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CONVERSION FACTORS, VERTICAL DATUM, SPECIFIC CONDUCTANCE,
AND TEMPERATURE

Multiply By To obtain
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
square mile (mi?) 2.59 square kilometer
pint (pt) 0.4732 liter
inch per year (in/yr) 254 millimeter per year

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD
of 1929)—A geodetic datum derived from a general adjustment of the first-order level nets of both
the United States and Canada, formerly called Sea Level Datum of 1929.

Specific conductance is given in microsiemens per centimeter at 25 dgrees Celsius (uS/cm at 25 °C).

Temperature conversions for degrees Celsius (°C) and degrees Fahrenheit (°F):

°C=5/9 (°F-32)
F=1.8(°C)+ 32









Purpose and Scope

The purpose of this report is to summarize the
precipitation and hydrologic data collected in Charlotte
and Mecklenburg County from July 1997 through
September 1998. Summary statistics are presented for
the entire period of record (May 1994 through
September 1998). The data collected include
measurements of precipitation; atmospheric
deposition; streamflow; physical characteristics, such
as water temperature, pH, specific conductance,
biochemical oxygen demand, oil and grease, and
suspended-sediment concentrations; and
concentrations of nutrients, metals and minor
constituents, and organic compounds. This report also
describes the field and laboratory methods that were
used to collect and analyze these data. Earlier reports
documented data that were collected during October
1993 through June 1995 (Robinson and others, 1996)
and July 1995 through June 1997 (Robinson, Hazell,
and Garrett, 1998).

The data-collection network that was initiated in
October 1993 with the City of Charlotte, Mecklenburg
County, and CMU consisted of 46 precipitation sites,
3 atmospheric deposition sites, and 9 stream sites
(fig. 1), which were needed to determine the effects of
land development on water quality and to evaluate the
effectiveness of control measures. Six of the sites
defined runoff characteristics from streams with
differing land-use characteristics within the city; these
sites were discontinued in September 1998, Three of
the sites defined runoff characteristics from streams
located within the county; these sites were
discontinued in September 1997. These data will
provide information needed for stormwater
management, estimates of nonpoint-source constituent
loadings to the Catawba River, and information needed
to calibrate watershed models used for evaluating
stormwater management options.

Study Area and Sites

Mecklenburg County is located in south-central
North Carolina in the southern Piedmont Province
(fig. 1). Prior to July 1998, the county encompassed
an area of 528 square miles (miz). County boundaries
were changed slightly in the northwest corner on
July 1, 1998. As a result, Mecklenburg County
currently (1999) encompasses about 524 miZ. The
county is bounded on the west by the Catawba River

and its reservoirs—Lake Norman, Mountain Island
Lake, and Lake Wylie (fig. 1). The Catawba River
drains approximately 75 percent of the county. The
remaining 25 percent of the county is draine by the
Rocky River and its tributaries in the Pee Dee River
Basin (McCachren, 1980). Lake Norman is the major
water-supply reservoir for several municipalities in
northern Mecklenburg County. Mountain Island Lake
supplies Charlotte and several other municipalities in
Mecklenburg and surrounding counties.

Charlotte is the principal municipality in
Mecklenburg County and the largest city in North
Carolina. The metropolitan area had a 1997 population
of 513,000—an increase of approximately 55,000
people since 1994. An additional 97,000 peonle live in
Mecklenburg County outside the city limits of
Charlotte (Steve Patterson, City of Charlotte Planning
Office, oral commun., 1997). The city area encompas-
ses 234 miZ, or approximately 45 percent of the county.
Most of the city’s urban area is drained by four large
creeks—Irwin, Little Sugar, McAlpine, and Briar
(fig. 1). Irwin, Little Sugar, and McAlpine Creeks
receive effluent from Charlotte wastewater-treatment
plants, as well as effluent from smaller dischargers.

The climate of the study area is characterized by
hot, humid summers, moderate but short winters, and
long growing seasons. The mean monthly temperature
ranges from about 41 °F in January to about 79 °F in
July. Precipitation in the study area averages about
43 inches per year (in/yr) (McCachren, 1980). The
topography of the area is characterized by brcad, gently
rolling interstream areas and by steeper slop=s along
the drainageways. The elevation of the study area has a
range of 520 feet (ft) above mean sea level at the State
line south of Pineville, N.C., to about 830 ft in the
extreme northern portion of the county (McCachren,
1980). The area is predominately underlain by granite
with some slate in the southeast (LeGrand and
Mundorff, 1952). The soils in the study area are
described as well-drained sandy loams with a clayey
subsoil (McCachren, 1980).

Precipitation Sites

Since 1963, the USGS has collected rrecipita-
tion data at various locations throughout Charlotte and
Mecklenburg County. Forty-six raingages provided
precipitation data for this report (fig. 1; table 1). These
raingage sites previously have been referred to by using
Charlotte rainfall network (CRN) numbers, which are
included in this report for reference.

Introduction 3



Table 1. Precipitation network sites located in Mecklenburg County, October 1988 through Septerber 1998
[Shaded rows indicate collection-well sites. All others are tipping bucket sites. CMU, Charlotte-Mecklenburg Utility Department;
SR, Secondary Road; WWTP, wastewater-treatment plant]

