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1 Purpose, Background and Introduction

The Coeur d'Alene Lake Management Plan (LMP) is a collaborative effort among the Idaho
Department of Environmental Quality, the Coeur d’Alene Tribe, and the region’s many
governmental and stakeholder groups to protect water quality within Coeur d’Alene Lake (IDEQ
and Tribe, 2009). The United States Environmental Protection Agency (EPA) Manchester Lab
has provided technical support, approved annual Quality Assurance Project Plans (QAPPS), and
provided chemical analyses for water quality samples collected by IDEQ and the Tribe.

The Lake Management Plan goal is to “protect and improve lake water quality by limiting
basin-wide nutrient inputs that impair lake water quality conditions, which in turn influence
the solubility of mining-related metals contamination contained in lake sediments”.

This overall goal is to be achieved by attempting to maintain the lake in a low nutrient status,
which will lead to high levels of hypolimnetic (deep water) dissolved oxygen and low solubility
of lake-bed metals. The LMP established “trigger criteria” to compare the lake’s status relative to
water quality standards, historic data and the goal stated above. These trigger criteria include
metals levels, hypolimnetic dissolved oxygen, trophic parameters such as phosphorus and
chlorophyll a, and a suite of bioindicators that reflect changes in trophic status and may provide
more sensitive indicators. This report provides a summary update of the lake’s current status
relative to the quantitative triggers criteria established in the LMP.

This report is intended to provide the lake’s current status relative to long-term trends that have
been discussed in prior reports. This report answers three fundamental questions regarding the
water quality status of Coeur d’Alene Lake in relation to the LMP triggers. Those questions are;

1. How do the most recent trigger values from (2008-2014) compare with the values
from (1991-1992) and (2003-2007) data sets?

2. How does the most recent 11-year data set (2003-2014) compare with the (1991-
1992) data that was part of the basis for the LMP triggers?

3. Are the time-series trends from the (2003-2014) data set increasing, decreasing or not
changing?

This report summarizes results from statistical analyses of the quantitative LMP trigger variables
and is not a synthesis or conclusion of what these data may imply for future lake management
decisions. IDEQ and the Tribe are currently collaborating to produce a series of technical
synthesis reports with the goals of identifying the dynamics and mechanisms that may explain
the current lake conditions and trends described in this report.

1.1 Data Sources

This report is primarily based on analyses of LMP trigger variables from three time periods
(1991-1992, 2003-2006, and 2007-2014). Additional analyses that incorporate dissolved oxygen
data collected from 1996 — 2002 are also presented. Data from the 1991-1992 period was
collected by the USGS and reported by Woods and Beckwith (1997). Data from the 2003-2006
period was collected by the USGS and reported by Wood and Beckwith (2008). Dissolved
oxygen data from 1996-2002 for the northern lake were collected by IDEQ, with results
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generally summarized in draft addendums to the 1996 Coeur d’Alene Lake Management Plan
(IDEQ, 1996; IDEQ, 2002; IDEQ); 2004). Data collected from 2007-2014 was collected by IDEQ
and the Tribe and the early years of this data set were reported in annual reports;

1. Lake Status (CY 2007-08)— Tribe and IDEQ, 2010. Coeur d’Alene Lake Monitoring
Program 2007-2008 Report. Coeur d’Alene Tribe, Plummer, Idaho and Idaho
Department of Environmental Quality, Coeur d’Alene Idaho

2. Lake Status (CY 2009)— Tribe and IDEQ, 2012. Coeur d’Alene Lake Monitoring
Program 2009 Report. Coeur d’Alene Tribe, Plummer, Idaho and Idaho Department
of Environmental Quality, Coeur d’Alene Idaho.

3. Lake Status (CY 2010)— IDEQ, 2012. Coeur d’Alene Lake Monitoring Program
2010 Annual Report, Volume 1: State Waters. Idaho Dept. of Environmental Quality,
Coeur d’Alene Idaho

4. Lake Status (CY 2011)— IDEQ, 2013. Coeur d’Alene Lake Monitoring Program
2011 Annual Report, Volume 1: State Waters. Idaho Dept. of Environmental Quality,
Coeur d’Alene Idaho.

1.2 Water Quality Trigger Criteria

Section 3.1 of the LMP states:

There are several key water quality variables that need to be tracked in order to measure the long term
health of the lake. These include, but are not limited to: levels of zinc, lead, cadmium, phosphorus,
phytoplankton, and dissolved oxygen. The 2009 LMP establishes triggers for each of these variables and
others, to gauge lake health. An annual comprehensive monitoring program produces trend data that
provides an “early warning system” for deteriorating conditions. Ideally, this will allow corrective steps to
be taken before conditions deteriorate to the point they would be very difficult and expensive to reverse,
i.e., exceeding a trigger.

Trigger criteria values for dissolved oxygen and trophic state indicators (total phosphorus and
chlorophyll-a) are provided in Section 2 of this report. The dissolved oxygen trigger is generally
based on the State and Tribe water quality standards for dissolved oxygen levels in the
hypolimnion (summer bottom waters). The oxygen criteria support beneficial use by providing
suitable habitat for cold water salmonids. However, since Coeur d’Alene Lake also has metals
contamination issues that can be alleviated by maintaining high oxygen levels; the dissolved
oxygen trigger extends these values down to the sediment-water interface. This trigger condition
is specific to Coeur d’Alene Lake management and is distinct from Idaho water quality criteria.

Trigger criteria values for dissolved metals are based on water quality standards for surface
waters, as defined by the State of Idaho and the Coeur d’Alene Tribe. Note that, from a policy
and regulatory standpoint, the triggers criteria are treated differently than State and Tribe water
quality standards. State water quality criteria are used in the northern waters, generally north of
the City of Harrison. Tribe water quality criteria apply to Reservation waters, generally south of
the City of Harrison. The Tribe incorporates water hardness into water quality standards for
cadmium, lead, and zinc while the State only incorporates water hardness into standards for
cadmium. Consequently, Tribal water quality standards can be more stringent and vary with
water depth to a greater extent.
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1.3 Sampling Methods

Details of lake monitoring methods are provided in the Quality Assurance Project Plans that
accompany each of the Lake Monitoring Program reports enumerated previously, with key
information provided in the reports themselves. In general, a profile of the lake’s conditions is
gathered first using automated methods. These data include temperature, pH, chlorophyll-a
fluorescence, specific conductance, turbidity, and light transmittance as a function of depth.
These data are then used to establish the depth of the photic zone and the depth to bottom (lake
depth varies over time). Next, samples for chemical and biological analyses are collected for a
photic-zone composite (photic zone mean) and discrete samples at mid-depths and 1.0 m off the
bottom. These samples are preserved in the field and sent to EPA-certified laboratories for
analysis. All sample collection and analysis is conducted using rigorous data-quality procedures.

1.4 Monitoring Locations and Sampling Schedule

The Lake Management Program collects samples at the main-lake locations (Figure 1);

1. Site C1, southeast of Tubbs Hill— northern pool (pelagic zone, 40m deep)

2. Site C4, northeast of University Point— central pool (pelagic zone, 40m deep)
3. Site C5, southeast of Chippy Point— southern pool (pelagic zone, 18m deep)
4. Site C6, Chatcolet Lake— southern (shallow zone, 11m deep)

These sites were visited during the U.S. Geological Survey (USGS) studies conducted in CY
1991-92 and WY 2004-06. Water samples are collected 8 times per year at the main lake
stations. Samples are collected to coincide with major hydrologic and limnologic events,
generally in Feb/March, April, May, June, July, August, Sept./Oct., and Nov./Dec. All lake
stations are typically visited within the same week. The Feb/March sample is intended to capture
lake conditions after a rain-on-snow event and the Nov/Dec sample is intended to capture lake
conditions soon after lake turnover in late-fall/early winter. Additional details regarding the
location and frequency of lake sampling are provided in the 2009 LMP as well as in the annual
reports and quality assurance plans.

1.5 Analysis Methods and Report Format

The results for each LMP trigger variable are presented in table format that includes each of the
core LMP monitoring sites in the main lake (C1, C4, C5 and C6) and depths associated with the
LMP triggers as reported in the Coeur d'Alene Lake Management Plan (IDEQ and Tribe, 2009).
Analyses of data for the bays adjacent to the northern lake are not presented in this report. The
dataset for these monitoring locations is not as comprehensive and continuous as for the main
lake, and is consequently less informative. These data will be presented in future synthesis
reports.

This report presents three types of tables for each of the measured LMP trigger variables. Each
table presents one trigger variable at each Site and depth from SiteC1 (north) to C6 (south). The
first table presents the geomean and range of values for LMP trigger variables for each of the
three time periods described in section 1.1. The second table presents the results from a Mann-
Whitney-Wilcoxon statistical test that determines if the concentrations of LMP trigger variables
differ between the (1991-1992) and (2003-2014) time periods. This analysis was selected to
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assess if the concentrations of variables from the most recent continuous data set (2003-2014)
differ from concentrations from the early data set from (1991-1992). Dissolved metals were not
analyzed in the (1991-1992) time period so total metals concentrations were used for the Mann-
Whitney-Wilcoxon tests. The third type of results table presents results from a Mann- Kendall
statistical test that determines if a time-series trend (increasing, decreasing or none) exists for a
variable. A Theil-Sen regression line was also fit to these trends to estimate the approximate
magnitude of change. The Theil-Sen regression is a linear fit calculation that accounts for non-
parametric data where statistical calculations are based on the median rather than the average.
The Mann-Kendall trend test was run for LMP triggers criteria for the 2003 — 2014 dataset. This
allowed for an assessment of the most recent continuous data set and provides the most up to
date status of the trigger variables. For some criteria, additional trend analyses were run on a
larger, more sensitive dataset.

