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Site Characteristicsand Land Use

The Hayden Creek HBN Basin isin the northern Idaho panhandle and is part of the
Northern Rocky Mountains physiographic province of the Rocky Mountain System
(Figure 12. Map showing the study area in the Hayden Creek Basin and photograph



showing the basin landscape). The basin drains 57 km2 of steep, mountainous terrain that
rangesin eevation from 722 m at the HBN dtation to 1,707 m at the summit of South
Chilco Mountain. The HBN dation is 12 km northeast of the Hayden Lake Post Office, at
latitude 47°49'22" and longitude 116°39'10". Hayden Creek flows west into the northern
inlet of Hayden Lake, which drains towards the Spokane River, and has a channd length
of 11 km and an average stream gradient of 61 m/km. The main channd is perennid, and
mean monthly discharge ranges from 0.14 m3/s during low-flow conditionsin September
to 2.25 m3/sin April, during spring snowmet. Average annud runoff from the basin was
44 cm from 1965 to 1995 (Brennan and others, 1996). Climateis mainly affected by
maritime air masses brought by prevailing westerly winds from the Pecific Ocean,
athough occasondly cold arctic air moves through the region (U.S. Department of
Agriculture, 1987a). Because of the mountainous terrain and northerly latitude, the area,
in generd, is cool and moigt, and there are pronounced eevationd gradientsin
temperature and precipitation. Average daily temperatures at Coeur dAlene, in the valey
below the Hayden Creek Basin, range from -2°C in January to 21°C in July and August.
Precipitation in Coeur d'Alene ranges from 2 cm in July to 9.7 cm in December.
Temperatures probably are 5° to 10°C cooler in the Hayden Creek Basin than in Coeur
d'Alene. Annud precipitation in Coeur d'Alene averages 65 cm, and at the HBN station,
the average is 89 cm. Precipitation probably is subgtantidly grester a high devationsin
the basin. A deep seasond snowpack devel ops each winter and meltsin the spring.
Snowfdl amounts range from 100 cm at low eevations to 550 cm at the highest
eevations (U.S. Department of Agriculture, 1987a).

The Hayden Creek HBN Bagin isin the montane zone of the Northern Rocky Mountain
Forest- Steppe-Coniferous Forest-Alpine Meadow ecoregion (Bailey and others, 1994).
Aspect and elevation control species distribution of trees. Ponderosa pine, Douglas-fir,
and grand fir tend to grow in reatively hot, dry sites, and western hemlock, western red
cedar, and spruce prefer cool, wet areas. Mature forests historically were primarily
Ponderosa pine, western larch, and western white pine. During the early part of the 20th
century, most of the mature forests were logged, and Douglas-fir and grand fir are the
predominant trees in the second-growth forests. These trees are affected by root rot and
bark beetle infetations, resulting in extensive patches of diseased and dying treesin the
second- growth forest. Application of pesticides by air helped control pest infestations
until the 1980's, when spraying was discontinued because of environmenta concerns.
Understory vegetation includes pachistema, clintonia, gdium, and ceanothus (U.S.
Department of Agriculture, 1987a).

Soilsin the basin are Inceptisols developed on dluvium and colluvium derived from the
local metasedimentary bedrock. Loess, derived mostly from volcanic dust blown esst

from the volcanoes in the Cascade Range in Washington and Oregon, is an important
component of the upper soil horizons. Soils are part of the Huckleberry-M cCrosket-
Ardenvoir series, which is described as doping to very steep, moderately deep to deep
soils that formed in volcanic ash and loess over metasedimentary rock (Weisel, 1981). A
typicd soil profileincludes agravelly st loam surface layer and a gravelly loam subsoll

and substratum. Depths to fractured bedrock are usualy 50 to 150 cm. Soils below 1,500
m elevation are classfied as Andic Dystrochrepts, and soils above 1,500 m are classified
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as Andic Cryochrepts (Kuennen and Nielsen Gerhardt, 1995). Bedrock in the basin
primarily conssts of the lower Wallace Formation of Precambrian age, which includes
quartzite, argillite, sltstone, dolomite, and dolomitic limestone (Gribbs, 1973). The
quartzite is usudly carbonate bearing. Smal parts of the basin are underlain by the
Striped Peak Formation, which contains sltstone, argillite, quartzite, and dolomite. The
St. Regis Formation crops out in asmdl areain the northeastern part of the basin; it
consgs of argillite and has some quartzite and carbonate- bearing beds near the top.