s('ft;':"; Station no.? Latitude Longitude Location ’:“e'cig:’dﬁf
3 02146600 35°08'14"  80°46'05" CRN10, McAlpine Creek at Sardis Rd. nr Charlotte, N.C. 11/92-9/98
5 02146750 35°03'59" 80°52'12" CRNO6, McAlpine Creek below McMullen Creek nr Pineville, N.C. 5/93-9/98
6 02142900 35°19'42" 80°54'35" CRN18, Long Creek nr Paw Creek, N.C., at Oakdale Rd. 3/93-9/98
13 351812080445545 35°18'12"  80°44'55" CRNOI, Fire Station 27, 111 Ken Hoffman Dr. 10/92-9/98
14 351954080493445 35°19'54"  80°49'34" CRNO2, Fire Station 28, 8013 Old Statesville Rd. 10/92-9/98
15 0214620760 35°16'32"  80°49'35" CRNO3, Irwin Creek at Starita Rd. at Charlotte, N.C. 10/92-9/98
16 351132080562345 35°11'32"  80°56'23" CRNO4, Fire Station 30, 4707 Belle Oaks Rd. 10/92-9/98
17 351642080533445 35°16'42" 80°53'34" CRNO5, CMU, Administration Building, 5100 Brookshire Blvd. 10/92-9/98
18 350351080454145 35°03'51"  80°45'41" CRNO7, Fire Station 9, 4529 McKee Rd. 10/92-9/98
19 350314080484945 35°03'14”  80°48'49" CRNOS, 11515 Elm Lane at intersection of Providence Rd. West®  10/92-9/98
20 351414080463245 35°14'14" 80°46'32" CRNO9, Fire Station 15, 3617 Frontenac Ave. 11/92-9/98
21 351331080525945 35°13'31" 80°52'59" CRNI11, Fire Station 10, 2135 Remount Rd. 11/92-9/98
22 350823080505345 35°0823" 80°50'53" CRN12, Fire Station 16, 6623 Park South Dr. 3/93-9/98
23 350947080524945 35°909'47"  80°52'49" CRN13, USGS Office, 810 Tyvola Rd. 3/93-9/98
24 351553080562645 35°15'53"  80°56'26" CRNI4, Fire Station 21, 1023 Little Rock Rd. 3/93-9/98
25 351320080502645 35°1320" 80950'26" CRN15, Charlotte-Mecklenburg Govt. Center, 600 E. Fourth St. 3/93-9/98
26 351540080430045 35915'40" 80°43'00" CRN16, Reedy Creek Environmental Center, 2900 Rocky River Rd. 3/93-9/98
27 351023080435745 35°1023"  80°43'57" CRN17, Piney Grove Elementary School, 8801 Eaglewind Dr. 3/93-9/98
28 351132080504145 35°11'32"  80°50°'41" CRN19, Freedom Park, Cumberland Dr. 9/93-9/98
29 351032080475245 35°10'32" 80°47'52" CRN?20, Fire Station 14, 114 N. Sharon Amity Rd. 9/93-9/98
30 350842080572801 35°08'42"  80°57'28" CRN2I, Kennedy Middle School, 4000 Gallant Lane 9/91-9/98
31 350623080583801 35°06'23"  80°58'38" CRN22, Walker Branch Basin, Choate Cir. 9/93-9/98
32 351302080412701 35°13'02"  80°4127" CRN23, Harrisburg Rd. Landfill, 7817 Harrisburg Rd. 10/°8-9/98
33 0214266075 35921'55" 80°53'12" CRN25, Gar Creek at SR 2120 (McCoy Rd.) nr Oakdale, N.C. 4/94-9/98
34 02142651 35927'49" 80952'36" CRN24, McDowell Creek at Westmoreland Rd. nr Cornelius, N.C.  5/94-9/98
35 352432080473745 35924'32" 80°47'37" CRN26, Bradford Airfield, Huntersville-Concord Rd. 6/94-9/98
36 351604080470845 35°16'04" 80°47'08" CRN27, Hidden Valley Elementary School, 5100 Snow White Lane 10/94-9/98
37 0214635212 35°06'57"  80°54'49" CRN28. Unnamed tributary to Sugar Creek at Crompton St. 4/95-9/98
44 0214266000 35923'22" 80°55'16" CRN41, McDowell Creek nr Charlotte 11/96-9/98
45 351218080331345 35°12'18" 80°33'13" CRN29, Clear Creek Boy Scout Camp, 9408 Belt Rd. 2/96-9/98
46 351455080374445 35°14'55" 80°37'44" CRN30, Rhyne Farm, 3600 Peach Orchard Rd. 2/96-9/98
47 350110080502045 35°01'10"  80°50'20" CRN31, Elon Homes, 11401 Ardrey-Kell Rd. 2/96-9/98
48 351028080385545 35°1028" 80°38'55" CRN32, Bain Elementary School, 11524 Bain School Rd. 2/96-9/98
49 3520000804 14645 35°20'00" 80°41'46" CRN33, Mallard Creek WWTP, 12400 Hwy. 29 North 12/95-9/98
50 352555080574445 35925'55" 80°57'44" CRN34, Cowans Ford Dam area, 257 Duke Lane 2/96-9/98
51 0214267600 35920002" 80°59'12" CRN35, Catawba River at Mountain Island Dam 1/96-9/98
52 352921080473245 3592921" 80°47'32" CRN36, West Fork substation, 20801 Shearer Rd. 2/96-9/98
53 351247080592745 35°12'47" 80°59'27" CRN37, Berryhill Elementary School, 10501 Walkers Ferry Rd. 2/96-9/98
54 350200081020345 35°02'00" 81°02'03" CRN38, Tega Cay city offices, 7000 Tega Cay Dr. 2/96-9/98
55 350634080405245 35°06'34" 80°40'52" CRN39, Phillips Farm, 2248 Mount Harmony Church Rd. 2/96-9/98
56 353003080591745 35°30'03" 80°59'17" CRN40, Westport Golf Coursed 2/96-9/98
57 353014080524945 35°30'14" 80952'49" CRN42, Horton pool house, 21509 Norman Shores Dr. 1/97-9/98
58 352440080505045 35924'40" 80°50'50" CRNA43, Huntersville Elementary School. 200 Gilead Rd. 1/97-9/98
59 352718080484345 35927'18" 80°48'43" CRN44, Knox Farm, 13516 Mayes Rd. 1/97-9/98
60 350903081004545 35°09'03" 81°00'45" CRN45. 12700 Withers Cove Rd. 1/97-9/98
61 352135080462045 35921'35" 80°46'20" CRN46, Oehler Farm, 3491 Johnston-Oehler Rd. 1/97-9/98

Station number is assigned by the U.S. Geological Survey and is based on geographic location. The "downstream order number" system is
used for streamflow sites, and the "latitude-longitude” system is used for well sites.

bPrecipit.ation data collection currently (1999) is ongoing.