All statistical tests were run using the EPA water quality statistics software ProUCL 5.0 (Singh
and Maichle 2013, Singh and Singh 2013). All statistical tests were run at an alpha level of 0.05,
with the presence or absence of trends assessed at a 95% confidence level. Note that weaker
trends that may occur at lower confidence levels (e.g., 90% confidence, a= 0.10) are reported as
“no trend” here. The absence of a trend at the tighter standard of 95% confidence (o= 0.05) does
not mean that a trend does not exist. This absence simply means that a trend cannot be clearly
identified to a high degree of confidence, with the data that are currently available.

To reduce the size of this report, IDEQ and the Tribe will assess data quality in “stand alone”
data quality reports that cover data collected from 2011-2014 that were not part of the reports
listed above. IDEQ and the Tribe may also produce additional “stand alone” technical reports to
assess other aspects of lake water quality. This report is a summary of findings for key water
quality indicators whose trigger criteria are quantitative and can be statistically assessed.
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Figure 1. Map of sampling locations on Coeur d'Alene Lake. Large red dots are core monitoring

locations, small dots are bay sites, and medium orange dots are additional sampling locations
occasionally visited to gather additional data to support trend analysis.

10



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

2 Results

2.1 Total Phosphorus

Multi-year geometric mean (geomean) values for total phosphorus (TP) are presented in Table 1.
Geomean TP values increased at all sites and depths from 1991-1992 to 2003-2007. The
geomean also increased at C1 and C4 from 2003-2007 to 2008-2014, but decreased at sites C5
and C6 at all depths. The TP trigger condition has been exceeded at C5 and C6 since 2003. The
TP trigger condition at C1 and C4 was not exceeded as a geomean across all years for 2008 —
2014, but it has been exceeded for some individual years at both sites.

Results from the two-population Mann-Whitney-Wilcoxon comparison for TP in the 1991-1992
dataset with the 2003 — 2014 dataset are presented in Table 2. Total phosphorus concentration at
all sites and depths was significantly higher in 2003-2014 compared to the 1991-1992 period.
The magnitude of increase in TP concentration was relatively consistent across all sites.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 3.
The Mann-Kendall test identified a trend of increasing TP concentration at all depths at site C1
(northern pool). The Mann-Kendall test also identified an increasing trend for TP at site C4
(central pool) in the mid hypolimnion (30m), but not at any other depths. The Mann-Kendall test
identified a significantly decreasing trend for TP at site C5 at the near bottom. Site C6 did not
exhibit any TP trend at either sample depths.

Table 1. Status of the multi-year total phosphorus (TP) geometric mean trigger criteria at LMP core
monitoring sites in relation to LMP trigger values.

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (Annual geometric geometric geometric geometric
mean) mean (ug/L) mean (ug/L) mean (ug/L)
Cl1 1-30m TP =8 ug/L 2.7 4.7 6.2
C4  1-30m TP =8 ug/L 3.9 6.1 7.7
C5 Photic zone TP 28 ug/L 5.8 116 114
C5 Near Bottom TP 28 ug/L 5.5 15.3 12.9
C6 Photic zone TP 29 ug/L 9.0 194 17.6
C6 Near Bottom TP 29 pg/L 15.8 35.9 27.2

11
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Table 2. Mann-Whitney-Wilcoxon two sample test for total phosphorus (TP) concentration from
1991-1992 and 2003-2004 time periods (bold P-values are statistically significant at a=0.05).

Median value (ug/L) and

Site Depth Variable Sample size (n) P-Value  Conclusion
1991-1992 2003-2014

Cl  0-30m TP 3 (48) 5.6 (219) <0.0001  91-92 < 03-14
Cl  Near Bottom P 4 (25) 6 (76) <0.0001  91-92 < 03-14
C4  0-30m P 45 (52) 6.95 (223) <0.0001  91-92 < 03-14
C4  Near Bottom P 5.0 (26) 7.6 (81) 00001  91-92<03-14
C5  Photic Zone ™ 7.5 (23) 11 (85) <0.0001  91-92 < 03-14
C5 Near Bottom TP 7 (24) 13 (85) <0.0001 91-92 < 03-14
C6  Photic Zone P 8 (21) 17 (81) <0.0001  91-92 < 03-14
C6  Near Bottom P 13.5 (16) 23 (82) 0006  91-92<03-14

Table 3. Mann-Kendall trend analysis for total phosphorus (TP) from 2003-2014 at LMP core
monitoring sites (bold P-values are statistically significant at a=0.05).

Mann-Kendall Trend Test (2003—2014)

PE:?oed Site Depth Variable  sample size .. . Theil-Sen Trend
(n) slope
C1 Photic zone TP 79 0.025 0.13 Increasing
C1l 20 m depth TP 72 0.002 0.18 Increasing
C1l 30 m depth TP 61 0.001 0.27 Increasing
C1 Near bottom TP 75 0.018 0.17 Increasing
C4 Photic zone TP 81 0.30 0.02 None
20032014 C4 20 m depth TP 76 0.26 0.06 None
C4 30 m depth TP 61 0.013 0.37 Increasing
C4 Near bottom TP 81 0.16 0.12 None
C5 Photic zone TP 85 0.13 None
C5 Near bottom TP 85 0.016 Decreasing
C6 Photic zone TP 82 0.098 None
C6 Near bottom TP 82 0.092 None

a. Slope is in units of mg/L per year. Positive slope is an increase. Charts shown in appendix.

2.2 Chlorophyll a

Multi-year geometric mean (geomean) values for chlorophyll a are presented in Table 4. The
geomean for chlorophyll a steadily increased at all sites from 1991-1992 through 2003-2007 and
2008-2014. The annual geometric mean chlorophyll a trigger value was exceeded at site C6 in
2003-2007. Annual geomean chlorophyll a concentration at sites C1, C4 and C5 remained below
the trigger value of 3 ug/l both as a multi-year average and for individual years.

Maximum observed values for chlorophyll a, over the representative time periods, are presented
in Table 5. The maximum chlorophyll a concentration trigger value of 5 pug/L was exceeded at
sites C5 and C6 during the 2003-2007 time period, but not at sites C1 or C4. The maximum
chlorophyll a trigger was exceeded at all sites during the 2008-2014 period, with C6 exhibiting

12
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the highest maximum concentration (17.9 ug/l) of all sites. Note that this trigger was not
exceeded each year, but rather for one or more years during the respective time period.

Results from the two-population Mann-Whitney-Wilcoxon comparison of the 1991-1992 dataset
with the 2003 — 2014 dataset are presented in Table 6. Chlorophyll a concentration was
significantly higher at all sites in 2003-2014 compared to the 1991-1992 period. The magnitude
of increase in chlorophyll a concentration was similar at C1, C4 and C5 (2X higher than 1991-
1992). However, chlorophyll a concentration at site C6 increased over 3X from 1991-1992 at site
Cé.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 7.
The Mann-Kendall test identified a trend of increasing chlorophyll a trend at site C5.
Chlorophyll a also increased at sites C1, C4 and C6 through the 2003-2014 period. However,
these trends are only significant at a lower confidence level (90% confidence, a. = 0.10). The P-
values for the Mann-Kendall test are significant at the 90% confidence level, but not at the 95%
confidence level.

Table 4. Status of the multi-year geometric mean chlorophyll a (Fluorescence method) trigger
criteria at LMP core monitoring sites in relation to LMP trigger values.

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (Annual geometric geometric geometric geometric
mean), (ug/L) mean (ug/L)? mean (ug/L) mean (ug/L)
C1l Photic zone  Chlorophyll a >3 0.9 15 2.1
C4 Photic zone  Chlorophyll a >3 0.9 15 2.0
C5 Photic zone  Chlorophyll a >3 1.1 1.7 2.0
C6 Photic zone  Chlorophyll a >3 1.2 3.0 3.1

a. HPLC method values converted to fluorometric method results (Wood and Beckwith 2008).

Table 5. Status of maximum chlorophyll a (Fluorescence method) at LMP core monitoring sites in
relation to LMP trigger values.

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (Annual maximum maximum maximum
Maximum), (ug/L) (ng/L)* (Hg/L) (Hg/L)
C1 Photic zone  Chlorophyll a 25 1.7 3.3 8.4
C4 Photic zone  Chlorophyll a 25 1.8 3.1 5.3
C5 Photic zone  Chlorophyll a 25 2.2 5.3 6.7
C6 Photic zone  Chlorophyll a =5 3.1 17.9 13.2

1 HPLC method values converted to fluorometric method results (Wood and Beckwith 2008).

13



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Table 6. Mann-Whitney-Wilcoxon two sample test for chlorophyll a concentration from 1991-1992
and 2003-2004 time periods. (Bold P-values are statistically significant at a=0.05).

Median value (ug/L) and Sample size (n)

Site Depth Variable 1991-1992 2003-2014 P-Value Conclusion

Cl1  Photic zone Chlorophyll a 0.92 (24) 1.9 (84) <0.0001 91-92 < 03-14
C4  Photic zone Chlorophyll a 0.92 (26) 1.9 (84) <0.0001 91-92 < 03-14
C5  Photic zone Chlorophyll a 1.1 (24) 2.2 (80) 0.0002 91-92 < 03-14
C6  Photic zone Chlorophyll a 1.4 (22) 4.8 (79) <0.0001 91-92 < 03-14

Table 7. Mann-Kendall trend analysis for chlorophyll a (fluorescence method) from 2003-2014 at
LMP core monitoring sites. (Bold P-values are statistically significant at a= 0.05).

Time

Mann-Kendall Trend Test (2003 — 2014)

. Site Depth Variable il-
Period P Sample p-value  'neil-Sen Trend
Size (n) slope
C1 Photic zone Chlorophyll a 84 0.09 0.05 None
C4 Photic zone Chlorophyll a 84 0.06 0.04 None
2003-2014 . )
C5 Photic zone Chlorophyll a 80 0.03 Increasing
C6 Photic zone Chlorophyll a 79 0.08 None

a. Slope is in units of mg/L per year. Positive slope is an increase. Charts shown in Appendix.