The Hayden Cresk HBN Basin isin Kootenai County in Idaho and is entirdly within the
boundaries of the Coeur dAlene Nationa Forest. The basinis ble by a network of
unpaved roads that pardld most of the main drainages. Roads are not plowed or sdted in
winter, but they are treated with magnesium chloride during summer to control dust
(Jeffery Johnson, U.S. Department of Agriculture Forest Service, oral commun., 1998).
The lower part of the basin isin amanagement category designated for timber production
and recregtion (U.S. Department of Agriculture, 1987b). Timber production and
recrestion must be conducted so that they maintain or enhance big game habitat. In the
upper part of the basin, timber harvesting and production are the primary management
priorities. During the past 10 years, timber harvesting has averaged about 0.5 to 1 million
board feet per year. Much of the timber harvesting involves removal of dead or damaged
trees. A samdl grazing dlotment of 18 cows and cavesis dlowed in the basin, but no
sheep dlotment exigs for the basin. Two smdl mining prospects exist in the northern

part of the basin, but there has been no recent mining activity (Jeffery Johnson, ord
commun., 1998). Tailings piles a the two prospects are small, athough one extends into
a stream channd. Surface-water drainage from the prospect pits is insgnificant, except
perhaps during snowmelt. Recreationa use in the basin includes dispersed (unimproved)
campsites. In the early 1990's, the Forest Service indituted a policy of a 14-day limit on
camping at agiven site. This discouraged squatters who had been using areasin the basin
as homesteads.

Historical Water-Quality Data and Time-Series Trends

The data set for the Hayden Creek HBN station andlyzed for this report includes 164
water-quality samples that were collected from November 1966 through September 1995.
Sampling frequency ranged from 6 to 11 times per year from 1967 to 1982, then was
decreased to quarterly from 1983 to 1995. Samples from the early part of the period of
record were analyzed a a USGS didtrict laboratory in Portland, Oreg. (Durum, 1978).
After establishment of the centrd |aboratory system, samples were andlyzed a the Salt
Lake City, Utah, laboratory from 1973 to 1975 and a the NWQL in Arvada, Colo., from
1976 through 1995. Daily discharge records for Hayden Creek (station 12416000) are
available from April 1948 to December 1953, October 1958 to September 1959,
September 1961 to September 1965, and October 1965 to May 1997. A precipitation
gage aso was operated at the HBN station from November 1989 to March 1996.

Cdculated ion baances for 150 samples that have complete mgor-ion andyses are
shown in figures 13aand 13b. Graphs showing temporal variation of discharge, field pH,
major-ion concentrations, and ion balance in Hayden Creek, Idaho. lon balances ranged




from -33 to +31 percent, and 85 percent of the samples had vaues within the £10- percent
range, indicating that the andytica results are of good quality. The average ion baance
was -0.5 percent, indicating that unmeasured congtituents, such as organic anions,
generdly do not contribute significantly to the ionic composition of stream water at this
HBN dation. Time-series plots of the mgor dissolved constituents were inspected for
evidence of method-related effects (fig. 13). The most notable patterns are a downward
shift in field pH in 1970 and a decline in sulfate concentrations near the end of the period
of record. The abrupt nature of the shift in pH vaues indicates that the measurements
may have been biased by changesin fidd procedures or instrumentation (Schertz and
others, 1994). Although natura variations in sulfate concentrations cannot be completely
ruled out, the low sufate concentrations in the 1990's were probably caused by a change
in the andyticad technique for sulfate from a turbidimetric technique to ion
chromatography in 1990 (Fishman and others, 1994). A period of eevated and uniform
sulfate concentrationsin 1982 and 1983 that is shown in figure 13 was caused by an
increase in the analytica reporting limit for sulfate to 5 mg/L (104 meg/L) during those 2
years. The stepped pattern in concentrations of nitrite plus nitrate and chloride at this
station also was caused by changesin the anaytica reporting limits for these

congtituents.
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Figure 13a. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Hayden Creek, Idaho
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Figure 13b. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Hayden Creek, Idaho - Continued