CPrior to August 4, 1994, located at McAlpine Creek Elementary School, 9100 Carswell Lane, station number 350458080493245.

9dPrior to June 4. 1996, located at Lake Norman Volunteer Fire Department, 1206 Brawley School Road, station number 35340208(543145.
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The primary criterion for site selection of
raingage locations was to provide good areal coverage
of Charlotte and Mecklenburg County. Consideration
also was given to providing optimum precipitation data
for water-quality sampling events and to combining
installations with existing stream-gaging locations.
Four raingages were installed with streamflow and
water-quality sites—sites 33, 34, 37, and 44. Three
raingages were installed at existing USGS stream-
gaging stations—sites 3, 5, and 6 (fig. 1; table 1). Data
collection currently (1999) is ongoing at all 46
raingages.

Forty-one named stream basins are covered by
the raingage locations, including all major stream
basins in Charlotte and Mecklenburg County (fig. 1).
Figure 2 is a generalized chart that identifies the

raingages and the specific stream subbasins in which
they are located. Four raingages—sites 14, 18, 46, and
59—are located on basin divides and, therefore,
represent rainfall coverage in multiple headwater
basins.

Atmospheric Deposition Sites

Atmospheric deposition sites were located in
basins with existing streamflow and water-quality data-
collection sites. Atmospheric deposition data were
collected at sites 37, 42, and 43, which represent
different land uses in Charlotte (fig. 1; table 2). A
detailed description of these sites is given in the
following section. Atmospheric deposition samples
were collected weekly from March 1997 through
March 1998.

McKEECR | |TRIB TWO || CALDWELL CR
TOBYCR || STONY CR Site 46 Site 32 Site 46 SQUIHPRONG || RAMAH CR
Site 13 Site 61 Site 35 Site 59
I NORTH FORK v LONG BR ! SOUTHPRONG
MALLARD CR S REEDYCR Ste®
Site 26 .
Sites 14, 49 v v CLARKE CR ;
SECR WEST BR
Site 48 CROOKED CR CLEAR CR Site 52
t \ 4 v ‘l v Y
ROCKY RIVER
ROCKY BR FOURMILE CR || CAMPBELL CR | | McMULLEN CR
DAIRY BR Site 18 Site 19 Site 27 Site 29 WALKER BR
N Site 31
BRIAR CR Site 28 l l J ¢ STEWART CR
Site 20 l i i Sites 17. 21
STEELE CR l
p{ LSUGARCR McALPINE CR Sire 30
Sites 22, 25, 36 .
Sites 3, 5 IRWIN CR
KINGS BR COFFEY CR CSite I SIXMILE CR
Site 23 Site 16 1e S
TORRENCE CR ites 18, 47
Site 58 \4 v Y K 2 *
7 . v
SUGAR CR .
McDOWELL CR LONG CR Site 37 TWELVE MILE CR
) . PAW CR GARCR
Sites 34, 44 Sites 6, 14 Site 24 GRE
v v v v l
CATAWBA RIVER

Sites 50, 51, 53, 54, 56, 57, 60

Figure 2. Raingage locations, by basin, in Charlotte and Mecklenburg County.
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Streamflow and Water-Quality Sites

Streamflow and water-quality site selection was
based on the size of the drainage areas and the type of
land use. The land-use information presented in this
report was obtained from the City of Charlotte and is
based on data classified from 1990 aerial photographs
and reconnaissance conducted by USGS personnel.
Basin land-use maps previously have been published
(Robinson and others, 1996) except for site 44. Six
sites were chosen within the city limits of Charlotte—
sites 37, 39, 40, 41, 42, and 43: and three sites were
chosen in the northern part of the county—sites 33, 34,
and 44 (fig. 1; table 2). These sites have previously
been referred to using Charlotte stormwater (CSW)
numbers; those CSW numbers are included in this
report for reference.

Each site within the city drained into one of the
four major streams carrying runoff from the metro-
politan area. Sites 33, 34, and 44 all drained directly
into Mountain Island Lake water-supply reservoir. All
sites had continuous records of stage and discharge,
water temperature, and specific conductance. Water-
quality samples were collected once per season when
possible, during runoff events.

Streamflow and water-quality data collection
was discontinued at sites 33 and 34 in September 1997.
Collection of water-quality data was discontinued at

site 44 in September 1997; however, streamflow data
collection currently (1999) is ongoing (Ragland and
others, 1999). Streamflow and water-quality data
collected through September 1997 at sites =3, 34, and
44 are presented in Robinson, Hazell, and Garrett
(1998); thus, these sites are not discussed further in this
report. Streamflow and water-quality data collection at
sites 37, 39, 40, 41, 42, and 43 was discontinued in
September 1998.

Site 37 is located on a tributary to Sugar Creek
(fig. 1). The drainage area encompasses 0.0“3 mi? and
consists of light industrial, light commercial, and some
woods or brush (table 3). A small portion of an active
railroad also is within the basin.

Site 39 is located on a tributary to [rwin Creek
(fig. 1). Land use is almost entirely heavy industrial
with a drainage area of 0.022 mi? (table 3).

Site 40 is located in a storm drain to a tributary
of Edwards Branch, which flows into Briar Creek
(fig. 1). Land use is almost entirely medium-density
residential (table 3) with a drainage area of 0.023 miZ.
A very small portion of the basin includes some light
industry as well as an elementary school.

