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Abstract
Data collected at 18 streamflow-gaging and water-quality 

sampling sites in the Coeur d’Alene and Spokane River 
Basins of northern Idaho were used to estimate mean 
streamflow-weighted concentrations and annual loads of total 
and dissolved cadmium, lead, and zinc, and total phosphorus 
(TP) and nitrogen (TN) for water years (WYs) 2009–13. 
Chronic Ambient Water Quality Criteria (AWQC) and AWQC 
ratios also were calculated to evaluate Idaho aquatic life 
criteria for chronic exposure to cadmium and zinc in streams. 
At four sites with a longer period of record, a Seasonal 
Kendall trend test was used to assess historical trends in the 
concentrations of total cadmium, lead, and zinc, and chronic 
AWQC ratios for cadmium and zinc during WYs 1990–2013.

Concentrations of dissolved and total cadmium, lead, 
and zinc varied widely both at and among sites. At most 
sites, dissolved cadmium and zinc constituted most of the 
total concentrations; dissolved lead generally constituted less 
than 10 percent of the total lead concentration. Trace metal 
concentrations increased by 2 to 4 orders of magnitude 
along the South Fork Coeur d’Alene River (SFCDR) from 
near Mullan (site 2) downstream to near Pinehurst (site 13). 
The mean streamflow-weighted concentrations of total 
cadmium, lead, and zinc in the SFCDR near Pinehurst for 
WYs 2009–13 were 3.71, 61.4, and 514 micrograms per 
liter (µg/L), respectively. In the Coeur d’Alene River (CDR) 
near Harrison (site 15), downstream of the confluence 
of the metal-enriched SFCDR and the relatively dilute 
North Fork Coeur d’Alene River (NFCDR), the mean 
streamflow-weighted concentrations of total cadmium, 
lead, and zinc were 1.58, 125, and 236 µg/L, respectively. 
Trace-metal concentrations were smaller in the Spokane River 
than in the CDR because of dilution and retention of trace 
metals in Coeur d’Alene Lake. The mean streamflow-weighted 
concentrations of total cadmium, lead, and zinc in the 
Spokane River near Post Falls (site 18) were 0.231, 2.91, and 
48.9 µg/L, respectively.

AWQC ratios indicate that cadmium and zinc concentrations 
met the chronic criteria (ratio of less than 1.0) for the protection 
of aquatic life at only three sites: the NFCDR at Enaville (site 1), 
the upper SFCDR near Mullan (site 2), and the St. Joe River near 
St. Maries (site 16). Cadmium and zinc concentrations at sites on 
the Spokane River (sites 17 and 18) generally were close to the 
chronic AWQC values. The sites with the largest chronic AWQC 
ratios in the Coeur d’Alene and Spokane River Basins for both 
cadmium and zinc were in the Canyon and Ninemile Creek 
basins (sites 3–6). 

Concentrations of TP and TN generally were low along 
the SFCDR downstream to Kellogg. From the SFCDR near 
Kellogg (site 9) downstream to the SFCDR above Pine Creek 
(site 11), the mean streamflow-weighted concentration of the 
nutrients TP and TN increased by 0.036 milligram per liter 
(mg/L) (200 percent) and 0.124 mg/L (78 percent), respectively. 
The increases in nutrient concentrations along the SFCDR 
likely are in response to discharge from wastewater-treatment 
facilities. Mean streamflow-weighted concentrations for TP and 
TN (0.054 and 0.284 mg/L, respectively) were the highest in the 
sampling network in the SFCDR above Pine Creek (site 11).

LOADEST modeling was used to relate mass transport, or 
load, of trace metals and nutrients to variations in streamflow 
and time. Results indicate that most of the cadmium and zinc 
load in the Coeur d’Alene and Spokane Rivers is derived from 
the SFCDR, and that most of the lead load is derived from 
the Coeur d’Alene River downstream of the confluence of the 
NFCDR and SFCDR. Major tributary sources of trace metals to 
the SFCDR are Canyon Creek and Ninemile Creek. Combined, 
these two tributaries contributed estimated mean loads of about 
0.575 ton per year (ton/yr) of total cadmium, 5.29 ton/yr of 
total lead, and 90.9 ton/yr of total zinc to the SFCDR during 
WYs 2009–13. Groundwater discharge and tributaries near 
the Central Impoundment Area between SFCDR near Kellogg 
(site 9) and SFCDR near Smelterville (site 10) were other 
primary sources of cadmium and zinc. Combined, these sources 
contributed an estimated 1.39 ton/yr of total cadmium and 
143 ton/yr of total zinc to the SFCDR during WYs 2009–13.
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Erosion and transport of sediment-bound lead contained 
in the CDR flood plain and on the river bottom between 
Cataldo (site 14) and Harrison (site 15) were the primary 
source of lead. During WYs 2009–13, the mean load of trace 
metals delivered to Coeur d’Alene Lake included about 
4.66 ton/yr of total cadmium, 398 ton/yr of total lead, and 
698 ton/yr of total zinc. About 99 percent of the trace-metal 
load to the lake was from the CDR as measured near site 15 
at Harrison. During WYs 2009–13, about 1.48 ton/yr of 
cadmium, 18 ton/yr of lead, and 350 ton/yr of zinc were 
transported from Coeur d’Alene Lake into the Spokane River 
as measured at the lake outlet (site 17).

During WYs 2009–13, the loads of TP and TN delivered 
from the Coeur d’Alene and St. Joe Rivers to Coeur d’Alene 
Lake were about equivalent. On average, the CDR transported 
about 93.6 tons of TP and 369 tons of TN, and the St. Joe 
River transported about 92.9 tons of TP and 360 tons of TN 
to the lake during 2009–13. About 52.9 ton/yr of TP and 
628 ton/yr of TN were transported from Coeur d’Alene Lake 
to the Spokane River during WYs 2009–13.

Results from Seasonal Kendall trend tests indicate 
statistically significant downward temporal trends during 
WYs 1990–2013 for total cadmium, lead, zinc, and chronic 
AWQC ratios of cadmium and zinc in the SFCDR at Elizabeth 
Park (site 8) and near Pinehurst (site 13), and in the CDR 
near Harrison (site 15). Statistically significant downward 
temporal trends for total lead, zinc, and the chronic AWQC 
ratio of zinc also occurred in the Spokane River near Post 
Falls (site 18) during WYs 1991–2013. Seasonal Kendall 
trend tests for WYs 2003–13 indicated statistically significant 
downward trends for total cadmium, zinc, and chronic 
AWQC ratios of cadmium and zinc in the SFCDR at Elizabeth 
Park (site 8). The Spokane River near Post Falls (site 18) had 
a statistically significant downward trend for total zinc during 
WYs 2003–13, and a significant upward trend for the chronic 
AWQC ratio of cadmium. No significant trends were found 
in trace-metal concentrations or chronic AWQC ratios in the 
SFCDR near Pinehurst (site 13) and the CDR near Harrison 
(site 15) during WYs 2003–13.

Results from this study indicate that remedial 
activities conducted since the 1990s have been successful 
in reducing the concentrations and loads of trace metals in 
streams and rivers in the Coeur d’Alene and Spokane River 
Basins. Soils, sediment, surface water, and groundwater 
in areas of the Coeur d’Alene and Spokane River Basins 
are contaminated, and the hydrological relations between 
these media are complex and difficult to characterize. Trace 
metals have variable source areas, are transported differently 
depending on hydrologic conditions, and behave differently 
in response to remedial activities in upstream basins. Based 
on these findings, no single remedial action would be 
completely effective in reducing all trace metals to nontoxic 
concentrations throughout the Coeur d’Alene and Spokane 
River Basins. Instead, unique cleanup activities targeted at 
specific media and specific source areas may be necessary to 
achieve long-term water-quality goals.

Introduction
Mining and ore-processing activities since the late 1800s 

in the Coeur d’Alene mining district in northern Idaho have 
altered the water quality, aquatic biological, and hydrologic 
conditions in the Spokane and Coeur d’Alene River Basins 
(fig. 1). From 1883 through 1987, more than 130 million tons 
of lead, zinc, and silver-sulfide ores were mined from the 
Coeur d’Alene Mining district (Long, 1998), primarily in the 
South Fork Coeur d’Alene River (SFCDR) Basin. Historical 
ore-processing activities in the SFCDR Basin resulted in 
large quantities of metal-rich tailings that were placed directly 
in and along streams (Long, 1998) and subsequently were 
transported downstream. Although direct dumping of tailings 
into streams ceased in 1968, metal-enriched streambed 
sediments and abandoned tailings have produced, and 
continue to produce, trace-metal-contaminated water (Woods, 
2001, Clark, 2003, Donato, 2006) and extensive deposits of 
trace-metal-contaminated sediment throughout the SFCDR 
Basin, the channel and flood plain of the main-stem Coeur 
d’Alene River (CDR) (Bookstrom and others, 2001; Box 
and others, 2005), and the lakebed of Coeur d’Alene Lake 
(Horowitz and others, 1995; Woods and Beckwith, 1997; 
Wood and Beckwith, 2008). Annual snowmelt runoff, frequent 
rain-on-snow events, and occasional floods continue to 
transport and redistribute trace-metal-contaminated sediments 
throughout the CDR Basin and into the Spokane River of 
eastern Washington (Maret and Skinner, 2000; Grosbois and 
others, 2001; Box and others, 2005). The estimated total 
mass and extent of affected materials (primarily sediments) 
exceeds 100 million tons dispersed over thousands of acres 
(U.S. Environmental Protection Agency, 2001). Additionally, 
groundwater adjacent to the SFCDR and some of its tributaries 
has become contaminated with trace metals (Barton, 2002).

In 1998, the U.S. Environmental Protection Agency 
(EPA) began a Remedial Investigation/ Feasibility Study 
to assess mining-associated contamination throughout the 
broader CDR Basin outside the original 21-mi2 Superfund site 
surrounding the defunct Bunker Hill Mine and ore-processing 
complex in Kellogg, Idaho (U.S. Environmental Protection 
Agency, 2001). Referred to as “Operable Unit 3 (OU3),” 
it encompasses the SFCDR and its tributaries, the lower 
CDR and associated lateral lakes, Coeur d’Alene Lake, and 
depositional areas of the Spokane River. In 2002, the EPA 
issued a Record of Decision (ROD) for OU3 describing 
specific cleanup work to be done over a 30-year period at 
a cost of about $360 million dollars (U.S. Environmental 
Protection Agency, 2002a). As part of the 2002 ROD, a Basin 
Environmental Monitoring Plan (BEMP) was established 
in 2004 to monitor the surface-water, soil/sediment, and 
biological resources in OU3 (U.S. Environmental Protection 
Agency, 2004). The purpose of the BEMP is to provide data 
in support of cleanup efforts, and to make adjustments and 
modifications to optimize remedial activities in the basin.
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Considerable efforts have been made to mitigate the 
adverse environmental effects of past mining in the basin, 
primarily along the SFCDR and its tributaries. The EPA, 
State of Idaho, other Federal agencies, and the mining 
industry have conducted site-specific sediment-removal, 
reclamation, and stream-channel rehabilitation projects, 
and have evaluated environmental contamination and 
remediation options in mining-affected areas. In addition to 
cleanup work in residential areas, remedial work has been 
completed at numerous mine and mill sites along the SFCDR 
as well as at recreational sites along the Coeur d’Alene and 
Spokane Rivers. Remedial actions have included grading 
and capping of contaminated materials, installing site access 
barriers and controls, and stabilizing eroded riverbanks 
(U.S. Environmental Protection Agency, 2010). The scale 
and complexity of contamination issues in the study area are 
such that the area has been considered a “mining megasite,” 
and it was not possible for the EPA to specify a “final” 
remedy following remedial investigations and feasibility 
studies. Instead, an adaptive management approach is being 
taken. An adaptive approach to site restoration involves a 
cyclical process of study, remedial design, implementation, 
performance monitoring, and redesign that views the 
restoration process itself as a management experiment 
(National Academy of Sciences, 2005; Gustavson and others, 
2007). This report describes one aspect of the performance 
monitoring intended to reflect whether interim cleanup steps 
have resulted in measurable improvements in water quality. 
The work was accomplished in cooperation with the EPA.

Purpose and Scope

This report documents methods used and results of 
statistical analyses of data collected as part of the BEMP. 
Water-quality and streamflow data from 18 surface-water 
sites in the OU3 study area were used to determine 
streamflow-weighted concentrations and mass transport 
of selected trace metals and nutrients during water years 
(WYs) 2009–13. Historical data also were used to evaluate 
long-term trends in concentrations of cadmium, lead, and 
zinc, and chronic Ambient Water Quality Criteria (AWQC) 
for cadmium and zinc at four sites during WYs 1990–2013. 
Findings from this assessment will provide an improved 
understanding of the processes affecting the variability in 
trace-metal concentrations and their transport throughout 
the Coeur d’Alene and Spokane River Basins. The nutrients 
nitrogen and phosphorus are included in this report because 
of their role in enrichment and eutrophication of Coeur 
d’Alene Lake, which potentially could result in mobilization 
of trace metals stored in lakebed sediments. The data and 
findings from this report can provide a baseline with which to 
evaluate the effectiveness of future remedial activities in the 
Coeur d’Alene River Basin.

Description of Study Area
The 3,830 mi2 study area is in Benewah and Shoshone 

Counties in northern Idaho (fig. 1). Elevations range from about 
2,000 ft at the Idaho-Washington border to about 6,850 ft at the 
Idaho-Montana border. Coeur d’Alene Lake, at the western edge 
of the study area, has a surface elevation of about 2,128 ft at full 
pool. The lake lies in a naturally dammed river valley with a 
surface area of about 50 mi2, a volume of about 811,000 acre-ft, 
a length of about 25 mi, and a width of 1–2 mi along most of its 
length (National Academy of Sciences, 2005). The volume and 
outflow of the lake are controlled by Post Falls Dam, which was 
constructed in 1906 and raised the lake level by 8 ft to provide 
hydroelectric power, flood control, and irrigation supply (Woods 
and Beckwith, 1997). About 90 percent of the surface-water 
inflow to the lake is delivered by the Coeur d’Alene and the 
St. Joe Rivers, which drain the Coeur d’Alene and St. Joe 
Mountains in the Bitterroot Range (fig. 1).

Temperatures and precipitation in the Coeur d’Alene and 
Spokane River Basins vary substantially, both from year to 
year and from high to low elevations. The study area receives 
some of the largest amounts of precipitation in Idaho, with 
about 70 percent of the annual precipitation falling as snow 
during October–April (Woods and Beckwith, 1997). The areal 
distribution of precipitation is influenced by the topography 
of the basin. For example, the climatological station at 
Coeur d’Alene, Idaho (elevation 2,159 ft) records a mean 
annual precipitation of 25.4 in., whereas the station at Wallace, 
Idaho (elevation 2,940 ft) records a mean annual precipitation 
of 38.2 in. Ambient temperature varies throughout the study 
area, depending on elevation: at Coeur d’Alene, the mean 
annual temperature is 48 °F, whereas, at Wallace, the mean 
annual temperature is 44 °F. Although winter temperatures at 
Coeur d’Alene Lake often are below freezing, the lake typically 
does not freeze except in its shallow southern end. Normally, 
the winter snowpack melts slowly in late spring and early 
summer. However, warm winter Pacific storms in the study area 
can bring a sudden onset of above-freezing temperatures and 
possible heavy rains on top of preexisting snowpacks. These 
“rain-on-snow” events can result in rapid snowmelt and produce 
an abrupt increase over the usual low winter base flows in the 
river (Box and others, 2005). The basin also is subject to intense 
local storms that are characteristic of mountainous areas. These 
summer thunderstorms are of short duration, but they can cause 
significant rill erosion, mass wasting (downslope movement of 
rock and soil under the influence of gravity), and transport of 
colluvium and mine waste from steep slopes as turbid water or 
debris flows.

The St. Joe River (drainage area of 1,745 mi2) discharges 
into the southern end of Coeur d’Alene Lake (fig. 1). The 
St. Joe River is joined by the St. Maries River at the town 
of St. Maries. Recreation and logging are the dominant land 
uses in the St. Joe River Basin. Although the St. Joe River 
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contributes nitrogen and phosphorus to Coeur d’Alene 
Lake (Idaho Department of Environmental Quality and 
Coeur d’Alene Tribe, 2009), little mining activity has occurred 
in the St. Joe River Basin; therefore, the basin contributes 
only small quantities of trace metals compared to the 
Coeur d’Alene River.

The Coeur d’Alene River Basin consists of the South 
Fork (drainage area of 299 mi2) and the North Fork (drainage 
area of 895 mi2), which merge 4 mi upstream of the town 
of Cataldo (fig. 1). Downstream of this confluence is the 
main stem of the CDR, which flows 29 mi to Coeur d’Alene 
Lake. The Coeur d’Alene River Basin contains three distinct 
topographical regions differentiated on the basis of stream 
gradient and floodplain characteristics. The first region 
includes the upper reach of the SFCDR from the Bitterroot 
Mountains to the town of Wallace, the upper reach of the 
North Fork Coeur d’Alene River (NFCDR), and all their 
tributaries. This upper region is characterized by steep 
stream gradients and a limited floodplain. The reach of 
the SFCDR from Wallace to Cataldo is the second region, 
and is characterized by a wide flood plain bordered by 
steep valley walls and a moderate river gradient. The third 
region is considered the lower Coeur d’Alene River Basin, 
encompassing the main stem of the CDR, which runs from 
Cataldo downstream to Harrison. In this reach, the river 
system actually is deltaic and the channel often is in backwater 
from Coeur d’Alene Lake. The river channel in the CDR 
follows a meandering pattern and, for most of the year, has 
an imperceptible gradient when Coeur d’Alene Lake is at 
full pool. The flood plain in this area is broad and contains 
multiple lateral lakes and wetlands.

