methodfor selectingnumericalvalues. The 14 Ecoregionsemployedby EPA covervast

expansesof the country, within which individual watersexhibit very large differencesin characteristics.

EPA officials (Gibson,2001) haveexpressedthe view that the broad Ecoregion-basedcriteria are not

necessarilythe final answerbut a default if no betteranswercan be obtained. EPA hasencouragedstates

to developbetteranswers. One stepalongthe way has beenfor the TNRCC, with EPA funding,to have

the U.S. Geological Survey (USGS)apply the method using Level III Ecoregionsspecific to Texas

(Hornig,2002).

Both the EPA andUSGSdocumentsarereviewedin thisstudy. Both employ a common

statisticalapproachgroupingandanalyzingdatafrom manywaterbodiesin broadgeographicareas.This

study further narrowsthe analytical focusto a particularriver basin. While the Ecoregionapproachis

employed,the studygoesfurther to addresswaysthat criteria might be developedfor specificsegments.

Ultimately, we would expectthat somemeasureof detailedstudywill beneededto developaconsensus

on thespecificparametersandlevelsneededto supportthedesignatedusesof eachsegment.

Another point in this introduction is that while Texasdoesnot havenumericalnutrient

criteria, it haslong hadnarrativenutrientcriteria. Section307.4(e)statesthat:

“Nutrients from permitteddischargesor othercontrollablesourcesshall not cause
excessivegrowth of aquaticvegetationwhich impairs an existing, attainable,or
designateduse.”
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This narrative criteria languagehas been the basis for establishingnutrient effluent

limitations on a numberof wastewaterdischargers. In the GuadalupeRiver, nutrient limitations on the

wastewaterdischargesfrom Kerrville (to Flat Rock Lake), GBRA (to CanyonLake) andthe City of San

Marcos(to the SanMarcosRiver) havebeenimplemented.

While the narrativecriteriahavebeeneffective in addressingspecific problems,theyare

difficult to apply before a problemis encountered.There is little doubt that when specific numbersare

assignedto criteria, the level of measurement,concern,and expenditureswill tend to increase. Most

would view an increasein the levelof attention to awaterquality issueas a socialgood.

The study hasfive major parts. The first, presentedin Section2, is a summaryof the

EPA methodandthe valuesthat EPA hasrecommendedfor applicationto majorwatersof the Guadalupe

River basin. It also includesthe resultsof the USGSeffort specific to Texaswaters. Section3 drawson

the specific datathat havebeencollectedin the basin and appliesthe EPA percentilemethod to these

basin data. This section also includesan examinationof different percentileapproaches. Section 4

presentsan assessmentof the resultsof different meansof computing criteria. Section 5 includesa

discussionof possiblefuture approachesto developingcriteria,andrecommendationsfor future actions.
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2.0 NUTRIENT CRITERIA RECOMMENDEDBY EPA

When consideringnumericalcriteria to quantify support for the existing uses,thereare

many alternativeapproaches.This sectionreviewsthe parametersselectedby the EPA andthe technical

approachto criteria development.The resultsof the national approach,alongwith Texasresultsobtained

by theUSGS(Hornig, 2002)arealsopresented.

2.1 PARAMETER SELECTION

In the caseof lakes and reservoirs,the main concernis generallyexcessphytoplankton,

single-celledaquaticorganisms. High levels of phytoplanktoncan degradewater quality and limit its

ability to supportthe aquaticlife use. A typical measureof the phytoplanktonconcentrationis onebased

on the amountof plantpigment, chlorophylla, found in a watersample. While thereare limitations on

the accuracyandreliability of this measure,it is employedfar morewidely thancollectingand identifying

algalcells. Anothermeasureof phytoplanktondensityis waterclarity, frequently measuredwith a simple

devicecalled a Secchidisk. The deeperthe disk can be observedthe clearerthe water. If the primary

causeof decreasedwater clarity is phytoplankton,and not runoff or wind wave inducedturbidity, the

Secchidiskdepthis a good measureof phytoplanktonlevels. The EPA employedboth chlorophyllaand

Secchidiskdepthas direct measuresof excessphytoplanktonlevels in lakesandreservoirs. In River and

Streamwaters,EPA includeswaterturbidity in placeof Secchidepth.

If temperature,light and nutrient suppliesare sufficient, phytoplanktonare capableof

rapid growth rates, potentially doubling in density in a day. Factors that can limit the growth of

phytoplanktoninclude coldertemperature,lack of light, lack of oneor morekey nutrients,or predation.

In mostcases,the only parameterover which manhassomecontrol in dealingwith excessphytoplankton

growth is nutrient levels. Many measuresof nutrientconcentrationscould be employed. The form of

nutrients that are actually available for use by phytoplankton is the dissolved inorganic state. For

example,phytoplanktoncan usedissolvedortho-phosphate(P04-P),ammoniumnitrogen (NH4~-N)and

nitrate-N (NO3-N). Primarily becausethere are very little dataof this type collectedat meaningful

analyticalreportinglevels, the EPA GuidanceManualsrequire thatnumericcriteria be developedfor only

total nitrogen (TN) andtotal phosphorus(TP). By definition, TN andTP includethe phytoplanktonitself

as well as the nutrientsin the waterthatmight be availablefor planktonuse, but are generallycorrelated

with high levels of phytoplankton. More importantly, thereare much larger data setsof TN and TP

availablefor statisticalanalysis.

ECOREGIONAPPROACHFOR CRITERIA SELECTION

The EPA adopted an ecoregional approach in the criteria development process.

Ecoregions are regions with relatively homogeneousecological characteristics. The delineation of

ecoregionsis basedon geographicconditions that causeor reflect differencesin ecosystempatterns.
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These conditions include geology, physiography, vegetation,climate, soils, land use, wildlife, and

hydrology. EPA hasdevelopedmapsof ecoregionsof the United Statesat various levels of resolution

andaggregation.Thereare 79 Level III Ecoregionsin theconterminousUnitedStates.

The Level Ill Ecoregionswere aggregatedby EPA into 14 nutrient Ecoregionsin the

conterminousUnited States. As shown in Figure 2-1, the EPA aggregateEcoregionsextendover large

areasof the country.