The median concentrations and ranges of mgor dissolved congtituentsin stream water
collected a the HBN station and VWM concentrations in wet-only precipitation
measured at the Headwaters NADP station are presented in table 22. Precipitation
chemidry a the NADP sation, which is about 150 km southeast of the HBN gation, is
dilute and dightly acidic and hasa VWM pH of 5.4 for 10 years of record. The
predominant cations in precipitation were hydrogen, calcium, and ammonium, which
contributed 26, 24, and 23 percent of the total cation charge, respectively. The
predominant anions were sulfate and nitrate, which accounted for 43 and 38 percent of
the total anion charge, respectively. The predominance of strong acid anions may indicate



Table 22. Minimum, first quartile, median, third quartile, and maximum values of
physical propertiesand major dissolved constituents measured in water-quality
samples from Hayden Creek, |daho, November 1966 thr ough September 1995, and
volume-weighted mean concentrationsin wet precipitation collected at the

Headquarters Station, Idaho

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

Stream Water

| Precipitation

reramete ‘Mirimm’Q':g?Ie‘Median‘QE:";ﬁ ‘Maqmum VMA®
Discarge, ingt. | 0065 | 015 | 029 | 100 | 79 [164 --
'Spec. cond., field ' 3% | 53 | 68 | 78 | 9 [161] 37
pH, fidd | 58 | 70 | 74 | 76 | 84 159 54°
Calcium | 200 | 330 | 430 | 500 | 650 (164 3.6
Magnesium | 120 | 170 | 220 | 260 | 330 [164] 11
'Sodium ' 13 | 57 | 61 | 70 | 100 162 26
PPotassium ' 26 | 13 | 15 | 18 | 74 (163 5
Ammonium <7 | 7 | 14 | 43 | 18 |70 35
Alkdlinity, laboratory | 240 | 500 | 620 | 780 | 1,160 [159|  --
Sulfate . 42 | 42 | 58 | 75 | 130 [160| 58
Chloride | <28 | 85 | 14 | 19 | 59 162 24
Nititeplusnitrate | <7 | 21 | 54 | 71 | 33 (128 51°
Sllica | 20 | 200 | 220 | 220 | 420 |161, --

2V a ues are volume-weighted mean concentrations for 1982-91.
®|_aboratory pH.

°Nitrate only.

that precipitation at the NADP dation is affected by industrid emissons of sulfur and

nitrogen compounds that cause acid rain.

Stream water in Hayden Creek is moderately concentrated and well buffered; specific
conductance ranged from 35 to 90 mS'cm and akdinity ranged from 240 to 1,160 meg/L
(table 22). The mgjor cations in stream water were calcium and magnesium, and the
magjor anion was bicarbonate. The predominance of these solutes in stream water is

attributed to the weethering of limestone and dolomite units in the underlying

metasedimentary bedrock. The median chloride concentration of stream water was 14




meg/L compared to the VWM concentrations of 2.4 meg/L in precipitation. Based on the
difference between runoff and precipitation, evapotrangpiration can account for about a
twofold increase in the concentration of precipitation, indicating that some stream-water
chlorideis derived from sources other than aimospheric deposition. The most likely
sources of additiona chloride include weathering of sedimentary rocks or, perhaps,
washoff of magnesium chloride from roads, which is applied to control dust. The median
sulfate concentration of 58 meg/L. was substantidly greater than the VWM
concentrations of 5.8 meg/L in precipitation, indicating that most sulfate is derived from
sources other than wet deposition. Possible sources include wesathering of sulfate
minerds in the sedimentary bedrock or dry deposition from the atmosphere derived from
two ore-amdting facilities located within 50 km of the basn (Mark Hardy, U.S.
Geologica Survey, written commun., 1999). The concentrations of inorganic nitrogen
speciesin stream water generaly were less than the VWM concentrationsin
precipitation, indicating that most atmaospheric nitrogen is retained by vegetation and
soils and that livestock grazing and logging in the basin have not substantidly affected

the nutrient concentrations at this HBN station.

The solute composition of stream water was further evauated by andyzing correlaions
between solutes and stream discharge (table 23). Most westhering-derived solutes had
grong inverse correlations with stream discharge, particularly calcium (rho =-0.851),
magnesum (rho = -0.893) and akalinity (rho = -0.841). These results are congstent with
a hydrologic system where weethering-enriched base flow is diluted by water from
shdlow or surficid sources during periods of increased discharge, particularly spring
snowmelt. For the solutes, the strongest correl ations were found among calcium,
magnesum, and akalinity, which is consstent with the wesathering of carbonate
minerals. Chloride was weakly corrdated with the weathering-derived congtituents,
which is consstent with the idea that chloride is derived from sources other than
wesgthering. The poor correlations between sulfate and the weathering-derived solutes
was unexpected because most sulfate is probably derived from the bedrock.



