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l. Introduction
VWIN's History

The VolunteerWater Informaion Network (VWIN) is apartnership of groups ard individuals
dedcaiedto preserning water quality in wegern North Cardina. Organizations such asthe Lake James
Environmental Association, the Environmertal Conservation Organization (ECO), the Pacdet Area
Conservarcy (PAC), the Town of Lake Lure, and many othersprovide administrative support. The UNC-
Asheville Environmental Quality Institute (EQI) providestechical assistancethrough laboratory anmalysis
of water samples statistical analysis of water quality results, and writteninterpretation of the data.
Volunteersverture out once per month to callectwater samgdesfrom dedgnated sitesalong streamsand
riversin the regon.

An accuate and on-going water quality database, asprovidedby VWIN, is essertial for good
ervironmertal plaming. The data gathered by the volunteersprovidesanincreasngly accurate picture of
water quality conditions and changesin these conditions overtime. Communitiescanuse this datato
idertify streamsof high water quality, which needto be preserved, aswell asstreamsthat camot support
further developmert without significart water quality degradation. In addition, the information allows
plamersto assess the impacts of increagd development and the success of pollution control measires
Thus, this program providesthe water quality data for evaluation of current managemert efforts and can
help guide decisions affecting future management actions The VWIN program also encourages
involvement of citizensin the awareness, ownership and protection of ther water resources.

In Felruary of 1990, volunteersbegan monthly samging 27 stream sitesin Buncombe County.
The program expandedto 45 sitesby November of 1990. Since that time, monitoring hasexpandedto
over 200 sitesthroughout Wedgern North Cardina and beyond. Monthly samgding of these sitesprovides
extensive water quality information for the French Broad, Broad, Catawba, Little Temessee, Watawga,
and Hiawassee River Watersheds in North Cardina.

The Lake JamesVWIN Program

In May 2001, the Lake JamesEnvironmertal Association begana VWIN programto monitor five
seleciedstreamsitesand six lake sitesin order to assess water quality conditionsin streamsflowing into
Lake James ard to provide continuous assessmert of the heath of the lake. Because problemswere
noticedalmost immedately atthe site on the North Fork of the Catawba River, two more siteswere
quickly addedto assess this problem. With sedmertation and potertial europhicaion of thelake a
growing concern, mary citizers realize the needfor continuous monitoring of the streamsfl owing into the
lake asa mears of trying to pinpoint sourcesof problems Continuous monitoring of the lake itself is
vital to undergarding the lake cyclesard trerds aswell asidertifying problemsasthey arise. The
approximate location of all the monitoring sitescanbe found on the mgp in Figure 1. Tabde 1isalist of
the monitoring sitesand their locaions. This report represerts statistical analysesand interpretation of
data gathered by VWIN volunteersfrom May 2001 through April 2008.




Table 1: Lake James Monitoring Sites

1. Catawba River at SR-1501

2. Catawba River at US-221A

3. North Fork of the Catawba River at SR-1552

4. Catawba River at Restoflex Road

5. LinvilleRiver at NC Hwy 126

6. LakeJames at Plantation Point — Catawba arm near Catawba River
7. LakeJamesat Biglsland — mid Catawba arm

8. LakeJamesat Marion Lake Club - lower Catawba arm

9. LakeJamesat Paddy Creek dam - Linvillearm

10. Lake James at upper Linvillearm

11. Lake James at lower Linvillearm

12. North Fork of the Catawba River downstream from Limekiln Creek
13. North Fork of the Catawba River at Old Linville Road




I1. Methodology

A water monitoring coordinator provideshands-on instruction and experiencein sample
calection to all volunteersprior to their first day of sample collecion. The Lake Lamesmonitoring
sampesare cdlectedon the fourth Saurday of each month. Water samplesare colleciedin six 250 mL
polyethylere bottles In order to assure consistert sampling techiques each bottleislabeled with the site
number and the parameter for which the water from that particular bottle will be aralyzed Eachset of
samgesincludesa chain-of-custody form to be completed by the volunteer. Thisform includessite
number and site location, the time and date of sample collection, the name of the person callecting the
samge, and the weather conditions prior to samgde cdllecion. Appendix A isacopy of the chain-of-
custody form used by the volunteers

After callecton, the volunteertakesthe ssmplesarnd data sheetto a desgnateddrop point where
the samgesarerefrigerated It isthe job of the volunteercoordinator to pick up the samplesfrom the drop
point and deliverthem or ship themto the EQI laboratory for analysis within two days of collecton. A
de<cription of the laboratory analysis methodology is containedin Appendix B. Following aralysis of
sampesthe empty bottlesareclearedin the laboratory and then packedtogether with blark chain-of-
custody formsfor use next month.

Various statistical analysesare performedon the data and areintendedto:

1) Characterizethe water quality of each streamsiterelative to accepgedor edallished water quality
stardards;

2) ldertify effects of precipitation, stream water level, sea®nality, land use, and temporal trends on water
quality, after suffi cient data have beencallecied.

I11. Reaults and Discussion

Thisdiscussion is baseedon sevenyearsof data gathered from May 2001 through April 2008, but
also includesthe lake data from May through Sepgember 2008. With eachadditional yearof continuous
monitoring, trends in water quality becane more evident, and a cleare picture of actual conditions
existing in various streams lakes and watersheds is availabde. Continuing water quality datacollection
overtime providesupdated information on changing conditions. With this informaton financial resources
ard policiescanbe focussed on areasof greates concern.

A discussion of the stream sitesrelative to specffic water quality parametersfollows. To better
underdand the parameters explanations, standards and sourcesof contamination, some definitions of
units and termshave beenprovided

The amount of a substancein water isreferredto in units of concertration. Parts per million
(ppm) is equivalent to mg/L. This mears thatif a substarnceis reportedto have a concertration of 1 ppm,
thenthereis one milligramof the substancein eachliter (1000 gramg of water. The parametr total
suspended solids (TSS)illustratesthe weight/volume concept of concertration. According to the
statistical summarydata for Lake Jamesstream sites(Apperdix E), site 1 hadamedanTSS
concertration of 4.0 mg/L, whichis equivalent to 4.0 ppm. Thusif you filter one liter of water from site 1
on average you will collect sed merts that weigh 4.0 mg. The same converdon appliesfor parts per
billion (ppb), whichis equivalent to microgramsper liter (ug/L). Concertrations of the VWIN parameters
in water samplesarecomparedto normal ambient levels. Ambiert levels are egimatesof the naturally
occuring concertration rangesof asubstance. For instance,the ambiert level of copperin most streams
islesthan1 ug/L (1 ppb). Ambient water quality standards, on the other hand, are usedto judge
accepabe concentrations. The ambient water quality standardfor ammonia-nitrogento protect trout
populationsis 1.0 to 2.0 mg/L (sea®nally deperdert), but the normal ambiert level for most trout waters
isabout 0.1 mg/L.