The Level III Ecoregionsfor Texasalso coversubstantialareas. Figure 2-2 showsthe

Level III Ecoregionsin Texas. The GuadalupeRiverBasin andthe Lavaca-GuadalupeCoastalBasin are

locatedwithin four of theseEcoregions. The following table shows the correspondencebetweenthe

AggregateEcoregionsusedby the EPAandthe Level III Ecoregionsin thetwo basins.

EPAAggregateNutrientEcoregions Level III Ecoregions

IV GreatPlainsGrassandShrublands

V SouthCentral CultivatedGreatPlains

IX SoutheasternTemperateForestedPlainsandHills

X Texas-LouisianaCoastalandMississippiAlluvial Plains

30 EdwardsPlateau

32 TexasBlacklandPrairies

33 EastCentralTexasPlains

34 WesternGulf CoastalPlain

2.3 RECOMMENDEDCRITERIA

The criteria recommendedby EPA for the above AggregateEcoregionsfor lakes/

reservoirsand rivers/streamsare shown in Table 2-I. As notedabove,theseEcoregionsextend over

much of the continentalU.S. and cannotbe saidto be representativeof GuadalupeRiver conditions. If

thesewereappliedas criteria,mostof the GuadalupeRiverbasinwaterswould beout of compliancemost

of the time.

Table 2-2 presentsthe values obtainedby the USGS for the Level III Ecoregionsusing

only Texasdata. It can be seenthat the valuesdiffer substantiallybut do not seemto haveaconsistent

patternof difference. For someparametersandlocations,the EPA valuesarehigher while for othersthe

differenceis in the otherdirection.

PB~444215/020178 2-2



FIGURE 2-I
EPA NUTRIENT ECOREGIONS
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FIGURE 2-2
LEVEL III ECOREGIONS IN TEXAS N
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TABLE 2-I

EPA RECOMMENDEDNUTRIENT CRITERIA

Parameter
LakesandReservoirs2 RiversandStreams
IV V IX IV V IX X

TP(~tg/L)

TN(~tg/L)

ChI a (~ag/L)
Secchidepth(m)

Turbidity’

20 33 20

440 560 360

2.00 2.30 5.18

2.00 1.30 1.53

23 67 37 128
560 880 700 760

2.40 3.00 0.93 2.10

4.21 7.83 7.02 17.50

‘Unit for turbidity is NTU for EcoregionIX andFTU for others.2Nocriterion hasbeenpublishedfor EcoregionX for LakesandReservoirs.
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TABLE 2-2

USGSRESULTS(25TH PERCENTILES)USING EPAMETHODOLOGY

.1’.

La

—I
00

Ecoregion

LakesandReservoirs Rivers andStreams

TP (~ig/L) TN (~dg/L) Chi a (~g/L) TP (~ig/L) TN (p.g/L) ChI a (~tg/L)

24
25

26
27
29

30
31

32

33
34
35

Chihuahuan Deserts
Western High Plains

Southwestern Tablelands
Central Great Plains
Central Oklahoma/Texas Plains

Edwards Plateau
SouthernTexasPlains

TexasBlacklandPrairies

EastCentralTexasPlains
Western Gulf Coastal Plain
SouthCentralPlains

21

20

12
26
40

34
50

16

60
147
40

456
538

430

728

858

566

1.41
4.13

1.69

3.69

9.17

2.65

25

145

16
32

53
8

30
55

107
144
63

743

469
673

743
401

1008
1268
1082
1008
707

1 .00
3.15

1.00
1.80

1.99

1.00
1.00
1.15
1.23
1.84
1.27



3.0 STATISTICAL ANALYSIS OF DATA

This section describesthe statistical analysesperformedon the GuadalupeBasin data.

The first part employsthe basicEPA methodologyandthe seconddealswith otherstatisticalapproaches.

3.1 ANALYSIS USING EPAMETHOD

Data of the GuadalupeRiver Basin (Basin 18) amid Lavaca-GuadalupeCoastal Basin

(Basin 17) weredownloadedfrom the TNRCC SurfaceWaterQuality Momiitoring program. The period

of the data is from January1993 to January2002. Thesedataarecharacterizedin Table 3-I amid include

observatiomisfrom the TNRCC, USGS,GBRA amid UGRA. Figure3-1 showsthelocation ofthe sampling

stationsin eachEcoregion.

Total nitrogenis aderivedparameter.It is thesumof TKN (which includesboth NH3-N

amid Organic-N),NO2-N andNO3-N. Routinely, theseparametersare miot measuredatthe sametime. One

reasonis that the TKN test is relatively expensiveamid the comicentrationstendto be low in some waters.

With that, it is easyto justify foregoingtheseanalyses.Therefore,total nitrogenhasthe smallestamount

of data. The analysiswas alsoperformedfor TKN as an alternativevariable.

Secchidepth is generallymeasuredon lakesamid reservoirs. However,thereare very few

observationsfor the run-of-river lakes.

Significant percentagesof TKN, TP amid chlorophyll a data are reported as below

detectionlimits. BothTKN andTP have14% of the databelowdetectionlimits, whereasonethird ofthe

chlorophylladataare belowdetectionlimits. Thisstudyappliedhalf the reportinglimit concentrationfor

valuesreportedbelow the detection limit, as did EPA and the USGS(Hornig, 2002). For example, this

approachis alsousedby TNRCC iii dataassessment(TNRCC,2002).

3.1.1 MethodDescription

Using the EPAmethod, the analysis we did is described below.

