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Site Characteristics and Land Use

The Popple River HBN Basinislocated in the Superior Upland physiographic
province in the northeast corner of Wisconsin (Figure 28. Map showing study area in the
Popple River Basin and photograph of the main river channel). The 360-kn? basin ranges
in devation from 429 to 658 m and drains a hummocky |landscape covered by
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Figure 28. Map showing study area in the Popple River Basin and photograph of the main
river channel



forests, lakes, and wetlands (Oakes and others, 1973). The USGS gaging Station is located
4.2 km northwest of Fence, Wis,, at latitude 45x45'49" and longitude 88x27'47". The
Popple River flows east into the Pine River, atributary of the Menominee River, and has a
channd length of 52 km upsiream from the gaging station and an average stream gradient
of 1.35 m/km. The river is dow moving dong much of its reach, dthough bedrock
outcrops form numerous riffles and small waterfals (Sullivan and others, 1995). Themain
fiver channel is perennial, and mean monthly discharge varies from 1.3 nt*/s under ice
cover in January and February to 8.6 m/s during snowmelt in April. Average annua runoff
from the basin was 29 cm from 1964 through 1995 (Holmstrom and others, 1996). The
climate is classfied as humid continenta, with short summers and long, showy winters.
Average monthly air temperatures range from -17.1xC in January to 20.9xC in July
(Nationd Climatic Data Center, 1997). Precipitation averages 78 cm annudly with
September being the wettest month (10.7 cm) and February the driest (2.3 cm). Average
annud snowfdl is 138 cm, and the ground generdly remains snow covered from mid-
November to mid-April (Oakes and others, 1973).

The Popple River Basin isin the Laurentian Mixed Forest ecoregion, which lies
between the boredl forest and the broadleaf deciduous forest zones (Bailey and others,
1994). Northern hardwoods, conifers, and aspen stands cover about 57 percent of the basin
in areas where the water table is generdly more than 1 m below the ground surface.
Common hardwood species include sugar maple, red oak, white ash, basswood, and yellow
birch; the conifer species are hemlock, white spruce, balsam fir, and white pine. Aspenisa
common post-fire gpecies that tends to grow on sandier soils than the soils dominated by
hardwoods. Siwamps and open bogs cover about 30 percent of the basin. In these aress, the
water tableisat or near the surface most of the year, and vegetation is dominated by black
spruce, white cedar, black ash, tamarack, grass, sedge, and moss. Soilsin the uplands are
classfied as Spodosols and are mapped in the Stambaugh and Goodman series (Hole and
others, 1962). These seriesinclude well-drained acidic soils that range from 60 to 100 cm
in depth. The Stambaugh soils are developed in loamy and sandy fluvia deposits, whereas
the Goodman soils are developed in loamy glacid till. A typicd soil profile hasathin
organic horizon overlying a dark brown to reddishbrown layer of St loam overlying a
subsoil of coarse sand and gravel (Stambaugh) or loamy till (Goodman). The clay
minerdogy of theloamy soilsis dominated by illite and kaolinite with minor amounts of
vermiculite and smectite (Smpkins and others, 1987). Wetland soils are scattered
throughout the basin and consist largely of peat and muck that istypicdly afew meters
thick.

The basin lies in the southern part of the Canadian Shidd, which conssts of
crystaline rocks of Precambrian age covered by Pleistocene glacial deposits. Most of the
bedrock consgts of light-gray or pinkish-gray, medium-grained granite and granitoid gneiss
that is composed of plagioclase, quartz, potassium feldspar, and bictite (Sims, 1990; Sms
and others, 1992). Along the southern boundary, a smal area of the basin is underlain by
the Quinnesec Formation of Proterozoic age, which consists of thick metagabbro sllsand
thin interbeds of biotite schist and quartzite (Sims and others, 1992). The bedrock surfaceis
irregular and, consequently, is covered by an uneven layer of glacid depositsthat rangein



thickness from 0 to 50 m (Clayton, 1986). The glacid deposits consst of reddish-brown till
and fluvid sands and gravels deposited by glacia meltwater streams. Pebbles and cobbles
inthetill congst of 95 percent igneous and metamorphic rock fragments and 5 percent
sedimentary fragments, primarily dolomite (Clayton, 1986). Thetill is dightly cacareous
but is generdly leached of carbonates to adepth of 1 m. The fluvid sediments are Smilar

in composition to thetill, except that carbonates are leached to greater depths (Clayton,
1986).