Table 23. Spearman rank correlation coefficients (rho values) showing therelation
among discharge, pH, and major dissolved constituents, Hayden Creek, |daho, 1967
through 1995

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, akalinity; SO4, sulfate; Cl, chloride; Si, silical

" | Q |pH |Ca|Mg|Na| K |Ak SO, | CI

pH [0283[ -~ [ == [ = [~ [~ [= [~ [ =

Ca [-.851[0.231] -- [ -- [ -- | -
|

Mg |-.893 |.300 0.883| -- | --
Na [-.619 [.288 | 590 0.595 -- | --
K [-.099 |.235|.210 |.140 0.282| -- | --
Alk |-.841 |.392 |.852 |.865 |.600 (0.236| -- | --
SO4[-.270 [.039 |.267 [.288 [.092 [.150 [0.220| -- | --
Cl |-.053 |-.006.065 |.020 |.042 |.158 |-.034(0.217| --
Si | .249 |.021 -.142|-.238|.060 |.201 |-.100-.111-0.113

Table 24. Results of the seasonal Kendall test for trendsin discharge and
unadjusted and flowadjusted pH and major dissolved constituents, Hayden Creek,
I daho, November 1966 through September 1995

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

Parameter | Unadjusted  |Flow adjusted
'Trend |p-vaue | Trend |p-vaue
Discharge -0.001/ 0.707 | -- | --
pH, field | .02 | .000 |0.02 | 0.000
Cadum ' <1 | .640 | 2 | .658
Magnesium | <1 | 874 | 1 | 643
Sodium <1 | 111 | .1 | .09
Potassium <1 ].023 | (® | -
' Alkdinity, laboratory | <.1 | 468 | .7 | .265
Sulfate ' -3 | 073 | -4 | 038
Chloride <136 | () | -
Nitriteplusnitate | ® | - | - | --
Slica <1204 | () | -

#How model not significant at a= 0.10; ® Insufficient data to calcul ate trend.



The reaults of the seasonal Kendall test for trends in discharge and mgjor dissolved
condituents are listed in table 24. An incressein fidld pH was the only atistically
sgnificant trend detected at the 0.01 probability level. Thetrend in pH was smilar for the
unadjusted and flow-adjusted values, indicating that the trend was not related to
vaiationsin stream discharge. The LOWESS curve in figure 13 shows that field pH
dropped aoruptly in 1970 then increased gradudly until leveling off in the late 1980's.

The trend in stream-water pH at thisHBN station probably was not related to a change in
atmospheric deposition, considering the dilute chemigtry of precipitation at the NADP
station compared to the chemistry of the stream (table 22). Other environmentd factors
that may have caused changes in streamwater chemistry indude changes in logging and
grazing activities. However, a change in land use probably would not have affected
stream-water pH without affecting the concentrations of other solutes aswell. A method-
related factor is perhaps the most reasonable cause of the trend in stream-water pH,
particularly consdering the rather abrupt decrease in pH vauesin 1970. This pattern may
have been caused by a change in eectrodes or meters used by field personnd. Some
indrument-electrode systems are known to produce erroneous readings, particularly when
measuring pH in low- conductivity water (Office of Water Quality Technica
Memorandum No. 81.08, Electrodes for pH measurement in low-conductivity waters,
issued February 10, 1981, at URL http://water.usgs.gov/admin/memo).