1. The data were grouped accordingto Ecoregionsamid water body types. The
following waterbody types wereconsideredin thisanalysis:

Rivers/Streams

Lakes/Reservoirs
Run-of-River Lakes

Estuaries

PB~4442 15/020178 3-I



Level III Ecoregion

Typeof
water

bodies

Number
of water
bodies

Number
of

stations

Numberof observations

TN 2 NO3-N TKN TP ChI a
Secchi
depth TSS Turbidity

30 EdwardsPlateau Lakes/Reservoirs
Run-of-RiverLakes
Rivers/Streams

1
5
16

12
5

58

3
0
66

80
106
763

22
0

190

134
14

527

89
94
839

46
0
56

134
131
1081

108
184
1085

32 TexasBlacklandPrairies Run-of-RiverLakes
Rivers/Streams

4
15

6
30

2
50

89
331

5
143

164
678

119
604

4
42

164
681

159
544

33 EastCentralTexasPlains Rivers/Streams 5 9 26 136 53 225 188 26 236 176
34 WesternGulf CoastalPlain Estuaries

Rivers/Streams
3
2

3
7

38
10

38
160

59
38

59
279

59
182

53
27

58
271

0
239

TOTAL
Numberof non-detects
%ofdatanon-detect

51 130 195
2

1.0%

1703
26

1.5%

510
73

14.3%

2080
283

13.6%

2174
748

34.4%

254
9

3.5%

2756
75

2.7%

2495
1

0.0%

Storetcodeof parameters:
00625 TKN
00665 TP
32211 Chla
00078 Secchidepth
00530 TSS
82079 Turbidity

2 TN is calculated as the sum of TKN(00625), nitrite nitrogen (00615) and nitrate nitrogen (00620),

or the sumof TKN (00625)andnitrite-nitratenitrogen(00630).

TABLE 3-1

DATA FROM JANUARY 1993 TO JANUARY 2002

.5-

.5’.
5-)
La

—a
00

NJ

Nitrate nitrogen (00620) or nitrite-nitrate nitrogen (00630).





Becausethe physical characteristicsof the run-of-river lakes are intermediatebetweemi

rivers amid lakes,theywereconsideredas a separatetypeofwaterbodies.

2. The data were grouped by season of collection, with the seasonsdefined as

follows:

Spriiig March to May
Summer Juneto August

Fall Septemberto November
Winter Decemberto February

3. For eachwaterbody, the medianof the datafor each parameteramid eachseason
wasobtained.

4. The 25nu1 percentilefor a seasonis derived from the miiediansof the sametype of
waterbodiesin an Ecoregion.

5. The 2501 percemitilefor all seasonswas calculatedby taking the medianof the four
seasonal2501 percentiles.

Canyoii Lake is the only lake in Ecoregion 30 (EdwardsPlateau),and with only one

water body the aboveprocedure(step4) cannotbe applied. A more complicatedsituationis when data

exist for only onewater body in someseasoiisbut for morethanonewaterbody in otherseasons.As a

practicalmatter,USGS personnel(Hornig, 2002)haveobservedthatthe percentilesof all the datayields

resultsthat areusuallycloseto thoseobtainedwith the moredetailedseasonalprocedure.Thiswould be

the casewherethe datatendto be uniformly distributedoverseasoiis,but might not be the casewherethe

record was dominatedby a few short-termstudies. In this study,the EPA procedurewas still used to

obtainthe25~~percentile.

3.1.2 ResultsPresentation

Figure3-2 presentsthe 25”~percentileof eachwaterbody typefor eachEcoregion. The

criteria recommendedby EPA for the AggregateNutrient Ecoregionsare also shown in the figure for

comparison.The USGShascalculatedthe 25511 perceiitilefor TN, TP amid chlorophylla for Ecoregionsin

Texas. Their resultsarealsoshown in the figure for comparison. The resultsby EPA amid USGSdo not

havethe run-of-river lakes category. Their lake resultsare usedfor comparisonwith mumi-of-river hake

resultsin this study.
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FIGURE 3-2
25TH PERCENTILES USING EPA METHODOLOGY
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FIGURE 3-2 (CONTINUED)
25TH PERCENTILES USING EPA METHODOLOGY
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FIGURE 3-2 (CONCLUDED)
25TH PERCENTILES USING EPA METHODOLOGY
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3.1.3 ResultsDiscussion

Ahthommgh thereappearsto be somecorrelation betweemiresultsof the threestudies,there

are sigmiificant differences. The following table shows the averageabsolutepercemitagedifferemice

between results of this study and those of EPA amid USGSfor TN, TP amid chlorophyll a.

Compariiig USGS
with this study

Comparing EPA
with this study

TN 31% 30%

TP 48% 72%

Chlorophyll a 98% 185%

Th’ie resultsof EPA, USGS, andthis study correspondto progressivelysmaller regions.

Discrepanciesbetweenthe results suggestthat it may not be appropriateto selecta single criterion amid

apply it to a largegeographicarea. Variability betweemiwaterbodieswill likely requirespecificcriteriato

be developedfor each segment. While water bodies in a small regiomi may havemore similarities, the

numberof water bodiesis likely to be few. This posesa problem with the EPA methodologythat the

calculatiomiof the quartilesmaymiot be meaniiigfulwith a smallnumberof waterbodies.

Anotherproblemwith the methodologyis thatall thedataof each waterbody arereduced

to a median. This approachavoidsover-representatiomiof a waterbody that hasmaiiy moreobservatiomis

thami others. On the otherhand, if omie waterbody hassignificantly m’nore observationsthan another,we

should have more confidence in the data from that water body comparedwith the one with fewer

observations.However,the EPA methodgivesequalweightto themediansderivedfor eachwaterbody.

3.2 ANALYSIS OF INDIVIDUAL RESERVOIRDATA

TNRCC’s imiitial focus is on criteria developmentfor reservoirs. Table 3-2 showsthe

numberof datafor CanyonLakeamid the run-of-river impoumidments. Nutriemitdataarerelatively sparse

amid afew of the rumi-of-river impoundmentshavemio dataat all.

At thebegiminingof the Cleami RiversProgramimi 1992,dataimi the GuadalupeRiverBasin

collectedfrom the early 1980sto early 1990swere compiled. Theseolder data were retrievedamid the

numbersof observationsare shiowmi in Table 3-3. BesidesCanyon Lake amid Lake Dumilap, the older

databasealsohasvery few observatiomisfor the otherrun-of-river lakes. However,the databaseprovides

sigmiificant miumbersof TN observatiomisfor LakeDunlap. For this analysis,the older Canyon Lakeand

LakeDumilap datawere addedto theTNRCC database.
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Storetcode of parameters:
00625 TKN
00665 TP

TABLE 3-2

DATA FROM JANUARY 1993 TO JANUARY 2002 FORLAKES AND RESERVOIRS

32211 ChIa
00078 Secchi depth
00530 TSS
82079 Turbidity

2 TN is calculated asthe sumof TKN (00625),nitrite nitrogen(00615)andnitratenitrogen(00620),

or thesumof TKN (00625)andnitrite-nitratenitrogen(00630).