Site 41 is located on a tributary to Little Sugar
Creek (fig. 1) and has a multi-use drainage area of
0.123 mi®. Residential housing is the primary land use.
The basin also includes a portion of a large chemical

Table 3. Land-use distribution, in percent, for study site drainage areas

[Values are in percent. —, no land-use data for this category]

Residential Industrial Commercia'
Siteno.  Woods/ Greater C'oater Greater  Less gy
(fig. 1) Brush 2:1;; :;1;; :Zatr:’ ;:3:;:; tional  |ight?® Heavy®  Light?® Heaw
2acres 1/2acre 1/4acre
37 [CSWO06] 103 0.1 — — — — 63.5 — 26.1 —
39 [CSWO05] .1 — — — — — — 99.8 .1 —
40 [CSW03] — — 2.1 96.8 — — 1.1 — — —
41 [CSWO02] 1.7 — — 57.7 — 5.8 — 229 11.9 —
42 [CSW04] — — 19.4 313 40.6 — — 8 —
43 [CSWO7] 172 — 25 33.0 — 32 — — 441 —

Light is defined as less than 44 percent impervious.
bHeavy is defined as greater than 56 percent impervious.
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research laboratory, an elementary school, and some
light commercial activity (table 3).

Site 42 is located on a tributary to McMullen
Creek (fig. 1) and has a drainage area of 0.126 mi?.
Land use within the basin is residential and institu-
tional (a private school). Some light commercial
activity also is present (table 3).

Site 43 is located on a tributary to Fourmile
Creek (fig. 1). At the time of site selection, existing
land use was predominately light commercial, single-
family residential, and woods/brush (table 3). Future
development for the basin was planned, and much of
the drainage area is now residential (single and multi-
family) and light commercial, with ongoing new
construction. A large church, a rest home, and some
woods/brush also are present. The drainage area is
0.266 mi>.

DATA-COLLECTION METHODS

All sites were equipped with electronic
dataloggers for instrument operation and data
collection. Storage modules with independent, internal
batteries and nonvolatile memory also stored programs
and data for backup. Modems at the sites allowed
remote communication and interaction with the
dataloggers. Software was developed to automatically
retrieve and process data daily. Remote interaction also
allowed users to monitor, test, and activate peripheral
devices from any offsite location.

Precipitation Data

Two types of raingages were installed in the
study area—tipping bucket raingages and 3-inch (in.)
diameter collection wells with water-level sensors. The
type of rainfall measuring equipment installed was
determined on a site-by-site basis. Thirteen sites
initially were installed with collection-well pipes in
less secure areas or where tipping buckets were not
feasible. Site 17 was converted to a tipping bucket site
on Dec. 29, 1994. As of September 1998, there were
34 tipping bucket sites and 12 collection-well sites
(table 1).

All sites recorded rainfall amounts at 5-minute
intervals. The raingages located at water-quality
sampling sites also recorded rainfall at 1-minute
intervals when rainfall was detected. During periods of
equipment problems when incremental resolution was
lost, total rainfall still may have been measured.

Although neither type of raingage was designed to
measure frozen precipitation, rainfall equivalent totals
may have been recorded as the frozen precipitation in
the catchment was melted by warming temperatures.
When possible, daily or monthly totals were computed
and published.

Atmospheric Deposition Data

Atmospheric deposition data collection began in
March 1997 and continued through March 1998 at sites
37,42, and 43 (fig. 1; table 2). Hydrologic data
included the quantity of wet deposition and analysis of
wet-deposition samples for specific conductance, pH,
nutrients, selected metals, chloride, and sulfate. No
collection of dry deposition (dust particles) was
conducted during this investigation.

Wet-deposition samples were collected using an
automatic wet/dry sampler equipped with a plastic
sample-collection container and powered by a 12-volt
battery. This device had a motorized protective lid that
kept the sample-collection container coverel during
periods of no precipitation. When the moistre sensor
detected precipitation, the lid mechanically moved to
allow wet deposition to be collected in the rample
container. When the precipitation stopped, the lid
mechanically returned to the protective position.
Samples typically were retrieved on Monday of each
week.

Samples were weighed in the USGS Charlotte
Field Office using an analytical balance. Orce
weighed, the precipitation amount was computed in
inches equivalent. Samples were then decanted directly
from the collection container into the appronriate
subsample containers, preserved, and delivered to the
laboratory for analysis.

Streamflow and Water-Quality Data

Data collection began in December 1993 at sites
41 and 42, in March 1994 at site.39, in June 1994 at site
43, in July 1994 at site 40, and in April 199¢ at site 37.
Hydrologic data included measurements of streamflow,
fecal coliform bacteria, physical and chemical
properties, nutrients, concentrations of metals and
minor constituents, oil and grease, organic compounds
in water (table 2), and suspended sediment. treamflow
and water-quality data collection were discontinued
September 1998.

8 Precipitation, Atmospheric Deposition, Streamflow, and Water-Quality Data from Charlotte and Mecklenburg Co., N.C., 1997-98



Instrumentation at each site included sensors for
the collection of water level, water temperature, and
specific conductance data. Water-quality samples were
collected by using an automatic refrigerated sampler.
All equipment was housed in a walk-in shelter with
alternating current. Site 37 had a tipping bucket
raingage for the collection of precipitation data.

Continuous-record gages were established at
each site. Because of the rapid response of streamflow
to precipitation in small urban basins, instantaneous
water levels (stage) were recorded every 5 minutes.
Water levels were recorded every minute when stream
stage rose above a predetermined threshold and during
water-quality sampling events. At the beginning of the
study (December 1993), the recording interval at sites
41 and 42 was 15 minutes.