A classificafon grade wasassignedto eachsite basedon the reaults of aralysis. Thisreport
shows site-specific gradesfor eachparameter for the most recern threeyear period of this study (Tabe 2).
The gradesare desgnedto characterizethe water quality ateachsite with regardto individual parameters
Water quality standards were used where applicale to assess the possible impacts these levels could have
on humanheath and organismsin the aquatic environment. For example, the 7 ppb water quality standard
for copper wasusedto determine gradesfor the sites A grade of "A" would be assignedto asiteif, over
the lag threeyears or in this cas the whole projectperiod of two yeas, no sampleshad a concertration
that exceedbdthis standard In contrad, due to the detrimertal effects deaeagsin pH canhave on the
organismsthatlivein streams asite could receivean"A" if minimum pH value wasnever lower than 6.0.
Appendix C de<cribesthe criteria used for the grad ng systemfor eachparameter.

Appendix D isalist of all VWIN streamsitesmonitored in Wedern North Cardinaindexedarnd
rarked using the grading system previously discussedand shown in Tade 2. Thisindexing system
wasdevelopedto facilitate comparisons of specific problemareassuch assedmert, nutrierts, or
chemical and heaw metal pollutarts. Parameterswere groupedinto the<e three categoriesand
number gradeswere assignedto eachparameter (A=100, B=75, C=50, D=25). The numberswere
added, ard the total divided by the number of

Table2: Classification grades based on parametersand ranges
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1 CR1 - Catawba River at SR-1501 A B C A B A A A A A
2 CR2 - Catawba River at US-221A A B C B B A A A A A A
NF1 - North Fork of the Catawba
3 River at SR-1552 A A C B D B A A C A B
CR5 - Catawba River at Restoflex
4 Rd A B C B C A A A A A A
5 LR1 - Linville River at Hwy 126 A . C A A B B A A A A A
NF1A - North Fork/Catawba River
12  below Limekiln Crk A A C B D B A A C A B
NF2 - North Fork/Catawba River at
13 Old Linville Rd A A C B D B A A C A C
A Excellent
B Good
C Fair
D Poor

paranetersin the dimension. For example, asite with aB in turbidity and a C in total suspended
solids would receive a sedment index of (75 + 50)/2 = 62.5 (roundedto 63). Indexratings for each
of the three groupings were added and the total divided by 3 to determine the overall index rating for
eachsite. A maxmum score of 100 and a minimum of 25 arepossible.

It isimportant and useful to compare siteswithin the mountain areato underd¢and how water
quality from eachstream rarks, not only within the county, but also within theregon. With this
informaton local governmerts, organizations, and individuals cancompare areaswith similar
problemsor succesesand share information or evendevelop regon-wide plars. It will also be
helpful to note changesin rarkings over time asstream water quality improvesor deterioratesrelative
to the many other mountain streamstegedin the VWIN program. Many factors such aspopulation



density, industrial developmert, topography, and land use patterns can affect water quality. All of
these factors must be takeninto consideraton when comparing stream water quality.
Appendix E contains summarizedstatistical data colleded over the course of this study. It is

alist of minimum, maximum, and medan concertrations or values

The data for over 200 sitesthroughout WedernNorth Cardinain the VWIN programare used in
this report to comparewater quality from the stream sitesin the Lake Jamesareawith water quality
from the mountain regon in general Same of the graphsin this discussion secion include averages
of medanvaluesfor all sitesanalyzedthroughout the regon. It should be notedthat, although there
arealways some sitesin eachcounty that are relatively unaffeced by humanactvities most VWIN
sitesaregereraly chosento measire the effects of humanacivitieson stream water quality. For this
rea®n, fored streamsare under-represented and the averagesin all areasare weighted somewhat
toward streansthat experience various degreesof pollution. To illustrate water quality in more
pristine areaghe averagesfor sitesin mainly foresedwatersheds are also included

Whenmore thanfive yearsof monitoring arecompleted, trenrd amalysisisincludedin eachreport.
A statistical amalysis of the effects of stream water level, temporal changes and seasonality on the
water quality parametersatindividual sitesisincludedin this discussion. This amalysisisusedto
determine if changesin concertrations or levels of a parameter relate to changesin water levels, (i.e.
flow), increagsor decreasesover time (i.e. temporal change), and changesof the sea®nsin Wedern
North Carolina (i.e. seanality). Trends areobservedin the data, and interpretations of what might
be cawsing the trends are suggeged. Trends areconsideredsignificart if the p-valueislessthan0.05.
The p-value is the probahility of obtaining asmuch trend asobservedin the dataif, in fact, therewas
no true underlying trend.

Trendsrelatedto flow aredetermined using flow measiremers from nearby U.S. Gedogical

Suvey gauging stations. Although this method may present some problemsasgauging stations can
only truly represent the streamson which they arelocated, the method hasbeenfound to be the maost
effective for the leag cost. With this method the control for flow allows for more precise examination
of the effects of other facors. The USGS gauging stations on the Catawba River at Pleasant Gardens
(02137727) wasutilizedto edimate relative flow for the Lake Jamesmonitoring sites The logarithm
of theratio of the measred flow to the long-term average flow for eachdate wasused asthe
pred ctor variabe for flow. Corregponding flow data were found for all sample collecion datesfrom
the begnning of the Lake Jamesmonitoring program in 2001 to presernt. Apperdix Fisasummary
of trendsrelatedto flow, Appendix G shows trends relatedto time,and Appendix H shows trends
relatedto season.

A. Acidity (pH) and Alkalinity: pH isusedto meawure acidity. The pH is a meaure of the
concertration of hydrogenionsin a solution. If the value of the measirement islessthan7.0, the
solutionisacidic. If the value is greaer than 7.0, the solution is alkaline (more commanly referredto
asbadc). The ambient water quality standardis between 6.0 and 9.0. Natural pH in areastreams
should bein therange of 6.5 - 7.2. Valuesbelow 6.5 may indicat the effects of acid rain or other
acidic inputs, ard valuesabove 7.5 may be indicative of anindustrial discharge.