.5’-

.5’.

.5-
5-)
La

—00

Level III Ecoregion Waterbody

Numberof observations

TN N03-N a TKN TP Chl a
Secchi
depth TSS Turbidity

EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
TexasBlacklandPrairies
TexasBlacklandPrairies
TexasBlacklandPrairies
TexasBlacklandPrairies

CanyonLake
CenterPoint Lake
FlatRock Lake
Lake at LouiseHays Park
Lakeat Ingram
UGRA Lake
LakeDunlap
LakeMcQueeney
LakePlacid
LakeWood

3
0
0
0
0
0
2
0
0
0

80
38

1
0

39
28
75
14
0
0

22
0
0
0
0
0
2
3
0
0

134
10
0
0
2
2

111
53
0
0

89
35
0
0
35
24
67
52
0
0

46
0
0
0
0
0
2
2
0
0

134
44

1
0

52
34
111
53
0
0

108
53

1
41
45
44
108
49

1
1

Nitrate nitrogen(00620)or nitrite-nitratenitrogen(00630).



Storetcodeof parameters:
00625 TKN
00665 TP
32211 ChIa
00078 Secchidepth
00530 TSS
82079 Turbidity

TABLE 3-3

ADDITIONAL DATA FROM 1981 TO 1992 FORLAKES AND RESERVOIRS

2 TN is calculated as the sum of TKN (00625), nitrite nitrogen (00615) and nitrate nitrogen(00620),

or thesumof TKN (00625)andnitrite-nitratenitrogen(00630).

.5-

.5.

00

Level III Ecoregion Waterbody

Numberof observations

TN N03-N a TKN TP Chl a
Secchi
depth TSS Turbidity

EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
EdwardsPlateau
TexasBlacklandPrairies

CanyonLake
CenterPoint Lake
Flat Rock Lake
UGRA Lake
Lake at Ingram
LakeDunlap

2
0
2
0
0

60

102
77
94
79
72
107

12
0
2
0
0

60

103
0
2
0
0

161

32
0
1
0
0
32

5
0
0
0
0
2

33
7
9
7
1

32

70
0
0
0
0
70

Nitratenitrogen(00620)ornitrite-nitratenitrogen(00630).



The 8518 amid 95511 percemitilesfor eachparameterfor the lakes areshown imi Figure 3-3.

TNRCC has long used85”~percemitilevalues in screening of parameters for which there are mio established

criteria. The 951h1 percentilevalues were included to approximateomie of the ways in which numerical

waterquality criteria havebeenestablished,in this case,for total dissolvedsolids,chloridesand sulfates.

Thesecriteriawere som’ne of the first to be set in Texasto protectthe most basicof surfacewatersuses,

public driiikimig water and crop irrigation. The procedureusedto establishthesecriteria was similar to

that employed by the EPA, km that it was basedomi a percentile of existing data amid had mio direct

relationshipto values neededto support a specific use. By basing criteria omi existing data, therewas

implicit recognitionthat watersimi thewestermi part of the statetendedto be saltierthanwatersin the east,

but within himnits were still suitable for their existing uses. The main value of thesecriteria was imi

providinga meansof insuring that dissolvedsalts would not increaseimi concentrationdueto an actionof

iii an.

While the procedures are similar, the selection of very differemit percentilevaluesimplies

a fundamentallydifferent worldview. Use of the 95511 percetitile of the data for each segment and

comparimig the criteria obtainedwith the year-longaverageof datafor the segmentimplies that existing

conditionsare acceptableandthe criteriawould be attainedunlesssomemajor changetakesplace. These

criteria fumiction as a miieamis to preventmilajor increasesimi dissolvedsalts. Imi contrast,EPA’s useof the

25~~perceiitile implies that three-fourthsof the waters in each Ecoregion have beemi umiacceptably

inipactedamid somecorrectiveaction is mieededthroughoutmostof the state. In thiscasethe criteriacan

be viewedas a mechamiismto producemajor changes.While it is clear that Texashascomistructedmany

reservoirs,amid perhapsmost receivesomeamountof higher miutriemit contentwastewaterreturn flows, it is

miot yet widely acceptedthat three-fourthsof the state’s reservoirs are impactedby nutrients to an

unacceptabledegree.
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FIGURE 3-3 (CONCLUDED)
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4.0 ASSESSMENTOF POSSIBLECRITERIA WITH BASIN DATA

The 25111 percentilelevels shiowmi imi the previoussectiomi represemitthreecalculationsof

proposednutrient criteria using the same methodology in progressively smaller amid miiore specific

geographicareas. This sectioncomparesthesepossiblecriteria with the actualdatafrom basimi watersamid

assesses,if thesecriteria were adopted,the likelihood of listing for failure to attain the criteria and by

definition fail to supportaquatic life uses. The resultssuggestthat for mostwaters,criteria developed

specificallyto quantify supportfor thespecificusesin eachreservoirwouldbe moreappropriate.

Table 4-I presemitsfor most reservoirsimi the basimi a comparisomiof the criteria values

proposedby the EPA amid the percentof observatiomiswherethe criteria would be exceeded. Similar

results are shown iii Table 4-2 usimig the USGS calculatedvalues for the Level III Ecoregions. In

reviewing thesetables, miote that the TNRCC has historically concludedthat a designateduse is not

supportedif morethan25% of theobservationsfail to miieet thecriterion. By this measure,UGRA Lake,

oneof the mostpristine in the basiii, would fail to meetthechlorophyll a criterion. CanyonLakewould

fail all criteria exceptthosewith limited data, as would lakes Dunlapamid McQueeney. The older data

from Canyonaiid Dunlap showvery similar resultsto the morerecentdata. The basicmessageof these

tablesis that manyof thewatersimi the basineitherhavelittle dataor if theyhavedata,would havea high

percemitageof the dataexceedingthe proposedcriteria.