The Spokane River drains Coeur d’Alene Lake at its 
north end. The Spokane River flows westward toward the 
city of Spokane and eventually joins the Columbia River 
about 110 mi downstream of the lake. An important feature 
to the north and west of the lake outlet is the Spokane 
Valley-Rathdrum Prairie aquifer, a 410 mi2 valley-fill aquifer 
created during the Pleistocene by repeated outburst floods 
from glacial Lake Missoula. The aquifer is the sole source 
of water for most people in Spokane County, Washington, 
and Kootenai County, Idaho, supplying drinking water to 
more than 500,000 people (Caldwell and Bowers, 2003). In 
the study area, the aquifer is recharged by seepage from the 
Spokane River between the Coeur d’Alene Lake outlet and the 
Idaho-Washington state line. Maupin and Weakland (2009) 
estimated that during WYs 2000–2005, the Spokane River lost 
an average of about 230 ft3/s to the underlying aquifer between 
the streamgage at the Coeur d’Alene Lake outlet (site 17) and 
downstream at Post Falls (site 18) (fig. 1).

The magnitude and timing of streamflow in the Spokane 
and Coeur d’Alene Basins generally is determined by the 
amount of water derived from the winter snowpack. As such, 
rivers and streams in the Coeur d’Alene and Spokane Rivers 

typically reach peak flows in April and May in association 
with spring snowmelt runoff. However, high streamflows 
also can occur at low-elevation areas of the Coeur d’Alene 
River Basin in autumn and winter in response to rain-on-snow 
events that can cause flooding and substantial transport of 
sediment and sediment-bound trace metals. Generally, when 
precipitation and winter snowpack are less than average, 
streamflow from runoff is lower than normal, and transport 
of sediment and sediment-bound trace metals is less than 
average. In contrast, when precipitation, winter snowpack, 
and runoff are greater than average, sediment and trace metal 
transport may be greater than normal. Generally, streamflows 
decrease rapidly over the summer following the loss of the 
snowpack, with the lowest streamflows typically occurring in 
September and October.

Methods
The surface-water BEMP was implemented in 2004 

with a network of 15 sites: 7 sentinel and 8 benchmark sites. 
Sentinel sites were selected to provide information relative 
to basin-wide conditions and to evaluate mass transport of 
trace metals. Sentinel sites were sampled eight times per 
year based on hydrographic events rather than on a fixed 
time-interval basis. These events were early autumn base 
flow, initial flush following autumn base flow, winter base 
flow, early spring rain-on-snow, spring snowmelt runoff, 
and the summer hydrograph recession. Benchmark sites 
were selected to provide long-term trend information and to 
evaluate year-to-year variability in concentrations of dissolved 
metals. Benchmark sites were sampled only every fifth year, 
augmented with an annual low-flow sample collected each 
year in autumn for dissolved trace metals. Every fifth year, 
starting in WY 2008, benchmark sites were sampled eight 
times per year during the same hydrographic conditions as 
sentinel sites.

Following its inception in 2004, the surface-water BEMP 
has changed significantly. Three new sentinel sites were added 
to the network, resulting in a total of 18 streamflow-gaging 
(streamgage) and water-quality sampling sites (table 1). 
The sites added were on the SFCDR at Kellogg (site 9) in 
2006, the SFCDR above Pine Creek near Pinehurst (site 11) 
in 2008, and the SFCDR above Placer Creek near Wallace 
(site 7) in WY 2009. In WY 2010, the site on the St. Joe River 
was relocated about 2 mi upstream on the St. Joe River at 
Ramsdell near St. Maries (site 16) to record streamflow that 
is diverted from the river upstream of the original site and is 
returned to the lake downstream. The current St. Joe River 
site is upstream of the diversion and, thus, more accurately 
represents the total streamflow and mass of trace metals and 
nutrients entering the lake from the St. Joe River Basin.
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Table 1. Streamflow-gaging and water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern 
Idaho, water years 2009–13.

[Locations of stations are shown in figure 1. Abbreviations; Q, streamflow; ADVM, acoustic Doppler velocity meter; USGS, U.S. Geological 
Survey]

Site 
No.

Streamgage No. Streamgage name
Type of streamflow 

record
Number of water-
quality samples

1 12413000 North Fork Coeur d’Alene River at Enaville, Idaho Continuous, stage-Q 23
2 12413040 South Fork Coeur d’Alene River above Deadman  

Gulch near Mullan, Idaho
Indexed 7

3 12413125 Canyon Creek above mouth at Wallace, Idaho Continuous, stage-Q 23
4 124131265 East Fork Ninemile Creek above Success Mine near 

Blackcloud, Idaho
Indexed 9

5 12413127 East Fork Ninemile Creek above mouth near  
Blackcloud, Idaho

Indexed 9

6 12413130 Ninemile Creek above mouth at Wallace Idaho Continuous, stage-Q 24
7 12413131 South Fork Coeur d’Alene River above Placer Creek 

at Wallace, Idaho
Continuous, stage-Q 15

8 12413210 South Fork Coeur d’Alene River at Elizabeth Park 
near Kellogg, Idaho

Continuous, stage-Q 23

9 12413250 South Fork Coeur d’Alene River at Kellogg, Idaho Indexed 23
10 12413300 South Fork Coeur d’Alene River at Smelterville, Idaho Indexed 23
11 12413355 South Fork Coeur d’Alene River above Pine Creek  

near Pinehurst, Idaho
Continuous, stage-Q 23

12 12413445 Pine Creek below Amy Gulch near Pinehurst Idaho Continuous, stage-Q 7
13 12413470 South Fork Coeur d’Alene River near Pinehurst, Idaho Continuous, stage-Q 23
14 12413500 Coeur d’Alene River near Cataldo, Idaho Continuous, stage-Q 15
15 12413860 Coeur d’Alene River near Harrison, Idaho Continuous, ADVM 30
16 12415135 St. Joe River at Ramsdell near St. Maries, Idaho1 Continuous, ADVM 30
17 12417610 Spokane River near Coeur d’Alene Lake Outlet at  

Coeur d’Alene, Idaho
Continuous, ADVM 30

18 12419000 Spokane River near Post Falls, Idaho2 Continuous, stage-Q 17
1Water-quality data from USGS station No. 12415140 (St. Joe River at Chatcholet, Idaho) were combined with this station for analysis.
2Water-quality data from USGS station No. 12419495 (Spokane River near Greenacres, Washington) were combined with this station for 

analysis.

In WY 2010, the distinction between sentinel and 
benchmark sites was eliminated. However, the frequency of 
sampling at the sites was reduced ranging from 2 times per 
year at 4 sites to 6 times per year at 3 sites; 11 sites were 
sampled 4 times per year. Because of these modifications to 
the sampling design and sampling strategy, the number of 
samples collected during WYs 2009–13 varied between sites, 
ranging from a minimum of 7 samples (2 sites) to a maximum 
of 30 samples (3 sites) (table 1).

Hydrologic Monitoring

Streamflow at the 18 BEMP streamflow-gaging and 
water-quality sampling sites (fig. 1, table 1) was measured 
using standard U.S. Geological Survey (USGS) methods as 

described in Mueller and Wagner (2009) and Turnipseed and 
Sauer (2010). Continuous streamflow records were computed 
using methods described in Rantz and others (1982). At 10 of 
the 18 sites, streamflow was measured using a continuous 
record of water stage calibrated to periodic streamflow 
measurements. At three of the sites affected by fluctuating 
lake levels in Coeur d’Alene Lake (sites 15–17), an acoustic 
Doppler velocity meter was installed to compute streamflow 
using an index velocity method (Levesque and Oberg, 2012). 
Five sites (sites 2, 4, 5, 9, and 10) were not equipped with 
a continuous record of streamflow, and were correlated 
(indexed) using regression of measured instantaneous 
streamflow collected across a wide range of streamflow 
conditions at a nearby streamflow-gaging and water-quality 
sampling site with continuous record. The regression relation 
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between the instantaneous measurements and the continuous 
record was used to generate a daily mean streamflow record 
for the non-gaged site for WYs 2009–13. For example, the 
instantaneous streamflow measurements on the SFCDR above 
Deadman Gulch near Mullan (site 2) were regressed with 
the continuous streamflow record on Canyon Creek above 
mouth at Wallace (site 3). The resultant regression equation 
(R2=0.97) was used to estimate the daily mean streamflow for 
the SFCDR near Mullan (site 2) for WYs 2009–13.

Water-Quality Monitoring

Most of the water-quality data used in this report were 
collected during WYs 2009–13 at the 18 streamflow-gaging 
and water-quality sampling sites in the BEMP network 
(table 1). However, additional data (collected by the USGS 
during WYs 1990–2008 and available online at http://
waterdata.usgs.gov/nwis/) were used in the development of 
streamflow-concentration regression models, and to evaluate 
longer-term trends in the concentrations of cadmium, lead, 
and zinc and chronic AWQC in the SFCDR at Elizabeth Park 
(site 8), the SFCDR near Pinehurst (site 13), the CDR near 
Harrison (site 15), and the Spokane River near Post Falls 
(site 18). These historical data were collected and analyzed 
using USGS procedures and protocols similar to those used in 
this investigation, and have been used by Woods and Beckwith 
(1997), Clark (2003), and Donato (2006).

Although the number of samples collected at each site 
varied, the sampling approach at each site was to allocate 
samples over the full range of the station hydrograph in order 
to develop a robust relation between constituent concentration 
and streamflow. Hydrographs and sample timing during 
WYs 2009–13 for Pine Creek below Amy Gulch near 
Pinehurst (site 12), the SFCDR near Pinehurst (site 13), 
and the Spokane River near Post Falls (site 18) are shown 
in figure 2. The number of water-quality samples collected 
during WYs 2009–13 at each of the BEMP sites are listed 
in table 1.

Samples at all sites were collected using nonmetallic 
samplers and cross-sectional, depth-integrated sampling 
procedures (U.S. Geological Survey, various dates). 
Parameters collected in the field included pH, water 
temperature, specific conductance, and dissolved oxygen. 
Samples for laboratory analyses were composited and 
subsampled using a polyethylene churn splitting device. 
Samples for whole-water recoverable (total) analyses 
of cadmium, lead, zinc, nitrogen, and phosphorus were 
withdrawn directly from the splitting device. Samples for 
dissolved (smaller than 0.45-micrometer [µm] diameter) 
analyses of cadmium, lead, and zinc were withdrawn directly 
from the churn splitter and filtered through a pre-rinsed, 
0.45-µm pore size, disposable capsule filter. Constituent 
concentrations obtained from analysis of the 0.45-µm filtrate 

are referred to as “dissolved” concentrations in this report. 
Samples for TP and TN were preserved with 1 mL of sulfuric 
acid and chilled. Samples to be analyzed for cadmium, 
lead, and zinc were preserved with 2 mL of Ultrex® nitric 
acid. Samples were shipped in plastic coolers to the USGS 
National Water Quality Laboratory (NWQL) in Denver, 
Colorado. Field blanks and split replicates equal to about 
20 percent of the total number of samples were collected and 
submitted for quality-assurance purposes as described by the 
U.S. Geological Survey (various dates).

All the water-quality samples were analyzed at 
the NWQL using established analytical techniques. 
Concentrations of TP and TN were analyzed by colorimetric 
methods as described by Fishman (1993) and Patton and 
Kryskalla (2003). Cadmium, lead, and zinc concentrations 
were determined by atomic absorption spectrometry 
in conjunction with a graphite furnace and inductively 
coupled plasma-mass spectrometry (Fishman, 1993). Quality-
assurance/quality-control procedures used at the NWQL are 
documented by Pritt and Raese (1995). All the data collected 
as part of this study are publicly available at http://waterdata.
usgs.gov/nwis/.

Streamflow-Weighted Trace-Metal and Nutrient 
Concentrations and Loads

Trace-metal and nutrient concentrations in a stream 
vary in relation to streamflow. For example, in samples 
collected during WYs 2009–13 from the SFCDR near 
Pinehurst (site 13), concentrations of total cadmium and zinc 
generally decreased and concentrations of total lead generally 
increased with increasing streamflow (fig. 3). The relation 
between concentration and streamflow in the SFCDR near 
Pinehurst (site 13) typifies many of the mining-affected 
streams in the Spokane and Coeur d’Alene River Basins. 
Because of this variability, summary statistics, such as mean 
concentration, might include bias resulting from variation in 
the sampling frequency and the timing of sampling over the 
stream hydrograph. For this study, mean streamflow-weighted 
concentrations and loads were simulated using LOADEST, 
a FORTRAN program for estimating constituent loads 
in streams and rivers (Runkel and others, 2004). The 
LOADEST modeling program is based on a rating-curve 
method (Cohn and others, 1989, 1992; Crawford, 1991) that 
uses regression to estimate constituent load in relation to 
several predictor variables related to streamflow and time. 
This type of model has been used to estimate constituent 
concentrations for periods when sample data were not 
available (Gilroy and others, 1990), to estimate a basin flux 
of water-quality constituents (Goolsby and others, 1999), and 
to evaluate long-term trends in water-quality data (Smith and 
others, 1987).

http://waterdata.usgs.gov/nwis/
http://waterdata.usgs.gov/nwis/
http://waterdata.usgs.gov/nwis/
http://waterdata.usgs.gov/nwis/
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Figure 2. Hydrographs and water-quality samples collected at selected streamflow-gaging and water-quality sampling 
sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.
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Figure 3. Relation of total cadmium, zinc, and lead concentrations to variations in streamflow in the South Fork 
Coeur d’Alene River near Pinehurst, Idaho (streamflow-gaging and water-quality sampling site 13), water years 
2009–13.

LOADEST was used for this study to develop regression 
models for estimating the streamflow-weighted concentrations 
and loads of cadmium, zinc, lead, TP, and TN for each of 
the 18 BEMP sites. All available data for WYs 2003–13 
were used to calibrate the regression models. However, 
streamflow-weighted concentrations and constituent loads 
were estimated only for WYs 2009–13 to represent the most 
recent conditions. The equation for the regression models is:

 ln (ln ) (ln ) [sin( )]
[cos( )] ( )

L I a Q b Q c T
d T e T

= + + +
+ + +

2 2
2

π
π ε

 (1)

where
 L is the constituent load, in pounds per day;
 I is the regression intercept;
 Q is the centered streamflow, in cubic feet per 

second;
 T is the centered decimal time in years from the 

beginning of the calibration period;
 a, b, c, d, e are regression coefficients that remain 

constant over time; and
	 ε	 is unaccounted error associated with the 

regression model.

For each model, the predictor variables in the regression 
equation were selected on the basis of Akaike Information 

Criteria (Akaike, 1981; Judge and others, 1985). The criteria 
are designed to achieve a good compromise between using as 
many predictor variables as possible to explain the variance 
in load while minimizing the standard error of the resulting 
estimates. Estimates of the daily constituent load for each 
site were computed using the selected model (table 7, at back 
of report) and daily mean streamflow. Bias introduced by 
conversion of the logarithm of load into estimates of actual 
load was corrected using the Bradu-Mundlak method (Bradu 
and Mundlak, 1970; Cohn and others, 1989; Crawford, 1991).

Interpretation of concentrations of trace metals in streams 
is improved by examining the mean streamflow-weighted 
concentration spanning a specified time period rather than 
individual concentrations or statistics based on a dataset 
of individual concentrations. A streamflow-weighted 
concentration is an estimate of the mean concentration in a 
total volume of water flowing past a site during a specific 
period, such as a year, or group of years. For this study, a 
mean streamflow-weighted concentration at each site was 
estimated as the constituent load during WYs 2009–13 
divided by the total streamflow during WYs 2009–13. A 
mean streamflow-weighted concentration for each constituent 
was estimated for the entire 5-year study period. Loads were 
estimated for each water year during 2009–13, and for the 
entire 5-year study period.
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Ambient Water-Quality Criteria 

In addition to streamflow-weighted concentrations and 
loads, AWQC and AWQC ratios were calculated for dissolved 
cadmium and dissolved zinc based on aquatic life criteria 
applicable in the study area. Because dissolved lead seldom 
exceeded the AWQC at most sites, AWQC exceedences 
and trends for lead are not reported. The AWQC values for 
cadmium and zinc are expressed in micrograms per liter 
(µg/L), and are calculated on a sample-specific basis using 
the dissolved concentration in the water sample and the 
sample hardness. Hardness concentrations were estimated 
from the sample concentrations of calcium and magnesium, 
in milligrams per liter (mg/L) using the following equation 
(Weiner, 2012):

Hardness(mg/L) dissolved calcium (mg/L
disso

= ×
+ ×
[ . )]
[ .
2 497
4 118 llved magnesium(mg/L)]

 (2)

Comparisons of measured cadmium and zinc AWQC 
values are complicated because different criteria apply across 
the study area, and differ from national recommended criteria 
developed by the EPA (Idaho Department of Environmental 
Quality, various dates; U.S. Environmental Protection 
Agency, 2002b). Site-specific criteria applicable to the 
SFCDR watershed have been adopted only by the State 
of Idaho based on the tested sensitivities of native aquatic 
organisms to cadmium and zinc in short- and long-term 
exposures in SFCDR water (Windward Environmental, 
2002; Mebane, 2003; Mebane and others, 2008, 2012). The 
statewide cadmium criteria is from Mebane (2006) and the 
statewide zinc criteria is from U.S. Environmental Protection 
Agency (2002b).