2.3 Dissolved Oxygen

Minimum observed values for hypolimnetic dissolved oxygen (D.O.), over the representative
time periods, are presented in Table 8. The trigger values for minimum dissolved oxygen (D.O.)
concentration in the hypolimnion is >6 mg/L for IDEQ and >8 mg/L for the Tribe. Through all
three time periods the southern sites C5 and C6 have never met the Tribe’s trigger criteria of >8
mg/L. Site C6 exhibited hypolimnetic anoxia (devoid of oxygen) every year it was sampled
through the three time periods. Site C5 has exhibited hypoxic (low oxygen) conditions every
year it was sampled through the three time periods. In the 1991-1992 period D.O. was >6 mg/L
at site C1 and C4. However, in the 2003-2007 period minimum D.O. dropped below 6 at site C4,
and also dropped below 6 mg/L at sites C1 and C4 in the 2008-2014 period. Note that D.O. did
not drop below 6 mg/L each year at sites C1 and C4, but rather for one or more years during this
time period.

Results from the two-population Mann-Whitney-Wilcoxon comparison of the 1991-1992 dataset
with the 2003 — 2014 dataset are presented in Table 9. Multi-year median near bottom
hypolimnetic D.O. concentrations during the thermally-stratified summer period (July-
September) appear to be lower during the 2003-2014 time period than in 1991-1992 at sites C1
and C4. However, this difference is not significant to within 95% confidence, and therefore no
change can be detected at this level of confidence. No change in median values is apparent at
sites C5 and C6.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 10.
The Mann-Kendall trend test for the period of 2003-2014 identified a decreasing trend in near
bottom hypolimnetic D.O., measured during thermally-stratified summer period (July-
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September) at sites C1 and C6. No trend was identified at sites C4 or C5 during this time period.
However, if a larger dataset that evaluates DO trends over the period of 1991 — 2014 and
includes data from stratified conditions in October is considered (Table 11), then there is a
statistically significant trend of decreasing near bottom hypolimnetic D.O. at both sites C1 and
C4 - over this longer time frame.

Table 8. Status of minimum dissolved oxygen (DO) in the hypolimnion trigger criteria at LMP core
monitoring sites in relation to LMP trigger values.

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (minimum, minimum minimum minimum
mg/L) (mg/L) (mg/L) (mgl/L)
C1 Hypolimnion DO >6 6.4 6.4 55
C4 Hypolimnion DO >6 6.4 5.9 5.8
C5 Hypolimnion DO >8 2.8 2.5 3.0
C6 Hypolimnion DO >8 0.0 0.2 0.0

Table 9. Mann-Whitney-Wilcoxon two sample test for summer-season hypolimnetic dissolved
oxygen (DO) concentration (July-September) from 1991-1992 and 2003-2014 time periods. (Bold P-
values are statistically significant at a level 0.05).

Median value (mg/L) and

Site Depth Variable Sample size (n) P-Value Conclusion
1991-1992 2003-2014

Cl  Near bottom DO 8.3 (8) 7.8 (25) 0.16 91-92 = 03-14

C4  Near bottom DO 8.5 (8) 8.0 (22) 0.11 91-92 = 03-14

C5  Near bottom DO 5.4 (10) 6.0 (53) 0.48 91-92 = 03-14

C6  Near bottom DO 1.7 (8) 1.4 (40) 0.61 91-92 = 03-14

Table 10. Mann-Kendall trend analysis beginning for hypolimnetic dissolved oxygen (DO) from
2003-2014 within 1.0 m of the bottom (June-September), at LMP core monitoring sites. (Bold P-
values are statistically significant at a level 0.05).

) Mann-Kendall Trend Test (2003—2014)
Time

. Site Depth Variable Sampl Theil-S
Period ple R eil-Sen
Size (n) P-Value slope @ Trend
C1 Near bottom DO 50 0.04 -0.08 Decreasing
C4 Near bottom DO 44 0.19 -0.04 None
2003-2014
C5 Near bottom DO 53 0.29 None
C6 Near bottom DO 48 0.007 Decreasing

a. Slope is in units of mg/L per year. Negative slope is a decrease. Charts shown in Appendix.
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Table 11. Mann-Kendall trend analysis beginning for hypolimnetic dissolved oxygen (DO) from
1991-2014 within 1.0 m of the bottom (July-October), at sites C1 and C4 in the northern and central
pools. (Bold P-values are statistically significant at a level 0.05).

Mann-Kendall Trend Test (1991 — 2014)

Time . .
. Site Depth Variable il-
Period P Sample Pvalue  Tneil-Sen Trend
Size (n) slope
C1 Near bottom DO 79 0.017 -0.04 Decreasing
1991-2014 .
C4 Near bottom DO 77 0.024 -0.03 Decreasing

a. Slope is in units of mg/L per year. Negative slope is a decrease. Charts shown in Appendix.

2.4 Zinc

Multi-year geometric mean (geomean) values for dissolved zinc are presented in Table 12. The
trigger values for dissolved zinc are the values associated with Idaho State water quality
standards (IDAPA 58.01.02) and Coeur d’Alene Tribe water quality standards (Coeur d’Alene
Tribe 2010). Dissolved zinc was not analyzed in the 1991-1992 period (Woods and Beckwith
1997), and not data are available for that time period. During the 2003-2007 and 2008-2014
periods dissolved zinc consistently exceeded the trigger value at all sites and depths, except for
site C6.

Results from the two-population Mann-Whitney-Wilcoxon comparison for total zinc in the 1991-
1992 dataset with the 2003 — 2014 dataset are presented in Table 13. Total zinc is not an LMP
trigger. However, assessing changes in total zinc concentrations from the 1991-1992 baseline
data helps assess the status of water quality in the lake. Excluding site C6, total zinc
concentration at all sites and depths is significantly lower in the 2003-2014 time period than it
was in the 1991-1992 time period. The magnitude of decrease in total zinc was relatively
consistent across all sites.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 14.
The Mann-Kendall trend test for identified a significant decreasing trend in dissolved zinc
concentration at all depths at sites C1 and C4 . Site C5 exhibited no trend in dissolved zinc .

Table 12. Status of dissolved zinc (Zn) at LMP core monitoring sites in relation to LMP trigger
values for dissolved zinc (values are geometric mean and range for each time period).

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (WQ standard), geometric geometric geometric
(ng/L) mean (ug/L)b mean (ug/L) mean (ug/L)
Cc1 All Depths® Dissolved Zn >36° — 61 (33-91) 56 (34-81)
C4 All Depths Dissolved Zn 236 — 68 (36-95) 60 (34 -97)
C5 Photic zone Dissolved Zn >23-38° — 19 (1.4-60) 16 (<5-52.5)
C5 Near Bottom  Dissolved Zn 226-37 — 33(1.2-80) 35 (<5-84.5)
C6 Photic zone Dissolved Zn >23-38 — N/A® N/A
C6 Near Bottom  Dissolved Zn 223-38 — N/A N/A

a All depths includes; photic zone, 20m, 30m and near bottom.

b Dissolved lead was not measured in 1991-1992.

¢ ldaho WQ Standard criterion continuous concentration (CCC) using a lower hardness cap of 25 mg/L.

d CDA Tribe WQ Standard criterion continuous concentration (CCC) using hardness adjusted equations.
e From 2003-2014, 73% and 80% of samples from the photic zone and near bottom had concentrations of zinc

< MRL.
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Table 13. Mann-Whitney-Wilcoxon two sample test for total zinc (Zn) concentration from 1991-1992
and 2003-2004 time periods (bold P-values are statistically significant at a=0.05).

Median value (ug/L) and Sample size (n)

Site Depth Variable P-Value Conclusion
1991-1992 2003-2014

Cl1 Al depths® Total Zn 100 (26) 61 (295) <0.0001 91-92>03-14
C4  All depths® Total Zn 120 (26) 67 (316) <0.0001 91-92>03-14
C5 Photic zone  Total Zn 60 (12) 33.3(62) 0.05 91-92 > 03-14
C5 Near bottom Total Zn 90 (11) 50 (62) 0.05 91-92 > 03-14
C6 Photic zone Total Zn N/A2 N/A2 N/A N/A

C6 Near bottom Total Zn N/A N/A N/A N/A

a’ All depths includes; photic zone, 20m, 30m and near bottom.
b From 1991-1992 and 2003-2014, 73% and 80% of samples from the photic zone and near bottom had
concentrations of zinc <MRL.

Table 14. Mann-Kendall trend analysis from 2003 through 2014 for dissolved zinc (Zn) at LMP core
monitoring sites (bold P-values are statistically significant at a=0.05).

Mann-Kendall Trend Test (2003—2014)

Time Period  Site Depth Variable gampm P-Value TheiI-Sean Trend
ize (n) slope
C1 Photic zone Dissolved Zn 82 0.013 -0.61 Decreasing
C1 20 m depth Dissolved Zn 62 <0.001 -1.4 Decreasing
C1 30 m depth Dissolved Zn 65 <0.001 -1.3 Decreasing
C1 Near bottom Dissolved Zn 78 0.003 -0.96 Decreasing
C4 Photic zone Dissolved Zn 81 0.025 -0.75 Decreasing
£003-2014 C4 20 m depth Dissolved Zn 78 <0.001 -1.4 Decreasing
C4 30 m depth Dissolved Zn 65 0.001 -1.4 Decreasing
C4 Near bottom Dissolved Zn 81 <0.001 -1.6 Decreasing
C5 Photic zone Dissolved Zn 83 0.40 None
C5 Near bottom Dissolved Zn 84 0.38 None
C6 Photic zone Dissolved Zn 88 N/A® N/A
C6 Near bottom Dissolved Zn 88 N/A N/A

a. Slope is in units of ug/L per year. Negative slope is a decrease. Charts shown in Appendix.
b Dissolved zinc concentrations were less than the minimum reporting limit 73 % of the time.