Anotherway to assessthe criteria alternativesis to simply comparethe values for each

reservoir. Table 4-3 presentsthis comparisonfor each reservoir. The table showsfor each hake the

miational andTexas-basedEcoregionvalues,the statewide85”~percentile,andfor the particular lake, the

95111 amid 5O”~percentilesalongwith the numberof observatiomisavailable.

Also shownimi the tableare possiblecriteriabasedon a methodproposedby the TNRCC.

This method is similar to that used for the developmemitof chloride, sulfate amid total dissolvedsolids

criteria (seeAttachmemit I). The criteria arederivedby a formula that usesthe arithmeticmean,standard

deviationandStudent’st valuefor the numberof datausedimi thecalculation. The TNRCChasindicated

that omily datacollectedfrom tIme main pool of thereservoirin summer would be usedfor nutrientcriteria

development,amid the numberof samples used to calculate the annual mean(mU in Attachment1) should

be 10. Datafrom April to Octoberhave beenused to calculatethe criteria with this approachimi Table

4—3. With this method,a larger miumberof samiiples in the basehimiedataset (ii, km AttachmentI) would

give a lower valtmeof the criteriomi for the samemeamiamid stamidarddeviatiomi. However, basedon a few

trials on actual data, the changedoesnot seemto be sigmiificaiit. Reducingmi, by half omily chamigesthe

criteriaby a few percent.

As showmi in Table 4-3, Camiyomi Lake, that has beemi characterizedas having the best

water quality of any miiajor reservoir imi the state(Groeger,2001)would not meet a TP or chlorophyll a
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TABLE 4-1

PERCENTAGEEXCEEDANCEOF EPACRITERIA

ChI a
(~tg/L)

Secchidepth
(m)

TN
(~tg/L)

TP
(~tg/L)

IJGRA Lake
EPAcriteria
Numberof observations

Percentof valuesexceedingcriteria ‘

2
24

3 7.5%

2
0

440
0

20
2

0.0%

CanyonLake
EPAcriteria
Number of observations

Percentof valuesexceedingcriteria ‘

2
89

39.3%

2
46

43.5%

440
3

0.0%

20
134

60.4%

LakeDunlap
EPAcriteria
Numberof observations

Percentof valuesexceedingcriteria’

2.3
67

10.4%

1.3
2

100.0%

560
2

100.0%

33
III

89.2%

LakeMcQueeney
EPAcriteria
Numberof observations

Percentof valuesexceedingcriteria’

2.3
52

59.6%

1.3
2

0.0%

560
0

33
53

86.8%

CanyonLake (include1981 to 1992 data~
EPAcriteria
Numberof observations

Percentofvaluesexceedingcriteria’

2
121

28.9%

2
51

39.2%

440
5

0.0%

20
237

34.2%

LakeDunlap (include1981 to 1992dat&
EPA criteria
Number of observations

Percentof valuesexceedingcriteria’

2.3
99

21.2%

1.3
4

50.0%

560
62

98.4%

33
272

90.1%

Below criteria in caseof Secchidepth.
2 Datafrom 1993 to 2002.
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TABLE 4-2

PERCENTAGEEXCEEDANCE OF USGSCRITERIA

ChIa
(~tg/L)

TN
(~tg/L)

TP
(p.g/L)

UGRA Lake
USGScriteria
Numberof observations

Percentof valuesexceedingcriteria ‘

1.69
24

41.7%

430
0

34
2

0.0%

CanyonLake
USGScriteria
Number of observations

Percentof valuesexceedingcriteria ‘

1.69
89

50.6%

430
3

0.0%

34
134

50.7%

LakeDunlap
USGScriteria
Numberof observations
Percentof valuesexceedingcriteria ‘

3.69
67

6.0%

728
2

100.0%

16
111

95.5%

LakeMcQueeney
USGScriteria
Number of observations

Percentofvaluesexceedingcriteria ‘

3.69
52

51.9%

728
0

16
53

94.3%

Canyon Lake(include1981to 1992data)
USGScriteria
Numberof observations

Percentof valuesexceedingcriteria ‘

1.69
121

37.2%

430
5

0.0%

34
237

28.7%

LakeDunlap (include1981 to 1992data)
USGScriteria
Number of observations

Percentof valuesexceedingcriteria ‘

3.69
99

18.2%

728
62

98.4%

16
272

97.1%

Datafrom 1993to 2002.
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TABLE 4-3

COMPARISONOFCRITERIA FOR RESERVOIRS

Chl a
(~tg/L)

Secchidepth
(m)

TN
(~ig/L)

TP
(~tg/L)

UGRA Lake
EPA - National 2.00 2.00 440 20
USGS- State 1.69 430 34
85th Statewide 21.40 180
TNRCCproposedmethod 2.83
95th percentile~ 4.10 11
50th percentile(median) 1.39 10
Number of observations 24 0 0 2

CenterPoint Lake
EPA - National 2.00 2.00 440 20
USGS- State 1.69 430 34
85th Statewide 21.40 180
TNRCC proposedmethod 2.27 18

95th percentile ‘~ 2.90 20
50th percentile(median) 1.32 13
Numberof observations 35 0 0 10

Lake at Ingram
EPA - National 2.00 2.00 440 20
USGS- State 1.69 430 34
85th Statewide 21.40 180
TNRCCproposedmethod 2.36
95th percentile” 2.93 12
50th percentile(median) 0.99 9
Numberof observations 35 0 0 2

CanyonLake
EPA - National 2.00 2.00 440 20
USGS- State 1.69 430 34
85th Statewide 21.40 180
TNRCC proposedmethod 2.99 3.34 78
95th percentile” 4.74 0.90 381 154
50th percentile (median) 1.70 1.94 210 40
Numberof observations 89 46 3 134

Lake Dunlap
EPA - National 2.30 1.30 560 33
USGS - State 3.69 728 16
85th Statewide 21.40 180
TNRCC proposedmethod 16.05 145