For this assessment, chronic AWQC concentrations were 
based on the applicable State of Idaho chronic criteria for the 
protection of aquatic life (Idaho Department of Environmental 
Quality, various dates). Representative chronic criteria values 
for the Idaho statewide chronic AWQC and the SFCDR Basin 
chronic AWQC for a range of hardness values commonly 
present in the Coeur d’Alene and Spokane River Basins are 
given in table 2.

Cadmium and zinc chronic AWQC ratios were calculated 
as the concentration of dissolved cadmium or zinc in the water 
sample divided by the chronic AWQC. A chronic AWQC 
ratio of 1 or less indicates that the water-quality criteria were 
met. A chronic AWQC ratio of greater than 1 indicates that 
water-quality criteria were exceeded. For this assessment, 
chronic AWQC ratios were tabulated and evaluated for trends.

Trend Testing 

Historical trends in trace-metal concentrations in the 
SFCDR at Elizabeth Park (site 8) and the SFCDR near 
Pinehurst (site 13), the CDR near Harrison (site 15), and 

the Spokane River near Post Falls (site 18) were evaluated 
using concentration data collected from WYs 1990–2013. 
A Seasonal Kendall test (Helsel and Hirsch, 1992) was used 
to assess trends in total concentrations of cadmium, lead, 
and zinc, and chronic AWQC ratios for dissolved cadmium 
and zinc. The Seasonal Kendall test is a modified version of 
the nonparametric Mann-Kendall trend test (Mann, 1945) 
that computes a Kendall’s tau non-parametric correlation 
coefficient and its test of significance, or p-value (Helsel 
and Hirsch, 1992). The Mann-Kendall test has been used 
extensively to analyze for trends in a broad range of 
environmental sciences and has been applied to various 
media in many different locations (Helsel and others, 2006). 
The Seasonal Kendall trend test accounts for seasonality by 
computing the Mann-Kendall test on separate user-defined 
seasons and combining the seasonal results (Helsel and 
Hirsch, 1992). The Seasonal Kendall test is independent of 
the distribution of samples and does not require uniform 
spacing between the sample results. This feature of the test is 
important because of the inconsistent pattern in which samples 
were collected during the sampling period.

Prior to testing for trend, a Locally Weighted Scatterplot 
Smooth (LOWESS) (Hirsch and others, 1991) and a 
smoothness coefficient of 0.8 was applied to the concentration 
data to describe the relation between the trace-metal 
concentration and streamflow. Residuals from this relation 
were “streamflow-adjusted” concentrations. The Seasonal 
Kendall test then was applied to the streamflow-adjusted 
concentrations, thereby removing the effect of streamflow. 
Seasonality in the data was accounted for by computing the 
Mann-Kendall test on each of four seasons separately, and then 
combining the results. A visual inspection of the trace-metal 

Table 2. Variation of chronic Ambient Water Quality Criteria for 
cadmium and zinc based on a range of hardness concentrations 
in the South Fork Coeur d’Alene River Basin and other parts of the 
Coeur d’Alene and Spokane River Basins, northern Idaho.

[Source: Idaho Department of Environmental Quality (various dates). 
Dissolved lead concentrations rarely exceeded the Ambient Water Quality 
Criteria (AWQC) and are not reported. Abbreviations: mg/L, milligram per 
liter; µg/L, microgram per liter; SFCDR, South Fork Coeur d’Alene River]

Hardness 
(mg/L)

Cadmium (µg/L) Zinc (µg/L)

Idaho 
statewide 

chronic 
AWQC

SFCDR  
Basin 

chronic 
AWQC

Idaho  
statewide 

chronic 
AWQC

SFCDR  
Basin 

chronic 
AWQC

10 0.14 0.19 36 42
20 0.22 0.31 36 67
35 0.30 0.47 49 97
50 0.37 0.62 66 123

100 0.55 1.03 118 195
120 0.61 1.18 138 220
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data indicates obvious downward trends in concentrations of 
trace metals from WYs 1990 through about 2002, followed 
by an apparent levelling off of concentrations through 2013. 
Tests for trend were evaluated for WYs 1990–2013, or the 
part of that period for which data were available, and for 
WYs 2003–13 to isolate the last decade and to examine for 
trends during the period when concentration decreases were 
not as apparent. A trend in concentration was considered to be 
significant if the probability value (p-value) from the Seasonal 
Kendall test was less than 0.05.

Quality Assurance 

Quality-control (QC) samples are an important part 
of the BEMP quality-assurance (QA) plan and a necessary 
component for producing scientifically defensible data 
(U.S. Environmental Protection Agency, 2004). Samples 
for QC were collected to evaluate the reliability and 
reproducibility of the environmental data and can be used 
to identify, quantify, and document potential variability and 
bias, two types of errors associated with environmental data 
(U.S. Geological Survey, various dates). About 20 percent of 
the samples collected during WYs 2009–13 were dedicated 

to QA, and consisted of field blanks and split replicates. 
The collection of field blanks and split replicates was 
rotated between sites to ensure that most of the sites were 
incorporated in the QA program.

During WYs 2009–13, 33 field blanks (table 3) 
were collected at 13 different sites. Contamination in 
the environmental samples can occur during collection, 
processing, and laboratory analyses, and the field blanks 
were used to identify potential contamination. The field 
blanks were samples of inorganic-free blank water certified 
as contaminant free. The blanks were subjected to the same 
processing (splitting, filtration, preservation, transportation, 
and laboratory handling) as the environmental samples, and 
were analyzed for the same constituents. To evaluate the 
potential bias in the environmental data, the concentration for 
each detected constituent in the field blanks was compared 
to the mean streamflow-weighted concentration of the 
constituent in the environmental samples collected at the site 
during WYs 2009–13. Generally, if potential contamination 
was less than 10 percent of the measured concentration 
from the environmental samples, the effect of contamination 
bias on the analyte concentration was considered 
inconsequential (Mueller, 1998).

Table 3. Results from field blanks and split replicate quality-control samples collected in the Coeur d’Alene and Spokane River Basins, 
northern Idaho, water years 2009–13.

[Abbreviations: RPD, relative percent difference; mg/L, milligram per liter, µg/L, microgram per liter; >, greater than; <, less than]

Constituent

Field blanks Split replicates

Number 
of field 
blanks

Detection 
limit range

Number of 
detections

Maximum 
concentration 

detected

Number 
of split 

replicates

Median 
relative 
percent 

difference

Maximum 
relative 
percent 

difference

Number of 
replicates 
with RPD  

>20 percent

Percentage 
of replicates 

with RPD  
<10 percent

Total phosphorus 33 <0.004–<0.008 0 NA 35 2 10 0 97
Total nitrogen 33 <0.05–<0.10 1 0.25 mg/L 35 2 9 0 100
Dissolved cadmium 33 <0.016 3 0.037 µg/L 35 0 22 1 97
Total cadmium 33 <0.016–<0.05 5 0.10 µg/L 35 1 5 0 100
Dissolved lead 33 <0.015–<0.06 6 0.072 µg/L 35 1 20 0 100
Total lead 33 <0.04–<0.06 18 2.4 µg/L 35 2 39 4 89
Dissolved zinc 33 <1.4–< 2.8 4 2.4 µg/L 35 0 5 0 100
Total zinc 33 <2.4–<3.0 4 4.4 µg/L 35 0 4 0 100
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Results from the field blanks indicate overall acceptable 
results (table 3). Although detectable concentrations of total 
lead were measured in 18 of 33 field blanks, the detectable 
concentrations all represented less than the 5 percent of the 
mean streamflow-weighted concentration of total lead at 
the site. The highest detected concentration of total lead in 
a field blank was 2.4 µg/L, which represented only about 
4 percent of the mean-streamflow weighted concentration 
in the environmental samples from the same site. Similarly, 
for dissolved cadmium, the largest detection (0.037 mg/L) 
represented 2.2 percent of the mean streamflow-weighted 
concentration. For the other constituents the largest detections 
in blanks were 0.10 mg/L for total cadmium (1.6 percent 
of the mean steamflow-weighted concentration at the 
site), 0.072 mg/L for dissolved lead (3 percent), 2.4 mg/L 
for dissolved zinc (1.2 percent), and 4.4 mg/L for total 
zinc (1.9 percent). For TN, one field blank contained a 
concentration of 0.25 mg/L, or about 88 percent of the mean 
streamflow-weighted concentration of the environmental 
samples from the site. Although this is an unacceptably large 
concentration in a field blank, it was the only detection of TN 
out of 33 field blanks collected (table 3).

During WYs 2009–13, 35 split replicate samples were 
collected at 14 sites. The split replicates consisted of an 
environmental sample and a replicate, and were used to 
identify and quantify the variability in the sample collection, 
processing, and laboratory analysis procedures. Samples 
were collected by splitting a single composited sample into 
two subsamples for separate analysis. Each subsample was 
processed and preserved in an identical manner and submitted 
as a separate sample for analysis. The replicates were 
evaluated by examining the relative percent difference (RPD) 
between sample concentrations in relation to the replicate 
mean. The RPD was calculated as:

 RPD
concentration in sample 
concentration in sample = −





( )
( )

1
2

















×

/mean concentration
100  (3)

Replicate samples were considered acceptable if the RPD 
was less than 20 percent, or if both analyte concentrations 
were less than the reporting level. The reproducibility of 
individual constituents was evaluated for the dataset as a 
whole using the replicate-sample results. The reproducibility 
of an individual constituent was considered acceptable if 
90 percent of the replicate concentrations for that constituent 
had RPDs that were less than 10 percent.

Results from the split replicates indicate that only 
dissolved cadmium (1 set) and total lead (4 sets) had at least 
one replicate with a RPD greater than 20 percent (dissolved 
lead had one replicate with a RPD of 20 percent) (table 3). 
All constituents met the general reproducibility requirement 
of having more than 90 percent of split replicates with a 
RPD of less than 10 percent with the exception of total 
lead, for which 89 percent of the splits had RPDs less than 
10 percent (table 3).

The number of detectable concentrations of total lead in 
the field blanks and the relatively large RPDs for total lead 
in the replicate splits probably is associated with equipment 
cleaning or sample collection and processing procedures. Lead 
is often associated with sediment, so it is likely that the field 
blanks with detectable concentrations of total lead contained 
small amounts of sediment. Similarly, split replicates with 
high RPDs for total lead may represent samples that received 
different amounts of sediment during splitting and processing 
of the samples in the field. Fortunately, the concentrations 
of total lead in the field blanks were low relative to 
concentrations in the environmental samples, and most of the 
split replicates generally were within acceptable RPDs.

Transport and Trends for Trace  
Metals and Nutrients

The occurrence and transport of trace metals and 
nutrients in the Coeur d’Alene and Spokane River Basins is 
controlled primarily by the constituent source and input rate, 
the tendency of the constituent to adhere to sediment, and the 
transport of water and sediment through the basins. Sources 
of trace metals in the SFCDR, CDR, and Spokane River 
include adits and tailings in headwater streams and tributaries, 
groundwater inflow, overland runoff from flood plains, and 
erosion of streambank and streambed materials. Sources of 
nutrients include wastewater treatment outfalls, ground water 
contributions from septic systems, and overland runoff. After 
chemical constituents are mobilized in streams and rivers, 
they can be redistributed in aquatic systems, especially during 
periods of high streamflow when transport is at a maximum.

During WYs 2009–13 (October 2008–September 
2013), streamflows in the Coeur d’Alene and Spokane River 
Basins—as represented by streamflow-gaging and water-
quality sampling sites on the SFCDR near Pinehurst (site 13), 
the CDR near Cataldo (site 14), and the Spokane River near 
Post Falls (site 18)—were variable in relation to the 25-year 
historical mean during WYs 1989–2013 (fig. 4). Streamflow 
during WYs 2011 and 2012 generally exceeded the 25-year 
historical mean during much of the year, especially during 
the snowmelt runoff in the spring and early summer. During 
WY 2010, streamflow was less than the mean for most of 
the year, exceeding the historical mean only during a brief 
period following snowmelt runoff in the late spring and early 
summer. Water years 2009 and 2013 represented streamflow 
conditions similar to the 25-year historical mean, although 
both years had upward spikes in streamflow resulting from 
autumn and winter rain-on-snow events. A major rain-on-snow 
event occurred throughout northern Idaho in January 2011, 
producing dramatic upward spikes in streamflows at 
numerous sites.
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Figure 4. Daily mean streamflow at streamflow-gaging and water-quality sampling sites at (A) South Fork Coeur d’Alene 
River near Pinehurst (site 13), (B) Coeur d’Alene River near Cataldo (site 14), and (C) Spokane River near Post Falls 
(site 18), Idaho, water years 2009–13, compared with the 25-year historical mean for water years 1989–2013.
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Measured Trace-Metal and Nutrient 
Concentrations

Boxplots are useful in showing the range and 
relative concentrations of water-quality constituents in the 
Coeur d’Alene and Spokane River Basins. However, when 
comparing site concentrations, it is important that boxplots 
for each site represent a range in the hydrologic conditions 
at the site. Although the number of samples collected at each 
site during WYs 2009–13 was variable (table 1), sampling 
typically covered the range of streamflows even when sample 
numbers were low (fig. 2). For instance, although only 
seven samples were collected from Pine Creek below Amy 
Gulch near Pinehurst (site 12) during WY 2009, the range of 
streamflows sampled ranged from less than 50 to more than 
1,500 ft3/s (fig. 2). Thus, the general range in concentrations 
shown in figure 5 is assumed to approximate the variability at 
each site.

Total and dissolved concentrations of cadmium, lead, 
and zinc in samples collected during WYs 2009–13 varied 
widely, both between sites and at individual sites (fig. 5). 
At most sites, dissolved cadmium and zinc represented 
more than 90 percent of the total concentration in the water 
samples (table 3). In contrast, dissolved lead represented 
less than 50 percent of the total concentration at all the sites, 
and generally was less than 10 percent. Large variability at 
individual sites was particularly evident in the concentrations 
of total lead, primarily as a response to changes in streamflow 
and increased amounts of suspended sediment. Concentrations 
of cadmium, lead, and zinc also varied widely between sites 
along the main stem of the SFCDR, the CDR, and the Spokane 
River (fig. 5).

Concentrations of cadmium, lead, and zinc increased 
greatly along the SFCDR from near Mullan (site 2) 
downstream to above Pine Creek near Pinehurst (site 11) 
(fig. 5). The streamflow-weighted concentrations of dissolved 
cadmium and zinc were more than an order of magnitude 
larger, and the concentration of total lead was nearly an 
order of magnitude larger, in the SFCDR at Wallace (site 7), 
as compared to the SFCDR near Mullan (site 2). Previous 
studies indicate that primary sources of trace-metal loading 
to the 9-mi reach of the SFCDR between Mullan and Wallace 
are Canyon and Ninemile Creeks (Clark, 2003; Donato, 
2006). During the peak years of mining, at least 21 mines and 
mining complexes operated along Canyon Creek, and at least 
9 mines operated along Ninemile Creek (National Academy of 
Sciences, 2005). Water discharging from these two tributaries, 
represented by Canyon Creek at Wallace (site 3) and Ninemile 
Creek at Wallace (site 6), contained some of the largest 
concentrations of cadmium, lead, and zinc in the sampling 
network (fig. 5).

Trace-metal concentrations remained elevated in the 
SFCDR from Wallace (site 7) downstream to above Pine 
Creek (site 11) (fig. 5). Historically, most of the large mining 
communities and large ore-processing facilities were located 
along this reach of the SFCDR. These communities (with 

their housing, mine-processing facilities, and transportation 
facilities) were built on top of and, in the case of railroad 
and interstate highway embankments, largely with large 
amounts of mine tailings deposited in this reach (National 
Academy of Sciences, 2005). Direct sources of trace metals 
to the SFCDR in the 16-mi reach between Wallace and Pine 
Creek include Milo Creek, Bunker Creek, Government Gulch, 
and groundwater discharge near the Central Impoundment 
Area (CIA) near Kellogg (fig. 1). The streamflow-weighted 
concentrations of dissolved cadmium increased by 1.81 µg/L 
(65 percent) and dissolved zinc increased by about 200 µg/L 
(45 percent) along the 1.6 mi of the SFCDR reach bordering 
the CIA between Kellogg (site 9) and Smelterville (site 10). 
Concentrations in the SFCDR near Pinehurst (site 13) near its 
confluence with the NFCDR, are diluted by inflow from Pine 
Creek (fig. 1). Mean streamflow-weighted concentrations of 
total cadmium, lead, and zinc in the SFCDR near Pinehurst 
(site 13) were 3.71, 61.4, and 514 µg/L, respectively (table 4).