Where conditions allowed, streamflow
(discharge) was measured by following procedures
outlined by Rantz and others (1982). Stage-discharge
relations, or ratings, were subsequently developed and
used to quantify streamflow at each recorded 5-minute
interval. In the absence of suitable measuring
conditions, concrete weirs, V-notches, and indirect
methods of flow computations were used to define the
stage-discharge relations. The point control and,
therefore, the stage-discharge relations remained stable
at all sites throughout the study period.

The accuracy of the discharge records depends
primarily on (1) the stability of the stage-discharge
relation and (2) the accuracy of the measurement of
stage. Accuracy is attributed to the discharge records as
follows: “Excellent” means that about 95 percent of the
daily discharges are within 5 percent of the true value;
“good,” within 10 percent; and “fair,” within 15
percent. Records that do not meet these criteria are
rated “‘poor.” Rated accuracy of records for each site is
shown in table 4.

Water temperature and specific conductance
were measured every 5 minutes with an in situ probe.
Initially, these data also were collected at 1-minute
intervals when flow was above the predetermined
threshold and during water-quality sampling events.
Review of these data indicated that water temperature
and specific conductance did not vary significantly at
1-minute intervals. Thus, the collection interval was
increased to 5 minutes in June 1995. Specific
conductance measurements also were made with grab
samples collected during an event.

Measurements of pH were made during water-
quality sampling events. Prior to January 1996, pH was

Table 4. Accuracy of discharge records at
streamflow and water-quality sites

[ft3/s. cubic foot per second]

Site no. Flow range

(fig. 1) (f/s) Ratin
37 (CSWO06) 0.00to <2.20 good
>2.20 fair
39 (CSW05) 0.00to < 1.50 good
1.50 to < 2.50 fair
>2.50 poor
40 (CSW03) 0.00to < 1.00 good
1.00 to < 3.00 fair
> 3.00 poor
41 (CSW02) 0.00to < 1.50 good
1.50 to < 3.00 fair
>3.00 poor
42 (CSW04) 0.00 to < 0.80 good
0.80to <2.00 fair
> 2.00 poor
43 (CSWO07) all poor

measured by using a probe that was mounted in a flow-
through cell connected to a water pump. Collection of
pH data was initiated simultaneously with water-
quality sample collection and continued for a period of
10 minutes. After January 1996, raw water samples
collected by the automatic samplers, as well as grab
samples collected during an event, were used for pH
determinations.

Water samples were collected at each study site
during runoff events, once per season when possible.
The criteria, provided by the cooperators, that were
used to determine if the sampled event met the
requirements of the project were (1) the minimum
period between sampled events was at least
21 days, (2) the rainfall duration was between 3
and 13 hours, (3) the rainfall amount was between
0.2 and 0.8 in., and (4) less than 0.1 in. of rainfall
had occurred in the 72 hours prior to the samrpled
event. The rainfall amount could exceed 0.8 in. and(or)
the duration could be longer than 13 hours as long as
the total rainfall amount during the first 3 hotirs was
less than 0.8 in. Every effort was made to adhere to
these criteria, but there were times when all criteria
were not met.

Generally, three discrete samples were collected
during increasing, near peak, and receding streamflows
associated with the runoff event. The specific conduc-
tance and pH of each sample were measured as the
sample was processed. Samples were analyzed for a
broad range of constituents.

Data-Collection Methods 9



Water samples for inorganic analysis were
collected using an automatic refrigerated sampler. Each
discrete sample consisted of two raw water samples
collected in 1.9-liter glass bottles. The two bottles were
composited in a polycarbonate churn splitter,
processed and preserved as described by Horowitz and
others (1994), and analyzed by the USGS National
Water Quality Laboratory. Beginning in September
1995, the Mecklenburg County Department of
Environmental Protection Laboratory began analyzing
the samples that were collected for inorganic
constituents. These samples were preserved as required
by the Mecklenburg County laboratory (table 5). Total
organic carbon (TOC) samples were taken from the
discrete samples prior to placement in the churn
splitter. Samples for the analysis of dissolved
constituents were filtered through a 0.45-micron pore-
size capsule filter by using a peristaltic pump.

Samples for most organic analyses were
collected using an automatic refrigerated sampler with
methanol-cleaned Teflon tubing or by hand as a grab
sample. Pesticide samples were collected during the
spring and were decanted directly from the glass
collection bottles to the appropriate sample containers.

Grab samples included oil and grease and
volatile organic compounds (VOC’s), which were
collected during the first 20-30 minutes of the runoff
event. Bacteria samples were collected manually
during increasing, near peak, and receding
streamflows. Because of possible contamination from
methanol-cleaned tubing used in the automatic sampler
during the spring, TOC was collected as a grab sample
during spring sampling events.

Quality-Assurance Procedures

Quality-assurance procedures for precipitation,
atmospheric deposition, streamflow, and water-quality
data collection and processing are presented in the
following sections. All procedures followed standard
USGS guidelines as documented in each section.
Detailed quality-assurance procedures were prepared
and are documented in a USGS administrative report
(U.S. Geological Survey, written commun., 1997).

Precipitation Data

Tipping bucket raingages were delivered from
the factory with documented calibration. Factory
calibration consisted of pouring a known amount of
water into the bucket at a fixed rate and comparing the

recorded amount with the known rainfall equivalency.
Collection-well raingages were designed an-
constructed according to generally accepted standards.

All sites were field calibrated in July and August
1998. Tipping buckets were calibrated using a
technique similar to that applied in the factcry. At
collection-well sites, catchment dimensions were
measured and a surface area was computed. A known
amount of water was poured into the catchment, and
the rainfall total recorded was compared to the rainfall
equivalent of the known volume. Measured
precipitation for 32 raingages was within 5 percent of
the actual amount, and all of the raingages recorded
precipitation within 12 percent of the actual amount.
Where errors greater than 5 percent were computed, the
equipment was adjusted and recalibrated. No
corrections were applied to the data.