95thpercentile” 4.78 2.00 1347 190
50thpercentile(median) 0.50 2.00 1320 90
Numberof observations 67 2 2 III

Lake McQueeney
EPA - National 2.30 1.30 560 33
USGS- State 3.69 728 16
85th Statewide 21.40 180
TNRCC proposedmethod’ 22.19 0.39 129

95th percentile ~ 36.00 0.47 218
50thpercentile(median) 4.20 0.60 80
Numberof observations 52 2 0 53
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TABLE 4-3 (CONCLUDED)

COMPARISONOFCRITERIA FORRESERVOIRS

ChI a
(~Lg/L)

Secchi depth
(m)

TN
(~~g/L)

TP
(jtg/L)

Canyon Lake (include 1981to 1992data)
EPA - National 2.00 2.00 440 20
USGS - State 1.69 430 34
85th Statewide 21.40 180

TNRCCproposedmethod 3.42 3.25 228 116
95th percentile” 5.60 0.88 365 160
50th percentile(median) 2.00 1.98 215 30
Numberof observations 121 51 5 237

LakeDunlap (include1981 to 1992data)
EPA - National 2.30 1.30 560 33
USGS - State 3.69 728 16
85th Statewide 21.40 180

TNRCC proposedmethod 23.26 0.63 2015 156

95th percentile” 21.03 0.87 2590 185
50th percentile(median) 0.67 1.50 1400 90
Nuniberof observations 99 4 62 272

85th percentilestatewidescreeninglevelsfor nitrogenare

320~g/L for NO2+NO3-N.
2 Datafrom 1993 to 2002.

106 ~~g/Lfor NH3-N and

For Secchi depth, criterion is the mean minus t timesstandarderror(refer to Attachment1).

“5th percentilein caseof Secchidepth.
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criteria that was basedon the ecoregionalapproach. However,the 95th percentilechlorophyll a valueof

4.7 j.ig/L is much lower thamithe statewide85t11 percentileandomily marginallyhigher than the miational amid

state25” percentilevalues. The chlorophyll a datafor LakeMcQueeneyare higherthan for LakeDunlap

imiimediately upstream. The older data for Camiyomi amid Dunlap appearvery comisistemitwith the miewer

data. It appearsthat the TNRCC proposedmethod that comisiders actual reservoirdata is less likely to

result in ami inappropriateor unattainablecriteriomi.

Table 4-4 presemits a similar comparisonfor rivers and streamiis. Since thereare many

miiore distimict streams,the table is organizedimi a more compactform. For eachmajor Ecoregion the

nationalamid statevaluesare presentedfollowed by a histimig of the miumiiber of observatiomisamid the miiediami

amid 95t11 percentilevalues for each individual stream. The streamsimi each Ecoregion inckmde both the

main stem of the Guadalupeand the smaller tributariesthat have some databut are not designated

segments.

Most of thestreamshavevery low chlorophyll a values. A common50” percentilevalue

is 0.5 ~tg/L, which stemsfrom the high number of observatiomisat the reporting limit of <1. The

Blackland PrairiesandEastCentralPlainsstreamshavehigher levels than the EdwardsPlateaustreams.

For turbidity, a high proportion of the streamshave median values that exceedthe

proposedcriteria,particularly in the lower basin. The samebasicobservationcan be madefor the TN and

TP criteria in basimi streamiis.

A key point with rivers and streamsis that the miiain measureof excessmimmtriemits is not

planktonicchlorophyll a, but attachedalgaeand largeraquaticplants. At presentthereare very limited

dataon thesetypesof aquaticplantsupomi which to basean assessmentof usesupportamid criteria needed.

A basicfinding of the comparisonsis that theredoesnot appearto be a consistemitpattern

with the Ecoregion-basedcriteria. It is difficult to justify usimig thesepercentileresults as a basis for

statimig that the aqtmaticlife tmse is miot supportedamid aTMDL is neededto establishandallocatea reduced

load of nutrieiits. Rather,thesepercentileapproachesappearto be priniarily useful as a startimig poimit,

promiiptingefforts at developingcriteria for particularwatersthat mayhavesomedegreeof stressamid that

might reasonablybeiiefit from nutrientmamiagement.In this role it is clearthat the proposedcriteria have

emijoyeda measureof success.
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TABLE 4-4

COMPARISON OF CRITERIA FOR RIVERS AND STREAMS

Water body

Chlorophyll a (pgIL) Turbidity (NTU) - TN (yg/L) TP (ygIL)

Number 50th 95th
of obs - percentile percenfile

Number 50th 95th
of obs - percentile’ percenfile

Number 50th 95th
of obs - percentile percentile

Number 50th 95th
of obs percenfile -percentile

EDWARDS PLATEAU

EPA - National
USGS - State

8Sth Statewide’

240
1 .00

11 .60

4.21 2

58 2.00 4.97
4 1.65 14.72
15 1.50 3.75
0

624 5.30 11,00
2 2.30 2.75

53 6.10 16.00
1 0.50 0.50
0

142 1.60 3.00
2 9.80 14.48

182 2.60 5.70
0
0
0
2 0.95 1.09

560
401

19 510 964
0
12 315 524
0
8 660 3216
0

8 585 1373
0
3 140 239
8 570 1628
0
8 555 844
0
0
0
0

23
B

BOO
122 20 140
4 13 19

35 10 186
0

274 25 170
2 12 18
24 10 29

1 5 5
3 10 19

28 10 37
2 27 41

28 10 30
0
0
0
4 7 10

96
34
61
17

338
I

52
1
2

68
23

78
2
21
19
26

0.50
0.97
0.50
0.50
0.70
0.60
0.50
2.20
0.96
0.44
1.01

0.50
0.03
0.46
0.40
0.64

7.82
3.41
2.67
1.44
3.62
0.60
2.85
2.20
1.37
1.48
2.19

2.05
0.05
2.18
1.68
1.75

BLANCO RiVER
CAMP MEETING CREEK
CYPRESS CREEK
GOATCREEK
GUADALUPE RIVER
INDIAN CREEK
JOHNSON CREEK
BIG JOSHUA CREEK
LITTLE BLANCO RIVER
NORTH FORK GUADALUPE RIVER