2.5 Lead

Multi-year geometric mean (geomean) values for dissolved lead are presented in Table 15. The
trigger values for dissolved lead are the values associated with Idaho State water quality
standards (IDAPA 58.01.02) and Coeur d’Alene Tribe water quality standards (Coeur d’Alene
Tribe 2010). Dissolved lead was not analyzed in the 1991-1992 period (Woods and Beckwith
1997). During the 2003-2007 and 2008-2014 periods the multi-year geomean concentration did
not exceed the dissolved lead trigger. However, maximum observed values consistently
exceeded the trigger value at all sites and depths, except for site C6.

Results from the two-population Mann-Whitney-Wilcoxon comparison for Total zinc in the
1991-1992 dataset with the 2003 — 2014 dataset are presented in Table 16. Total lead is not an
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LMP trigger. However, assessing changes in total lead concentrations from the 1991-1992
baseline data helps assess the status water quality in the lake. Multi-year median values for total
lead were higher in 1991-1992 time period than in the 2003 — 2014 period. However, this
difference is only significant to within 95% confidence at sites C1, C5, and C6. The decrease is
not significant to within 95% confidence at site C4.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 17.
The Mann-Kendall trend test identified a significant trend of increasing dissolved lead at 3
depths at site C1 in the northern pool (20m, 30m and near bottom). No significant trend was
observed in the photic zone. At site C4 in the central pool, a significant trend of increasing
dissolved lead was observed at the 30 m depth interval, but not at the other 3 depths (photic zone,
20 m, near bottom). Site C5 exhibited no trend in dissolved lead.

Table 15. Status of dissolved lead (Pb) at LMP core monitoring sites in relation to LMP trigger
values for dissolved lead (values are geometric mean and range for each time period).

LMP Trigger 1991-1992 2003-2007 2008-2014

Site Depth Variable (WQ standard), geometric geometric mean geometric mean
(Hg/L) mean (ug/L)” (Hg/L) (Hg/L)

Cl1  AllDepths®  Dissolved Pb  >0.54° -- 0.11 (0.04-0.90) 0.18 (0.05-4.5)
C4  All Depths Dissolved Pb  >0.54 - 0.24 (0.04 -2.8) 0.36 (0.05-5.9)
C5 Photic zone Dissolved Pb ~ >0.30-0.57¢ - 0.14 (0.04-0.65) 0.15 (<0.1-0.87)
C5 Near Bottom Dissolved Pb  >0.34-0.58 - 0.16 (0.04-0.95) 0.20 (<0.1-1.1)
C6 Photic zone Dissolved Pb  >0.30-0.57 - N/A® N/A
Cc6 Near Bottom Dissolved Pb  >0.30-0.57 -- N/A N/A

a. All depths includes; photic zone, 20m, 30m and near bottom.

b. Dissolved lead was not measured in 1991-1992.

¢. Idaho WQ Standard criterion continuous concentration (CCC) using a lower hardness cap of 25 mg/L.

d. CDA Tribe WQ Standard criterion continuous concentration (CCC) using hardness adjusted equations.

e. From 2003 through 2014, 92% and 95% of all samples from the photic zone and near bottom had concentrations of lead less
than the minimum reporting limit.

Table 16. Mann-Whitney-Wilcoxon two sample test for total lead (PB) concentration from 1991-
1992 and 2003-2004 time periods (bold P-values are statistically significant at a=0.05).

Median value (ug/L) and Sample size (n)

Site Depth Variable P-Value Conclusion
1991-1992 2003-2014

C1 All Depths® Total Pb 4.0 (26) 0.7 (295) 0.0001 91-92>03-14
C4 All Depths® Total Pb 3.5 (26) 2.0 (316) 0.12 91-92 = 03-14
C5 Photic Zone Total Pb 3.5(12) 0.95 (62) 0.04 91-92 > 03-14
C5 Near Bottom Total Pb 5.0 (11) 1.85 (62) 0.05 91-92 > 03-14
C6  Photic Zone Total Pb N/A® N/A° N/A N/A

C6  Near Bottom Total Pb N/A° N/A° N/A N/A

a. All depths includes; photic zone, 20m, 30m and near bottom.
b. From 1991-1992 and 2003-2014, 73% and 80% of samples from the photic zone and near bottom had
concentrations of lead <MRL.
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Table 17. Mann-Kendall trend analysis from 2003 through 2014 for dissolved lead at LMP core
monitoring sites (bold P-values are statistically significant at a=0.05).

Time

Mann-Kendall Trend Test (2003—-2014)

Period Site Depth Variable ngple P-Value TheiI-S%‘n Trend
Size (n) slope

C1 Photic zone Dissolved Pb 85 0.30 0.000 None
C1 20 m depth Dissolved Pb 62 0.001 0.017 Increasing
C1 30 m depth Dissolved Pb 66 0.014 0.015 Increasing
C1 Near bottom Dissolved Pb 78 0.044 0.011 Increasing
C4 Photic zone Dissolved Pb 81 0.26 0.0025 None

20032014 C4 20 m depth Dissolved Pb 79 0.33 0.000 None
C4 30 m depth Dissolved Pb 66 0.044 0.022 Increasing
Cc4 Near bottom Dissolved Pb 81 0.50 0.000 None
C5 Photic zone Dissolved Pb 83 0.26 None
C5 Near bottom Dissolved Pb 84 0.16 None
c6 Photic zone Dissolved Pb 88 N/A? N/A
C6 Near bottom Dissolved Pb 88 N/A N/A

a. Slope is in units of pg/L per year. Positive slope is an increase. Charts shown in Appendix.
b. Dissolved lead concentrations were less than the minimum reporting limit 91% of the time.

2.6 Cadmium

Multi-year geometric mean (geomean) values for dissolved cadmium are presented in Table 18.
The trigger values for dissolved cadmium are the values associated with ldaho State water
quality standards (IDAPA 58.01.02) and Coeur d’Alene Tribe water quality standards (Coeur
d’Alene Tribe 2010). Dissolved cadmium was not analyzed in the 1991-1992 period (Woods and
Beckwith 1997). Dissolved cadmium levels vary with water hardness, and hardness varies
seasonally and inter-annually. Analyses of dissolved cadmium trends need to account for this
variability. During the 2003-2007 and 2008-2014 periods the multi-year geomean fell within the
range of the trigger at sites C1 and C4, but not at site C5. However, maximum observed values
for these time periods consistently exceeded the trigger value at all sites and depths, except for
site C6.

In the 1991-1992 period the detection limit for total cadmium was above lake concentrations.
Therefore, total cadmium concentrations from 1991 — 1992 cannot be directly compared with
measurements from the 2003-2007 and 2008-2014 time periods.

Results from the Mann-Kendall trend test for the 2003 — 2014 dataset are presented in Table 19.
The Mann-Kendall trend test identified a significant trend of decreasing dissolved cadmium at
the near bottom depth at site C4, but not at the other depths. No trends for dissolved cadmium
were found at site C1, for any depths. An increasing trend for dissolved cadmium was identified
for the photic zone of site C5.
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Table 18. Status of dissolved cadmium (Cd) at LMP core monitoring sites in relation to LMP trigger
values for dissolved cadmium (values are geometric mean and range for each time period).

LMP Trigger 1991-1992 2003-2007 2008-2014
Site Depth Variable (Annual geometric geometric geometric mean geometric mean
mean), (g/L) mean (ug/L)" (ug/L) (Hg/L)
Cl1 Al Depths® Dissolved Cd >0.22-0.25° — 0.23(0.15-0.34)  0.22 (0.16 -0.37)
C4  All Depths Dissolved Cd >0.22-0.25 — 0.25(0.16 -0.43)  0.25(0.11-0.41)
C5 Photic zone  Dissolved Cd >0.19-0.26° — 0.07 (0.02-0.16)  0.09 (<0.1 -0.24)
C5 Near Bottom Dissolved Cd >0.20-0.26 — 0.12 (0.02-0.29) 0.13 (<0.1-0.38)
Cc6 Photic zone  Dissolved Cd >0.19-0.26 — N/AY N/A
Cc6 Near Bottom Dissolved Cd >0.19-0.26 — N/A N/A

a. All depths includes; photic zone, 20m, 30m and near bottom.
b. Dissolved cadmium was not measured in 1991-1992.
c. ldaho WQ Standard CDA Tribe WQ Standard criterion continuous concentration (CCC) using hardness adjusted
equations.
d. From 2003 through 2014, 97% of all samples from the photic zone and near bottom had concentrations < MRL.

Table 19. Mann-Kendall trend analysis from 2003 through 2014 for dissolved cadmium (Cd) at LMP
core monitoring sites (bold P-values are statistically significant at a=0.05).

Mann-Kendall Trend Test (2003—2014)

Time Period  Site Depth Variable Sample Theil-Sen
. P-Value a Trend
Size (n) slope

C1 Photic zone Dissolved Cd 81 0.11 0.000 None

C1 20 m depth Dissolved Cd 62 0.22 0.000 None

C1 30 m depth Dissolved Cd 66 0.24 0.000 None

C1 Near bottom Dissolved Cd 78 0.49 0.000 None

C4 Photic zone Dissolved Cd 81 0.35 0.000 None

C4 20 m depth Dissolved Cd 79 0.18 -0.0012 None
2003-2014 )

C4 30 m depth Dissolved Cd 66 0.11 -0.0016 None

C4 Near bottom Dissolved Cd 81 0.021 -0.0025 Decreasing

C5 Photic zone Dissolved Cd 83 0.006 Increasing

C5 Near bottom Dissolved Cd 84 0.17 None

C6  Photic zone Dissolved Cd 88 N/A 2 N/A

C6 Near bottom Dissolved Cd 88 N/A N/A

a. Slope is in units of pg/L per year. Negative slope is a decrease. Charts shown in Appendix.

b. Dissolved cadmium concentrations were less than the minimum reporting limit 97% of the time.