The Popple River drains parts of Florence and Forest Countiesin Wisconsn and isin
the boundaries of the Florence Didtrict of the Nicolet National Forest. Approximately 40
percent of land in the Nationa Forest is privately owned (D. Olson, U.S. Department of
Agriculture Forest Service, written commun., 1996). Land cover inthe basinis 61.1
percent forest, 35.1 percent wetland, 3.0 percent agricultural, 0.6 percent lakes, and 0.1
percent resdentia (Sullivan and others, 1995). The mgor land- use activities on publicly
owned lands are timber harvesting and recreation. About 30 kn of forest land in the basin
have been harvested during the last 10 years by usng a combination of thinning, sdlection,
shelterwood, and clearcuts (D. Olsen, U.S. Department of Agriculture Forest Service,
written commun., 1996). The Forest Service maintains an 18-unit campground on Morgan
Lake. Privately owned lands are mostly forested and have some abandoned agricultural
fields The primary land use on private land is resdentid, including two small towns,
Popple River (population 42) and Newad, and a number of seasond homes and hunting
cabins. More than 100 km of paved and dirt roads traverse the basin, including State
Highways 55 and 139, which are plowed and sdted in winter, and arailroad line that
pardles State Highway 139. The section of the Popple River downstream from Morgan
Creek has State designation as awild river. Theriver generdly is accessible by canoe
downgtream from State Highway 139 from late April to early June.

Historical Water-Quality Data and Time-Series
Trends

The data set for the Popple River HBN Station andyzed for this report includes 262
water-quaity samples that were collected from October 1965 through September 1995.
Sampling frequency was monthly from 1968 and 1982 and quarterly from 1983 through
1995. Additiona samples were collected from March 1993 through May 1995 as part of the
Nationa Water-Quaity Assessment Program in the Western Lake Michigan Drainages
study unit (Sullivan and others, 1995). Water-qudity samplesin the early part of the record
were andyzed a a USGS laboratory in Columbus, Ohio, that operated until 1973 (Durum,
1978). After establishment of the central [aboratory system, samples were andyzed a a
laboratory in Atlanta, Ga., from 1973 through 1985 and at the NWQL in Arvada, Colo.,
from 1986 through 1995. Dally discharge records are available for the Popple River
(station 04063700) beginning in October 1963. Records of daily water temperature at the
gaging station are available from March 1994 through December 1995.

Cdculated ion balances for 256 samples with complete mgor-ion analyses are shown
in Figures 29a and 29b. Temporal variation of discharge, field pH, major dissolved
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Figure 29a. Temporal variation of discharge, field pH, major dissolved constituents, and

ion balance at Popple River, Wisconsin.
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Figure 29b. Temporal variation of discharge, field pH, major dissolved constituents, and
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constituents, and ion balance at Popple River, Wisconsin. lon balances ranged from -8.5 to
15 percent, and amost 90 percent of samples had vaues within the £5 percent range,
indicating that the analyses are of high quality. The average ion baance for dl sampleswas
1.4 percent, and 65 percent of samples had positive ion balances, indicating that
unmeasured congtituents, such as organic anions, probably contributed to the ion balance of
stream water a this sation. Time-series plots of the mgor dissolved congtituents were
ingpected for evidence of method-related effects (fig. 29). The most notable patterns are
observed in the chloride and sulfate concentrations. For example, chloride concertrations
had a high degree of scatter in the early part of the period of record, which was coincident
with the period that samples were andyzed at the USGS laboratory in Columbus, Ohio
(Durum, 1978). Sulfate had dternating periods of high and low concentrations that were
not observed for the other mgjor solutes. Sources of andytica biasin the early part of the
period of record are difficult to confirm, athough severd different andyticad methods were
used for sulfate before 1985 (Fishman and others, 1994). The turbidimetric method, which
was used at the NWQL between March 1986 and December 1989, often introduced a
substantid pogtive biasin sulfate concentrations, particularly in dilute or colored waters
(Office of Water Quality Technical Memorandum No. 90.04, Turbidimetric Sulfate
Method, issued December 21, 1989, at URL http://water.usgs.gov/admin/memo/, accessed
1997). lon chromatography replaced the turbidimetric method in 1990, which seemsto
correlate with the low sulfate concentrations measured at the end of the period of record.