QUINLAN CREEK
SOUTH FORK GUADALUPE
THIRD CREEK
TOWN CREEK
TURTLE CREEK
VERDE CREEK

TEXAS BLACKLAND PRAIRIES

EPA- National
USGS-State

85th Statewide’

3.00
1.15

7.83 2 880
1268

67
55

ANDREWS BRANCH OF PORTER CREEK
BLANCO RIVER AT HAYS
CLEAR FORK OF PLUM CREEK
COMAL RIVER
DRY COMAL CREEK
ELM CREEK
GERONIMO CREEK
GUADALUPE RIVER
LOWER SAN MARCOS RIVER
PEACH CREEK
PLUM CREEK
SANDIES CREEK
SAN MARCOS RIVER
UPPER SAN MARCOS RIVER

1
11
4

87
63
9

65
167

15
65
7

64
10
36

7.40
1.39
0.50
0.50
2.30
8.00
0.50
1.70
0.50
2.70
0.50
2.30
1.25
0.50

7.40
3.48
0.50
1.61
8.11
54.90
2.38
9.49
2.79
12.80
25.52
19.90
4.79
2.94

0
0
0
87 1.40
62 3.85
3 36.00

65 10.00
175 13.00

0
66 25.00
2 25.50
58 30.00
10 18.50
16 1.75

4.76
26.48

197.10
21.80
84.30

87.00
27.75
76.35
69.40
2.95

0
6
4

10
0
0
0
10
9
0
0
0
0
11

605 840
4965 8486

1775 1961

590 3243
1200 - 1616

~
:‘

‘

1240 - 1610

1
10
2

137
63
0

65
212
iS
65
6
56
10
36

200
20
45

25
80

70
110
70

330
425
405
135
23

,

200
97
59

102
219

148
425
140
556
1165
903
501

203
EAST CENTRAL TEXAS PLAINS
EPA - National
USGS-State

85th Statewide 1

0.93
1.23

7.02 700
1082

37
127 107

ELM CREEK
GUADALUPE RIVER
LOWER SAN MARCOS RIVER
PLUM CREEK
WALNUT CREEK

9
21
77
78
3

0.50
0.50
0.50
1.80
12.40

6.20
9.24
5.00

10.72
34.74

3 37.00
0

110 12.70
63 16.20
O~

188.20

50.75
106.00

0
7 1340 2012
10 1395 1980
8 3440 - 4770
1 13720 13720

0
21
124
77
3

60 260
100 317
510 1344

2620 : 2818
WESTERN GULF COASTAL PLAIN

EPA - National
USGS-State

8Sth Statewide
COLETO CREEK -

GUADALUPE RIVER

2.10
1.84

37,52 760

1008

128
144

94 3.37~ 32.54

88 4.64 16.72

6.80 1.00
130 36.50 1S1.00

8 480 3701
2 1955 2068

139 80 160
140 . 428 1111

‘85th percentile statewide screening levels for nitrogen are 170 yg/L for NH
3

-N and 2760 ~,g/Lfor N0
2

+NO,-N.
2 Unit in FTU, but basically equivalent to NTU.
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5.0 DISCUSSIONAND RECOMMENDATIONS

The previoussectionshavepresemitedami evakmatiomi of nutriemit criteria that havebeemi

proposedby the EPA. The agemicy hasstatedits intemit to impose their proposedcriteria unlessstates
provide stmitable altermiatives. Texas hasagreedto addressmimmtriemit criteria for reservoirsby the emid of

2004.

Imi evaluatingthesecriteria and calcuhatimigthe values using the proposedmethodson

miational, state amid only basin data, the basic conclusion is that there is a great deal of variability

dependingon the geographicareaemployed. Furthermore,theredoesnot appearto be a technicalbasis

behimid the criteria. It is not clearthat if thosecriteria wereattainedthe usewould be supportedor vice

versa. If theywere applied,the resultwould be that a high proportionof the watersin the basinwould be

found to not supportthe aquaticlife use. This coiiclusiomi would theoreticallylead to aTMDL studyto

allocatereducedmiutrientsto the watersof the basin. Leaving asidethe questionof whethertheremayor

maymiot be aneedto reducemiutrientsto a particularwaterwayto maintain aspecificuse,anydecisionon

this point is likely to involve sigmiificantpubliccostsandshouldhavea technicallydefensiblebasis.

Late imi this studyprocess,theTNRCC aminouncedits imitent to not employ the ecoregion

approachbut ratherto moveto an approachbasedon datafor eachreservoir. The alternativesevaluated

in Section 4 include this new approachnow being considered. This would seem to be a major

improvementas it will greatly redtmce the likelihood of ami imiappropriateor unattaimiablecriteriomi being

imposed. As the processevolvesit is still importamitthat imiterests imi thebasinstayin closetouchwith the

processandwork to imisure that both the usesandthe criteriaare appropriateto eachwaterbody.

We recommendthat the key entities imi the basin work with the TNRCC in the
developmentof new stamidardsthat areappropriateto the majorwatersof the basin. Thesenew standards

shouldhaveexpamidedamid morespecific definitiomisof expecteduses,amid specificcriteriaestablishedthat

are techmiicallytied to the supportof theseuses. The recentprojectsupportedby theWater Environment

Research Foundation(WERF, 2002) to define methodsfor establishingsite-specificmiutrient stamidards

would be onesourceof imiformationamongmamiy.

A major elementand comisiderationimi developmentof numerical criteria are the data

employed in the process. With the data there are a miumiiber of issmmes that need to be recognized and

ultimatelyaddressed.Theseincludethereliability andreportimig limits of the historicaldata,recenttrends

in reportinglimits for newdata,amid actionsneededto improvethe utility of all data.