3 Summary of Lake Status

Coeur d’Alene Lake has changed since the 1991 — 1992 time period. Some of those changes
reflect improvements in water quality. Others reflect the emergence of new management
challenges. Overall, the lake’s water quality with respect to metals has begun to improve. Total
zinc levels have declined since the 1990’s and total lead levels have also declined at some
locations. Dissolved zinc levels continue to decline. However, different trends are observed for
the lake’s trophic state indicators; chlorophyll a, oxygen, and phosphorus. Dissolved oxygen
levels during the summer stratified season have slowly declined from their 1990’s levels in the
northern lake, while chlorophyll a and phosphorus levels have increased. The southern regions of
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the lake remain in a higher productivity state. The northern lake’s trophic indicators appear to be
trending away from the preferred oligotrophic state, though additional data and analysis is
needed to more completely quantify these emerging trends and assess their potential impacts.
Results from the different statistical analyses are summarized below.

3.1 Dissolved Metals

Dissolved metals (zinc, lead and cadmium) in the 2008-2014 period have regularly exceeded
trigger criteria based on the lIdaho and Tribe water quality standards. Dissolved zinc has
consistently exceeded these water quality targets. The Mann-Whitney-Wilcoxon test indicates
that total zinc is significantly lower in the 2003-2014 period than in the 1991 -1992 period at all
sites and depths. Mann Kendall trend analysis of the most recent 2003-2014 continuous data set
reveal a statistically significant trend of decreasing zinc at all sites and depths in the northern and
central pools (sites C1, C4). No corresponding trend is seen in the southern lake (sites C5, C6).

For lead, the Mann-Whitney-Wilcoxon test indicates that total lead is significantly lower in the
2003-2014 period than in the 1991 -1992 period at sites C1 and C5. No statistically significant
difference can be identified at site C4. Mann Kendall trend analysis of the most recent 2003-
2014 continuous dataset reveal a statistically significant trend of increasing lead at some depths
in the northern and central pools (20 m, 30, near bottom at C1; 30 m at C4). Other sampling
depths do not show a trend. No corresponding trend is seen in the southern lake (sites C5, C6).

For cadmium, no meaningful comparison can be made between the 1991-1992 dataset and that
for 2003-2014. Mann Kendall trend analysis of the most recent 2003-2014 continuous dataset
reveal a trend of decreasing dissolved cadmium at the near bottom of site C4 (central pool) and
increasing cadmium in the photic zone of site C5 (southern lake). Other locations and sampling
depths do not show a trend that is statistically significant at the 95% confidence level.

3.2 Dissolved Oxygen

Dissolved oxygen has consistently dropped below trigger criteria in the southern lake, but has
only intermittently dropped below trigger criteria in the northern lake. During the 2008-2014
period, near bottom minimum dissolved oxygen concentrations were substantially lower than
LMP trigger values at sites C5 and C6. At the near bottom site C6 consistently became anoxic
(zero dissolved oxygen) and site C5 was consistently hypoxic (3 mg/L). Near bottom minimum
dissolved oxygen concentrations at sites C1 and C4 in the 2008-2014 period were at or slightly
below the LMP trigger value of 6 mg/L. The Mann-Whitney-Wilcoxon test indicates that the
multi-year median value for near bottom dissolved oxygen measured during thermally stratified
periods in July through September is not significantly different between the 1991-1992 time
period and the 2003-2014 time period for any sites, at the 95% confidence level.

In contrast, Mann Kendall trend analysis of the most recent 2003-2014 continuous dataset
reveals a statistically significant trend of decreasing near bottom dissolved oxygen at sites C1
and C6. No trend can be discerned for sites C4 and C5 over this time period, at the 95%
confidence level. However, analyses of a larger 1991 — 2014 dataset for near bottom dissolved
oxygen measured during the July — October thermally stratified time period reveal a statistically
significant trend of decreasing dissolved oxygen at sites C1 and C4.
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3.3 Total Phosphorus and Chlorophyll a

Total phosphorus in the 2008-2014 time period has consistently exceeded trigger criteria (8 pg/L
annual geomean) in the southern lake and intermittently exceeded criteria in the northern lake.
Results from the Mann-Whitney-Wilcoxon test indicate that total phosphorus in the 2003-2014
period is significantly higher than in the 1991-1992 period, for all monitoring locations. Mann
Kendall trend analysis of the most recent continuous dataset reveals a statistically significant
trend of increasing total phosphorus at all depths at site C1 (northern pool). Site C4 (central pool)
has experienced a statistically significant trend of increasing total phosphorus at the 30m
(hypolimnion) depth, but no trends at other depths. Site C5 (southern lake) has experienced a
statistically significant decreasing trend for total phosphorus at the near bottom depth.

Maximum chlorophyll a has exceeded the trigger criteria of 5 pg/L for one or more years at all
sampling locations. Sites C1, C4, and C5 have not exceeded the annual geomean criteria of 3
Mg/L. Results from the Mann-Whitney Wilcoxon test indicate that chlorophyll a in the 2003-
2014 period is significantly higher than in the 1991-1992 period, for all monitoring locations.
Mann Kendall trend analysis of the most recent continuous dataset reveals a statistically
significant trend of increasing chlorophyll a at site C5. Similar trends are observed at sites C1,
C4, and C6; but these trends are only statistically significant at a lower degree of confidence
(90% confidence, a= 0.10).
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Appendix A. Mann Kendall Trend Analyses for Total Phosphorus

Site C1, Tubbs Hill, Photic Zone

Mann-Kendall Trend Test (Total Phosphorus, C1, Photic Zone) Mann-Kendall Trend Analysis
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Site C1, Tubbs Hill, 20 m depth

Mann-Kendall Trend Test (Total Phosphorus, C1, 20 m depth) el sty
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Site C1, Tubbs Hill, 30 m depth

Mann-Kendall Trend Test (Total Phosphorus, C1, 30 m) Mann-Kendall Trend Analysis
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Calendar Year
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Site C1, Tubbs Hill, Near Bottom

Total Phosphorus {(micro-g / L)

Mann-Kendall Trend Test (Total Phosphorus, C1, Near Bottom)

20

(2]

e

™2

(=]

2011

2003 2004 2005 2006 2007 2008 2008 2010 2012 2013 2014 2015

Calendar Year

Mann-Kendall Trend Analysis

n 75
Confidence Coefficient 0.9500
Level of Significance 0.0500
Standard Deviation of 5 217 4572
Standardized Value of 3 2.0967
Test Value (5) 458
App. Critical Yalue (0.05) 1.64449
Approximate pvalue 0.0180
OLS Regreszion Line (Blue)
OLS Regresgion Slope 0.2255
OLS Regression Intercept 4467492
Theil-Sen Trend Line (Red)
Theil-Sen Slope 0. 1664
Theil-Sen Intercept -328.4758

Statiztically significant evidence
of an increasing trend at the

specified level of significance.
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Site C4, University Point, Photic Zone

Mann-Kendall Trend Test (C4, Photic Zone, Total Phosphorus) Mann-Kendall Trend Analysis
0 n 81
Confidence Coefficient 0.9500
Level of Significance 0.0500
5 Standard Deviation of S 2447747
P Standardized Yalue of S 0.5352
4 Test¥alue (S) 132
30 Appx. Critical Value (0.05) 1.6449
Approximate p-value 0.2863

[xu]
a

OLS Regression Line {Blue)
OLS Regression Slope 02113
OLS Regression Intercept  -416.0781

20
Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0163
15 Theil-Sen Intercept -26.7682

Insufficient statistical evidence

Total Phosphorus (micro-g / L)

10 of a significant trend at the
specified level of significance.
: TERNY
0

2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015
Calendar Year
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Site C4, University Point, 20 m depth

T
Mann-Kendall Trend Test {(C4, 20 m, Total Phosphorus) Mann-Kendall Trend Analysis
40 n 76
Confidence Coefficient 0.9500
Level of Significance 0.0500
Standard Deviation of 5 2225414
35 Standardized Value of 5 06516
TestValue (S) 146
Appx Critical Value (0.05) 1.6449
Approximate p-value 0.2573
30
-~ 0L8 Regression Line (Blue)
= OLS Regression Slope 0.2182
—
QLS Regression Intercept 429.6341
P
o2 : _
o Theil-Sen Trend Line (Red)
= Theil-Sen Slope 0.0564
; Theil-Sen Intercept -108.4367
L
=
‘6 20 Insufficient statistical evidence
'E- of a significant trend at the
g 4 specified level of significance.
L
o 15
- [
ot
Q
[
10
5
i]
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 20140
Calendar Year
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Site C4, University Point, 30 m depth

Mann-Kendall Trend Test (C4, 30 m, Total Phosphorus) Mann-Kendall Trend Analysis
40 f 61
Confidence Coefficient 0.9500
Level of Significance 0.0500
Standard Deviation of & 1604037
35 Standardized Value of 5 22266
TestWalue (5) 358
Appx. Critical Yalue (0.05)  1.6448
Approximate p-value 0.0130

30
0OLS Regreszion Line (Blue)

OLS Regression Slope 04730
OLS Regression Intercept-941 9475

25
Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.3659
Theil-Sen Intercept -728.5974

20

Statistically significant evidence
of an increasing trend at the

specified level of significance.