Sites were visited on an average of once every 6
to 8 weeks. Initial readings of time and rainfall were
recorded. Catchments, funnels, and tubing were
inspected for blockage, and conditions were noted.
Catchments and funnels were wiped clean and rinsed
free of debris. Tubing was reamed, rinsed, and brushed
clean. Battery voltage was measured with an external
volt meter, and the reading was compared to that of the
datalogger. Freshly charged batteries were installed as
needed. The installation and phone lines were
inspected for vandalism or tampering.

Tipping bucket pivots were oiled, and buckets
were inspected for freedom of movement and
assurance of interaction with the datalogger. After
draining a collection well, a small amount of water was
returned to the well. Inspections included visibly
watching the float wheel turn and physically checking
the response of the float wheel.

Final readings of time and rainfall were recorded
before leaving the site. After completion of tI= site visit
but before leaving the area of the site, contact was made
with the datalogger by using a cellular phon= to assure
that all phone connections were working properly.

Data were automatically retrieved daily by
modem and phone line. Daily summary printouts
available for inspection include: daily rainfall total,
accumulated rainfall total since last service, and battery
voltage. A location map of the raingages with
corresponding rainfall totals for the previous day also is
available. This allows for early identification and
correction of problems.

Data were inspected for signs of drifting float
wheels. This drift is easily spotted, and any
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Table 5. Containers, container treatment, and preservation procedures required for samples collec*ed at the
streamflow and water-quality study sites and analyzed by the Mecklenburg County Department of
Environmental Protection Laboratory, July 1997 through September 1998

[°C, degrees Celsius; mL, milliliter]

Compounds, elements,

Container treatment

or Con.tamer Container type and
. size -
properties analyzed sample preservation
Physical and chemical properties
Dissolved solids, residue at 180 °C 500 mL  Polyethylene, red cap, Filter through a disposable capsule filter with 0.45-m‘cron pore
disposable size; use filtered sample to rinse containers.
pH, specific conductance, alkalinity, 1,000 mL.  Polyethylene, blue cap, Unfiltered; use unfiltered sample to rinse containers.
chloride, sulfate disposable
Volatile suspended solids, total 1.000 mL.  Polyethylene, blue cap, Unfiltered; use unfiltered sample to rinse containers.
suspended solids disposable
Chemical oxygen demand 250 mL  Polyethylene, orange cap, Acidify collected sample with 1.0 mL H,SOy; chill and maintain
disposable sample at 4 °C.
Biochemical oxygen demand?® 1,000 mL  Polyethylene, blue cap, Unfiltered, chill and maintain sample at 4 °C.
disposable
Coliform* 200mL  Glass Sterile, chill and maintain sample at 4 °C.
Nutrients
Dissolved nutrients 250 mL  Polyethylene, green cap, Filter through a disposable capsule filter with 0.45-m’cron pore
disposable size; use filtered sample to rinse containers. Add 1.0 mL
H,SOy; chill and maintain sample at 4 °C.
Total nutrients 250 mL  Polyethylene, orange cap, Unfiltered: use unfiltered sample to rinse containers. Add 1.0 mL
disposable H,SO4: chill and maintain sample at 4 °C.
Metals and minor constituents
As, Se, Hg, Sb, Be, Cr, Cu, Cd, Pb, 500 mL. Polyethylene, acid rinsed, Unfiltered; use unfiltered sample to rinse containers. Add
Ni, Ag. Zn white cap, disposable 1.25 mL of HNO;.
Organic compounds
Oil and grease 2,500 mL. Glass Surface skim, unfiltered. Add 5.0 mL HCI,
Pesticides and herbicides? IL Glass, amber Bottle baked at 450 °C. Do not rinse container in field. Chill and
maintain sample at 4 °C.
Total organic carbon” 125mL  Glass, amber Bottle baked at 450 °C. Do not rinse container in field. Chill and
maintain sample at 4 °C,
Volatile organic compounds” 40mL  Glass septum vial, amber Do not rinse container in field. Exclude all air bubble~ in sample
by completely filling vial. Acidify sample with HCI to pH <2.
Protect sample from sunlight. Chill and maintain sample at
4°C.
Sediment
Suspended sediment® 1 pint  Glass None.

 Analyses performed by the Mecklenburg County Department of Environmental Protection, May 1994 through September 1998.
b Analyses performed by the U.S. Geological Survey National Water-Quality Laboratory, May 1994 through September 1998.
¢ Analyses performed by U.S. Geological Survey Sediment Laboratories, May 1994 through September 1998.
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standard deviations less than the monthly mean and
16 occurrences of monthly rainfall amounts at least two
standard deviations greater than the monthly mean. In
general, there did not appear to be a consistent over or
under reporting of rainfall at any of the stations.

Atmospheric Deposition Data

Installation and operation of the automatic
wet/dry samplers were in accordance with protocols
established by the National Atmospheric Deposition
Program (NADP) (Bigelow, 1984; Bigelow and
Dossett, 1988), except samples were retrieved on
Mondays rather than Tuesdays. Samplers were
equipped with polycarbonate protective lids and
Teflon-coated arms to prevent metal contamination of
samples collected for metals and minor constituents.

Plastic sample-collection containers were
prepared by washing with a nonphosphate detergent
and soaking in a 5-percent hydrochloric acid solution
as described by Horowitz and others (1994).
Equipment was assigned to each site to prevent
possible cross-contamination between sites.