Concentrations of cadmium, lead, and zinc decreased 
greatly between the SFCDR near Pinehurst (site 13) 
downstream to the CDR near Cataldo (site 14) in response 
to mixing with the relatively dilute inflow from the NFCDR 
(fig. 5). Mean streamflow-weighted concentrations of total 
cadmium, lead, and zinc in the NFCDR at Enaville (site 1) 
were 0.049, 2.09, and 7.75 µg/L, respectively (table 4). 
Concentrations of cadmium, lead, and zinc in the CDR 
increased between Cataldo (site 14) and Harrison (site 15) 
(fig. 5), 32 mi downstream. Although the mean flow-weighted 
concentrations of dissolved and total cadmium increased only 
slightly, the mean streamflow-weighted concentrations of 
dissolved and total zinc increased by about 31 (23 percent) 
and 98 µg/L (71 percent), respectively (table 4). The largest 
percentage increase in concentration between Cataldo and 
Harrison was for lead; there was about an order of magnitude 
increase in dissolved lead from 0.902 to about 10.8 µg/L, and 
about a 5-fold increase in total lead from 22.9 to 125 µg/L. 
The increase in particulate concentrations of cadmium, lead, 
and zinc between the SFCDR near Cataldo (site 14) and the 
SFCDR near Harrison (site 15) probably is attributable to 
increased mobilization of stored sediment and associated trace 
metals from the flood plain and in the river channel. Previous 
studies have documented large increases in suspended 
sediment and bedload in the lower reaches of the CDR 
downstream of Cataldo (Clark and Woods, 2000), especially 
during rain-on-snow events and during spring snowmelt 
runoff. Mobilization of sediment and associated trace metals 
probably also is responsible for the apparent increase in the 
streamflow-weighted concentrations of dissolved cadmium, 
lead, and zinc in the lower CDR. When water levels in 
Coeur d’Alene Lake are lowered, typically during the late 
summer and autumn, the hydraulic gradient between the river 
channel downstream to the lake increases, resulting in an 
increase in the stream velocity in the Coeur d’Alene River and 
an increase in the transport of total and dissolved cadmium, 
lead, and zinc.
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The large decreases in the concentrations of cadmium, 
lead, and zinc between the CDR near Harrison (site 15) 
and the Spokane River near the outlet of Coeur d’Alene 
Lake (site 17) indicates dilution and possible trapping of 
trace metals in Coeur d’Alene Lake. The flow-weighted 
concentrations of total cadmium, lead, and zinc in the Spokane 
River at the lake outlet (site 17) were 0.225, 2.57, and 
52.3 µg/L, respectively (table 4). The streamflow-weighted 
concentrations of total cadmium, lead, and zinc indicate 
decreases from the CDR near Harrison (site 15) to the lake 
outlet (site 17) of about 86, 98, and 78 percent, respectively. 
The concentrations of dissolved and total cadmium, lead, 
and zinc remained relatively constant (fig. 5, table 4) in the 
Spokane River from the lake outlet (site 17) downstream about 
10 mi to the Spokane River near Post Falls (site 18). The mean 
streamflow-weighted concentrations of total cadmium, lead, 

and zinc in the Spokane River near Post Falls (site 18) were 
0.231, 2.91, and 48.9 µg/L, respectively (table 4). Streamflow-
weighted concentrations of cadmium, lead, and zinc were the 
lowest in the St. Joe River near St. Maries (site 16).

The AWQC ratios indicate that cadmium and zinc 
concentrations generally met the chronic criteria (ratio of less 
than 1.0) for the protection of aquatic life at only five and three 
sites, respectively (fig. 6). The chronic AWQC was achieved 
in all the samples from the NFCDR at Enaville (site 1), 
the SFCDR near Mullan (site 2), and in the St. Joe River 
near St. Maries (site 16). Both of the sites on the Spokane 
River (sites 17 and 18) had mean chronic zinc AWQC 
ratios slightly greater than 1.0 and mean chronic cadmium 
AWQC ratios slightly less than 1.0 (table 4). The sites with 
the largest chronic AWQC ratios for both cadmium and zinc 
were located in the Canyon and Ninemile Creek basins. 
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EXPLANATION

Figure 6. Chronic Ambient Water Quality Criteria (AWQC) ratios for dissolved 
zinc and cadmium in water samples collected at streamflow-gaging and water-
quality sampling sites (sites 1–18) in the Coeur d’Alene and Spokane River Basins, 
northern Idaho, water years 2009–13. Gray shading indicates sites in the South Fork 
Coeur d’Alene River (SFCDR) Basin for which AWQC were calculated using site-
specific criteria that apply only in the SFCDR Basin. Site information is shown in 
table 1; site locations are shown in figure 1.
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The lower East Fork Ninemile Creek near Blackcloud (site 5) 
had mean chronic AWQC ratios for cadmium and zinc of 
64 and 51, respectively, more than twice the mean ratio of 
any other site in the network. The chronic AWQC ratios in 
the SFCDR between Wallace (site 7) downstream to near 
Pinehurst (site 13) were relatively consistent both spatially 
between sites and temporally at individual sites. Compared to 
other sites in the network, sites in the SFCDR Basin typically 
had larger mean AWQC ratios for cadmium than for zinc. 

This was especially apparent in Canyon Creek (site 3), the 
East Fork of Ninemile Creek (sites 4 and 5), Ninemile Creek 
(site 6), and the SFCDR sites downstream of Canyon and 
Ninemile Creeks (sites 7–11 and 13). The mean AWQC ratio 
for zinc was larger than for cadmium in the SFCDR near 
Mullan (site 2), Pine Creek near Pinehurst (site 12), and all the 
sites outside the SFCDR Basin (sites 1 and 14–18) (fig. 6).

Concentrations of TP and TN were not as variable 
between sites as compared to cadmium, lead, and zinc (fig. 7). 
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Figure 7. Total (A) phosphorus and (B) nitrogen concentrations in water 
samples collected at streamflow-gaging and water-quality sampling sites in the 
Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.
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In contrast to trace metals that are transported to the SFCDR 
from Canyon and Ninemile Creeks in large quantities, 
concentrations of TP decreased and concentrations of TN 
increased slightly along the SFCDR from Mullan (site 2) 
downstream to Wallace (site 7) (fig. 7). The largest increases 
in TP and TN concentrations in the SFCDR occurred between 
Kellogg (site 9) and above Pine Creek (site 11). In this 4-mi 
reach of the SFCDR, where wastewater treatment outfalls 
from Kellogg and other municipalities enter the SFCDR, the 
streamflow-weighted concentrations of TP and TN increased 
by 0.036 mg/L (200 percent) and 0.124 mg/L (78 percent), 
respectively. The mean streamflow-weighted concentrations 
for TP and TN peaked in the SFCDR above Pine Creek 
(site 11) at 0.054 and 0.284 mg/L, respectively (table 4). 
From the SFCDR near Pinehurst (site 13) downstream to 
the CDR near Cataldo (site 14), the streamflow-weighted 
concentrations of TP and TN decreased as water from the 
relatively dilute North Fork Coeur d’Alene River (site 1) 
mixed with water from the SFCDR. Although boxplots based 
on individual samples (fig. 7) indicate increases in the median 
concentrations of TP and TN from the CDR near Cataldo 
(site 14) downstream to the CDR near Harrison (site 15), the 
mean streamflow-weighted concentration for WYs 2009–13 
indicates an increase of only 0.008 mg/L of TP and a 
decrease of 0.053 mg/L of TN between Cataldo and Harrison 
(table 4). Concentrations of TP and TN in the Spokane River 
at the Coeur d’Alene Lake outlet (site 17) were lower than 
concentrations at in the CDR at Harrison (site 15) and the 
St. Joe River near St. Maries (site 16) (table 4). The decrease 
in TP and TN concentrations through the lake indicate that, 
as with trace metals, Coeur d’Alene Lake may be retaining 
these nutrients. From the Spokane River at the lake outlet 
(site 17) downstream to the Spokane River near Post Falls 
(site 18), the streamflow-weighted concentrations of TP and 
TN increased by 0.001 and 0.035 mg/L (table 4), respectively, 
in response to discharge from wastewater treatment facilities 
in Coeur d’Alene and Post Falls.

Loading, Transport, and Deposition

The source area contributing trace-metal and nutrient 
loads as measured at individual BEMP surface-water 
sites includes the entire watershed upstream of each site. 
The network design in the Coeur d’Alene and Spokane 
River Basins divides the basins into smaller subbasins in 
order to identify specific areas contributing loads of trace 
metals and nutrients to downstream water bodies. Thus, the 
relative importance of each subarea to overall loading in the 
Coeur d’Alene and Spokane River Basins can be estimated. 
Sites near the mouths of tributaries provide estimates of 
the integrated loads from the entire upstream basin, and 

main-stem sites provide estimates of incremental loading in 
a downstream manner. The sampling network also allows 
an approximation of the load of trace metals and nutrients 
discharged to Coeur d’Alene Lake from the Coeur d’Alene 
and St. Joe Rivers, the load retained within the lake, and 
the load transported from the lake downstream in the 
Spokane River.

Annual trace-metal and nutrient loads for each of 
the 18 sites in the BEMP network were estimated for 
WYs 2009–13 (table 5; table 8, at back of report). The loads 
can be used to determine the incremental gains and (or) losses 
of load along main-stem reaches of the SFCDR, CDR, and 
Spokane Rivers. The estimates were based on the difference in 
load between main-stem sites and measured tributaries in each 
reach. The gains and (or) losses in load that were unaccounted 
for by the sampling network are referred to as “unmeasured.” 
In main-stem reaches with unmeasured streamflow 
and unmeasured loads, the mean streamflow-weighted 
concentration of the unmeasured source (or sources) can be 
estimated as the unmeasured load divided by the unmeasured 
streamflow and multiplied by an appropriate conversion factor. 
Primary sources of unmeasured trace metals and nutrients are 
ungaged and unsampled tributaries and drains, groundwater 
discharge to surface water, overland flow, and dissolution and 
erosion of material in stream channels.

South Fork Coeur d’Alene River 
The first major inflows to the SFCDR downstream of 

Mullan (site 2) are Canyon Creek (site 3) and Ninemile Creek 
(site 6). Combined, these two tributaries contributed estimated 
mean loads of about 0.575 ton per year (ton/yr) of total 
cadmium, 5.29 ton/yr of total lead, and 90.9 ton/yr of total 
zinc to the SFCDR during WYs 2009–13 (table 8). Although 
combined, these two tributaries contributed only about 
39 percent of the mean annual streamflow as measured in the 
SFCDR at Wallace (site 7) (fig. 8A), they accounted for about 
79 percent of the mean annual load of total cadmium (fig. 8B), 
77 percent of the mean annual load of total lead (fig. 8C), and 
80 percent of the mean annual load of total zinc (fig. 8D). 
About 36 percent of the mean annual streamflow, and 20, 19, 
and 20 percent of the mean annual loads of cadmium, lead, 
and zinc, respectively, in the SFCDR at Wallace (site 7) were 
from unmeasured sources. These unmeasured sources entering 
the SFCDR between Mullan (site 2) and Wallace (site 7) had 
mean concentrations of 2.2 µg/L of total cadmium, 20 µg/L 
of total lead, and 340 µg/L of total zinc. All the cadmium 
and zinc, and about 62 percent of the lead discharging to 
the SFCDR from Ninemile Creek at Wallace (site 6), were 
attributable to the East Fork of Ninemile Creek above the 
mouth near Blackcloud (site 5) (figs. 8B–D).
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Table 5. Annual loads of total phosphorus and total nitrogen and 95-percent confidence intervals for streamflow-gaging and water-
quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site  
No.

Streamgage name

Water year 2009

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 25.0 17.3 35.3 195 63.0 484
2 SFCDR above Deadman Gulch near Mullan ID 0.814 0.381 1.54 10.3 2.98 26.4
3 Canyon Creek above mouth at Wallace ID 0.376 0.237 0.567 4.82 1.72 10.9
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.104 0.077 0.139 0.927 0.615 1.37

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.151 0.107 0.208 1.46 0.208 5.23

6 Ninemile Creek above mouth at Wallace ID 0.369 0.197 0.634 6.34 1.78 16.6
7 SFCDR above Placer Creek at Wallace ID 3.46 1.78 6.11 44.3 5.52 169
8 SFCDR at Elizabeth Park near Kellogg ID 5.31 3.26 8.24 53.4 29.5 70.7
9 SFCDR at Kellogg ID 5.08 3.06 8.04 59.6 38.9 87.7
10 SFCDR at Smelterville ID 12.3 7.83 18.6 64.0 44.5 89.3
11 SFCDR above Pine Creek near Pinehurst ID 20.7 9.53 39.6 108 55.2 190
12 Pine Creek below Amy Gulch near Pinehurst ID 1.51 0.479 3.88 21.6 1.86 96.9
13 SFCDR near Pinehurst ID 21.7 13.6 33.3 126 94.7 165
14 CDR near Cataldo ID 53.4 34.0 80.6 610 159 1,660
15 CDR near Harrison ID 63.5 42.9 90.8 314 244 400
16 St. Joe River at Ramsdell near St. Maries ID 85.8 64.0 113 422 215 764
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
44.3 34.3 56.5 660 524 821

18 Spokane River near Post Falls ID 53.7 41.5 68.5 835 597 1,140

Site  
No.

Streamgage name

Water year 2010

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 11.3 8.20 15.3 91.7 32.1 209
2 SFCDR above Deadman Gulch near Mullan ID 0.570 0.252 1.12 5.38 1.48 14.2
3 Canyon Creek above mouth at Wallace ID 0.323 0.145 0.351 2.75 0.936 6.40
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.076 0.051 0.118 0.581 0.366 0.916

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.071 0.050 0.099 0.724 0.099 2.65

6 Ninemile Creek above mouth at Wallace ID 0.097 0.052 0.156 1.52 0.417 4.01
7 SFCDR above Placer Creek at Wallace ID 1.63 0.851 2.94 21.6 3.51 73.7
8 SFCDR at Elizabeth Park near Kellogg ID 1.88 1.18 2.85 34.5 22.6 42.8
9 SFCDR at Kellogg ID 1.62 1.01 2.48 33.0 20.6 50.2
10 SFCDR at Smelterville ID 6.62 4.19 9.98 37.5 25.5 53.3
11 SFCDR above Pine Creek near Pinehurst ID 12.6 5.84 24.0 74.9 37.8 135
12 Pine Creek below Amy Gulch near Pinehurst ID 0.447 0.133 1.12 5.04 0.430 22.0
13 SFCDR near Pinehurst ID 11.6 7.36 17.5 86.5 63.3 115
14 CDR near Cataldo ID 23.5 15.7 34.0 318 83.5 857
15 CDR near Harrison ID 31.7 21.6 45.0 188 145 239
16 St. Joe River at Ramsdell near St. Maries ID 35.0 26.8 44.9 156 87.1 260
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
26.4 20.4 33.7 366 289 456

18 Spokane River near Post Falls ID 32.7 25.9 40.8 605 442 812
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Table 5. Annual loads of total phosphorus and total nitrogen and 95-percent confidence intervals for streamflow-gaging and water-
quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2011

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 81.1 51.0 124 417 112 1,140
2 SFCDR above Deadman Gulch near Mullan ID 1.73 0.790 3.36 13.2 3.57 35.6
3 Canyon Creek above mouth at Wallace ID 0.612 0.362 0.972 6.56 2.06 16.0
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.179 0.133 0.238 1.34 0.87 2.02

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.265 0.175 0.388 2.85 0.392 10.5

6 Ninemile Creek above mouth at Wallace ID 0.709 0.331 1.35 6.07 1.62 16.2
7 SFCDR above Placer Creek at Wallace ID 3.83 2.43 5.76 54.5 10.7 156
8 SFCDR at Elizabeth Park near Kellogg ID 13.8 7.62 23.5 86.0 60.1 119
9 SFCDR at Kellogg ID 14.5 7.67 25.6 88.6 54.0 138
10 SFCDR at Smelterville ID 29.7 17.0 48.8 118 77.1 174
11 SFCDR above Pine Creek near Pinehurst ID 30.2 14.9 55.0 142 79.2 237
12 Pine Creek below Amy Gulch near Pinehurst ID 1.95 0.586 5.07 22.3 1.65 103
13 SFCDR near Pinehurst ID 42.8 25.0 69.0 184 133 249
14 CDR near Cataldo ID 113 68.7 179 639 171 1,720
15 CDR near Harrison ID 170 109 256 624 467 818
16 St. Joe River at Ramsdell near St. Maries ID 175 124 239 697 325 1,330
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
81.7 61.0 107 948 774 1,210

18 Spokane River near Post Falls ID 93.2 72.4 118 1,120 815 1,500

Site 
No.

Streamgage name

Water year 2012

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 59.3 38.2 88.6 257 24.7 665
2 SFCDR above Deadman Gulch near Mullan ID 1.33 0.591 2.61 8.34 2.33 21.7
3 Canyon Creek above mouth at Wallace ID 0.502 0.292 0.807 4.91 1.60 11.7
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.173 0.126 0.234 1.29 0.865 1.877

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.170 0.116 0.242 2.88 0.423 10.2

6 Ninemile Creek above mouth at Wallace ID 0.614 0.267 1.23 4.23 1.12 11.3
7 SFCDR above Placer Creek at Wallace ID 2.69 1.76 3.94 41.8 10.1 117
8 SFCDR at Elizabeth Park near Kellogg ID 11.9 6.47 20.2 71.3 49.8 99.1
9 SFCDR at Kellogg ID 11.8 6.23 20.5 69.6 42.3 108
10 SFCDR at Smelterville ID 26.1 14.6 43.2 99.4 64.9 146
11 SFCDR above Pine Creek near Pinehurst ID 25.7 12.7 46.7 118 64.8 200
12 Pine Creek below Amy Gulch near Pinehurst ID 1.81 0.501 4.76 16.2 1.32 71.6
13 SFCDR near Pinehurst ID 37.1 21.6 59.9 161 115 218
14 CDR near Cataldo ID 76.3 49.4 113 410 116 1,060
15 CDR near Harrison ID 132 84.7 197 402 301 527
16 St. Joe River at Ramsdell near St. Maries ID 110 80.7 147 357 179 642
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
73.6 24.2 97.7 726 854 935

18 Spokane River near Post Falls ID 66.7 52.4 83.7 839 614 1,120
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Table 5. Annual loads of total phosphorus and total nitrogen and 95-percent confidence intervals for streamflow-gaging and water-
quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2013

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 23.5 15.5 34.1 131 38.3 334
2 SFCDR above Deadman Gulch near Mullan ID 0.914 0.329 2.07 6.53 1.34 20.1
3 Canyon Creek above mouth at Wallace ID 0.314 0.174 0.525 4.49 1.30 11.4
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.112 0.077 0.159 0.991 0.592 1.59

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.111 0.067 0.174 2.09 0.288 7.61

6 Ninemile Creek above mouth at Wallace ID 0.212 0.099 0.401 2.33 0.554 6.60
7 SFCDR above Placer Creek at Wallace ID 1.35 0.843 2.07 24.5 4.91 75.6
8 SFCDR at Elizabeth Park near Kellogg ID 5.41 3.04 8.91 52.9 36.3 74.6
9 SFCDR at Kellogg ID 4.97 2.70 8.43 54.4 29.9 82.5
10 SFCDR at Smelterville ID 14.1 8.15 22.7 77.8 49.7 117
11 SFCDR above Pine Creek near Pinehurst ID 19.3 8.48 38.1 116 56.7 214
12 Pine Creek below Amy Gulch near Pinehurst ID 0.498 0.119 1.42 5.32 0.36 24.8
13 SFCDR near Pinehurst ID 22.2 12.8 36.1 133 92.3 185
14 CDR near Cataldo ID 34.4 21.0 53.6 231 56.8 646
15 CDR near Harrison ID 70.3 45.1 105 315 234 416
16 St. Joe River at Ramsdell near St. Maries ID 58.7 43.2 78.1 170 86.0 302
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
38.4 28.5 50.6 439 335 565

18 Spokane River near Post Falls ID 38.9 30.0 49.6 700 497 962

Site 
No.