Total Phosphorus (micro-g /L)

0
2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C4, University Point, Near Bottom

Mann-Kendall Trend Test (C4, Near Bottom, Total Phosphorus) Mann-Kendall Trend Analysis

50 n 81
) Confidence Coefficient 0.9500

Level of Significance 0.0500

45 Standard Deviation of 5 244.9150
Standardized Yalue of S 0.9758

Test Walue (5) 240

Appx. Critical Walue (0.05)  1.6449

40 Approximate pvalue 0.1646

OLS Regression Line (Blue)
35 QLS Rearession Slope 0.3061
OLS Regression Intercept-606.0033

30 Theil-Sen Trend Line (Red)
Theil-Sen Slope 01182
Theil-Sen Intercept -232.3324
25

Inzufficient statistical evidence
of a significant trend atthe

zpecified level of significance.

20

Total Phosphorus (micro-g / L)

2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015
Calendar Year
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Site C5, Chippy/Blue Point, Photic Zone

Mann-Kendall Trend Test (C5, Photic Zone, Total Phosphorus) Mann-Kendall Trend Analysis
70 n a5
Confidence Coefficient 0.9500
4 Lewvel af Sighificance 0.0500
Standard Deviation of 5 263.0311
Standardized Yalue of 5 -1.1063
o Test Value (5] 292
Appx. Critical Walue [0.05] -1.6449
Appraximate p-walue 0.1343
50 OLS RegressionLine [Blue]
0OLS Regression Slope -0.1094
- OLS Regression Intercept 233.2428
o
= Theil-Sen TrendLine (Red)
B TheilSen Slope 01730
s Theil-Sen Intercept 358.6959
=
o
g Inzufficient statistical evidence
i an of a significant trend at the
o specified level of significance.
©
[t
20
10
1]
2003 2004 2005 20086 2007 2008 2009 2010 201 2012 2m3 2014 M5

Calendar Year
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Site C5, Chippy/Blue Point, Near Bottom

T
Mann-Kendall Trend Test (C5, Near Bottom, Total Phosphorus) Mann-Kendall Trend Analysis
70 n a5
Confidence Coefficient 0.9500
Lewvel af Sighificance 0.0500
P Standard Deviation of 5 262.8903
Standardized Yalue of 5 -2.1432
Ll TestValue (5] BEE
Appx. Critical Walue [0.05] -1.6449
Appraximate p-walue 0.0158
e OLS RegressionLine [Blue]
0OLS Regression Slope 03917
e OLS Regression Intercept 8027308
=
=] . -
= Theil-5en Trend Line [Red]
g 40 Theil-Sen Slope -0.3868
‘6 ! Theil-Sen Intercept 7904462
L
o
g Statistically significant evidence
E - of a decreasing trend at the:
= specified level of significance.
i}
=]
[
20
' 1
10
a
2002 2004 2005 2008 2007 2002 2009 2ma 20m 2ma2 2mz2 2014 N
Calendar Year
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Site C6, Chatcolet Lake, Photic Zone

Mann-Kendall Trend Test (C6, Photic Zone, Total Phosphorus) Mann-Kendall Trend Analysis
an n &
Confidence Coefficient 0.9500
Lewvel af Sighificance 0.0500
b Standard Deviation of 5 244 2455
0 Standardized Yalue of 5 -1.2947
Test Walue (5] -8
Appx. Critical Walue [0.05] -1.6449
Approdimate p-valus 0.0977
50
OLS RegressionLine [Blue]
. 0OLS Regression Slope -0.2718
" OLS Regression Intercept BE7.0379
=l 4
550
= Theil-Sen TrendLine (Red)
H TheilSen Slape -0.3571
s Theil-Sen Intercept 794.9107
=
o 40
g Inzufficient statistical evidence
i of a significant trend at the
o specified level of significance.
% 30
~ L
L
1 n
20
10
L
L
0
2003 2004 2005 2006 2007 2008 2003 200 2011 2012 2m3 2014 M5
Calendar Year
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Site C6, Chatcolet Lake, Near Bottom

T
Mann-Kendall Trend Test (C6, Near Bottom, Total Phosphorus) Mann-Kendall Trend Analysis
500 n 82
1 Confidence Coefficient 0.9500
Level of Significance: 0.0500
450 Standard Deviation of 5 2433344
Standardized Value of 5 -1.3235
Test Value (5] Peic] |
Apps. Crtical Y alue [0.05) -1.6449
400 Approzimate p-value 0.0928
F OLS Regression Line [Blue)

350 OLS Regression Slops 00334
il OLS Regression Intercept 116.3585
=

o]
= 300 Theil-Sen Trend Line [Red)
H Thei-Sen Slope 05453
B b Theil-Sen Intercept 1.118.5375
5 250
g Inzufficient statistical evidence
i of a significant trend at the
E 200 specified level of significance.
o
-
L
150 |
100 *
" yr\. 1 A
St A A Ay
0
2003 2004 2005 2008 2007 2008 2008 2010 2011 202 2013 2014 205
Calendar Year
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Appendix B. Mann Kendall Trend Analyses for Chlorophyll a

Site C1, Tubbs Hill, Photic Zone

Mann-Kendall Trend Test (C1, Chlorophyll a) Mann-Kendall Trend Analysis

10 n 84
Confidence Coefficient 0.8500
Lewvel of Significance 0.0500
9 4 Standard Deviation of 5 258.8236
Standardized Yalue of 5 1.3677
{ TestValue (5) 365
3 Appx. Critical Yalue (0.05) 16449
Approximate pvalue 0.0857

7 OLS Regression Line (Blue)
e OLE Regression Slope 0.04 564
0OLS Regression Intercept -90.8549

B

Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0448
Theil-Sen Intercept -88.2573

Insufficient statistical evidence
4 of a significant frend at the

specified level of significance.

0
2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015
Calendar Year

Fluorescence Method Chlorophyll-a (micro-g / L)

Al ]
!
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Site C4, University Point, Photic Zone

Mann-Kendall Trend Test (C4, Chlorophyll a)
10

T
Mann-Kendall Trend Analysis

h 24
Confidence Coefficient 0.9500
Level of Significance 0.0500

Standard Devistion of 8 258.7064
Standardized Yalue of 5 1.5616

TestWalue (5) 408
Appx. Critical Yalue (0.05)  1.6449
Approximate pvalue 0.05492

0LS Regression Line (Blue)
OLES Regression Slope 0.0539
QLS Regression Intercept-106.1 746

Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0413
Theil-Sen Intercept -81.2469

Insufficient statistical evidence

of a gignificant trend at the

specified level of significance

Fluorescence Method Chlorophyll-a (micro-g / L)

3
2
IRV AN
1
l%003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C5, Chippy/Blue Point, Photic Zone

Mann-Kendall Trend Test (C5, Chlorophyll a) Mann-Kendall Trend Anabsis
a n a0
Caonfidence Coefficient 0.9500
Level of Significance 0.0500
Standard D eviation of 5 2405161
7 Standardized Yalue of 5 1.8751
L TestWalue (5] 452
Appy. Critical Value (0.05] 1.6449
Approximate p-value 0.0304
=5
=1 - -
= OLS RegressionLine [Blue)
[} 0OLS Regression Slope 0.0741
i OLS Regression Intercept 1466473
£s
o
g Theil-Sen Trend Line (Red)
= Theil-5en Slope 0.0623
Q Theil-5en Intercept 1231692
Ty
=]
% Statigtically significant evidence
= of an increazing trend at the
3 specified level of significance.
c2
€
Q
;]
Lo
B
=]
=
w2
1
a
2003 2004 2005 2008 2007 2008 2009 2ma 2011 2mz2 2013 2014 25
Calendar Year

38



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Site C6, Chatcolet Lake, Photic Zone

Mann-Kendall Trend Test (C6, Chlorophyll a) Mann-Kendall Trend Anabysis
n Fi
L s Confidence Coefficient 0.9500
Lewvel of Significance 0.0500
b Standard Deviation of 5 222 TEF7
Standardized Yalue of 5 1.2743
Test Yalue [S] 285
15 ippw. Ciitical Value (0.05) 1.6449
Approximate p-value 0imsz

OLS Regression Line [Blue)

-
o]
=
E 0LS Rearession Slope -0.0055
E‘- 12 0OLS Regreszion Intercept 15,6766
g— [
‘6 q Theil-Sen Trend Line [Red]
= Theil-Sen Slope 0.1005
g Theil-Sen Intercept -198 4636
o 9
- Inzufficient statistical evidence
= P of a significant trend at the
[ F] . R
P} specified level of sighificance.
o
B E
[ F]
B
[*]
=
(18
3
a
2003 2004 2005 2006 2007 2008 2009 2010 2011 202 203 2014 205

Calendar Year
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Appendix C. Mann Kendall Trend Analyses for Dissolved Oxygen

Site C1, Tubbs Hill, time period of 2003 — 2014

Mann-Kendall Trend Test (C1, Near Bottom D.O. in Summer Hypolimnion) Mann-Kendall Trend Analysis
10.0 n 50
Confidence Coefficient 0.9500
Level of Significance 0.0500
95 Standard Deviation of 8 119.3929
. Standardized Valug of S -1.7840
TestWalue (5) =214
Appx. Critical Value {0.05) -1.6449
9.0 Approximate p-value 0.0372
j 0LS Regression Line (Blue)
-~ 85h OLS Regression Slope -0.0834
E‘ OLS Regrezzion Intercept] 35 7444
—
% 80 Th9|l—.SenTrend Line (Red)
o Theil-5en Slope -0.0772
i Theil-Sen Intercept 163.6502
o
-g 75 Statiztically significant evidence
= of a decreasing trend at the
8 specified level of significance
w 70
=]
5.5
5.0
515
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 201%
Calendar Year (Data Points for July - September)
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Site C4, University Point, time period of 2003 — 2014

Dissolved Oxygen (mg / L)

10.0

95

9.0

35

8.0

15

7.0

5.5

6.0

D
2003

2004

Mann-Kendall Trend Test (C4, Near Bottom D.Q. in Summer Hypolimnion) Mann-Kendall Trend Analysic
n 44
1 Confidence Coefficient 0.9500