Quality-assurance samples composed approxi-
mately 20 percent of the samples analyzed. Equipment
blanks using inorganic blank water provided by the
USGS laboratory were prepared and analyzed for
nutrients and metals and minor constituents to validate
the cleaning procedures and to ensure that no contami-
nants were leaching from the sample-collection
container. The quality-assurance blanks for nutrients
were analyzed using the low-level automated-segment
flow (ASF) method (Fishman, 1993), and the metals
and minor constituents were analyzed using the
Inductively Coupled Plasma-Mass Spectrometry
(ICP-MS) method (Faires, 1993; Fishman, 1993;
Struzeski and others, 1996). In addition, split samples
were analyzed periodically for each site when sample
volume allowed.

Streamflow and Water-Quality Data

Installation and operation of the continuous-
record gages were in accordance with USGS standards
described in the Techniques of Water-Resources
Investigations (TWRI) series of manuals published by
the USGS. Streamflow was measured, and discharge
record from stage was computed according to TWRI
specifications.

Discharge measurements were made as needed
at each site to develop stage-discharge relation curves.

Periodic check measurements of the rating were made
when warranted by extreme or unstable conitions.
Variable stage-discharge shifts were generally applied
for periods when the absolute difference between the
measured discharge and the expected discharge from
the rating curve exceeded 5 percent.

Site visits routinely were conducted once every
4 to 6 weeks. Corrections to gage height record were
made when the absolute difference between the
reference gage observations and the water-level sensor
exceeded 0.015 ft.

All sensors that were used for measuring water
temperature and specific conductance were tested prior
to being placed in the field. Thereafter, sensors were
routinely calibrated every 4 to 6 weeks. This procedure
began with an initial check of the probe in its current
state. The probes were then thoroughly cleaned and
calibrated by using several standards. Adjustments to
the sensor readings were applied over time and range,
as needed, on the basis of calibration record-. Sensors
were calibrated as soon as possible following sampling
events to minimize any potential problems vrith drift.

All data were automatically retrieved daily using
a modem and phone line. Plots of stage and specific
conductance for the 4 previous days were generated
and reviewed daily. This allowed quick dete~tion and
reconciliation of potential problems caused by
instrumentation malfunctions.

The water temperature sensor was calibrated by
using either an American Bureau of Standarc's mercury
thermometer or an electronic thermistor that previously
had been calibrated. The thermometer or thermistor
was placed in the stream and allowed to equilibrate
prior to disturbing the temperature sensor. All readings
were recorded on the calibration sheet. The
temperature sensor then was removed, cleaned,
returned to the stream, and allowed to equilibrate. All
readings were recorded a second time. As needed,
adjustments to the data were time corrected o the basis
of observed versus actual readings.

The specific conductance probe was calibrated
by using five standards ranging from 20 to 500
microsiemens per centimeter at 25 degrees Celsius
(uS/cm at 25 °C). The three standards that best
bracketed the typically observed specific conductance
readings were used to apply any needed adjustments to
the data. The probe was rinsed with deionized water,
sequentially immersed in each standard, and allowed to
equilibrate. Readings were recorded on the calibration
sheet with the actual standard value. The probe then
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was cleaned thoroughly by using a special scrub brush
and deionized water to remove any accumulation of
dirt and algae. The probe readings then were checked
once more using the same procedure. This allowed for
adjustments to the data with time and range in the event
of probe degradation.

All equipment that was used to collect water-
quality samples was prepared by washing with a
nonphosphate detergent and soaking in a 5-percent
hydrochloric acid solution as described by Horowitz
and others (1994). Equipment was assigned to each site
to prevent cross-contamination between sites. Blanks
were run on each piece of sampling equipment at each
site on a yearly basis and analyzed for nutrients and
metals and minor constituents by using inorganic blank
water prepared by the USGS laboratory.

The Teflon-lined tubing on all automatic
samplers was replaced with new tubing yearly.
Between sampling events, this tubing was field-cleaned
by using the above procedure. In addition, the tubing
was rinsed with methanol, and the sample-collection
bottles were baked at 450 °C prior to the spring
collection of organic constituents. An equipment blank
for the analysis of pesticides and herbicides was
performed yearly at one randomly chosen site by using
organic-free water purchased from a scientific supply
company. Sample-collection volume was checked and
calibrated at least yearly or when problems were
suspected.

Sample-processing equipment assigned to each
site was prepared with the cleaning procedures
described above. Samples for the analysis of organic
constituents were decanted directly from the glass
collection bottles into the appropriate glass sample
containers, then set aside and chilled. The remaining
water was placed in a polycarbonate churn splitter to
remove homogenous subsamples for inorganic and
sediment analyses. Samples for the analysis of
dissolved constituents were filtered using silicone
tubing prepared with the previously described cleaning
procedure and a disposable 0.45-micron pore-size
capsule filter (table 5). Prior to September 1995,
samples collected for inorganic analyses were
preserved by using USGS protocols as described by
Horowitz and others (1994). Subsequently, samples
collected for inorganic analyses were analyzed by the
Mecklenburg County Department of Environmental
Protection Laboratory and were preserved according to
their requirements (table 5).

Churn splitters were field-cleaned with
deionized water and 5-percent hydrochloric acid
solution between each discrete sample collec*ed at each
site during an event. Blanks were processed on these
field-cleaned churns for the analysis of nutrients and
metals with a frequency of one blank per site per event
to verify that field cleaning procedures were adequate.
One ambient blank per event was collected and
analyzed to check for contamination resulting from
atmospheric deposition in the USGS Charlotte Field
Office sample processing area.

In addition to churn blanks and ambient blanks,
other quality-assurance samples that were collected
include split, duplicate, and blank samples for all
constituents analyzed. The quality-assurance blanks
for nutrients were analyzed using the low-level ASF
method (Fishman, 1993), and the metals and minor
constituents were analyzed using the ICP-MS method
(Faires, 1993; Fishman, 1993; Struzeski and others
1996).