Median concentrations and ranges of mgor congtituents in stream water at the Popple
River HBN Station and VWM concentrations in wet-only deposition measured at the
Popple River NADP Station are listed in table 54. Precipitation chemistry at the NADP
gation, which islocated about 6 km northeast of the HBN sation, is dilute and dightly
acidic withaVWM pH of 4.7 for 10 years of record. The predominant cations were
hydrogen and ammonium, which each contributed 37 percent of the tota cation charge.
Sulfate and nitrate were the predominant anions and accounted for 56 and 39 percent of the
total anion charge, respectively. The predominance of strong acid anions indicates that
precipitation at the NADP station may be affected by anthropogenic emissions of sulfur
and nitrogen compounds, which cause acid rain. The fairly high concentrations of
ammonium at this NADP station may be linked to the high density of livestock in the
Midwestern region of the country.



Table 54. Minimum, first quartile, median, third quartile, and maximum values of
physical propertiesand major dissolved constituents measured in water-quality
samples from the Popple River, Wisconsin, October 1965 through September 1995,
and volume-weighted mean concentrationsin wet precipitation collected at the Popple
River Station, Wisconsin

[Concentrations in units of microequivalents per liter, discharge in cubic meters per second, specific conductance in microsiemens per centimeter
at 25 degrees Celsius, and silica in micromoles per liter; n, number of stream samples; VWM, volumeweighted mean; inst., instantaneous; spec.
cond., specific conductance; <, less than; --, not reported]

Stream Water o
Parameter Precipitation
Minimum Ars Median Third Maximum | n VWM
quartile quatile
Discharge, 0.62 1.3 21 41 24 260 --
ing.
Spec. cond., 25 120 170 210 330 261 14
fidd
pH, fidd 58 7.2 75 7.8 8.7 261 4.7°
Cdcdium 280 700 950 1,200 1,500 261 91
Magnesum 200 540 760 960 1,280 261 24
Sodium 17 57 65 74 130 260 21
Potassum 51 15 20 23 69 260 .6
Ammonium <7 14 2.9 50 12 109 20
Alkdinity, 400 1,060 | 1,540 | 2,060 2,700 259 --
laboratory
Sulfate 41 100 140 190 460 262 30
Chloride <2.8 31 45 59 170 258 2.4
Nitrite plus <7 35 71 12 39 187 21°¢
nitrate
Slica 33 120 160 220 330 261 --

& Data are volume-weighted mean concentrations for 1986—95.

®|_aboratory pH.

¢ Nitrate only.



Stream waeter in the Popple River is moderately concentrated and well buffered;
gpecific conductance ranged from 25 to 330 mS/cm, and akalinity was between 400 and
2,700 meg/L. Stream water at this station also has a tedlike color owing to the leaching of
tannins from the numerous wetlands in the basin (Sullivan and others, 1995). The mgjor
cations in stream water were calcium and magnesium, and bicarbonate was the
predominant anion. The predominance of these solutes in stream water is attributed to the
weethering of calcite and dolomitein the glacia deposits. The median concentration of
chloride in stream water was 45 meg/L, which is consderably higher than the VWM
concentration of 2.4 meg/L in precipitation. On the basis of the difference between annua
precipitation and runoff, evapotrangpiration can account for no more than athreefold
increase in the chloride concentration of precipitation, indicating that most Sream-water
chlorideis derived from sources other than precipitation. The most likely source of
additiond stream-water chloride isfrom deicing sdts applied to roadsin winter, dthough
amall amounts of chloride aso might be contributed by septic systemsin rurd residentid
aress. The median concentration of sulfate in stream water was 140 meg/L compared to
30 meg/L in precipitation, which is dightly larger than would be expected from the effects
of evapotranspiration. Assuming geologic sources are smal, most of the additiona stream-
water sulfate probably is derived from dry depostion from the atmosphere. Baker (1991)
estimated that dry deposition was about 27 percent of total sulfate deposition in the region,
which seems to be congstent with sulfate concentrations in the stream. The low
concentrations of nitrate and ammonium in stream water compared to precipitation indicate
that atmospherically deposited nitrogen is strongly retained by soils and vegetation in the
basin. The low stream-water nitrogen concentrations aso indicate that rural residencesin
the basin do not seem to affect the nutrient composition of stream water at the HBN dation.