Streamgage name

Water years 2009–13 (mean)

Total phosphorus (ton/yr) Total nitrogen (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I.

1 NFCDR at Enaville ID 40.0 26.0 59.5 219 64.0 566
2 SFCDR above Deadman Gulch near Mullan ID 1.07 0.469 2.14 8.75 2.34 23.6
3 Canyon Creek above mouth at Wallace ID 0.407 0.242 0.644 4.71 1.52 11.3
4 EF Ninemile Creek above Success Mine near 

Blackcloud ID
0.129 0.093 0.177 1.03 0.660 1.55

5 EF Ninemile Creek above mouth near 
Blackcloud ID

0.154 0.103 0.222 2.00 0.282 7.25

6 Ninemile Creek above mouth at Wallace ID 0.400 0.189 0.755 4.10 1.10 10.9
7 SFCDR above Placer Creek at Wallace ID 2.59 1.54 4.16 36.8 6.96 118
8 SFCDR at Elizabeth Park near Kellogg ID 7.66 4.31 12.7 59.0 41.7 81.3
9 SFCDR at Kellogg ID 7.59 4.13 13.0 60.4 37.1 93.3
10 SFCDR at Smelterville ID 17.8 10.4 28.7 79.4 52.3 116
11 SFCDR above Pine Creek near Pinehurst ID 21.7 10.3 40.7 112 58.7 195
12 Pine Creek below Amy Gulch near Pinehurst ID 1.24 0.364 3.25 14.1 1.12 63.7
13 SFCDR near Pinehurst ID 27.1 16.1 43.2 138 99.8 187
14 CDR near Cataldo ID 60.2 37.8 92.0 442 117 1,190
15 CDR near Harrison ID 93.6 60.6 139 369 278 480
16 St. Joe River at Ramsdell near St. Maries ID 92.9 67.8 125 360 178 660
17 Spokane River near Coeur d’Alene Lake Outlet at 

Coeur d’Alene ID
52.9 39.7 69.2 628 487 797

18 Spokane River near Post Falls ID 57.0 44.4 72.2 819 593 1,110
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Unmeasured sources along the SFCDR between Wallace 
(site 7) and Elizabeth Park (site 8) contributed means 
of 184 ft3/s of streamflow and about 0.35 ton/yr of total 
cadmium, 14.5 ton/yr of total lead, and 42 ton/yr of total zinc 
during water years 2009–13. The estimated concentrations of 
total cadmium, lead, and zinc in unmeasured sources between 
Wallace (site 7) and Elizabeth Park (site 8) were about 2.0, 
80, and 230 µg/L, respectively. These unmeasured sources 
entering the SFCDR include numerous small tributaries and 
groundwater discharge to the SFCDR. A groundwater seepage 
study done during base flow conditions along the SFCDR 
between Wallace (site 7) and Elizabeth Park (site 8), indicated 
that groundwater contributed about 1 and 220 lb/d of cadmium 
and zinc, respectively, to the SFCDR (Barton, 2002). This 
groundwater discharge to the SFCDR, if extrapolated over an 
entire year, would account for about 0.18 ton of cadmium and 
about 40 tons of zinc, or about 51 and 95 percent, respectively, 
of the mean annual unmeasured load accrued between Wallace 
and Elizabeth Park during WYs 2009–13. Although the 
estimates for WYs 2009–13 indicate a mean annual gain of 
14.5 ton/yr of total lead from unmeasured sources between 
Wallace and Elizabeth Park (table 8), the study by Barton 
(2002) documented no significant contribution of lead from 
groundwater in this reach.

From the SFCDR at Kellogg (site 9) downstream to 
Smelterville (site 10), the SFCDR gained about 33 ft3/s of 
streamflow (table 4, fig. 8A), 1.39 ton/yr of total cadmium, 
13.3 ton/yr of total lead, and 143 ton/yr of total zinc (table 8, 
figs. 8B–D). This reach of the SFCDR is bordered by the CIA 
and Bunker Hill Superfund site. Several small tributaries 
drain the area near the CIA and ultimately discharge to the 
SFCDR. However, streamflow and dissolved trace metals 
also are discharged to the SFCDR from an alluvial aquifer 
underlying the CIA. Water-quality samples collected during 
WYs 2009–13 from groundwater seeps discharging from 
the alluvial aquifer to the SFCDR between Kellogg (site 9) 
and Smelterville (site 10) have contained concentrations of 
dissolved cadmium and dissolved zinc greater than 100 and 
10,000 µg/L, respectively (U.S. Environmental Protection 
Agency, 2014). Overall, unaccounted inflows to the SFCDR 
between Kellogg (site 9) and Smelterville (site 10) had mean 
concentrations of 42.3 µg/L of cadmium, 409 µg/L of lead, 
and 4,400 µg/L of zinc. Barton (2002) estimated that during 
1999 base flow conditions, groundwater discharged about 
1.7 lb/d of dissolved cadmium and 560 lb/d of dissolved 
zinc to the SFCDR between Kellogg and Smelterville. If 
extrapolated over an entire year, this would equate to about 
0.31 ton/yr of cadmium and 102 ton/yr of zinc, or about 
22 and 71 percent, respectively, of the mean annual load 
accrued during WYs 2009–13 in the SFCDR between Kellogg 
and Smelterville.

In the reach of the SFCDR between Smelterville (site 10) 
and Pinehurst (site 13), most of the gain in streamflow is 
attributable to the inflow from Pine Creek (site 12) (fig. 8A). 

Although the estimates in table 8 indicate a net gain in the total 
load of lead in the SFCDR between Smelterville (site 10) and 
Pinehurst (site 13), and a net loss in the total loads of cadmium 
and zinc, the differences in load between the 2 sites are small, 
and within the 95-percent confidence interval of the load 
estimates (table 8).

Load estimates of TP and TN indicate steady accrual 
during WYs 2009–13 in the SFCDR from Wallace (site 7) 
downstream to Pinehurst (site 13) (table 5; figs. 9A, and 9B). 
Most of the increase in TN and TP load along the SFCDR 
probably is attributable to discharge of wastewater treatment 
effluent. Using point-source data based on National Pollutant 
Discharge Elimination System permitting, Maupin and 
Ivahnenko (2011) estimated that in 2002, wastewater from 
the cities of Mullan, Kellogg, and Smelterville contributed 
about 56 tons of TN and 10 tons of TP to the SFCDR between 
Wallace and Pinehurst. Excluding TN and TP loading from 
Pine Creek (site 12), wastewater contributions from Mullan, 
Kellogg, and Smelterville alone account for about 43 and 
64 percent, respectively, of the unmeasured TP and TN 
accrued annually in the SFCDR between Wallace (site 7) and 
Pinehurst (site 13).

Coeur d’Alene River
The Coeur d’Alene River, downstream of the confluence 

of the NFCDR and SFCDR, is free flowing in its upper reach; 
however, the overall gradient of the river is low averaging about 
0.019 percent from Cataldo downstream to Harrison (Bender, 
1991). The low river gradient combined with backwater from 
Coeur d’Alene Lake creates low river velocities in the lower 
CDR and throughout much of the lower part of the CDR valley. 
The low-velocity conditions have resulted in deposition of 
trace element-contaminated sediments of varying thickness 
derived from the mixing of tailings and mining-related wastes 
with uncontaminated materials. Sediments containing at 
least 1,000 parts per million of lead, or more than 30 times 
background concentrations, may cover as much as 75 percent 
of the CDR flood plain, from the confluence of the North and 
South Forks of the CDR to the CDR mouth at Coeur d’Alene 
Lake (Bookstrom and others, 2001).

Combined, the NFCDR (site 1) and SFCDR (site 13) 
discharged estimated mean loads of about 2.17, 44.5, and 
301 ton/yr of total cadmium, lead, and zinc, respectively, 
to the Coeur d’Alene River during WYs 2009–13 (table 8; 
figs. 8B–D). These totals account for about 85 percent of the 
combined load in the CDR near Cataldo (site 14). The SFCDR 
accounted for about 95, 89, and 95 percent of the cadmium, 
lead, and zinc loads, respectively. From the Coeur d’Alene 
River near Cataldo (site 14) downstream 32 mi to the 
Coeur d’Alene River near Harrison (site 15), unmeasured 
sources contributed means of about 310 ft3/s of streamflow, 
2.16 ton/yr of total cadmium, 333 ton/yr of total lead, and 
347 ton/yr of total zinc to the Coeur d’Alene River.
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The hydrologic processes that seem to account for most 
of the unmeasured trace-metal load entering the Coeur d’Alene 
River between Cataldo and Harrison are erosion and transport 
of sediment-bound trace metals contained in the river channel 
and banks. In the CDR near Cataldo (site 14), the particulate 
fraction of the cadmium and zinc load accounted for only 
21 and 5 percent, respectively, of the total load. In the CDR 
near Harrison (site 15), the particulate fraction accounted 
for 48 percent of the cadmium and 33 percent of the zinc. 
At streamflows of about 3,000 ft3/s or less, dissolved and 
total concentrations of cadmium and zinc in the CDR near 

Harrison are essentially the same (fig. 10). However, when 
the streamflow exceeds about 3,000 ft3/s, the particulate 
fraction of cadmium and zinc constitutes an increasingly larger 
proportion of the total concentration. During WYs 2009–13, 
about 77, 93, and 74 percent of total cadmium, lead, and zinc 
loads, respectively, were discharged to Coeur d’Alene Lake 
when the mean daily streamflow in the Coeur d’Alene River 
(as measured at site 15 near Harrison) exceeded 3,000 ft3/s, 
even though those exceedances occurred only 30 percent of 
the time during that period.

tac14-0927_fig10

0.2 

2.0 

20.0 

100 1,000 10,000 100,000 

Dissolved cadmium

Total cadmium  

20.0 

200.0 

Dissolved zinc

Total zinc  

Co
nc

en
tra

tio
n,

 in
 m

ic
ro

gr
am

s 
pe

r l
ite

r 

Streamflow, in cubic feet per second 

A

B

EXPLANATION

EXPLANATION

Figure 10. Relation of dissolved and total (A) cadmium and (B) zinc in the Coeur d’Alene River near 
Harrison, Idaho (site 15), water years 2009–13.
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The importance of streamflow to the overall transport 
of trace metals in the CDR is apparent when examining the 
difference in load during low and high streamflow years. 
In general, streamflows throughout the CDR basin during 
WY 2010 were less than the 25-year mean streamflows 
during WYs 1989-13 (fig. 4). In contrast, during WY 2011, 
streamflows were generally more than the 25-year mean 
streamflows (fig. 4). For instance, the mean annual streamflow 
in the CDR near Harrison (site 15) was only 1,950 ft3/s during 
WY 2010, whereas during 2011, the mean annual streamflow 
at Harrison was 4,130 ft3/s, more than twice the mean annual 
streamflow in 2010. The load of total cadmium discharged 
to the lake from the CDR, as measured at the Harrison site, 
was about 2.52 tons in WY 2010 as compared to 7.29 tons in 
WY 2011, or 2.9 times larger in 2011 (table 8). For total lead, 
the difference in load between WYs 2010 and 2011 was more 
marked: about 93.7 tons in WY 2010 and about 773 tons in 
WY 2011, more than 8 times larger. The load for total zinc 
was about 398 tons in WY 2010 and about 1,060 tons in 
WY 2011, about 2.7 times larger in WY 2011. The increase in 
load during higher streamflow years primarily is attributable 
to the cadmium, lead, and zinc associated with the particulate 
fraction of the water sample (>0.45 µm diameter). During 
WY 2010, the particulates accounted for about 25, 84, 
and 12 percent of the total cadmium, lead, and zinc load, 
respectively, in the CDR near Harrison (site 15). During 
WY 2011, the relative proportion of particulate to dissolved 
material increased greatly, with the particulate fraction 
accounting for 57, 94, and 43 percent of the total cadmium, 
lead, and zinc loads, respectively, in the CDR near Harrison.

Winter and early spring high-streamflow events are 
especially important in transporting particulate cadmium, lead, 
and zinc in the lower CDR. Only during large streamflows 
(>10,000 ft3/s) does the concentration of total cadmium exceed 
about 3 µg/L and the concentration of zinc exceed about 
400 µg/L in the CDR near Harrison (fig. 11). The total lead 
concentration was as much as two orders of magnitude larger 
at streamflows of greater than 10,000 ft3/s. Two rain-on-snow 
events that occurred in the CDR Basin during WY 2011 show 
the influence of high streamflow on trace-metal transport. On 
December 14, 2010, a sample was collected from the CDR 
near Harrison (site 15) at a streamflow of about 12,000 ft3/s 
with concentrations of total cadmium, lead, and zinc of 5.8, 
1,240, and 612 µg/L, respectively (fig. 12). About 1 month 
later, on January 18, 2011, samples were collected during 
a second high flow at the Harrison site at a streamflow of 
about 19,000 ft3/s with concentrations of cadmium, lead, and 
zinc of 13, 3,480, and 1,660 µg/L, respectively. Assuming 
that trace-metal concentrations and streamflows remained 
consistent during the day of sampling, the combined 
discharge from the CDR during those 2 days was about 
0.84 tons of cadmium, 218 tons of lead, and 104 tons of zinc 
to Coeur d’Alene Lake. These 2-day totals would account 

for about 18, 55, and 15 percent, respectively, of the loads of 
cadmium, lead, and zinc discharged to the lake from the CDR 
on a mean annual basis during WYs 2009–13.

Not all large streamflows, however, result in excessively 
large concentrations and loads of trace metals in the 
CDR. Based on the data collected during WYs 2009–13, 
concentrations of trace metals in the CDR during late spring 
snowmelt runoff typically are less than concentrations during 
early season rain-on-snow events. For instance, concentrations 
of cadmium, lead, and zinc in a sample collected near 
Harrison (site 15) at about 20,000 ft3/s in late April 2012 were 
significantly less than concentrations in the samples collected 
during the winter streamflows in WY 2011 (fig. 12). It seems 
that winter and early spring high-streamflows in the CDR could 
be more important than spring snowmelt runoff in transporting 
sediment and associated trace metals into Coeur d’Alene Lake. 
Each year, sediments and associated trace metals accumulated 
and stored during the previous year are scoured and flushed 
from the river bottom during early, high-streamflow events of 
the following year. Snowmelt-runoff periods later in spring do 
not seem to scour and transport the same quantity of sediment 
and trace metals to the lake.

Coeur d’Alene Lake and Spokane River
On the basis of load estimates in the CDR near Harrison 

(site 15) and the St. Joe River near St. Maries (site 16), 
Coeur d’Alene Lake received estimated mean loads of about 
4.70 ton/yr of total cadmium, 398 ton/yr of total lead, and 
698 ton/yr of total zinc during WYs 2009–13, a combined load 
of about 1,100 ton/yr (table 8, figs. 8B–D). Although the CDR 
contributed about 47 percent of the mean annual streamflow 
to the lake, it contributed about 99 percent of the combined 
cadmium, lead, and zinc load (table 8). The loads transported 
out of Coeur d’Alene Lake to the Spokane River, as measured 
in the Spokane River at the lake outlet (site 17), indicate that 
the lake retained a large part of the trace-metal load that it 
received. Of the total cadmium, lead, and zinc load entering 
the lake annually, only about one-third, or about 370 tons, 
were transported from the lake to the Spokane River. Based 
on sediment cores collected in 1990, Horowitz and others 
(1995) estimated that about 82.5 million tons of trace-metal-
enriched sediments had been deposited in Coeur d’Alene 
Lake covering about 85 percent of lakebed. The lake seems 
especially efficient at trapping lead, which generally is 
associated with sediment particles. Of the approximately 
398 ton/yr of lead entering the lake during WYs 2009–13, 
only about 18 ton/yr, or less than 5 percent, was transported 
from the lake into the Spokane River (fig. 8C). Using historical 
information, Bookstrom and others (2001) estimated that about 
300,000 tons of elemental lead is present in the sediments on 
the lake bottom.
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Figure 11. Concentrations of total (A) cadmium, (B) lead, and (C) zinc 
(differentiated by samples collected at streamflows greater than and 
less than 10,000 cubic feet per second), and (D) streamflow, in the 
Coeur d’Alene River near Harrison, Idaho (site 15), water years 2009–13.
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Coeur d’Alene Lake is less efficient at trapping cadmium 
and zinc as compared to lead. During WYs 2009–13, about 
1.48 ton/yr of cadmium and 350 ton/yr of zinc, or about 
32 and 50 percent of the loads entering the lake, respectively, 
were transported from the lake into the Spokane River 
(figs. 8B, 8D). Of the trace-metal load exiting Coeur d’Alene 
Lake in the Spokane River at Coeur d’Alene (site 17), about 
90 percent of the cadmium, 26 percent of the lead, and 
100 percent of the zinc was dissolved (table 8).