Because organsmsin aquatic ervironmerts have adaptedto the pH conditions of natural
waters evensmall pH fluctuations caninterfere with the reproduction of those organismsor caneven
kill themoutright. The pH isanimportant water quality paranetr becawse it hasthe potertial to
seriously affect aquatic ecasystems It canalso be a useful indicabr of specific typesof discharges

Alkalinity isthe measire of the acid neuralizing capacity of a water or soil. Waterswith high
alkalinity areconsideredto be protected (well buffered) against acidic inputs. Streamsthat are
suppliedwith a buffer are ade to absorb and neutralize hydrogenions introducedby acidic sources
such asacid rain, decomposing organic matter and industrial effluert. For example, water canleach
calcium cartonate (a natural buff er) from limedone soils or bedrock and then move into a stream,



providing that streamwith a buffer. As areallt, pH levelsin the stream areheld constart despite
acidic inputs. Unfortunately, natural buffering materials canbecane depeted due to excessive acidic
precipitation overtime. In that case, further acidic precipitation inputs cancatse severedeaea®sin
streampH. Pdertial future stream acidifi caion problemscanbe articipated by alkalinity
measiremert. There is no legal standard for alkalinity, but waterswith analkalinity below 30 mg/l
areconsideredto have low alkalinity. Wegern NC streamsterd to have low alkalinity because of
gereraly thin soils and because the underlying granitic bedrock doesnot contain mary acid-
neutralizing compounds such ascalcium carbonate.

Figures2 and 3 show medan pH ard alkalinity levels at eachsite for the pad threeyears
comparedto medanlevelsfor all VWIN sitesin Wegern North Cardina and for sitesin largely
undisturbed, foreded areas

Figure2: Median pH levelsat Lake James monitoring sites compared with the regional average median,
and with the average median at sitesin relatively undisturbed areas

pH

7.8
76 4 regional median
forested median

74 4

7.2 4

7.0 4

6.8 4

6.6 4

6.4 4

6.2 ' | T T T

Catawba-up Catawba-mid Catawba-down North Fork-up North Fork-mid North Fork- LinvileR

down

B. Turbidity and Total Sugpended Sdids (TSS): Turbidity isameasuremert of the visual clarity of
awater sample and indicatsthe presence of fi ne suspended particulate mater. The unit usedto
measire turbidity is NTU (nephelometric turbidity units), which measuresthe absorption and
reflecion of light whenit is pasedthrough a sample of water. Because particlescanhave a wide
variety of sizes shapesand dersities thereis only an approximate relationship betweenthe turbidity
of asamge and the concertration (i.e. weight) of the particulate matter presert. Thisis why thereare
separae teds for NTU turbidity and susperded solids.

Turbidity isanimportart parameter for assessing the viahlity of astreamfor trout
propagation. Trout eggs canwithstand only small amounts of silt before hatching successis greatly
reduced Fish that aredependent on sight for locating food arealso at a greatdisadvantage when
water clarity declines For thisrea®n, the standard for trout-desgnatedwatersis 10 NTU while the
standardto protectother aquatic life is 50 NTU.



Mountain streamsin undisturbedforesed areasremain cleareven after a moderately heawy
rainfall event, but streamsin areaswith disturbed soil maybecanehighly turbid after evena

relatively light rainfall. Deposition of silt into a stream bottom canbury and degroy the

complex bottom hakitat Consequertly, the hahitat for most speciesof aquatic insects, snails,

ard crustacears is dedroyedby streamsiltation. The absence of these speciesreducesthe
diverdty of the ecosystem.In addition, smal amaunts of bottom-deposited sedmert can

severely reducethe hatch rate of trout eggs. Thereis no legal stardard for TSS, but values

below 30.0 mg/l are gererally consideredlow, and valuesabove 100 mg/l areconsidered

high. TSSquartifiessolids by weight and is heavly influencedby the combination of stream
flow and land disturbing actvities A good measire of the upstream land use conditionsis
how much TSSrisesafter a heaw rainfall.

Figure3: Median alkalinity levels at Lake Jamesmonitori ng sitescompared with the

regional median, and with the median at sitesin relatively undistur bed areas
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Figures4 and 5 show medanturbidity and total suspended solids levels at eachsite for

the pad threeyeas comparedto medanlewelsfor all VWIN sitesin WegernNorth Carolina
and for sitesin largely undisturbed, foresed areas




Figure4: Median turbidity levelsat Lake James monitoring sites compar ed with the regional
median, and with the median at sitesin relatively undisturbed ar eas
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Figure5: Median total suspended solids concentrations at Lake James monitoring sites compar ed
with theregional median, and with the median at sitesin relatively undisturbed areas
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C. Conductivity and Heavy Metals (Copper, Lead, and Zinc):

Conductivity is measiredin micromhos per certimeter (umho/cm) and is usedto measure the
akility of awater sample to conduct an electrical current. Pure water will not conduct an
electical currert. However, samplescontaining dissolved solids and salts will form positively
ard negatively chargedions that will conduct an electical currert. The concertration of
dissolvedionsin asamgde determinesconductivity. Inorganic dissolvedsolids such as
chloride, nitrate, sulfate, phosphate, sodium, magnesum, calcium, iron, and aluminum affect
conductivity levels. Gedogy of anarea canaffect conductivity levels. Streamsthatrun
through areaswith granitic bedrock tend to have lower conductivity becatse graritic rock is

10



composed of materials that do not ionizein water. Streamsthat receive large amaunts of
runoff containing clay particlesgereraly have higher conductivity because of the presence of
materialsin clay thationize more readly in water.

Metals arenaturally occurring in surfacewaters in minute quartitiesasa reault of
chemical weathering ard soil leaching. However, concertrations greaer thanthose occuring
naturally canbe toxic to humanand aquatic organisms. Elevatedlevels are oftenindicaive
of industrial pollution, wagewater discharge, and urbanrunoff, egecially from areaswith
high concertrations of auomobiles Airborne contaminants from coal-fired power plarts
may also contribute meals to the atmosphere, which are then carried to land by precipitation
and dry fallout. Because metals sorb readly to many sedmert types they may easly enter
streamsin areaswith high sedmert runoff. Another source of heawy metals canbe runoff
from agricultural fields using sewage sludge asfertilizer, which sometimesis permittedto
contain up to 1500 mg metal/kg fertilizer.

Copper: The standard of 7.0 ug/l hasbeenegallishedto protectaquatic life. In most areas
ambert levels areusually below 1.0 ug/l. Wea of brake linings hasbeenshown to
contribute concertrations of copper, lead, and zinc. Copper hasarelatively high contert in
brakelinings. Copperisalso presert in leadd unleaded, ard diesel fuel emissions.

Lead: A standardof 25.0 ug/l hasbeenegaldishedto protectaquatic life, while the normal
ambent level isusually below 1.0 ug/l. Leadmay be presert in industrial wagewater and
wasonce comman in road runoff from the use of leaded gasoline. Roadside soils till
gereraly contain high leadlewels, reaulting in elevated streamconcertrations if these soils
aresubjectto erosion.

Zinc: The surfacewater standardis 50.0 ug/l. Typical ambiert levels of zinc are
approximately 5.0 ug/l. Zinc isamajor metal component of tire rubber, brake linings, and
galvanizedcrash barriers Studieshave beenconducted linking this to zinc contamination
from urban runoff. Because zinc is a by-product of the auo tire vulcarizaton proces aswell
asthe galvanization of iron, its presence in water may also result from industrial or domegic
wagewater.