As notedin the precedingsectionsthat arebasedon theexistimig data,a substantialpart of

the availablemiutrientamid chlorophylla dataare reportedas lessthan, “<“values. This is a consequence

of usinganalyticalmethodsthat were originally developedto characterizewatersuch as wastewaterthat

temid to havehigher comicentrations,and appliedto ambientwatersthat tendto havelow concentratiomis,
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particularly km the GuadalupeRiver Basin. The “less than” meamis the actual value of the parameteris

lower thami the ability of the test measurewith acceptableaccuracy. With this resultall the userof the

datakmiows is that the true result is somewherebetweemithe reporting limit amid zero. In thesecases,the

comivention of usingomie half of the reporting limit imi the amialysisis followed. This providesa value to

tmse in the statisticalanalysis,but it is miot avaluethatcami be accordeda high degreeof confidemice.

In recemityearsthe TNRCC hasincreasedeffortsto be surethatthe datathat areproduced

areaccurateamid reliable. They havespecifieddetailedproceduresto establish Ambient WaterReportimig

Levels (AWRL5) that are intendedto insure that the reporteddataare technicallyvalid. As a practical

matter,this sometimesmeansthat the reportinglevels usingthe samesamplingand analysisprocedures

haveto increase. Ami exampleis chlorophyll a, whereatypical reportinglevel imi the existingdatabaseis

1 ~..mg/L,is now increasedto 10 jj.g/L. This higher level meansthat a higher proportiomi of the routiiie

monitoringdatawill joimi the ranksof the “less than”. Also, the higher the AWRL, the less validity that

cami be placedon the half-reporting limit assumption.Perhapsmost importantly,with a reportinglevel of

10 ~ig/L,mostof the criteria valuesconsideredin this reportcould not be mneasuredamid would thushave

mio utility.

Note that this is miot intendedas an argumemitagaimist accuracy. However, there is a

balancethat mustbe achievedthat considersthe intendeduseof the data. Wherethe intendeduse is an

enforcementor legal proceeding,accuracymust takepriority. However, in casesinvolving developimig

tmnderstandingof biochemicalprocesses,it is often moreuseful to reportthe bestestimatevaluethat is at

the raggededgeof the equipmentcapabilities,thami it is to merelysaythe valueis less thami somemuch

largernumber. To the extemit thatthe AWRL proceduresreducethe relevanceof theresults,the improved

accuracymaynot be atrue benefit.

Both the high proportion of miomi-detects in the historical record, amid the increasing

numberon mion-detectsexpectedimi the future record,highlight the needfor improvedanalyticalmethods

to addressnutrientsin the GuadalupeRiver Basin. This will involve increasedcostfor the apphicatiomiof

equipmentamid proceduresthat alreadyexist, amid increasedcostfor participatiomi imi the developmemitof

new proceduresthat are appropriateto the uniquesituatiomis in the basin. This will bea processthat can

be expectedto takeanumberof years,but ultimatelyyield datathat will be appropriateto the chiallemige

of managimigmiutrients in the watersof the GuadalupeRiverBasimi.

PB~444215/020178 5-2



6.0 REFERENCES

Gibsomi, G. 2001. EPA Headquarters.NutrientCriteria presentationimi Dallas August29-30, 2001.

Groeger,A. 2001. Presentationto CanyonRegional SteeringCommittee,December4, 2001.

Hornig, E. 2002. Presemitation to TNRCC Nutrient Criteria DevelopmentAdvisory Work Group

miieeting, May 20,2002.
NationalResearchCouncil. 2001. AssessingtheTMDL Approachto WaterQuality Management.

U.S. EnvironmentalProtectiomi Agency (EPA). 2000a. Nutrient Criteria Techmiical GuidamiceManual —

LakesandReservoirs.

2000b. NutriemitCriteriaTechnicalGuidamiceManual— Rivers andStreams.

2001. NutrientCriteriaTechnicalGuidanceManual— EstuarineandCoastalMarimie Waters.

Texas NaturalResourceConservationCommission.2001. Guidancefor AssessingTexasSurfaceand
FinishedDrinking WaterQuality Data,2002.

WaterEnviromimentResearchFederatiomi. 2002. Summaryof project99-WSM-3,DevelopTechnically-
BasedSite-SpecificMeasuresfor Identifying theEcological ImpactsAssociatedwith Nutrients.

6-14442 15/020178



ATTACHMENT I



ATTACHMENT I

Developmentof Chloride, SulfateandTotal DissolvedSolidsCriteria in the
TexasSurfaceWaterQuality Standards

(providedby the TexasNaturalResourceConservationCommission)

Currentlythesecriteriaaredevelopedfrom ambientdatafor eachindividual segmentwithin ariver
basin.From time to time the criteria maybe recalculatedto reflect the expandingdatabase. If
recalculationsareperformedcaremustbe takento ensurethatapollutionsourceis not responsible
for increasedconcentrationsof theseparameters.The actualcriteriaarederivedby a formulawhich
utilizesthe arithmeticmean,standarddeviationandStudent’s/ valuefor thenumberof datavalues
usedfor eachcalculation. Waterquality standardsattainmentis evaluatedasanannualmeanof at
leastfour samplestakenon differentdatesnot to exceedthederivedcriterion.

The calculationis basedon theminimumvaluefor theannualmeanTDS, chlorideor sulfatewould
haveto attainsuchthataStudent’st testwould rejectthe null hypothesisthatthe annualmeanand
themeanof the baselinedataweredrawnfrom the samepopulationwith aprobability of 0.05 (one-
tailed).Assumesannualmeanis basedon atleastfour samplesandthevariancesof thebaselinedata
set anddatausedfor calculatingthe annualmeanarethe same.

Calculatedas follows:

Criterion = + t(I)
0

)
05

)(S
5’

J - .c2)

Where: criteriomi = thevaluethe annualmeanshouldmiot exceed
= meanof thebaselinedataset
= critical valueof the t distributionwhereo~= 0.05 onetailed at n1 + 4 degreesof
freedom
= standarderror for the differemiceof two meamis

= ~(s~2/fl, + s1,2/n7)
Where: n1 = miumberof samnplesin baselinedataset

= 4 = miumberof samplesused to calculateannualmeami
= 2(s2(n, - l))/(n1 + 2)

s= standarddeviatiomi of the basehimiedata

Referemice: Moore, D. S. andG. P. McCabe. 1993. The pooledtwo-sample/ procedures.pp 542-549.
j~Introduction to thepracticeofstatistics. W. H. FreemanandCompany,NewYork.
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