Between the Spokane River at Coeur d’Alene 
(site 17), and the Spokane River near Post Falls (site 18), 
there was a negligible increase in the load of cadmium (about 
0.06 ton/yr) and a small increase in the load of lead (about 
3.1 ton/yr) (table 8; figs. 8B, 8C). In contrast, there was a loss 
of about 29 ton/yr in the load of zinc (table 8 and fig. 8D). In 
this reach of the Spokane River, the river loses streamflow 
through seepage to the underlying Spokane Valley-Rathdrum 
Prairie alluvial aquifer (Bolke and Vaccaro, 1981; Gearhart 
and Buchanan, 2000). Seepage from the Spokane River to the 
underlying aquifer transports dissolved trace metals (primarily 
zinc, and, to a lesser extent, cadmium) to the aquifer as far 
as 200 ft from the margin of the river (Marti and Garrigues, 
2001; Caldwell and Bowers, 2003). Streamflow loss in this 
reach of the Spokane River probably accounts for most of the 
loss in zinc load between sites 17 and 18 (fig. 8D). The small 
increase in the lead load between the lake outlet (site 17) and 
Post Falls (site 18) probably is attributable to mobilization and 
transport of sediment-bound lead deposited within the channel 
of the Spokane River. Concentrations of lead exceeding 
1,000 parts per million have been documented in samples 
collected from the Spokane River near Post Falls (Grosbois 
and others, 2001). Lead in the sediments collected from the 
Spokane River probably can be attributed to high-streamflow 
events in the CDR Basin that can scour and transport large 
quantities of sediment-bound lead through Coeur d’Alene 
Lake and into the Spokane River (Grosbois and others, 2001). 
Studies conducted in the Spokane River indicate that trace 
metals may be deposited in streambed sediment during low 
streamflow and remobilized and transported downstream 
during large streamflow events (Box and others, 2005). Mean 
loads of about 1.54 ton/yr of total cadmium, 21.1 ton/yr of 
total lead, and 321 ton/yr of total zinc were transported in the 
Spokane River near Post Falls (site 18) during WYs 2009–13 
(figs. 8B–D).

In contrast to trace metals, the Coeur d’Alene and St. 
Joe Rivers discharged nearly equivalent loads of TP and TN 
to Coeur d’Alene Lake during WYs 2009–13 (figs. 9A, 9B). 
Combined, the Coeur d’Alene and St. Joe Rivers, as measured 
at Harrison and St. Maries (sites 15 and 16), discharged about 
186 ton/yr of TP and 729 ton/yr of TN to Coeur d’Alene 
Lake. Loads of TP and TN discharged from Coeur d’Alene 
Lake to the Spokane River, as measured at the lake outlet 
(site 17), had means of about 52.9 and 628 ton/yr, respectively 

(figs. 9A, 9B). Thus, on average, the lake retained about 
72 percent of the TP and only about 14 percent of the TN 
entering the lake annually during WYs 2009–13 from the 
Coeur d’Alene and St Joe Rivers. Limiting the quantity of TP 
and TN entering Coeur d’Alene Lake is a primary concern for 
local stakeholders in order to protect the lake water-quality 
conditions. Nutrients, including TP and TN, are primary 
factors controlling the growth of nuisance aquatic plants 
that can lead to eutrophication, which in turn may influence 
the solubility of mining-related metals contained in lake 
sediments (Idaho Department of Environmental Quality and 
Coeur d’Alene Tribe, 2009).

Long-Term Trends

Remedial activities to remove contaminated spoil 
material and to stabilize banks from erosion have occurred 
in large areas of the SFCDR valley and its tributaries 
(U.S. Environmental Protection Agency, 2012). The presence 
and rate of change in trace-metal concentrations in response 
to remedial actions in the CDR Basin can be assessed by 
examining historical data for trends over selected periods of 
interest. Only four sites had sufficient cadmium, lead, and zinc 
data to examine trends for the time period encompassing all, or 
even most of WYs 1990–2013. These four sites (the SFCDR 
near Elizabeth Park [site 8], the SFCDR near Pinehurst 
[site 13], the CDR near Harrison [site 15], and the Spokane 
River near Post Falls [site 18]) represent key locations in the 
Coeur d’Alene and Spokane River Basins.

The SFCDR near Elizabeth Park (site 8) drains most of 
the upper part of the SFCDR valley and captures drainage 
from Canyon Creek, Ninemile Creek, and other historically 
mined tributaries. Although some groundwater discharges 
to the SFCDR upstream of Elizabeth Park, the cadmium- 
and zinc-laden groundwater discharging from the alluvium 
underlying the CIA occurs just downstream of Elizabeth 
Park between the towns of Kellogg and Pinehurst (fig. 1). 
The SFCDR near Pinehurst (site 13) is downstream of 
the CIA and integrates the water quality from the entire 
SFCDR Basin. The CDR near Harrison (site 15) integrates 
the entire CDR Basin including the relatively unaffected 
NFCDR and the SFCDR as well as the main stem of the CDR 
between Cataldo and Harrison. The Spokane River near Post 
Falls (site 18) represents the water quality downstream of 
Coeur d’Alene Lake.

Remediation efforts in tributaries to the SFCDR and 
along the river corridor seem to have resulted in large 
decreases in the trace-metal concentrations throughout the 
Coeur d’Alene and Spokane River Basins. From the early 
1990s to 2013, the concentrations of total lead and total 
zinc showed a significant decrease (p<0.05) at all four sites 
evaluated using the Seasonal Kendall trend test (table 6). 



Transport and Trends for Trace Metals and Nutrients   35

Table 6 . Results from Seasonal Kendall trend tests on concentrations of total cadmium, lead, and zinc, and chronic 
Ambient Water Quality Criteria ratios for dissolved cadmium and zinc at selected streamflow-gaging and water-quality 
sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 1990–2013.

[Locations of sites are shown in figure 1. Bolded and italicized slopes and p-values indicate a significant trend at 95-percent confidence interval. 
Abbreviations: (µg/L)/yr, microgram per liter per year; units/yr, ratio of dissolved constituent concentration to chronic Ambient Water Quality 
Criteria (AWQC); SFCDR, South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; ID, Idaho]

Site 
No.

Streamgage name

Cadmium 

Period of analysis 
(water years)

tau correlation 
coefficient

Slope 
[(µg/L)/yr]

p-value

8 SFCDR at Elizabeth Park near Kellogg ID 1993–2013 -0.65 -0.18 <0.001
13 SFCDR near Pinehurst ID 1992–2013 -0.59 -0.25 <0.001
15 CDR near Harrison ID 1991–2013 -0.44 -0.06 <0.001
8 SFCDR at Elizabeth Park near Kellogg ID 2003–2013 -0.46 -0.16 <0.001

13 SFCDR near Pinehurst ID 2003–2013 -0.11 -0.032 0.392
15 CDR near Harrison ID 2003–2013 -0.01 -0.002 0.967
18 Spokane River near Post Falls ID 2003–2013 -0.03 -0.001 1.000

Site 
No.

Streamgage name

Lead 

Period of analysis 
(water years)

tau correlation 
coefficient

Slope 
[(µg/L)/yr]

p-value

8 SFCDR at Elizabeth Park near Kellogg ID 1993–2013 -0.41 -0.71 <0.001
13 SFCDR near Pinehurst ID 1992–2013 -0.48 -1.3 <0.001
15 CDR near Harrison ID 1991–2013 -0.23 -0.57 0.004
18 Spokane River near Post Falls ID 1991–2013 -0.36 -0.09 0.002

8 SFCDR at Elizabeth Park near Kellogg ID 2003–2013 -0.19 -0.25 0.124
13 SFCDR near Pinehurst ID 2003–2013 -0.10 -0.22 0.442
15 CDR near Harrison ID 2003–2013 0.15 0.45 0.228
18 Spokane River near Post Falls ID 2003–2013 -0.17 -0.02 0.554

Site 
No.

Streamgage name

Zinc 

Period of analysis 
(water years)

tau correlation 
coefficient

Slope 
[(µg/L)/yr])

p-value

8 SFCDR at Elizabeth Park near Kellogg ID 1993–2013 -0.58 -24 <0.001
13 SFCDR near Pinehurst ID 1992–2013 -0.66 -45 <0.001
15 CDR near Harrison ID 1991–2013 -0.44 -8.4 <0.001
18 Spokane River near Post Falls ID 1991–2013 -0.70 -2.3 <0.001
8 SFCDR at Elizabeth Park near Kellogg ID 2003–2013 -0.48 -22 <0.001

13 SFCDR near Pinehurst ID 2003–2013 -0.20 -8.8 0.104
15 CDR near Harrison ID 2003–2013 0.09 1.4 0.480
18 Spokane River near Post Falls ID 2003–2013 -0.59 -1.6 0.018
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Table 6 . Results from Seasonal Kendall trend tests on concentrations of total cadmium, lead, and zinc, and chronic 
Ambient Water Quality Criteria ratios for dissolved cadmium and zinc at selected streamflow-gaging and water-quality 
sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 1990–2013.—Continued

[Locations of sites are shown in figure 1. Bolded and italicized slopes and p-values indicate a significant trend at 95-percent confidence interval. 
Abbreviations: (µg/L)/yr, microgram per liter per year; units/yr, ratio of dissolved constituent concentration to chronic Ambient Water Quality 
Criteria (AWQC); SFCDR, South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; ID, Idaho]

Site 
No.

Streamgage name

Chronic AWQC ratio – cadmium 

Period of analysis 
(water years)

tau correlation 
coefficient

Slope 
(units/yr)

p-value

8 SFCDR at Elizabeth Park near Kellogg ID 1997–2013 -0.70 -0.22 <0.001
13 SFCDR near Pinehurst ID 1990–2013 -0.53 -0.22 <0.001
15 CDR near Harrison ID 1996–2013 -0.49 -0.14 <0.001
8 SFCDR at Elizabeth Park near Kellogg ID 2003–2013 -0.59 -0.25 <0.001

13 SFCDR near Pinehurst ID 2003–2013 -0.15 -0.17 0.171
15 CDR near Harrison ID 2003–2013 0.01 0.001 0.967
18 Spokane River near Post Falls ID 2003–2013 0.40 0.03 0.034

Site 
No.

Streamgage name

Chronic AWQC ratio – zinc 

Period of analysis 
(water years)

tau correlation 
coefficient

Slope 
(units/yr)

p-value

8 SFCDR at Elizabeth Park near Kellogg ID 1997–2013 -0.59 -0.14 <0.001
13 SFCDR near Pinehurst ID 1990–2013 -0.60 -0.20 <0.001
15 CDR near Harrison ID 1996–2013 -0.51 -0.14 <0.001
18 Spokane River near Post Falls ID 1990–2013 -0.60 -0.06 <0.001
8 SFCDR at Elizabeth Park near Kellogg ID 2003–2013 -0.54 -0.17 <0.001

13 SFCDR near Pinehurst ID 2003–2013 -0.07 -0.04 0.608
15 CDR near Harrison ID 2003–2013 -0.02 -0.01 0.901
18 Spokane River near Post Falls ID 2003–2013 0.07 0.01 0.761

Total cadmium concentrations showed a significant decrease at 
three of the sites. The Spokane River near Post Falls (site 18) 
was not trend-tested for cadmium during WYs 1990–2013 
because, prior to 1999, the analytical reporting limit for total 
cadmium exceeded most of the environmental concentrations 
at the site. During 1999, the reporting limit for cadmium 
was lowered from 1.0 to 0.05 µg/L allowing for detection 
and quantification of cadmium at smaller environmental 
concentrations.

Time-series graphs and LOWESS smooths for each of the 
four trend sites (fig. 13A) show decreasing zinc concentrations 
throughout the Coeur d’Alene and Spokane River Basins. 
Each of the sites show a relatively consistent downward 
slope to the trend line (all statistically significant) through 
the early 2000s, followed by a slight leveling of the slope 
from about WYs 2003 through 2013. The rate of decrease in 
concentration, or the slope as listed in table 6, was largest at 
the SFCDR near Pinehurst (site 13) for all three trace metals. 
The total zinc concentration in the SFCDR near Pinehurst 
decreased by an average of about 45 (µg/L)/yr, or about 
990 µg/L during WYs 1992–2013. The concentrations of total 
lead and cadmium in the SFCDR near Pinehurst (site 13) 

decreased, on average, by 1.3 and 0.25 (µg/L)/yr, respectively, 
or about 29 and 5.5 µg/L during WYs 1992–2013.

During WYs 2003–13, only the SFCDR near Elizabeth 
Park (site 8) showed a significant decrease in the concentration 
of total cadmium, and none of the sites showed a significant 
decrease in the concentration of total lead (table 6). In the 
SFCDR near Elizabeth Park (site 8) and near Pinehurst 
(site 13), the concentrations of total zinc seemed to continue 
decreasing and did not exceed 1,500 µg/L in any of the 
samples collected (fig. 13B). The relative consistency in the 
difference in zinc concentrations between Elizabeth Park 
and Pinehurst during WYs 2003–13 (fig. 13B) indicates a 
consistent source of zinc to the SFCDR between the two sites. 
This is most likely dissolved zinc entering the SFCDR 
from groundwater contributions near the CIA. However, 
the decrease in the zinc concentration in the SFCDR only 
was significant at Elizabeth Park (p<0.001) and was not 
significant near Pinehurst (p=0.104). Zinc concentrations also 
showed a significant decrease (p=0.018) in the Spokane River 
near Post Falls (site 18), but not in the CDR near Harrison 
(site 15) (p=0.480).
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Figure 13.  Historical trends in total zinc concentrations at selected streamflow-gaging and water-quality sampling 
sites in the Coeur d'Alene and Spokane River Basins, northern Idaho, water years (A) 1990–2013 and (B) 2003–13.

Trend tests on chronic AWQC ratios for cadmium 
and zinc showed a similar result as tests for concentrations 
(fig. 14). At each of the four sites trend tested, the AWQC 
ratios for cadmium and zinc showed significant downward 
trends between the 1990s and WY 2013, but only in the 
SFCDR near Elizabeth Park (site 8) was there a significant 
(downward) trend during WYs 2003–13. In the Spokane River 
near Post Falls (site 18), there was a small, but statistically 
significant upward trend in the AWQC ratio for cadmium 
during WYs 2003–13 (table 6).

The continued significant downward trends in the 
concentrations of cadmium and zinc, and the AWQC 
ratios of cadmium and zinc in the SFCDR near Elizabeth 
Park (site 8), indicate that remedial efforts in the SFCDR 

valley and its tributaries continue to result in improved 
water quality conditions. However, the downstream site 
at Pinehurst (site 13) does not seem to have responded to 
recent remedial activities to the same extent as the site at 
Elizabeth Park. This is probably the result of groundwater 
discharge between the SFCDR sites at Kellogg (site 9) and 
Smelterville (site 10) that, along with the minor tributaries 
Bunker Creek and Government Gulch, provides the river 
with about 1.39 ton/yr of cadmium and 143 ton/yr of zinc 
(figs. 8B, 8D). It seems unlikely that these downward trends in 
the concentrations of cadmium and zinc will be apparent in the 
lower SFCDR downstream of the CIA until the cadmium and 
zinc loads entering the SFCDR from groundwater sources near 
the CIA are reduced or eliminated.
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Summary and Conclusions
The evaluation of surface-water data collected as part 

of the Basin Environmental Monitoring Plan confirms 
findings from previous investigations that have identified 
mining activities in mineralized areas of the South Fork 
Coeur d’Alene River (SFCDR) Basin as the primary source of 
trace-metal contaminated water and sediment in the SFCDR, 
the Coeur d’Alene River (CDR), Coeur d’Alene Lake, and 
the Spokane River. The occurrence and transport of 3 trace 
metals of environmental concern (cadmium, lead, and zinc) 
and 2 nutrients (total phosphorus and nitrogen) were evaluated 
for water years (WYs) 2009–13 using an approach that 
quantified concentrations and loads at 18 streamflow-gaging 
and water-quality sampling sites in the Coeur d’Alene and 
Spokane River Basins. A Seasonal Kendall test was used to 
detect statistically significant temporal trends in cadmium, 
lead, and zinc concentrations, and Ambient Water Quality 
Criteria (AWQC) ratios of cadmium and zinc at four sites 
with long-term data in the Coeur d’Alene and Spokane 
River Basins.

The results indicate that, during WYs 2009–13, 
cadmium and zinc entering Coeur d’Alene Lake and 
transported downstream in the Spokane River were derived 
primarily from mining-affected tributaries to the SFCDR 
and from groundwater discharge to the SFCDR near the 
Central Impoundment Area (CIA). Cadmium and zinc were 
transported in streams predominantly in the dissolved phase 
(less than 0.45 micrometer), and at most sites, concentrations 
were inversely correlated with streamflow and varied 
widely over the range of streamflows sampled. In contrast to 
cadmium and zinc, lead was transported in streams primarily 
in the particulate form, and total lead concentrations were 
positively correlated with streamflow. Transport of lead 
occurred primarily during high streamflow when lead-rich 
sediments stored in stream channels and the flood plain of the 
CDR are eroded, transported, and redistributed downstream. 
Control of the transport of contaminated sediment through the 
Coeur d’Alene and Spokane River Basins is a key factor for 
ensuring the long-term effectiveness of remedial activities in 
the SFCDR and CDR.