Elevatedlevels of conductivity and heavwy metals are most oftenseenin streams
receving industrial or domegic wadewater or urbanrunoff. These substancesalso occur
naturally in soils and may show higher levels in streams wheresevere erosion and runoff are
occuring.

Figures6 shows medan conductivity levels at eachsite for the pag three yearscompared
to medanlewelsfor all VWIN sitesin WegernNorth Cardinaand for sitesin largely
undisturbed, foreded areas

D. Nutri ents (Total Phosphorus (P), Ort hophosphate (PO,*), Ammonia-Nitrogen
(NH4"/NH3-N), and Nitrate/Nitri te-Nitrogen (NOs/NO;-N): Phosphorus is an essertial
nutriert for aquatic plants and algae.It occurs naturally in water and is, in fact, usually the
[imiting nutrient in most aguatic systems In other words, plart growth is redricted by the
availahlity of phosphorusin the system. Excessive phosphorus inputs stimulate the growth of
algaeand diatomson rocksin astreamand cause periodic algal bloomsin resrvoirs
downstream. Slippery greenmats of algaein a stream, or bloomsof algaein alake are
usually the reault of anintroduction of excessive phosphorus into the systemthat hascaused
algaeor aquatic plantsto grow atabnormally high rates Eutrophicaion is the term usedto
de<cribe this growth of algaedue to anover abundance of alimiting nutriert. Sourcesof
phosphorus include soil, disturbedland, wadewater treatmert plarts, failing segtic systems
runoff from fertilizedcropsand lawns, and livedock wade storage areas
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Figure6: Median conductivity levels at L ake James monitoring sites compared with the regional
median, and with the median at sitesin relatively undisturbed areas
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Phosphateshave anattracion for soil particles and phosphorus concertrations canincrease greaty during
rains wheresurfacerunoff isa problem Phosphorus commanly ertersstreamsfrom agricultural
fertilizaion, animal wage runoff, or treated sewage discharges |In thisrepart orthophosphate (PO,%)
isreported in the form of ort hophosphate (PO,*). Toisolate phosphorus (P) from the
measurement, divide the reported amount by 3.07. Total phosphorus is also reported in the (PO,%)
form, but median lewvels of the P form are also provided.

Ort hophosphate: Thisis ameaaure of the dissolved phosphorus thatisimmedately availadeto plants or
algae.Orthophosphateis also referred to asphosphorus in solution.

Total Phosphor us: Total phosphorusis the measire of all the chemical formsof phosphorusin a system.
Total phosphorus includesdissolved orthophosphate, phosphorus bound to particulate materials, aswell
asphosphorus locked up biologically in algaeand bactria. Some of the particulate-bound phosphorus
may evertually becane chemicaly availabde to organismsasorthophosphate.

Ammonia-Nitrogen (NH4"/NH3-N) is contained in the remains of decaying wagesof plarts and

animals. Same speciesof bacteria and fungi decompose these wagesand NH; isformed The normal
ambert level isapproximately 0.10 mg/l, and elevated levels of NH3 canbe toxic to fish. Although the
actual toxicity depends on the pH of the water, the proposedambient standardto protecttrout watersis
1.0 mg/l in summer and 2.0 mg/l in winter. The most probable sourcesof anmonianitrogenare
agricultural runoff, livegock farming, septic drainage and sewage treatmert plant discharges In Wegern
North Carolina, streamswith extensive trout farming also show elevated ammania-nitrogen
concertrations.

Like phosphorus, nitrate/nitri te-nitro gen (NO3s/NO»-N) servesasanalgal nutriert contributing to
excesive streamand reevoir algal growth. In addition, nitrate is highly toxic to infants and the unborn
cawsing inhibition of oxygentrarsfer in the blood stream at high doses This condition is known as"blue-
baby" disea. Thisisthe badsfor the 10 mg/L national drinking water standard. The ambiert standardto
protectaquatic ecaystemsis 10 mg/L aswell. The most proballe sourcesare septic drainage ard
fertilizerrunoff from agricultural land and domesic lawns. Nitratesfrom land sourcesend up in streams
more quickly thanother nutrierts such asphosphorus becatse they dissolve in water more readly and can
travel with ground water into streams. Consequertly, nitratesarea good indicabr of the possibility of
sourcesof pollution from sewage or animal wade during dry weather.
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Figures7, 8, ard 9 show medan orthophosphate, ammonia-nitrogen, and nitrate/itrite-nitrogen
levels at eachsite for the pad three yearscomparedto medanlevels for all VWIN sitesin Wegern North
Cardinaard for sitesin largely undisturbed, forededareas
Figure7: Median orthophosphate concentrationsat Lake James monitoring sites compared with the
regional median, and with the median at sitesin relatively undisturbed areas
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E. Lake Monitoring Results

Six sites on Lake James, from the Catawba River side and three from the Linville River side, have been
monitored from May through September since 2001 for temperature, dissolved oxygen (DO) at one to two meter
depth intervals; and total phosphorus, orthophosphate, ammonia-nitrogen and nitrate-nitrogen near the surface. In
2008 the sites at Plantation Pointe and upper Linville were eliminated. Secchi depth is also measured at each
location. Secchi depth is ameasure of lake water transparency and gives an estimate of the distance of light
penetration through the water. This area of light penetration is called the photic zone and is the area where algae
will grow if sufficient nutrients are available. The area of light penetration
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Figure8: Median ammonia-nitrogen concentrationsat L ake James monitoring sites compared with
theregional median, and with the median at sitesin relatively undisturbed areas
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Figure9: Median nitrate/nitrite-nitrogen concentrations at Lake James monitoring sites compar ed
with theregional median, and with the median at sitesin relatively undisturbed areas
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is usualy approximately twice the secchi depth. Samples are currently collected and measurements are
taken near Big Island, and Marion Lake Club on the Catawba side, and at the lower |ake and near the Paddy
Creek dam on the Linville side.

Although the reporting yearendsin April, this report also includeslake monitoring data
from May through Sefember 2008, so comparisons aremack for eight yearsof lake monitoring.
Lake analysisistemporarily discontinued during the winter months. Lakesin this areagererally
undergo continuous turnover (complete mixing) during the winter months. During this mixing
period temperature ard dissolved oxygenlevels remain consistert throughout the water column,
ard it becanesless necesary to continue teding of the ertire lake water column.
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Temperature and dissolved oxygenare key parametersto underganding lake conditions.
All animallife needs oxygenin various amaunts, and oxygen concertrations determine which
specieswill survive. As air temperatureswarmin the spring, surface water temperaureswarm as
well. Colder, derser water in the deeger layersbecomes trapped under the lighter layersof
warmer water nearthe surface. Because these lower layersno longer mix with surface water, and
thus areno longer exposedto air atthe surface, oxygenlevels begn to decline and carbon dioxide
levelsincreag asareallt of bacterial decanposition of orgaric mater. The greaer the amount of
organic mater falling through the water column towards the bottom, the more oxygenis used by
decamnposition of this organic mater, and the more carbon dioxide is producedby orgarnisms
consuming the deadalgae. The carbon dioxide combineswith water to form carlonic acid
cawsing pH levelsto decline. Thisisa natural proces but is accekrated whenorganc materin
excess of natural amaunts erters the lake from outside sources or excesive algae growth occurs
asareallt of nutrient loadng. That isthe reaon phosphorus and nitrogen concertrations are
important parametersfor assessing lake water quality.