Level of Bignificance 0.0500
Standard Deviation of S 98,7083
Standardized Value of 8 -0.8874
Test Value (5) -08
Appx Critical Walue (0.05) -1 64449
Approximate p-value 01891

OLS Regresszion Line (Blue)
OLS Regression Slope -0.0219
OLS Regression Intercept 52 4174

Theil-Sen Trend Line (Red)
Theil-Sen Slope -0.0399
Theil-Sen Intercept 8859549

Insufficient statistical evidence

of a significant trend at the

specified level of significance.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year {Data points for July - September)
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Site C1, Tubbs Hill, time period of 1991 - 2014

T
Mann-Kendall Trend Test (C1 Tubbs Hill, “Near Bottom" Hypolimnetic 02, July - October) Clarm el Uity
100 n 73
Confidence Coefficient 0.5500
Level of Significance 0.0500
95 Standard D eviation of 5 236.1850
Standardized Valus of 5 21212
Test Value (5] H02
a2 Appx. Critical Yalue [0.05) -1 6449
Apprazimate p-value 00170
OLS Regression Line [Blue]
8.8 OLS Regression Slope -0.0327
0OLS Regression Intercept 732240
84 Theil-Sen Trend Line (Red)
:l‘ Theil5en Slope 00373
""U"', Theil-Sen Intercept 82,3875
g 80
e o Statistically significant evidence
8 of a decreasing trend at the
76 moe specified level of significance.
K r =
>
B L
n 12
34 d
[=]
L
6.8
L
6.4 <
6.0
5.6
52
1990 1992 1994 1996 1998 2000 2002 2004 2008 2008 2010 2mz 2014 2016
Calendar Year
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Site C4, University Point, time period of 1991 — 2014

A Mann-Kendall Trend Test (C4 Univ. Pt., "Near Bottom" Hypolimnetic 02, July - Oct) o e s .
n
: 9 Confidence Coefficient 0.9500
Level of Significance 0.0500
10.2 Standard Deviation of § 227.2898
Standardized Value of 5 -1.9755
TestWalue (5] -450
9.5 ? Appx. Citical Value (105] 16449
Approzimate p-value 0.0241
94 OLS Regression Line [Blue]
OLS Regression Slope -0.0276
i 9.0 OLS Regression Intercept B3.2568
o |
S
[=)] Theil-Sen Trend Line [Red)
é 86 Thei-Sen Slape 0.0289
c Theil-Sen Intercept £5.9433
L]
g 82 === Statistically significant evidence
6 of a decreazing trend at the
ified level of signif
u _l|"8 specined level af 2Ignincance.
LH]
2
Q
9 74
o
]
10
5.6
5.2
58 J
54
1990 1992 1994 1996 19938 2000 2002 2004 2006 2008 2010 2012 2014 2016
Calendar Year
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Site C5, Chippy/Blue Point, time period of 2003-2014

Mann-Kendall Trend Test (C5, Near Bottom D.O. in Summer Hypolimnion)

Dissolved Oxygen {mg/L)

2003 2004 2005 2006 2007 2008 2009 2010 201

Calendar Year (Data Points for July-September)

2012 2013

2014

2015

Mann-Kendall Trend Analyzis

n 53
Confidence Coefficient 0.9500
Level of Significance 0.0500
Standard Deviation of S 130.3329
Standardized Value of S 0.5601
TestValue (S) 74
Appe. Critical Value (0.05) 1.6449
Approximate p-value 02877
OLS Regression Line (Blue)
OLS Regrezzion Slope 0.0704
OLS Regression Intercept  -135.9187
Theil-5en Trend Line (Red)
Theil-Sen Slope 00323
Theil-Sen Intercept -53.1141

Insufficient statistical evidence
of a significant trend at the
specified level of significance.
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Site C6, Chatcolet Lake, time period of 2003-2014

Mann-Kendall Trend Test (C6, Near Bottom D.O. in Summer Hypolimnion) ez Meiloares
n 40
b Confidence Coefficient 0.9500
Level of Significance 0.0500
8 Standard Deviation of 5 842318
Standardized Value of S -2.4219
Test Value (S5) -205
Appec. Crifical Value (0.05)  -1.6449
Approximate p-value 0.0077
i
OLS Regression Line (Blue)
6 OLS Regrezzion Slope 0.0499
Q OLS Regression Intercept  -98.9107
f=2]
E Theil-Sen Trend Line (Red)
g Theil-Sen Slope -0.0284
2 FreieEe T 573760
3 4
g 4 p Statistically significant evidence
= of a decreasing trend at the
E specified level of significance.
=
2
- %
0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year (Data Points for July-September)
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Appendix D. Mann Kendall Trend Analyses for Dissolved Zinc

Site C1, Tubbs Hill, Photic Zone

a0

85

oo
o)

-l
o

|
o)

Leg]
o

55

50

Dissolved Zinc (micro-g / L)

45

40

55

30
2003

2004

2005

Mann-Kendall Trend Test (C1, Photic, Dissolved Zinc)

2006

2007

2008 2009 2010
Calendar Year

2011

2012

2013

2014

2015

T
Mann-Kendall Trend Analysis

n
Confidence Coefficient
Level of Significance
Standard Deviation of S
Standardized Yalue of 5
TestValue (5)

Appx. Critical Yalue (0.05)

Approximate p-value

OLS Regreszzion Line (Blue)
LS Regrezzion Slope
OLE Regrezzion Intercept

Theil-Sen Trend Line (Red)
Theil-5en Slope
Theil-Sen Intercept

82
0.9500
0.0500

248.7098
-2.2346
-5549
-1.6449
0.ozy

-0.5245
1.102.6738

-0.6079
1.268.0724

Statistically significant evidence

of a decreazing trend at the

specified level of significance
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Site C1, Tubbs Hill, 20 m depth

55

Statistically significant evidence
50

of a decreaszing trend at the

zpecified level of significance.

Mann-Kendall Trend Test (C1, 20 m, Dissolved Zinc) Mann-Kendall Trend Analysis
a0 n 2
Confidence Coefficient 0.9500
a5 - Level of Significance 0.0500
Standard Deviation of 5 164.6188
a0 Standardized Yalue of 5 -4.0882
TestYalue (5) -674
Appx. Critical Yalue {(0.05) -1.64489
:-. 75 Approximate p-value 0.0000
—
?’) 0 OLS Regression Line (Blue)
E OLS Regression Slope -1.4558
g 55 OLS Regresszion Intercept  2.8983.1084
: 60 Theil-Sen Trend Line {Red)
£ Theil-Sen Slope -1.3602
N Theil-Sen Intercept 2,780.5852
il
4]
2
Q
W
o
=]

45

40

35

30
2003 2004 2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015

Calendar Year
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Site C1, Tubbs Hill, 30 m depth

Mann-Kendall Trend Test {(C1, 30 m, Dissolved Zinc) Mann-Kendall Trend Analysis
2 c n 65
a5 Confidence Coefficient 0.9500
Level of Significance 0.0500
30 Standard Deviation of S 176.6107
Standardized Value of S -3.6295
£ Test Value (S) 542
20 Appx Critical value (0.05) -1.6449
Approximate p-value 0.0001
65
OLS Regression Line (Blue)

OLS Regression Slope -1.2681
OLS Regression Intercept  2,610.1410

Dissolved ZInc {micro-g /L)
(2]
L]

o5
50 Theil-Sen Trend Line (Red)

Theil-Sen Slope -1.2838
45 Theil-Sen Intercept 2,640.7003
0 Statistically significant evidence
35 of a decreasing trend at the

specified level of significance.
30

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C1, Tubbs Hill, Near Bottom

Mann-Kendall Trend Test (C1, Near Bottom, Dissolved Zinc) Mann-Kendall Trend Analysis
95 n 73
Confidence Coefficient 0.9500
an Level of Significance 0.0500
Standard Deviation of 5 231.7456
a5 Standardized Yalue of 5 -2.7660
TestWalue (5} -642
20 Appx. Critical Walue (0.05) -1.6449
Approximate p-value 0.0028
—
= 78
o OLS Regression Line (Blue)
& 20 OLS Regression Slope -1.1135
.§ OLS Regression Intercept  2,303.0374
Ees
w Theil-Sen Trend Line {(Red)
= Theil-Sen Slope -0.9593
g 60 Theil-Sen Intercept 1.991.8976
Q
= &g -, - :
E Statistically significant evidence
$ of a decreaszing trend at the
E 50 zpecified level of zsignificance.
45
40
35
30

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C4, University Point, Photic Zone

Mann-Kendall Trend Test (C4, Photic Zone, Dissolved Zinc) Mann-Kendall Trend Analysis
100 n 81
Confidence Coefficient 0.9500
g5 Level of Significance 0.0500
Standard Deviation of S 2451741
90 Standardized Yalue of 5 -1.9660
TestWalue (5) 183
Appx. Critical Yalue (0.05) -1.64459
85 Approximate pvalue 0.0247
— 80 0OLS Regreszzion Line (Blue)
= OLS Regression Slope 0.7503
o 75 QLS Regression Interceptl, 560.80584
o
2 Theil-Sen Trend Line (Red)
_g, Theil-Sen Slope -0.7477
IE 65 Theil-Sen Intercept 1.551.7314
(]
- Statiztically zignificant evidence
g &0 of a decreasing trend at the
E specified level of significance.
@ o9
E
50
45
40
35
30
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C4, University Point, 20 m depth

Mann-Kendall Trend Test (C4, 20 m, Dissolved Zinc) Mann-Kendall Trend Analysis
100 n 78
Confidence Coefficient 0.8500
g5 Level of Significance 0.0500
Standard Deviation of 5§ 231 7857
ag Standardized Yalue of 5 -4.3018
TestValue (5) -9498
a5 Appx. Critical Yalue {0.05) -1.6449
Approximate pvalue 0.0000
" 80 0OLS Regreszion Line (Blue)
d OLS Regression Slope 14382
?1 75 OLS Regrezzion Intercept2,953.1053
o
i
L 70 Theil-Sen Trend Line (Red)
g Theil-Sen Slope -1.4049
E 65 Theil-Sen Intercept 28871776
N
b= &0 Statiztically significant evidence
g of a decreaszing trend at the
[=] specified level of significance.
s
a
50
45
40
53
30
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year
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Site C4, University Point, 30 m depth