LABORATORY ANALYSES

Samples collected during May 1994 through
August 1995 were analyzed by the USGS National
Water Quality Laboratory (NWQL) in Denver, Colo.
The analytical methods that were used by th> NWQL
are documented in Wershaw and others (1987), Britton
and Greeson (1989), Fishman and Friedman (1989),
Fishman (1993), Rose and Schroeder (1995), Zaugg
and others (1995), and Werner and others (1996).
Beginning in September 1995, samples collected for
inorganic constituents were analyzed by the
Mecklenburg County Department of Environmental
Protection Laboratory. Analytical procedurer and
method detection limits for the Mecklenburg County
Department of Environmental Protection Laboratory
are listed in table 9 (p. 27-36). The NWQL continued
to analyze samples for organic constituents. All
quality-assurance blanks were analyzed by the NWQL.
Suspended-sediment concentrations were determined
during the study period by the USGS sediment
laboratories in Raleigh, N.C., Baton Rouge, La., and
Louisville, Ky., by using methods and procedures
documented by Guy (1969).

Method detection limits (MDL’s) for a particular
compound and analytical method are determined
statistically from laboratory method performance tests.
MDVL’s for the 88 dissolved pesticide organic
compounds (table 9) were revised by the NWQL on
April 15. 1996, on the basis of detailed method
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detected in any of the blank samples. These results
suggest no contribution of these compounds to
atmospheric deposition samples from the sample-
collection process. Maximum concentrations of
compounds detected in at least one blank sample
(ammonia, orthophosphorus, copper, and zinc) were
from one-half to 12 times less than the minimum
concentration detected in any atmospheric deposition
sample. These blank results suggest that the potential
for contamination of the atmospheric deposition
samples from the sample-collection process was
negligible and will not affect interpretation of
atmospheric deposition sample data.

Streamflow Data

Streamflow statistics for December 1993
through September 1998 are presented in table 62
(p. 95). Daily mean discharge data at the six stream-
flow sites (fig. 1) are presented in tables 63—68
(p. 96—-101). During periods of missing record, a daily
mean discharge was estimated on the basis of rainfall
and computed streamflow for other gages in the area.

Water-Quality Data

Continuous specific conductance and water
temperature data were collected at 5-minute intervals at
the streamflow sites. These data are available from the
USGS District Office in Raleigh, N.C. Continuous
specific conductance and water temperature statistics
for the six streamflow sites are presented in table 69

(p. 102). Statistical summary tables of approximately
250 chemical constituents include measurements of
fecal coliform bacteria, physical and chemical
properties, nutrients, concentrations of metals and
minor constituents, oil and grease, suspended
sediment, and organic compounds in water
(tables 70-75, p. 103—126). Statistical summaries are
for the period of record, May 1994 through September
1998, unless otherwise noted.

The instantaneous discharges reported in the
statistical summary tables and discrete sample tables
are associated with individual water-quality sample-
collection dates. The sampling period for collection of
discrete water-quality samples was July 1997 through
September 1998 (tables 7681, p. 127-138). These
data include measurements of fecal coliform bacteria,
physical and chemical properties, nutrients, metals and

minor constituents, oil and grease, total organic carbon,
and suspended sediment. The organic compounds were
not included in these tables because of the small
number of samples with concentrations greater than the
MDL and the large number of organic constituents.
Samples were collected on May 20, 1928, at four sites
(sites 41, 42, 43, and 39) during a period of no rainfall
runoff to determine base-flow levels of selected
constituents. These data are included in the statistical
summaries. Samples were not collected at sites 37 or
40 on May 20, 1998, because of zero flow conditions.

Rainfall and streamflow characteristics for the
monitored storms at the stream sites are presented in
tables 82-87 (p. 139-144). Total accumulated rainfall
is reported as the total rainfall for the duration of each
storm event.

Analytical results of blank samp'es were
evaluated throughout the project to ensure that stream
environmental samples were not being contaminated
by the overall sample-collection process. Field
equipment blanks were subjected to all aspects of
sample collection, field processing, preservation,
transportation, and laboratory handling, the same as an
environmental sample. Churn blank samples were
mixed and separated using field-cleaned churns in the
same manner as was used for environmrental samples.
Churn blank samples were collected to verify that
procedures that were used to field-clean the churns
were adequate. Ambientblanks were prepared with the
same type of bottle that was used for environmental
samples, leaving the blanks exposed to ambient
conditions during sample processing. The blank
samples were analyzed for nutrients and trace metals
by using low-level analytical methods (Faires, 1993;
Fishman, 1993; Struzeski and others, 1996), with
detection limits up to an order of magn‘tude less than
detection limits for stream environmen*al samples.

Statistical summaries of inorganic blank data
(table 7) indicated that four of the metzls analyzed
(beryllium, cadmium, silver, and antim-ony) were not
detected in any of the 230 blank samples. These results
suggest no contribution of these compcunds to stream
environmental samples from the data-collection
process. The 95th-percentile blank conzentration of
lead was less than the blank detection 1'mit. Median
stream environmental sample concentrations were 3 to
310 times greater than the 95th-percentile inorganic
blank concentrations (table 8), dependi~g on the
constituent. In addition, the 95th-percentile values for
all blank samples were less than the minimum
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ABBREVIATIONS USED IN DATA TABLES 9-87

ACCUM

COLS. PER 100 ML, COLS./100 ML

CFSM

ft3/s

°C, DEG. C

IN., IN

in./wk, IN./WK

INST.

MAX

ug/L, UG/L

uS/em, US/CM

mg/L, MG/L
mi

mL

MIN

RECOV.

N AV V

accumulation

colonies per 100 milliliters
cubic feet per second per square mile
cubic feet per second
degrees Celsius

inch

inch per week

instantaneous

maximum

micrograms per liter
microsiemens per centimeter
milligrams per liter

square mile

milliliter

minimum

recoverable

greater than

greater than or equal to
less than

less than or equal to
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