Anotherimportart concept to understand is oxygensaturation. The amount of oxygen
that canbe dissolvedin wateris deperdert on temperaure. More oxygenwill dissolvein cold
waterthanin wam water. When comparing dissolved oxygenconcertrations from one month to
the next or one yearto the next, it isimportart to take both dissolved oxygen concertrations and
temperature into consideration and express this asthe percern oxygen saturation.

With two major river systems the Catawba ard Linville, providing water to two sections
of the lake separated by a shallow narrow chamel, Lake Jamesfunctions almost astwo differert
lakes The outflow ison the Linville side of Lake James, and water from the Catawba side fl ows
into the Linville side through a narrow chamel. Because the chamel is shallow (about 10 to 12
metersdeepdepending on the water level of the lake at any giventime), the water flowing
through the chamel from the Catawbasideinto the Linville sideislargely the warmmer, well-
oxygenated surfacewater. With the warmer, less derse water remaining at the surface the
deerer, colder, and derser waterson the Catawba side of the lake becanetrappedin place
throughout the warm months.

Onthe Linville side of the lake the dynamicsare often quite different. The outflow from
the lake is takenfrom the hypolimnion (the deeger, colderlayer) while the warmer surface water
from the Catawba side pours through into the Linville side. This createsavery different
temperature profile for each side of the lake. The complexinflow and outflow dynamicson the
Linville side of the lake probably account for mary of the differencesfrom one yearto the next.
The hypolimnetic withdrawals and the turbulence they may cause on the Linville side canreault
in signifi cart disruption of temperature stratifi cation.

The two river systemsflowing into the separate sidesof the lake are also quite differert.
The Catawba River and the North Fork of the Catawba River feedthe Catawbaside. An
edimaied45.3% of the inflow into Lake Jamesis from the Catawba River and 21.8% is from the
North Fork of the Catawba River (average flow egimatesprovided courtesy of Duke Power
Compary). About 92% of the water on the Catawba side of the lake flowsin from these two
water bodiesand the red isfrom smaller streams and surfacerunoff. Approximatly 22.3% of
the waterin Lake Jamesflows in from the Linville River on the Linville side of the lake. Most
(anaverage of 72.5%) of the water ertering the Linville side of the lake is flowing through the
narrow chamel from the Catawbaarm. As previously mertioned, during the warmer months this
islargely wam, well-oxygenated surface water.

Summer 2008 wasdryer thannormal and the lake displayedthe attributesthat have been
more typical of drought years In the eight yeas that the lake hasbeen monitored, four of them
have beenduring close to average or above average rainfall sea®ns, and four have beenduring
below average rainfall seasons. During the four dry seasons averag fl ow for the Catawba River
atPleasnt Gardens wasless than90cfs, and during the four wet sea®ns average fl ow exceeded
170cfs. Minimum monthly flow during the dry yearswas32cfs (8/02 and 7/08) and maxmum
flow was155cfs (8/08). Minimum monthly flow during the wetyearswas98cfs (7/06) ard
maximum flow was1,418cfs (9/04). During dry periods secch depths aregenrerally greater on
both sidesof the lake, and during wetyears total phosphorus concertrations are slightly higher
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thanaverage on the Catawba side of the lake, and egecially atthe Big Island site, whichis closer
to the Catawba River ard North Fork outflow (Tade 3).

Table3: Average secchi depths and total phosphorus concentrations during years of dry weather
compared to years of wet weather, and average monthly flow of the Catawba River at Pleasant
Gardensduring those periods

year
2001
2002
2007
2008
ave

2003
2004
2005
2006
ave

secchi depth (ft) - dry seasons

Marion

Big Lake Lower
Island Club Linville
11.58 12.97 18.48
11.70 13.33 14.23
10.30 12.48 14.85
11.73 14.55 16.31
11.33 13.33 15.97
secchi depth - wet seasons

7.75 8.08 12.03

8.55 10.42 10.92

8.73 10.15 11.56
10.52 13.58 12.70

8.89 10.56 11.80

Paddy

Creek
Dam
19.45
14.52
14.68
17.13
16.44

11.80
11.79
12.78
12.90
12.32

ave
flow
(cfs)
84.9
85.6
88.2
88.8

433.4
400.6
373.6
174.8

Total Phosphorus (mg/L-P)-dry seasons

Marion Paddy

Big Lake Lower Creek

year lIsland Club Linville Dam
2001 0.04 0.05 0.03 0.03
2002 0.04 0.03 0.05 0.03
2007 0.05 0.03 0.02 0.03
2008 0.03 0.03 0.02 0.04
ave 0.04 0.04 0.03 0.03

Total Phosphorus (mg/L-P)-wet seasons
2003 0.10 0.05 0.05 0.05
2004 0.07 0.04 0.04 0.03
2005 0.08 0.04 0.03 0.04
2006 0.04 0.04 0.04 0.03
ave 0.07 0.04 0.04 0.04

The temperaure profile on the Catawba side of the lake shows a distinct thermocline

(regon of rapid temperature change) during both wet and dry years (Figure 10), but the
eplimnion (upper layer) is gererally warmer during dry years thus the thermocline is even more
pronounced The thermocline almost disappearsduring wetyearson the Linville side of the lake
(Figure 11). Lake temperaturesdecline only slightly and very gradually from the surfaceto the
bottom, particularly closerto the Paddy CreekDam. During dry years a more distinct
thermacline develops, but is still much less distinct comparedto the thermocline on the Catawba
side of thelake. The temperature remains more uniform from surfaceto bottom on the Linville
side becatse the colder water is withdrawn from deepin the lake. During wetyearsmore wateris
withdrawn and there is much more mixing with surface water, thus temperature changeslittle
from surfaceto bottom.
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Figure10: September temperature profile
on Catawba side of lake during dry seasons
(solid lines) and wet seasons (dashed lines)