The solute compogition of siream water was further evaluated by analyzing
correlations between solutes and stream discharge (table 55). The weathering-derived
condtituents, particularly cacium, magnesum, and dkdinity, had strong inverse
correlations with discharge. These results are consstent with a hydrologic system where
weethering- enriched base flow is diluted by water from shalow or surficid sources during
periods of increased discharge, particularly spring snowmelt. Among the solutes, the
srongest correlations were among cacium, magnesum, and akainity
(0.971 < rho < 0.983), which is consistent with the weethering stoichiometry of carbonate
mineras. In contrast, sulfate and chloride were weskly correlated with the other dissolved
condtituents, aswell as discharge. The weak correlation between chloride and sodium
(rho = 0.140) was somewhat unexpected because sodium also isamagor component of
deicing sdlts, indicating that some of the sodium from road salt may be exchanged for
cacium and magnesium in the soils (Shanley, 1993). The poor correlations between sulfate
and the carbonate solutes are consigtent with the assumption that sulfate is derived
primarily from atmospheric sources.



Table 55. Spearman rank correlation coefficients (rho values) showing thereation
among discharge, pH, and major dissolved constituents, Popple River, Wisconsin,
1966—95

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, alkainity; SOs, sulfate; Cl, chloride; N, nitrite plus nitrate; Si, slical

Q pH Ca Mg Na K Alk | SO4 Cl
pH | -0.363

Ca | -.913 |0.345

Mg | -.910 | .314 | 0.982

Na | -.760 | .198 | .803 | 0.818
K -.308 | -.035| .338 | .366 |0.351
Alk | -913 | .353 | 974 | .972 | .792 |0.357

SO, | -.338 | -.008 | .390 | .437 | .436 | .412 | 0.356

Cl .010 |-.157 -.034 | .011 | .140 | .186 |-.045 | 0.359

Si -531 |-.077 | .629 | .686 | .570 | .389 | .651 | .491 | 0.253

Results of the seasond Kenddll test for trends in discharge and mgjor dissolved
condituents are listed in table 56. A datigicaly significant upward trend of 0.02 units per
year was detected in the unadjusted field pH at the 0.01 probability level. The trend result
was smilar for the flow-adjusted pH vaues, indicating that the trend was not caused by
vaiations in sream discharge. The LOWESS curve in figure 29 indicates that the trend in
pH has occurred over the entire period of record, dthough the rate of increase was dightly
higher before 1984. Trendsin stream-water pH at this Ste may reflect changesin
environmenta factors such asland use and precipitation chemigtry. The effect of land use
on stream chemidry a this Ste probably is minima because the Popple River Basinis
primarily forested, and there have been no changes in land use during the period of record,
except for adight decrease in timber harvesting (D. Olsen, U.S. Department of Agriculture
Forest Service, written commun., 1996). Trends in precipitation chemidry at thisSte are
difficult to confirm because no long-term records are available near this sation. Husar and
others (1991) estimated little change in sulfate deposition ratesin the upper Midwest during
the past 30 years, based on historical SO, emissions. Lynch and others (1995) reported
declines in hydrogen ion [0.9 (megyL)/yr] and sulfate [1.0 (meg/L)/yr] concentrationsin
precipitation at the Popple River NADP sation from 1980 through 1992. Although the
trend in precipitation acidity seems to be consstent with the upward trend in stream-water
pH, asmadl change in the hydrogen ion concentration probably would not be detectable in
the highly buffered water of the Popple River. The effect of decreasing sulfate deposition

10



on stream-water sulfate probably also would be difficult to detect at this HBN sation
because of the large varigionsin stream-water sulfate concentrations that were caused by
andytica bias. Method-rdated factors, particularly changesin field instruments and pH
probes, also provide a possible explanation for the upward trend in Stream-water pH.
However, changes in fidd methods are not well documented for most sationsin the HBN,
particularly for the early part of the record.