From the SFCDR near Mullan downstream to the SFCDR 
near Pinehurst, the concentration of individual trace metals 
increased greatly; mean streamflow-weighted concentrations 
of total cadmium, lead, and zinc in the SFCDR near Pinehurst 
for WYs 2009–13 were 3.71, 61.4, and 514 micrograms per 
liter (µg/L), respectively. Major tributary sources of trace 
metals to the SFCDR are Canyon Creek and Ninemile Creek. 
Combined, these two tributaries contributed estimated mean 
loads of about 0.575 tons per year (ton/yr) of total cadmium, 
5.29 ton/yr of total lead, and 90.9 ton/yr of total zinc to the 
SFCDR during WYs 2009–13. Bunker Creek, Government 
Gulch, and groundwater discharge near the CIA between 
Kellogg and Smelterville were other major sources of 
cadmium and zinc to the SFCDR, contributing an estimated 
1.39 and 143 ton/yr, respectively, during WYs 2009–13. 

Although concentrations of cadmium, lead, and zinc in 
streams throughout the Coeur d’Alene and Spokane River 
Basins have shown significant decreases since the early 
1990s in response to remedial activities, the rate of decrease 
has slowed since 2003, especially downstream of the CIA. 
Additionally, significant decreases in cadmium and zinc 
concentrations in the lower SFCDR and CDR would require 
reducing the load of these trace metals being discharged to 
the SFCDR from groundwater near the CIA. The loading 
estimates from this study provide a valuable baseline for 
evaluating the efficacy of future remedial activities designed 
to reduce cadmium and zinc loading to discrete reaches of 
the SFCDR.

Periodic flooding in the Coeur d’Alene River Basin 
plays an important role in the redistribution of trace metals 
throughout the Coeur d’Alene and Spokane River Basins. 
The timing, intensity, and duration of storms is an important 
factor in moving sediment and sediment-bound trace metals 
from the SFCDR downstream to the CDR, from the CDR 
into Coeur d’Alene Lake, and from the lake into the Spokane 
River. Erosion and transport of sediment in the CDR at 
Cataldo downstream to Harrison results in a large increase in 
the load of sediment-associated trace metals entering Coeur 
d’Alene Lake. At Cataldo, the particulate fraction of the 
cadmium and zinc load in the CDR accounted for only 21 and 
5 percent of the total load, respectively, whereas at Harrison 
the particulate fraction accounted for 48 percent of the total 
cadmium load and 33 percent of the total zinc load. The mean 
annual load of lead in the CDR near Harrison was nearly 
400 tons, more than 5 times the load about 28 mi upstream in 
the CDR at Cataldo.

A large part of the trace-metal load entering 
Coeur d’Alene Lake from the Coeur d’Alene and St. Joe 
Rivers is retained in the lake, most likely in sediments on 
the lake bottom. On an annual mean basis, Coeur d’Alene 
Lake received nearly 1,100 tons of cadmium, lead, and zinc 
combined, about 99 percent of which was delivered from the 
Coeur d’Alene River. Of the total trace-metal load entering 
the lake, about one-third, or about 370 tons per year, were 
transported from the lake and into the Spokane River. The 
mean streamflow-weighted concentrations of total cadmium, 
lead, and zinc in the Spokane River near Post Falls (site 18) 
were 0.231, 2.91, and 48.9 µg/L, respectively, substantially 
smaller than the concentrations entering the lake from the 
Coeur d’Alene River. About 1.48 tons of total cadmium, 
18 tons of total lead, and 350 tons of total zinc exited 
Coeur d’Alene Lake and entered the Spokane River annually 
during WYs 2009–13.

Because they account for toxicity effects on aquatic 
organisms, AWQC ratios are important benchmarks for 
establishing the effectiveness of remedial activities in the 
Coeur d’Alene and Spokane River Basins. Although long-term 
monitoring sites in the sampling network have shown great 
improvement in the chronic AWQC for cadmium and zinc 
since the early 1990s, the chronic AWQC was achieved only 
at sites on the NFCDR at Enaville, the SFCDR near Mullan, 
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and the St. Joe River near St. Maries. Chronic AWQC ratios 
at both sites on the Spokane River generally were close to 
achieving benchmark values. Sites the farthest from achieving 
the chronic AWQC criteria were located on Canyon Creek, 
the East Fork of Ninemile Creek, and Ninemile Creek. The 
downstream site on the East Fork of Ninemile Creek had mean 
streamflow-weighted AWQC ratios for cadmium and zinc of 
64 and 51, respectively, more than twice the ratio of any other 
site in the sampling network.

Concentrations and loads of total phosphorus (TP) and 
total nitrogen (TN) generally were low along the SFCDR 
between Mullan and Kellogg. Downstream of Kellogg, the 
mean streamflow-weighted concentrations of TP and TN in the 
SFCDR increased substantially in response to discharge from 
wastewater treatment facilities. Of all the sites in the BEMP 
network, mean streamflow-weighted concentrations for TP and 
TN (0.054 and 0.284 milligrams per liter, respectively) were 
highest in the SFCDR above Pine Creek near Pinehurst. The 
loads of TP and TN delivered from the Coeur d’Alene and 
St. Joe Rivers to Coeur d’Alene Lake were about equivalent, 
with combined averages of about 186 and 729 ton/yr, 
respectively, during WYs 2009–13. About 52.9 ton/yr of TP 
and 628 ton/yr of TN were transported out of Coeur d’Alene 
Lake and into the Spokane River during WYs 2009–13. The 
retention of TP (about 72 percent) and TN (about 14 percent) 
in Coeur d’Alene Lake is of concern because these nutrients 
potentially can stimulate aquatic growth and change the 
trophic status of the lake. Despite relatively oligotrophic 
conditions in Coeur d’Alene Lake, previous studies have 
documented substantial hypolimnetic dissolved-oxygen 
deficits, especially in the shallow southern end. Continued 
monitoring of lake conditions is an important consideration in 
determining the assimilative capacity of the lake for nutrients, 
and to ascertain whether anoxic conditions on the lake bottom 
would result in the release of previously deposited trace metals 
from the lakebed.

Trend results indicate that remedial efforts in the SFCDR 
valley and its tributaries since the early 1990s have been 
successful in reducing concentrations of trace metals in the 
SFCDR, CDR, and Spokane River. Statistically significant 
downward trends were noted during WYs 1990–2013 for all 
constituents evaluated in the SFCDR at Elizabeth Park and 
the SFCDR near Pinehurst, in the CDR near Harrison, and in 
the Spokane River near Post Falls. During WYs 2003–13, the 
SFCDR at Elizabeth Park continued to indicate significant 
downward trends in total cadmium and zinc concentrations 
and their AWQC ratios. Of the other three long-term sites, 
only the Spokane River near Post Falls showed significant 
trends during WYs 2003–13: a downward trend in total zinc 
concentration and an upward trend in the chronic AWQC 
ratio for dissolved cadmium. Further significant reductions in 
cadmium and zinc concentrations in the Spokane and Coeur 
d’Alene River Basins likely would necessitate reducing 
loads entering the SFCDR from cadmium- and zinc-enriched 
groundwater near the CIA.

Load models developed in this study are a valuable 
tool for estimating streamflow-weighted concentrations and 
loads of trace metals and nutrients in the Coeur d’Alene 
and Spokane River Basins. As additional data are collected, 
they can be integrated into the existing models to improve 
the understanding of how trace metals and nutrients are 
transported and deposited throughout the basins. Future 
data-collection activities should continue to target the 
hydrograph to incorporate data from a variety of streamflow 
conditions necessary for model development. Additionally, 
continued sampling at sites such as the SFCDR near Elizabeth 
Park, the SFCDR near Pinehurst, the Coeur d’Alene River 
near Harrison, and the Spokane River near Post Falls would 
provide data for evaluating trends and assessing the efficacy of 
remediation activities designed to reduce trace-metal loading 
to streams in the Coeur d’Alene and Spokane River Basins.
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.

[Locations sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, South 
Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2009

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower  
95-percent 

C.I.

Upper  
95-percent 

C.I. 

Estimated 
load 

Lower  
95-percent  

C.I.

Upper  
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent  

C.I.

Upper 
95-percent  

C.I. 

1 NFCDR at Enaville ID 0.042 0.026 0.064 0.079 0.041 0.139 0.177 0.114 0.265

2 SFCDR above Deadman 
Gulch near Mullan ID

0.002 0.001 0.005 0.006 0.004 0.009 0.022 0.008 0.048

3 Canyon Creek above mouth  
at Wallace ID

0.385 0.322 0.457 0.386 0.319 0.463 0.507 0.446 0.574

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.056 0.037 0.082 0.064 0.036 0.111 0.078 0.063 0.095

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.156 0.110 0.189 0.156 0.110 0.217 0.375 0.317 0.440

6 Ninemile Creek above  
mouth at Wallace ID

0.184 0.159 0.211 0.189 0.160 0.222 0.286 0.257 0.317

7 SFCDR above Placer Creek  
at Wallace ID

0.716 0.556 0.908 0.806 0.654 0.984 0.665 0.465 0.924

8 SFCDR at Elizabeth Park  
near Kellogg ID

0.938 0.846 1.04 1.06 0.921 1.22 0.714 0.588 0.858

9 SFCDR at Kellogg ID 1.00 0.896 1.12 1.15 0.977 1.35 0.977 0.792 1.19

10 SFCDR at Smelterville ID 1.72 1.52 1.91 2.22 1.64 2.93 1.07 0.890 1.27

11 SFCDR above Pine Creek 
near Pinehurst ID

1.87 1.63 2.15 2.11 1.90 2.34 1.32 0.984 1.74

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.036 0.028 0.046 0.036 0.026 0.049 0.049 0.027 0.082

13 SFCDR near Pinehurst ID 1.75 1.57 1.94 2.02 1.70 2.38 1.26 1.04 1.51

14 CDR near Cataldo ID 1.87 1.63 2.14 2.57 2.05 3.17 2.14 1.54 2.90

15 CDR near Harrison ID 2.09 1.84 2.37 3.67 2.84 4.67 23.5 16.5 32.5

16 St. Joe River at Ramsdell  
near St. Maries ID

0.025 0.012 0.047 0.030 0.012 0.065 0.269 0.184 0.379

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

1.17 0.983 1.39 1.38 1.18 1.60 3.98 2.24 6.58

18 Spokane River near  
Post Falls ID

1.01 0.802 1.26 1.39 1.19 1.61 3.00 1.79 4.72



Table 8  51

Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site  
No.

Streamgage name

Water year 2009

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 2.25 1.28 3.75 7.77 5.88 10.1 11.2 8.02 15.4

2 SFCDR above Deadman 
Gulch near Mullan ID

0.262 0.076 0.669 0.689 0.485 0.951 1.05 0.735 1.46

3 Canyon Creek above mouth  
at Wallace ID

2.65 1.59 4.16 61.8 51.5 73.5 59.5 48.8 71.7

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.382 0.215 0.654 11.6 7.49 17.4 14.1 7.84 24.2

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

1.01 0.701 1.42 25.7 17.0 37.5 26.3 18.1 36.9

6 Ninemile Creek above  
mouth at Wallace ID

1.79 1.22 2.55 30.5 25.9 35.8 30.9 25.9 36.6

7 SFCDR above Placer Creek  
at Wallace ID

8.51 4.43 14.9 122 93.8 157 123 94.2 158

8 SFCDR at Elizabeth Park  
near Kellogg ID

13.4 7.93 21.5 148 133 163 154 133 176

9 SFCDR at Kellogg ID 13.7 7.48 23.4 159 142 179 169 144 197

10 SFCDR at Smelterville ID 19.5 11.2 31.9 237 215 261 277 219 346

11 SFCDR above Pine Creek 
near Pinehurst ID

25.7 14.4 42.5 267 241 296 269 242 299

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.588 0.242 1.28 11.1 8.65 13.9 10.7 8.12 13.8

13 SFCDR near Pinehurst ID 25.7 15.4 41.5 273 247 301 279 244 318

14 CDR near Cataldo ID 56.5 31.5 95.4 316 277 360 361 397 434

15 CDR near Harrison ID 237 137 385 390 338 448 551 436 687

16 St. Joe River at Ramsdell  
near St. Maries ID

1.15 0.731 1.75 7.71 4.38 12.7 8.48 4.81 14.08

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

15.8 10.6 22.7 321 287 359 323 297 350

18 Spokane River near  
Post Falls ID

16.8 12.4 22.4 302 267 340 311 284 339
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2010

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.033 0.021 0.064 0.045 0.024 0.078 0.123 0.079 0.182

2 SFCDR above Deadman 
Gulch near Mullan ID

0.002 0.001 0.003 0.003 0.002 0.005 0.020 0.007 0.045

3 Canyon Creek above mouth  
at Wallace ID

0.304 0.249 0.369 0.300 0.242 0.368 0.416 0.363 0.475

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.380 0.023 0.060 0.049 0.023 0.099 0.059 0.048 0.073

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.126 0.111 0.188 0.125 0.087 0.174 0.297 0.248 0.352

6 Ninemile Creek above  
mouth at Wallace ID

0.112 0.096 0.130 0.107 0.089 0.126 0.177 0.159 0.197

7 SFCDR above Placer Creek  
at Wallace ID

0.595 0.454 0.771 0.650 0.517 0.809 0.536 0.392 0.720

8 SFCDR at Elizabeth Park  
near Kellogg ID

0.735 0.655 0.823 0.747 0.635 0.873 0.524 0.425 0.639

9 SFCDR at Kellogg ID 0.784 0.690 0.888 0.787 0.653 0.940 0.729 0.579 0.905

10 SFCDR at Smelterville ID 1.36 1.19 1.54 1.56 1.13 2.11 0.774 0.636 0.933

11 SFCDR above Pine Creek 
near Pinehurst ID

1.49 1.29 1.71 1.55 1.39 1.79 0.835 0.630 1.09

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.022 0.017 0.028 0.017 0.012 0.023 0.016 0.009 0.026

13 SFCDR near Pinehurst ID 1.36 1.21 1.53 1.38 1.14 1.65 0.887 0.721 1.71

14 CDR near Cataldo ID 1.71 1.49 1.95 1.93 1.55 2.36 1.56 1.14 2.09

15 CDR near Harrison ID 1.88 1.64 2.14 2.52 1.94 3.22 15.4 10.7 21.5

16 St. Joe River at Ramsdell  
near St. Maries ID

0.013 0.006 0.024 0.013 0.005 0.026 0.169 0.114 0.240

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

0.742 0.621 0.881 0.874 0.748 1.02 1.86 1.05 3.07

18 Spokane River near  
Post Falls ID

0.649 0.520 0.800 0.809 0.702 0.929 1.50 0.940 2.26
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2010

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.706 0.443 1.07 6.20 4.65 8.10 6.77 4.91 9.10

2 SFCDR above Deadman 
Gulch near Mullan ID

0.160 0.044 0.420 0.493 0.335 0.701 0.666 0.450 0.954

3 Canyon Creek above mouth  
at Wallace ID

1.64 0.980 2.59 48.8 39.8 59.4 46.4 37.1 57.3

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.248 0.132 0.462 7.48 4.61 11.790 10.3 4.84 21.2

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.666 0.456 0.942 17.0 11.1 25.2 21.0 14.5 29.5

6 Ninemile Creek above  
mouth at Wallace ID

0.454 0.309 0.644 17.1 14.3 20.3 16.5 13.6 19.8

7 SFCDR above Placer Creek  
at Wallace ID

3.78 2.05 6.59 98.5 74.2 129 103 76.9 137

8 SFCDR at Elizabeth Park  
near Kellogg ID

3.62 2.24 5.55 112 99.9 126 106 90.8 124

9 SFCDR at Kellogg ID 4.52 2.54 7.47 121 106 138 114 95.3 136

10 SFCDR at Smelterville ID 5.74 3.49 8.90 190 171 212 199 154 253

11 SFCDR above Pine Creek 
near Pinehurst ID

7.81 4.64 12.4 214 193 238 206 185 230

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.040 0.024 0.064 6.46 4.95 8.30 5.14 3.86 6.71

13 SFCDR near Pinehurst ID 6.63 4.42 9.56 214 192 239 197 170 228

14 CDR near Cataldo ID 19.4 11.8 30.2 282 247 320 280 232 336

15 CDR near Harrison ID 93.7 55.8 148 351 301 406 398 313 499

16 St. Joe River at Ramsdell  
near St. Maries ID

0.367 0.253 0.517 5.09 2.89 8.33 4.00 2.36 6.35

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

7.09 4.78 10.1 197 176 220 196 180 213

18 Spokane River near  
Post Falls ID

7.56 5.77 9.72 185 164 208 186 172 202
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2011

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.086 0.500 0.138 0.166 0.078 0.315 0.406 0.241 0.648

2 SFCDR above Deadman 
Gulch near Mullan ID

0.004 0.001 0.009 0.006 0.004 0.010 0.037 0.014 0.082

3 Canyon Creek above mouth  
at Wallace ID

0.476 0.391 0.575 0.481 0.389 0.587 0.773 0.669 0.890

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.070 0.045 0.104 0.068 0.041 0.110 0.414 0.114 0.173

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.235 0.165 0.290 0.240 0.166 0.336 0.600 0.507 0.704