Figure 11: September temperature profile
on Linvilleside of lake during dry seasons
(solid lines) and wet seasons (dashed lines)
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Sincethe 2008 lake monitoring sea®n wasdryer than usual the temperaure profile was
typical of dry sea®ns and there wasa more distinct metalimnion (middle layer) and a greater loss
off oxygenthangenrerally occursin wetsea®ns on the Linville side of the lake. The
metalimnetic oxygendecline beganto develop early in the sea®n and wasquite distinct by
Sepember (Figures12, 13, and 14). On the Catawba side of the lake therapd declinein oxygen
occured at ashallower level, wasalread/ well-developed by mid-summer, and wasextreme by
Sepember (Figures15, 16, and 17). These patterns of oxygenloss for both sidesof the |lake were
similarto those that occurredin pad years Appendix | isatale of temperatresand dissolved
oxygensaturation levels atthe Big Island, Marion Lake Club, Upper Linville,and Padly Creek
Dam sitesin May, July, and September from 2001 through 2008.
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July 2008 percent dissolved oxygen
saturation at the Marion Lake Club site compared with

the July average from 2001-2007 at that site

Figure 16:
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IV: Summary and Conclusions

Understanding the water quality of the streamsthat flow into Lake Jamesisvital to
underganding the water quality of the lake itself. As developmert continueson the
lakedhore, however, acivitieson the land adacert to the lake will also be animportant factor
in the heath of the lake. But a major source of pollutants to the lake will likely continueto
be the major riversflowing into Lake James

Chemical analysis of samplescollected atthe Lake Jamesmonitoring sitesare interded
to charecterize the water quality relative to the parametersegallished by the VolunteerWater
Information Network program. Informaton from the program canbe usedby concerred
groups ard individuals to help idertify problemsand evaluate solutions. Charackrizing the
water quality of the county is acomplexta, ard interpretation of the data canbe diffi cult
due to mary factbors. With continuedlong term monitoring, however, various trends become
more evidert. The VWIN program is currerntly monitoring over 200 sitesthroughout
WegernNorth Carolina. A comparison of Lake Jamesstreamsiteswith all other sitesin the
programis presrtedin Appendix D. Summarizedobservations and trends for Lake James
streamand lake sitesare preserted below.

The stream rarking systemallows grouping by parametersinto caegories This system
permits comparison of specific water quality problemssuch asstream sedmertation, urban
runoff of chemicals and heawy metals, and nutrient loadng. Table 4 isasummary of rarking
of Lake Jamesstream sitesby water quality issues
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Table4: Index ratingsfor Lake James stream monitoring sites

site
# site name sediment metals nutrients overall rating
VWIN - WNC Regional Average 70 86 86 81
Catawba River
4 CR5 - Catawba River at Restoflex Rd 63 88 100 83 good
2 CR2- Catawba River at US-221A 63 94 100 85 good
1  CR1 - Catawba River at SR-1501 75 94 100 90 excellent
North Fork of the Catawba River
below
13  NF2 - North Fork at Old Linville Rd 63 75 67 68 average
12 NF1A - North Fork below Limekiln Crk 63 75 75 71 average
3 NF1 - North Fork at SR-1552 63 75 75 71 average
Linville River
5 LR1 - Linville River at Hwy 126 100 88 100 96 excellent
average for Lake James stream
sites 70 84 88 81
percent sites below regional
average 71% 43% 43% 43%

The Catawba River

There arethreesiteson the Catawba River, the maost upstreamat Regofl ex Rd, the
middle siteat US 221A, and the most downstream at SR 1501. Dry weather oftenreaultsin
improved water quality ratings becase thereis less runoff, thus fewer pollutarts entering
streams The 2007/2008 monitoring yea wasquite dry and ratings for most siteseither
remainedthe same asthe previous monitoring yearor improvedslightly. In the cas of the
threesiteson the Catawba River, ratings at the two upstream sitesat Regofl ex Road and at
US-221A remainedthe same (good), and the rating for the site on SR-1501 improved from
good to excellent. Medanand maximum turbidity and total susperdedsolids levels are
highed atthe upstream site on Redofl ex Road and decline at eachdownstreamsite. Median
levels of most other parametersdo not charge greaty from upstreamto downstream, but
maximum levels are usually highed atthe Regofl ex Roadsite. Mary other pollutants are
oftencarriedinto the river atachedto sedmert, so higherlevels of other pollutarts are
typical. Lower concertrations of pollutarts at the downstreamsite indicate some degree of
settling in the streambed betweenthe upstream and downstream sites

Trend analysis shows that turbidity, total susperded solids, lead and to some extent
nutriert levels aregreatly affectedby stream fl ow with levelsincreasng asflow increags
Conductivity ard alkalinity levels decline asstrean flow increags Parametersthatincrea®
areaffecedby stormwater runoff, and parameters that decrease areaffected by dilution of
naturally occuring substances or pollutarts originating from a point-source. Orthophosphate
concertrations are decreasng overtime at all three sites, and total phosphorus is decreasng at
the downstream site (the only site on the Catawba River thatis analyzedfor total
phosphorus). Mediantotal phosphorus concertrations arestill slightly higher thanthey
should be for astreamdischargng into alake. All of the sitesshow stark sea®nal variations
with turbidity, total suspended solids, conductivity, and nutriert levels higherin summer.
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Sufacerunoff isusually greaterin summer whenlard disturbanceis atits greaed ard
interse thundergorms cause more particlesto breakaway from the land surface

The North Fork of the Catawba River

Threesitesaremonitoredon the North Fork. The maost upstreamisat Old Linville Road
the next site downstream is just downstrean from the confluence with Limekiln Creek ard
the most downstream siteisat SR 1552. Ratings at these threesiteshave not changedin the
pad year. TheupstreamsiteatOld Linville Road continuesto rate below average, ard the
sitesatLimekiln Creekand SR1552 continue to rate average.

Medianlevels of pH, alkalinity, conductivity, and orthophosphate areabove average to
well above average for the regon at all threesites and medanlevels of zinc and
nitrate/itrite-nitrogen exceedthe regonal average atthe most upstreamsite on Old Linville
Road Maximum levels of most of these paraneters are also unusually elevated. Medan
turbidity and total suspended solids levels arelow for the regon, but maximum levels are
quite elevated MedianpH, alkalinity, conductivity, zinc, orthophosphate, ard nitrate/itrite-
nitrogenarehighed atthe upstreamsite and decline at eachsuccesive site downstream.
Turbidity and TSSincrease from upstream to downstream. Orthophosphate and
nitrate/nitrite-nitrogen concertrations decrea asfl ow increagsat the two upstream sites
indicaing probald e point-source pollution.