Table 56. Results of the seasonal Kendall test for trendsin discharge and unadjusted
and flonradjusted pH and major dissolved constituents, Popple River, Wisconsin,
October 1965 through September 1995

[Trends in units of microequivalents per liter per year, except discharge in cubic meters per second per year, pH in standard units per year, and
silica in micromoles per liter per year; inst., instantaneous; <, less than; --, not calculated]

Perameter Unadjusted Flow adjusted
Trend p-vaue Trend p-vadue
Discharge, ing. -0.010 0.296 -- --
pH, fidd .02 .001 0.02 0.001
Cddum 2.0 205 5 .647
Magnesum 21 .059 2 .866
Sodium <1 333 <l 827
Potassum <1 223 <l 202
Chloride <.1 566 A --
Sulfate -9 170 A --
Nitrite plus nitrate ® -- -- --
Alkdinity, laboratory 8.0 018 2.0 259
Slica -5 .018 -8 .045

®Flow mode! not significant at a=0.10.

b | nsufficient datato cal culate trend.
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Synoptic Water-Quality Data

Reaults of the surface-water synoptic sampling in the Popple River Basin on
September 23 and 24, 1992, are listed in table 57, and the locations of the sampling Sites
are shown in figure 28. During the sampling period, discharge a the gaging station was
about 4.2 n7*/s compared to the median daily discharge of 2.0 nv*/s for September and 2.3
nt/s for October (Lawrence, 1987), indicating that the basin was sampled during higher
than norma flow conditions for that time of year. The solute concentrations measured at
ste 1 during the synoptic sampling were close to the firgt- quartile concentrations reported
for the HBN station during the entire period of record, except for sulfate, which was lower,
and chloride, which was higher (table 54). The tributary streams spanned awide range of
concentrations that bracketed the concentrations in stream water collected at the gaging
dation (dte 1). The averageion baance for dl synoptic samples was 9.3 percent (range -
3.7 to 37 percent), indicating that unmeasured congtituents, probably organic anions, were
an important component of stream water during the sampling period.

The data presented in table 57 indicate that stream chemistry varied markedly in the
Popple River Basin, particularly for the weathering-derived congtituents. For example,
cacium ranged from 270 meg/L at Site 11 to 1,250 meg/L at Stes2 and 6. A similar pattern
was observed for akalinity, which ranged from 200 meg/L at Ste 11 to 2,580 meg/L at Site
2. Thisvariation in stream chemistry does not seem to be related to the distribution of
different bedrock typesin the basin. For example, there was no obvious differencein
chemistry between sites 4, 8, and 11, which primarily are underlain by mafic bedrock, and
stes 3, 6, and 10, which are underlain by felsic rock types. The one spatid pattern that does
emerge seems to reflect the primary land-cover typesin the basin. This pattern can be seen
by comparing the chemidiry of tributaries in the western one-hdf of the basin (stes 8-11)
with tributaries in the eastern one-haf of the basin (Stes 2—7). In generd, the western
tributaries had lower specific conductances (36 to 96 meg/L) and higher ion balances (8.8
to 37.2 percent) compared to the eastern tributaries, which had higher specific
conductances (130 to 260 pmS/cm) and lower ion balances (-3.7 to 2.3 percent). Because
the western one-half of the basin contains more wetlands than the eastern one-hdf, these
results probably reflect differencesin the contributions of surface runoff and ground-water
discharge to streamflow, with the western tributaries receiving greater inputs of dilute,
organic-rich waters from large wetland areas in this part of the basin. The low slica
concentration at Ste 2 was somewhat unusua and may be due to biologica uptake in two
large lakes located upstream from the sampling site. Human activities did not gppear to
have an effect on nutrient concentrations in stream water, as evidenced by the low nitrite-
plus-nitrate concentrations at al sampling Stes. The effect of road salting on water quality
was somewhat difficult to assess not only because sampling occurred in September but aso
because roads cross through the headwater aress of the basin. The lowest chloride
concentration, however, was measured at Site 10, which isthe only site sampled upstream
from roads that are sdted in winter.
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Table 57. Physical propertiesand major dissolved congtituents from surface-water
sampling sitesin the Popple River Basin, Wisconsin, collected September 23—24,