6 Ninemile Creek above  
mouth at Wallace ID

0.248 0.215 0.286 0.258 0.217 0.305 0.445 0.399 0.495

7 SFCDR above Placer Creek  
at Wallace ID

0.766 0.652 0.894 0.830 0.726 0.946 1.04 0.829 1.30

8 SFCDR at Elizabeth Park  
near Kellogg ID

1.15 1.03 1.29 1.45 1.23 1.69 1.14 0.913 1.40

9 SFCDR at Kellogg ID 1.23 1.08 1.38 1.51 1.25 1.80 1.42 1.13 1.78

10 SFCDR at Smelterville ID 2.20 1.93 2.49 3.49 2.48 4.79 1.51 1.23 1.83

11 SFCDR above Pine Creek 
near Pinehurst ID

2.21 1.95 2.49 2.59 2.36 2.84 1.68 1.29 2.16

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.049 0.038 0.062 0.044 0.031 0.061 0.071 0.040 0.119

13 SFCDR near Pinehurst ID 2.21 1.96 2.47 2.75 2.26 3.31 1.84 1.48 2.26

14 CDR near Cataldo ID 2.44 2.13 2.78 3.52 2.82 4.34 3.61 2.61 4.88

15 CDR near Harrison ID 3.17 2.75 3.62 7.29 5.44 9.57 50.2 33.8 72.1

16 St. Joe River at Ramsdell  
near St. Maries ID

0.044 0.019 0.085 0.068 0.023 0.158 0.491 0.319 0.722

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

2.01 1.65 2.43 2.21 1.86 2.61 8.00 4.15 14.0

18 Spokane River near  
Post Falls ID

1.95 1.53 2.43 5.20 2.15 2.90 8.19 4.72 13.3
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2011

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 10.7 5.19 20.2 14.6 10.6 19.5 27.7 18.5 40.2

2 SFCDR above Deadman 
Gulch near Mullan ID

0.392 0.109 1.04 0.757 0.530 1.05 1.20 0.83 1.70

3 Canyon Creek above mouth  
at Wallace ID

1.80 2.69 7.96 79.0 95.6 86.9 75.1 60.4 92.3

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.855 0.481 1.42 14.8 9.35 22.6 14.0 8.36 22.6

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

2.07 1.42 2.95 35.6 23.3 52.4 40.7 27.7 57.6

6 Ninemile Creek above  
mouth at Wallace ID

3.93 2.43 6.04 40.8 34.5 48.0 42.1 35.0 50.1

7 SFCDR above Placer Creek  
at Wallace ID

10.6 6.76 16.0 132 111 155 129 109 152

8 SFCDR at Elizabeth Park  
near Kellogg ID

42.1 21.7 76.2 185 165 207 209 178 244

9 SFCDR at Kellogg ID 38.7 18.0 75.4 198 174 224 225 188 268

10 SFCDR at Smelterville ID 67.4 33.4 126 307 276 342 421 322 540

11 SFCDR above Pine Creek 
near Pinehurst ID

47.7 26.0 81.6 322 295 352 338 307 370

12 Pine Creek below Amy Gulch 
near Pinehurst ID

1.01 0.452 2.05 14.8 11.3 19.0 13.0 9.70 17.0

13 SFCDR near Pinehurst ID 77.4 43.9 129 344 308 383 371 318 429

14 CDR near Cataldo ID 135 70.8 242 400 352 453 456 377 548

15 CDR near Harrison ID 773 407 1,350 599 511 697 1,060 810 1,360

16 St. Joe River at Ramsdell  
near St. Maries ID

2.93 1.75 4.66 17.4 9.16 30.2 22.3 11.6 39.3

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

31.9 20.1 48.1 530 467 599 521 475 571

18 Spokane River near  
Post Falls ID

42.7 31.2 57.0 496 437 559 495 454 538
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site
No.

Streamgage name

Water year 2012

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.068 0.040 0.110 0.142 0.065 0.273 0.310 0.184 0.493

2 SFCDR above Deadman 
Gulch near Mullan ID

0.003 0.001 0.006 0.004 0.003 0.007 0.034 0.012 0.076

3 Canyon Creek above mouth  
at Wallace ID

0.411 0.333 0.500 0.411 0.329 0.507 0.658 0.566 0.761

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.059 0.039 0.086 0.069 0.039 0.122 0.125 0.102 0.151

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.207 0.168 0.293 0.211 0.147 0.295 0.525 0.444 0.616

6 Ninemile Creek above  
mouth at Wallace ID

0.209 0.178 0.243 0.214 0.178 0.255 0.384 0.343 0.429

7 SFCDR above Placer Creek  
at Wallace ID

0.691 0.592 0.803 0.732 0.644 0.830 0.905 0.738 1.10

8 SFCDR at Elizabeth Park  
near Kellogg ID

0.994 0.881 1.12 1.22 1.03 1.44 0.977 0.777 1.21

9 SFCDR at Kellogg ID 1.06 0.926 1.20 1.25 1.03 1.51 1.21 0.948 1.53

10 SFCDR at Smelterville ID 1.89 1.65 2.15 2.98 2.09 4.12 1.28 1.04 1.57

11 SFCDR above Pine Creek 
near Pinehurst ID

1.91 1.68 2.17 2.17 1.97 2.39 1.32 1.01 1.70

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.035 0.028 0.045 0.032 0.024 0.043 0.057 0.033 0.091

13 SFCDR near Pinehurst ID 1.94 1.71 2.18 2.34 1.92 2.84 1.64 1.30 2.02

14 CDR near Cataldo ID 1.92 1.68 2.18 2.42 1.97 2.94 2.74 2.00 3.66

15 CDR near Harrison ID 2.48 2.14 2.86 5.55 4.12 7.31 40.8 27.2 58.9

16 St. Joe River at Ramsdell  
near St. Maries ID

0.030 0.014 0.057 0.046 0.017 0.103 0.373 0.244 0.548

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

1.67 1.36 2.04 1.81 1.51 2.16 7.26 3.67 13.0

18 Spokane River near  
Post Falls ID

1.58 1.26 1.97 1.88 1.63 2.16 5.76 3.46 9.09
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2012

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 7.65 3.93 13.8 11.5 8.34 15.6 21.7 14.5 31.3

2 SFCDR above Deadman 
Gulch near Mullan ID

0.277 0.078 0.722 0.610 0.426 0.849 0.872 0.600 1.230

3 Canyon Creek above mouth  
at Wallace ID

4.01 2.17 6.82 68.3 55.2 83.5 64.6 21.3 80.3

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.907 0.494 1.54 12.2 8.02 17.8 13.9 7.73 24.8

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

1.73 1.23 2.36 28.2 18.7 40.8 35.7 24.4 50.6

6 Ninemile Creek above  
mouth at Wallace ID

3.51 2.06 5.62 33.3 27.9 39.5 34.5 28.4 41.5

7 SFCDR above Placer Creek  
at Wallace ID

7.59 5.00 11.1 116 98.9 136 117 99.4 138

8 SFCDR at Elizabeth Park  
near Kellogg ID

36.4 18.1 66.3 158 140 178 177 149 207

9 SFCDR at Kellogg ID 32.8 14.8 64.3 169 147 192 188 155 225

10 SFCDR at Smelterville ID 56.8 27.4 106 269 240 301 367 278 474

11 SFCDR above Pine Creek 
near Pinehurst ID

36.7 20.4 61.5 283 257 310 293 266 322

12 Pine Creek below Amy Gulch 
near Pinehurst ID

1.02 0.513 1.84 10.7 8.27 13.6 9.36 7.13 12.1

13 SFCDR near Pinehurst ID 68.1 38.2 114 306 272 342 323 275 375

14 CDR near Cataldo ID 77.7 44.8 126 316 278 356 336 280 400

15 CDR near Harrison ID 614 332 1,040 466 394 547 793 604 1,020

16 St. Joe River at Ramsdell  
near St. Maries ID

1.73 1.10 2.61 14.0 7.46 24.1 16.5 8.90 28.0

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

26.6 16.5 40.6 420 368 478 413 375 455

18 Spokane River near  
Post Falls ID

30.3 22.5 40.0 371 329 417 364 335 395
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2013

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.047 0.027 0.078 0.066 0.031 0.123 0.178 0.104 0.285

2 SFCDR above Deadman 
Gulch near Mullan ID

0.003 0.001 0.008 0.004 0.002 0.006 0.032 0.009 0.083

3 Canyon Creek above mouth  
at Wallace ID

0.391 0.310 0.487 0.379 0.295 0.479 0.509 0.429 0.598

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.051 0.031 0.081 0.056 0.029 0.101 0.098 0.076 0.124

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.175 0.107 0.181 0.175 0.124 0.242 0.425 0.358 0.500

6 Ninemile Creek above  
mouth at Wallace ID

0.162 0.136 0.193 0.150 0.123 0.183 0.278 0.244 0.315

7 SFCDR above Placer Creek  
at Wallace ID

0.607 0.504 0.725 0.615 0.528 0.714 0.778 0.594 1.00

8 SFCDR at Elizabeth Park  
near Kellogg ID

0.909 0.797 1.03 0.938 0.779 1.12 0.717 0.560 0.905

9 SFCDR at Kellogg ID 0.967 0.834 1.12 0.940 0.759 1.15 0.884 0.671 1.14

10 SFCDR at Smelterville ID 1.89 1.63 2.18 2.36 1.62 3.34 0.938 0.747 1.16

11 SFCDR above Pine Creek 
near Pinehurst ID

1.73 1.48 2.00 1.82 1.63 2.04 0.831 0.608 1.11

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.033 0.023 0.045 0.022 0.014 0.033 0.027 0.013 0.048

13 SFCDR near Pinehurst ID 1.83 1.60 2.09 1.87 1.50 2.31 1.12 0.877 1.41

14 CDR near Cataldo ID 1.81 1.54 2.11 1.93 1.49 2.47 1.53 1.05 2.17

15 CDR near Harrison ID 2.47 2.12 2.88 4.10 3.03 5.43 29.1 19.2 42.3

16 St. Joe River at Ramsdell  
near St. Maries ID

0.021 0.009 0.041 0.021 0.008 0.044 0.285 0.183 0.425

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

1.04 0.848 1.27 1.12 0.930 1.33 2.29 1.36 4.51

18 Spokane River near  
Post Falls ID

1.06 0.843 1.32 1.13 0.966 1.31 1.62 1.00 2.50
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water year 2013

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 2.11 1.15 3.58 8.47 5.99 11.7 11.9 8.01 17.0

2 SFCDR above Deadman 
Gulch near Mullan ID

0.238 0.049 0.729 0.526 0.336 0.787 0.700 0.432 1.706

3 Canyon Creek above mouth  
at Wallace ID

2.51 1.30 4.39 66.6 52.5 83.3 60.8 47.0 77.4

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.600 0.296 1.10 10.7 6.31 17.1 11.2 5.82 20.2

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

1.24 0.836 1.80 24.4 14.7 38.4 29.5 20.5 41.1

6 Ninemile Creek above  
mouth at Wallace ID

1.14 0.711 1.74 25.2 20.6 30.6 24.0 19.4 29.5

7 SFCDR above Placer Creek  
at Wallace ID

3.77 2.37 5.74 102 83.8 123 99.5 82.0 120

8 SFCDR at Elizabeth Park  
near Kellogg ID

11.5 6.27 19.5 144 156 164 136 114 162

9 SFCDR at Kellogg ID 11.8 5.69 21.7 154 132 178 140 114 171

10 SFCDR at Smelterville ID 18.7 9.92 32.1 261 230 295 287 213 378

11 SFCDR above Pine Creek 
near Pinehurst ID

13.3 7.34 22.2 254 227 283 249 221 278

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.120 0.060 0.215 9.69 6.80 13.4 6.47 4.44 9.13

13 SFCDR near Pinehurst ID 21.3 12.7 33.8 284 249 322 257 216 304

14 CDR near Cataldo ID 30.4 15.9 53.5 289 248 335 560 508 321

15 CDR near Harrison ID 264 145 445 479 402 567 631 477 819

16 St. Joe River at Ramsdell  
near St. Maries ID

0.760 0.492 1.12 10.1 5.32 17.6 9.27 5.08 15.6

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

8.81 5.61 13.2 282 247 320 271 245 298

18 Spokane River near  
Post Falls ID

7.88 5.94 10.3 271 239 306 248 227 271
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

Water years 2009–13 (mean)

Dissolved cadmium (ton/yr) Total cadmium (ton/yr) Dissolved lead (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 0.055 0.033 0.088 0.099 0.048 0.186 0.239 0.144 0.374

2 SFCDR above Deadman 
Gulch near Mullan ID

0.003 0.001 0.007 0.005 0.003 0.007 0.029 0.010 0.067

3 Canyon Creek above mouth  
at Wallace ID

0.393 0.321 0.477 0.391 0.315 0.481 0.573 0.495 0.659

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.055 0.035 0.083 0.061 0.034 0.108 0.100 0.081 0.123

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

0.180 0.132 0.228 0.182 0.127 0.253 0.444 0.375 0.522

6 Ninemile Creek above  
mouth at Wallace ID

0.183 0.157 0.213 0.184 0.153 0.218 0.314 0.280 0.351

7 SFCDR above Placer Creek  
at Wallace ID

0.675 0.552 0.820 0.727 0.614 0.857 0.785 0.603 1.01

8 SFCDR at Elizabeth Park  
near Kellogg ID

0.946 0.842 1.06 1.08 0.918 1.27 0.814 0.653 1.00

9 SFCDR at Kellogg ID 1.01 0.886 1.14 1.13 0.935 1.35 1.05 0.824 1.31

10 SFCDR at Smelterville ID 1.81 1.59 2.05 2.52 1.79 3.46 1.11 0.909 1.35

11 SFCDR above Pine Creek 
near Pinehurst ID

1.84 1.61 2.10 2.05 1.85 2.27 1.20 0.904 1.56

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.035 0.027 0.045 0.030 0.022 0.042 0.044 0.025 0.073

13 SFCDR near Pinehurst ID 1.82 1.61 2.04 2.07 1.70 2.50 1.35 1.09 1.66

14 CDR near Cataldo ID 1.95 1.69 2.23 2.47 1.98 3.06 2.32 1.67 3.14

15 CDR near Harrison ID 2.42 2.10 2.77 4.63 3.47 6.04 31.8 21.5 45.5

16 St. Joe River at Ramsdell  
near St. Maries ID

0.027 0.012 0.051 0.035 0.013 0.079 0.317 0.209 0.463

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

1.33 1.09 1.60 1.48 1.25 1.74 4.74 2.49 8.22

18 Spokane River near  
Post Falls ID

1.25 0.992 1.56 1.54 1.33 1.78 4.01 2.38 6.37
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Table 8. Annual loads of dissolved and total cadmium, lead, and zinc and 95-percent confidence intervals for streamflow-gaging and 
water-quality sampling sites in the Coeur d’Alene and Spokane River Basins, northern Idaho, water years 2009–13.—Continued

[Locations of sites are shown in figure 1. Abbreviations: ton/yr, ton per year; C.I., confidence interval; NFCDR, North Fork Coeur d’Alene River; SFCDR, 
South Fork Coeur d’Alene River; CDR, Coeur d’Alene River; EF, East Fork; ID, Idaho]

Site 
No.

Streamgage name

 Water years 2009–13 (mean)

Total lead (ton/yr) Dissolved zinc (ton/yr) Total zinc (ton/yr)

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

Estimated 
load 

Lower 
95-percent 

C.I.

Upper 
95-percent 

C.I. 

1 NFCDR at Enaville ID 4.69 2.40 8.48 9.70 7.09 13.0 15.9 10.8 22.6

2 SFCDR above Deadman 
Gulch near Mullan ID

0.266 0.071 0.716 0.615 0.422 0.868 0.898 0.608 1.29

3 Canyon Creek above mouth  
at Wallace ID

3.12 1.75 4.39 64.9 52.7 79.1 61.3 48.9 75.8

4 EF Ninemile Creek above 
Success Mine near 
Blackcloud ID

0.598 0.324 1.04 11.4 7.16 17.4 12.7 6.92 22.6

5 EF Ninemile Creek  
above mouth near 
Blackcloud ID

1.34 0.928 1.89 26.2 17.0 38.9 30.6 21.0 43.1

6 Ninemile Creek above  
mouth at Wallace ID

2.17 1.35 3.32 29.4 24.6 34.8 29.6 24.5 35.5

7 SFCDR above Placer Creek  
at Wallace ID

6.86 4.12 10.9 114 92.4 140 114 92.2 141

8 SFCDR at Elizabeth Park  
near Kellogg ID

21.4 11.3 37.8 149 133 167 156 133 183

9 SFCDR at Kellogg ID 20.3 9.70 38.5 160 140 182 167 139 199

10 SFCDR at Smelterville ID 33.6 17.1 60.9 253 226 282 310 237 398

11 SFCDR above Pine Creek 
near Pinehurst ID

26.2 14.6 44.0 268 242 296 271 244 300

12 Pine Creek below Amy Gulch 
near Pinehurst ID

0.556 0.258 1.09 10.5 8.00 13.7 8.92 6.65 11.8

13 SFCDR near Pinehurst ID 39.8 22.9 65.5 284 253 318 285 245 331

14 CDR near Cataldo ID 63.9 35.0 110 321 281 365 339 279 408

15 CDR near Harrison ID 397 215 674 457 389 533 686 528 877

16 St. Joe River at Ramsdell  
near St. Maries ID

1.39 0.864 2.13 10.9 5.84 18.6 12.1 6.55 20.7

17 Spokane River near Coeur 
d’Alene Lake Outlet at 
Coeur d’Alene ID

18.0 11.5 26.9 350 309 395 350 314 377

18 Spokane River near  
Post Falls ID

21.1 15.6 27.9 325 287 366 321 295 349
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