As amajor contributor of flow into Lake James phosphorus concertrations are of
specific concern  Although the average flow of the North Fork is about half that of the
Catwba River, the medan orthophosphate concertrati on at the downstream site on the North
Fork is double that of the downstream site on the Catawba River. Thusthe North Fork isas

significart a contributor of orthophosphate (the form of phosphorusthatis readly availabe to

plants) to Lake Jamesasis the Catawba River. The main sourceof orthophosphateis
upstreamfrom the site on Old Linville Road. Concertrations decline downstream from that
site. Trend analysis shows orthophosphate concertrations declining asfl ow increagsatall
threesiteson the North Fork. Thisdeclineisevidernt during yearsof higher stream fl ow
(Figure 18) ard in all years during months of higher streamflow (Figure 19), but thereare
somevariations. Figures18 and 19 show medanamual and monthly orthophosphate
concertrations at the site on the North Fork at Old Linville Road and, for comparison, atthe
siteon the Linville River. The Linville River site wasselectedfor comparison becatse it

Figure18: Median annual orthophosphate concentrationsat the site on the North Fork at Old
LinvilleRoad and at the site on the Linville River compared with average annual stream flow for
the Catawba River at Pleasant Gardens— 2001 through 2008
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Figure19: Median monthly orthophosphate concentrations at the site on the North Fork at Old
Linville Road and at the site on the Linville River compared with average monthly stream flow for
the Catawba River at Pleasant Gardens (data from all monitoring years)
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only exhibits natural background concertrations of orthophosphate. Both sitesshow highed
concertrations during the three dried yearsof amalysis, 2001, 2002, and 2008 (note: although
most of this report only includesdata through April 2008, this chart and the monthly chart
include datafrom all of 2008). Concertrations decline during the yearsof high flow from
2003 though 2005, ard remain low atthe Linville River site through 2007 eventhough fl ow
ratesdecline. This patternof somewhat delayed regponse of orthophosphate concertrations
to long periods of lower or higher streamfl ow commonly occurs at VWIN stream monitoring
sites Although the site on the North Fork also adcheresto this patternto a certain degree,
thereare some exceptions. Thes exceptions could be relatedto variations in wadewater
effluert flow in certain yeas, and to occasonal problemswith wadewatertreatnert over
extended periods.

The chart showing monthly medan concertrations over the period 2001 through 2008 are
of greater concernbecause it shows orthophosphate concertrations much greater from May
through Segember, whichis whenthe potertial for algaeproduction peaks. Although
concertrations decline considerally at the downstream site comparedto the upstream site
(Figure 20), they are still well above normal background levels, and above levels considered
accepabe for streamsflowing into lakes Streamflow typically declinesduring the summer
months, thus continued wagewater effluent output at the sasmerate would result in higher
concertrations of phosphorus during those months because thereisless dilution. But stream
flow is also typically lowerin fall, yet orthophosphate concertrations decline. Thiswould
seemto indicat there aresea®nal variations for the source of this pollutart.

Trend analysis shows that nutriert concertrations are declining over time at the site near
Limekiln Creekand at SR 1552, but the site on Old Linville Road doesnot show thistrend.
Conductivity levels arealso declining overtimeatthe site nearLimekiln Creek. Trerd
aralysis shows total susperded solids concerntrations increasng over timeatthe Old Linville
Roadsite. Seasnal trends at the North Fork sitesaresimilar to those of the Catawba River
sites
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Figure20: Median monthly orthophosphate concentrations at the site on the North Fork at Old
Linville Road (13) and at the site on the North Fork at SR 1552 compared with average monthly
stream flow for the Catawba River at Pleasant Gardens
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But stream flow is also typically lowerin fall, yet orthophosphate concertrations decline.
This would seam to indicate there aresea®nal variations for the source of this pollutart.

Trend amalysis shows that nutriert concertrations are declining over time at the site near
Limekiln Creekand at SR 1552, but the site on Old Linville Road doesnot show this trerd.
Conductivity levels arealso declining overtimeatthe site nearLimekiln Creek. Trerd
aralysis shows total susperded solids concerntrations increasng over timeatthe Old Linville
Roadsite. Seasnal trends at the North Fork sitesaresimilar to those of the Catawba River
sites

ThelLinville River

The site on the Linville River at Highway 126 continuesto rate excellent. Median
levels of most parameters are nearnormal background levels for relatively undisturbed
streams and maximum levels are also quite low. Conductivity levels aresomewhat higher
thanmost other streamsin the regon that arein undisturbedareas but in this case the higher
levels could be from natural sources Trernd aralysis shows conductivity and alkalinity levels
have increagdslightly in recent yeas, and orthophosphate ard pH levels have decreased
dlightly. The Linville River hasnot beenshown to be a significart contributor of pollutants
to Lake James

Lake James

Unlike mary resrwoirs in the areathat are fed by one main river system, Lake Jamesis
fed by threelarge rivers and the lake is largely dividedinto two very differert sections, one
referedto asthe Catawba amm and the other asthe Linvillearm. A narrow, shallow chamel
connects the two sectons, and the outfl ow for the lakeis from relatively deepin the lake on
the Linvilleside. The Linville River hasnot beenshown to be asignificart contributor of
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pollutarts to Lake James The main waterway pollutart contributors arethe Catawba River
ard the North Fork of the Catawba River.

In 2008 Lake Jamesfollowedthe typical pattern it hasegallishedfor temperature ard
dissolved oxygenconcertrationsin previous years particularly yearswhenthe summer
months producedabnormally low rainfall. Oxygenloss below 8 meters wasquite extreme on
the Catawba side of the lake by mid-summer, and more pronouncedthanusual on the Linville
side by Sepgember. Secch depths ard total phosphorus concertrations weresimilarto
previous yearsof monitoring during drought years Secchi depths aretypicaly 2 to 4 feet
greaerin dry seaonsthanin wetsea®ns. Thereislittle differencein total phosphorus
concertrations betweenwet and dry seasns on the Linville side of the lake, but
concertrations are gereraly slightly higher on the Catawba side of the lake during wet
sea®ns, particularly atthe sitescloserto the outfl ow points of the Catawba and North Fork
Rivers Both secch depths and total phosphorus concentrations areinfluenced by the amount
of sedmert flowing into the lake, and more sed mert fl ows into the lake whenrainfall
increags

Although total phosphorus concertrations were somewhat lower in 2008 becatse of the
drought, they are typically at or above what they should be to control algal growth,
particularly on the Catawba side of the lake wherethe Catawba River and the North Fork
contribute to the phosphorusload Although only orthophosphate is aralyzedatthe Linville
River site, concerntrations aretypically quitelow. In fact medanconcertrations areequal to
or lessthanmedan concertrations at the |lake monitoring siteson the Linville side of the lake.