Synoptic Water-Quality Data

Reaults of the surface-water synoptic sampling of August 4 and 5, 1992, are presented in
table 25, and locations of sampling Sites are shown in figure 12. During the synoptic
sampling, discharge at the HBN station was 0.10 m3/s compared to the median daily
discharge of 0.25 for July and 0.15 m3/sfor August (Lawrence, 1987), indicating that the
basin was sampled under dightly lower than norma flow conditions for that time of year.
Mogt of the solute concentrations messured at the HBN dtation (Site 1) during the
synoptic sampling were close to the third-quartile va ues reported for the station during
the entire period of record, except for sulfate and chloride concentrations, which were
close to the first-quartile values (table 22). Stream water collected at the tributary streams
was Smilar in composgition to siream water at Site 1, with calcium the mgor cation and
bicarbonate the mgor anion. lon balances for al the synoptic samples were negative
(ranging from -2.7 to - 7.5 percent), perhaps indicating a biasin the andytica
measurements. Concentrations of the westhering-derived solutes in the synoptic samples
varied somewhat in the basin. For example, calcium ranged from 95 to 1,400 meg/L,
magnesium ranged from 30 to 340 meg/L, and akadinity ranged from 240 to 1,760 meg/L
(table 25). Variations in base-cation and akalinity concentrations do not seem to be
related to differences in eevation or sub-basin sze. For example, the lowest
concentrations were measured at Ste 6, which issimilar in Size and eevetion to Site 8,
which had the highest concentrations. Differences in solute concentrations may reflect the
digtribution of different rock types in the basin; however, a detailed geologic map is not
available to confirm such ardation. Sulfate concentrations ranged from 18 to 54 meg/L
and followed a pattern smilar to the other weathering-derived solutes, indicating thet
sulfate concentrations also may reflect locd variationsin geology. Chloride

concentrations varied some-what, ranging from <0.3 meg/L a dte 2 to 42 meg/L at Ste 4.



The two highest chloride concentrations were measured in streams (Sites 3 and 4)

draining aress that had recent logging activity. The dightly higher chloride

concentrations may be due to gpplication of magnesium chloride to roadsin this subbasin
to control dust from logging traffic. Nitrite plus nitrate concentrations were low &t al

sampling Stes, indicating thet land use in the basin did not have a substantia effect on
nitrate concentrations in the streams during the sampling period.

Table 25. Physical propertiesand major dissolved constituents from surface-water
sampling sitesin the Hayden Creek Basin, Idaho, collected August 4-5, 1992

[Site locations shown in fig. 12; Q, discharge in cubic meters per second; SC, specific conductance in microsiemens per centimeter at 25
degrees Celsius; pH in standard units; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium: Alk, akalinity; SO4, sulfate; Cl, chloride;

NO3, nitrate; Si, silica; concentrations in microequivalents per liter, except silicain micromoles per liter; <, less than; --,

Ste| Station number

not reported]

Q [SC|pH| Ca [Mg|Ne/K [ Alk [S0,/Cl [NO;| S [Criteria®| Remarks

1

12416000

| 0.10 86 [7.9/ 500 [250(74[17 [ 860 [487.9[1.1 220

| 2 |474924116360600 | .010 [110(8.1| 650 [340(78 17 [1,100(46 [<.3[3.1 [220[MT, LU|FeW roads

3

474930116384600

067

86

7.8

500

4

474933116361200

033

73

7.8

420

474942116385700

.036

82

7.8

500

240

200

250

70

65

74

16

11

19

900

720

900

33

23

48

25

42

15

16

220

MT, LU

Recent
logging

2.2

200

MT, LU

Recent
logging

12

220

MT, LU

Downstream
from
Bradbury
Mine

| 6 |475150116335500 | .014 (21 (7.3] 95 [30[48(7.9] 240 [18 [11[5.7 [170HT, LU [Few roads

|7 [475153116380900 |

[987.8 700 [150[78[31 [ 960 [509.0[ 10 270 HT, LU [Few roads

'8 1475204116365000 00023 (180 8.0[1,400[24074 [44 1,760 54 [11 [ 1.5 [250[HT, LU [Few roads

& Criteriaused in selection of sampling sites: HT = headwater tributary, MT = mgjor tributary, LU =

use.

land
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Appendix A. List of Map References
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Appendix B. NWIS Site-I dentification Numbers

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

Stes.
Site | dentification Number Site Name
1 112416000 HAYDEN CR BLW N FORK NR HAYDEN LAKE, ID
2 1474924116360600 HELLS CANYON NRHAYDEN LK, ID
3 1474930116384600 E FORK HAYDEN CR NRHAYDEN LK, ID
4 1474933116361200 EEOII;K HAYDEN CR AB HELLSCNYN NR HAYDEN
5 1474942116385700 N FORK HAYDEN CR NR HAYDEN LK, ID
6 475150116335500 UPPER CHILCO CR NR HAYDEN LK, ID
7 1475153116380900 BRADBURY GULCH NRHAYDEN LK, ID
8 475204116365000 UPPER BRADBURY TRIB NRHAYDEN LK, ID