1992

[Site locations shown in fig. 28; Q, discharge in cubic meters per second; SC, specific conductance in microsiemens per centimeters at
25° Celsius; pH in standard units; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, akalinity; SO, sulfate; Cl, chloride
NOs, nitrate; Si, silica; concentrations in microequivalents per liter, except silicain micromoles per liter; <, less than; -, not reported,;
criteria used in selection of sampling sites: BG = bedrock geology, LC = land cover, LU = land use]

Ste| Station number SC|pH| Ca | Mg |Na| K | Alk | SO4| CI|NO;s| S |Criteria| Remarks
1 | 4063700 42 |120|7.4) 750 | 580 |57 16| 1,140| 52 |59| 0.4 | 150 -- Gaging
sation
2 |454440088281100 | .13 |260|8.1]11,250|1,200|1 7412012580 75 |85| 1.0 87 | LC Upland
forest
3 |454558088314300 | .092 |160|7.4] 850 | 720 | 48| 16| 1,600| 46 |28| .4 |200|BG, Felsic
LC bedrock,
upland
forest
4 |1454312088341600 | .19 [130|7.6] 800 | 630 |52 16| 1340 | 67 |25| <.4 | 140 | BG, Méefic
LC bedrock,
upland
forest
5 |454439088353200 | .17 |210|7.7]1 1,150 960 | 65| 19|2,300|100|34| .8 |200|LC Upland
forest
6 |454734088362200 | .044 |230|75]1,250|1,040|52]|1812,280| 50 |62| .6 |180|BG, Felsic
LC bedrock,
upland
forest
7 1454729088405500 | .31 | 96 | 75| 600 | 450 | 57|16 80 | 31 |48| .4 |130|LU Downstream
from
Newald
8 |454426088425900 | -- 72 169 480 | 360 |52]13| 620 | 35 |42| .4 |130|BG, Mafic
LC bedrock,
wetland
9 |454743088452300 | -- 62 |65] 450 | 330 |52|7.4] 540 | 31 |34] .9 |130]|LC Wetland
10 | 454727088491100 | 43 | 46 |6.2| 350 | 270 |39|2.1| 260 | 27 |14| .4 |110|BG, Felsic
LC bedrock,
wetland
11 | 454449088483100 |.0037| 39 |5.7] 270 | 200 |43|2.1] 200 | 25 |51| .6 |150| BG, Mafic
LC bedrock,
wetland
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Appendix B. NWIS Site-l dentification Numbers

Table B-1. NWIS site-identification numbers and Ste names for water-qudity sampling

Stes.
Site | Identification Number Site Name
1 |04063700 POPPLE R NR FENCE WISCONSIN
2 |454440088281100 MUD CR NR FENCE WISCONSIN
3 [454558088314300 MORGAN CR NR FENCE WISCONSIN
4 1454312088341600 SIMPSON CR NR FENCE WISCONSIN
5 {454439088353200 S POPPLE R NR FENCE WISCONSIN
6 454734088362200 RILEY CR NR FENCE WISCONSIN
7 {454729088405500 L POPPLE R AT POPPLE R WISCONSIN
8 454426088425900 L POPPLE R AT NEWALD WISCONSIN
9 454743088452300 POPPLE R NR GENERAL MCARTHUR WHITE PINE WISCONSIN
10 454727088491100 N POPPLE R AT HWY 55 WISCONSIN
11 454449088483100 UPPER POPPLR R NR HWY 55 WISCONSIN
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