Controlling phosphorus in the lake will involve controlling surfacerunoff into both the
Catwba River and the North Fork, and controlling phosphorus concertrations in wadewater
effluent, epecially during the warmer months when algaeproduction peaks.
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Appendix A: Sample Chain of Custody Form

Volunteer Water Information Network
Lake James

1) Sample Site Number

2) Sample Site Name
3) Collection Date Day

4) Time Collected

5) Temperature at drop-off site (in cooler)

6) Volunteer'sName

7)Volunteer's Phonet & /or Email:

(please provide current mailing addressiif there has been a change)

8) Water Flow Rate (please circleone) Very High High Normal Low
9) Typeof Rainin past 3 days (pleasecircleone) Heavy Medium Light Dry
10) General Observations (turbidity, waste matter, dead animals upstream, anything out of the ordinary)

Parameter Results (For Lab Use Only)

Parameter and Result Date of Analysis
NH3 ma/L
NO3 ma/L

Po ma/L
Turb NTU

TSS ma/L
Cond umhos/cm
Alk ma/L

Cu ug/L

Zn ug/L

Pb ug/L

pH
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Appendix B: Laboratory Analysis

Samples are kept refrigerated until they are delivered to the EQI laboratory on the Monday
morning following Saturday collections. Methods follow EPA or Standard Methods for the Examination
of Water and Wastewater-18™ — 20™ Edition techniques and the EQI laboratory is certified by the State of
North Carolinafor water and wastewater analysis of orthophosphate, total phosphorus, ammonia-nitrogen,
turbidity, total suspended solids, pH, conductivity, copper, lead, and zinc. All samples are kept refrigerated
until the time of analysis. Shipped samples are sent onice. Anaysisfor nitrogen, phosphorus, pH,
turbidity and conductivity are completed within 48 hours of the collection time. AspH cannot be tested on
site, the holding time for pH is exceeded. When immediate analysis does not occur, such as for total
phosphorus and heavy metals, the samples are preserved by acidification.

Explanations about the procedures and instruments used in the EQI lab are quite technical in
nature and will be omitted from this report. Detailed information is available on request. The reporting
limits for each parameter have been provided.

Approximate Analytical Reporting Limits
for VWIN Water Quality Parameters.

PARAMETER REPORTING LIMIT UNITS
AmmoniaNitrogen 0.02 mg/L
Nitrate/nitrite Nitrogen 0.1 mg/L
Total Phosphorus (as PO,>) 0.02 mg/L
Orthophosphate (as PO,*) 0.02 mg/L
Alkalinity 1.0 mg/L
Total Suspended Solids 4.0 mg/L
Conductivity 10.0 umhos/cm
Turbidity 1.0 NTU
Copper 20 ug/L

Zinc 20.0 ug/L

Lead 20 ug/L

pH n/a n/a
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Appendix C: Parameters and Rangesfor Stream Quality Classifications

pH -
Grade A= never less than 6.0
Grade B= below 6.0 in less than 10% of samples, never below 5.0
Grade C= never less than 5.0
Grade D= at least one sample was less 5.0.

Alkalinity -
Grade A= median greater than 30 mg/L (indicates little vulnerability to
acidic inputs)
Grade B= median 20-30 mg/L (indicates moderate vulnerability to acidic
inputs)
Grade C= median less than 20 mg/L (considered to be vulnerable to acidic
inputs).
Grade D= median less than 15 mg/L (very vulnerable to acidic inputs)

Turbidity -
Grade A= median less than 5 NTU and exceeded the standard for trout
waters of 10 NTU in less than 10% of samples, but never exceeded 50 NTU
Grade B= median less than 7.5 NTU and never exceeded the 50 NTU
standard
Grade C= median less than 10 NTU and exceeded 50 NTU in less than 10%
of samples
Grade D= median greater than 10 NTU or exceeded 50 NTU in more than
10% of samples.

Total Suspended Solids -
Grade A= median less than 5 mg/L and maximum less than 100 mg/L - not
measurably disturbed by human activities
Grade B= median less than 7.5 mg/L and exceeded 100 mg/L in less than
10% of samples - low to moderate disturbance
Grade C= median less than 10 mg/L and exceeded 100 mg/L in less than
10% of samples - moderate to high disturbance.
Grade D= median greater than 10 mg/L or maximum exceeded 100 mg/L in
more than 10% of samples - high level of land disturbance

Conductivity -
Grade A= median less than 30 umhos/cm, never exceeded 100 umhos/cm
Grade B= median less than 50 umhos/cm, exceeded 100 umhos/cm in less
than 10% of samples
Grade C= median greater than 50 umhos/cm, exceeded 100 umhos/cm in
less than 10% of samples
Grade D= exceeded 100 umhos/cm in more than 10% of samples.

Total Copper -
Grade A= never exceeded water quality standard of 7 ug/L
Grade B= exceeded 7 ug/L in less than 10% of samples
Grade C= exceeded 7 ug/L in 10 to 20% of samples
Grade D= exceeded 7 ug/L in more than 20% of samples

A3
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Appendix C (continued)

Total Lead -
Grade A= never exceeded water quality standard of 10ug/L
Grade B= exceeded 10 ug/L in less than 10% of samples
Grade C= exceeded 10 ug/L in 10 to 20% of samples
Grade D= exceeded 10 ug/L in more than 20% of samples

Total Zinc -
Grade A= median less than 5 ug/L, never exceeded water quality standard of
50 ppb
Grade B= median less than 10 ug/L, exceeded 50 ppb in less than 10% of
samples
Grade C= median less than 10 ug/L, exceeded 50 ppb in 10 - 20% of
samples.
Grade D= Median greater than 10 ug/L or concentration exceeded 50 ppb in
more than 20% of samples

Total Phosphorous (as P)-
Grade A= median not above 0.03 mg/L
Grade B= median greater than 0.03 mg/L but less than 0.07 mg/L.
Grade C= median greater than 0.07 mg/L but less than 0.10 mg/L
Grade D= median greater then 0.10 mg/L

Orthophosphate (as PO,*) -
Grade A= median less than ambient level of 0.05 mg/L
Grade B= median between 0.05 mg/L but less than 0.10 mg/L
Grade C= median greater than 0.10 mg/L but less than 0.20 mg/L
Grade D= median greater then 0.20 mg/L.

Ammonia Nitrogen -
Grade A= never exceeded 0.50 mg/L
Grade B= never exceeded the proposed ambient standard for trout waters in
the summer of 1 mg/L
Grade C= exceeded 1 mg/L in less than 10% of samples, but never exceeded
2mg/L
Grade D= exceeded 1 mg/L in more than 10% of samples, or at least one
sample had a concentration greater than the proposed ambient standard for
trout waters in the winter of 2.0 mg/L.

Nitrate Nitrogen -
Grade A= median does not exceed 0.3 mg/L, no sample exceeded 1.0 mg/L
Grade B= less than 10% of samples exceeded 1.0 mg/L, none exceeded 5
mg/L
Grade C= no samples exceeded 5 mg/L
Grade D= at least one sample exceeded 5 mg/L
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