T
Mann-Kendall Trend Test (C4, 30 m, Dissolved Zinc) Mann-Kendall Trend Analysis
100 n 65
Confidence Coefficiznt 0.8500
g5 Level of Significance 0.0500
Standard Deviation of S 176.6031
a0 Standardized Yalue of 5 -3.8561
TestValue (S) -h82
a5 Appx. Critical Yalue (0.05) -1.6449
Approximate p-value 0.0001
80 0OLS Regression Line (Blue)
OLE Regreszion Slope -1.3762
75 QLS Regression Intercept2, 832.6653
=
E Theil-Sen Trend Line (Red)
2 Theil-Sen Slope -1.3886
—? &5 Theil-Sen Intercept 2,855,751
[
N
fm] Statiztically significant evidence
= G0 .
O of a decreasing trend atthe
zpecified level of zignificance.
55
a0
45
40
35
30
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Site C4, University Point, Near Bottom

T
Mann-Kendall Trend Test (C4, Near Bottom, Dissolved Zinc) Mann-Kendall Trend Analysis
100 n 81
Confidence Coefficient 09500
g5 Level of Significance 0.0500
Standard Deviation of S 2451680
a0 Standardized Value of 3 -5.1189
TestWalue (5) -1.256
Appx. Critical Yalue (0.05) -1.64449
85 Approximate p-value 0.0000
i 80 0OLS Regreszsion Line (Blue)
= OLS Regression Slape -15434
?1 75 0LS Regrezzion Intercept3.174.3161
2
L Theil-Sen Trend Line (Red)
g Theil-Sen Slope -1.5784
g 65 Theil-Sen Intercept 3243031
N
- Statiztically significant evidence
g 60 of a decreaszing trend at the
E specified level of significance
& b
E
a0
45
40
35
30
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Calendar Year

53



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Site C5, Chippy/Blue Point, Photic Zone

Mann-Kendall Trend Test (C5, Photic Zone, Dissolved Zinc) MannKendall Trend Anabss
B0 L n a3
Confidence Coefficient 0.9500
Lewvel of Significance 0.0500
Standard Dreviation of S 254.07E1
Standardized Y alue of 5 -0.2480
50 Test Walue [S] B4
Appx. Critical Walue [0.05) -1.6449
Approdimate p-walue 0.4021
OLS Regreszzion Line [Blue)
0LS Regression Slope -0.2720
40 OLS Regression Intercept BF0.7027
= J | <
g Theil-Sen Trend Line (Red)
1'; Theil-Sen Slope -0.0483
= Theil-Sen Intercept 124 0683
M
5 0
2 _ £ Insufficient statistical evidence
© l 'I — B of a signifizant trend at the
2] w
@ specified level of significance.
]
L
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L
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0
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Site C5, Chippy/Blue Point, Near Bottom

Mann-Kendall Trend Test (C5, Near Bottom, Dissolved Zinc) Mann-Kendall Trend Analysis
90 n 94
Confidence Coefficient 0.9500
q Level of Significance 0.0500
Standard Deviation of 5 2588417
£ Ls Standardized Value of 5 -0.2168
[ TestWalue (5] -83
P Appe. Critical Value [0.05] -1.6449
70 Apprasimate p-value 0.3757
4 q
r q OLS Regresszion Line [Blue]
. 1, OLS Regressian Slope 01472
P 0LS Regrezsion Intercept 3393472
—
|
=
g L Theil-5en Trend Line [Red]
o &0 Theil-5en Slope 02177
'EI N | s 1 h b Theil-5en Intercept 482 57ad
- r 1Tttt 4-t------ =t ] e __|____ %]
2 i Insufficient statiztical evidence
g . - of a zignificant trend at the
i) specified level of significance.
g )\
L L L
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L
L
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Appendix E. Mann Kendall Trend Analyses for Dissolved Lead

Site C1, Tubbs Hill, Photic Zone

Mann-Kendall Trend Test (C1, Photic 2one, Dissolved Lead) Mann-Kendall Trend Analysis

2.0 n 82
Confidence Coefficient 0.9500
Level of Significance 0.0500

1.8 Standard Deviation of S 243.8640
Standardized Yalue of 5 0.5249

15 TestValue (S) 129
Appx. Critical Value {0.05)  1.6448
Approximate p-value 029498

1.4 S

0OLS Regression Line (Blue)
QLS Regression Slope 0.0062
QLS Regreszion Intercept -12.3156

[*

Theil-5en Trend Line (Red)
Theil-Sen Slope 0.0000
Theil-Sen Intercept 01100

=
o0

y Inzufficient statistical evidence

of a significant trend at the

Dissolved Lead {micro-g /L)
L]

zpecified level of zignificance.

=
=5}

[}
I
|
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Site C1, 20 m depth

Mann-Kendall Trend Test {C1, 20 m, Dissolved Lead) Mann-Kendall Trend Analysis
5.0 n 62
Confidence Coefficient 0.9500
Level of Significance 0.0500
45 | Standard Deviation of 5 163.3299
Standardized Yalue of 5 31041
A0 TestValue (5) a08
Appx. Critical Yalue (0.08)  1.6448
Approximate pvalue 0.0010

L
5]

0OLS Regression Line (Blue)
QLS Regreszion Slope 0.0507
QLS Regreszion Intercept-101.5039

L
[

Theil-5en Trend Line (Red)
Theil-5en Slope 0.0171
Theil-Sen Intercept -34.15499

P2
[

Statistically significant evidence

of an increazing trend at the

Dissolved Lead (micro-g /L)
N
(%]

o

zpecified level of zsignificance.
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Site C1, Tubbs Hill, 30 m depth

Mann-Kendall Trend Test (C1, 30 m depth, Dissolved Lead) Mann-Kendall Trend Analysis
3.0 n 66
Confidence Coefficient 0.9500
28 Level of Significance 0.0500
Standard Deviation of 3 179.7851
26 Standardized Yalue of 5 218548
24 TestWalue (5) 3594
q Appx. Critical Walue (0.05)  1.64449
20 Approximate p-value 0.0144
— 3
|
a 20 OLS Regression Line {(Blue)
é OLS Regression Slape 0.0402
o 18 0OLS Regression Intercept -80. 5678
£
S
- 1.6 Theil-Sen Trend Line (Red)
= 4 Theil-Sen Slope 0.0143
-4 " Theil-Sen Intercept -29.6428
=
212 S
-_ atistically significant evidence
= Statisticall ficant evid
$ 10 of an increasing trend at the
E specified level of significance.
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Site C1, Tubbs Hill, Near Bottom

Mann-Kendall Trend Test (C1, Dissolved Lead, Near Bottom) Mann-Kendall Trend Analysis
2.0 n 73
Confidence Coefficient 0.8500
Level of Significance 0.0500
1.8 Standard Deviation of 8 230.6050
Standardized Yalue of 5 1.7129
18 TestWalue (5) 3496
Appx. Critical Value (0.05)  1.6449
Approximate pvalue 0.0434

—
I

0LS Regression Line (Blue)
QLS Regrezsion Slope 0.0111
QLS Regrezsion Intercept -22.0093

—
[}

Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0080
Theil-Sen Intercept -11.89084

=
s

Statigtically significant evidence

of an increasing trend at the

Dissolved Lead (micro-g /L)
p

=
=2

specified level of zignificance.
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i
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Site C4, University Point, Photic Zone

Mann-Kendall Trend Test (C4, Photic Zone, Dissolved Lead) Mann-Kendall Trend Analysis
50 n a1
Confidence Coefficient 0.9500
55 ) Lewel of Significance 0.0500

Standard Deviation of 5 2445288
Standardized Value of 06298

50 TestValue (5) 155
Appx. Critical Value (0.05)  1.6448
Approximate palue 0.2644
45

OLS Regression Line (Blue)
OLS Regression Slape 0.0571
OLS Regreszion Intercept-114.0255

=
[

3.5 Theil-Sen Trend Line (Red)
Theil-Sen Slape 0.0025
Theil-Sen Intercept . 73498

Insufficient statistical evidence

N
il

of a significant trend at the

specified level of significance.
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Site C4, University Point, 20 m depth

Mann-Kendall Trend Test {C4, 20 m depth, Dissolved Lead) Mann-Kendall Trend Analysis
6.0 n 79
Confidence Coefficient 0.8500
55 Level of Significance 0.0500
i Standard Deviation of 3 2354443
Standardized Yalue of § 04460
5.0 TestValue (5) 106
Appx. Critical Value (0.05)  1.6448
L
Approximate p-value 0.3278
45
— 0LS Regreszsion Line (Blue)
d 40 OLS Regression Slope 0.0467
?7 y QLS Regreszion Intercept -93.1541
g
235 Theil-Sen Trend Line (Red)
— Theil-Sen Slope 0.0000
£
B2 Theil-Sen Intercept 0.2600
by &
|
- Insufficient statistical evidence
g 25 of a significant trend atthe
r=) specified level of significance.
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Site C4, University Point, 30 m depth

Mann-Kendall Trend Test (C4, 30 m depth, Dissolved Lead) Mann-Kendall Trend Analysis
60 n fif
Confidence Coefficient 0.9500
55 Level of Significance 0.0500

Standard Deviation of & 1804642
Standardized Yalue of S 1.7012

5.0 TestValue (S) 308
Appx Critical Yalue (0.05)  1.6449
Approximate p+alue 0.0445
45

0OLS Regresszion Line (Blue)
40 OLS Regression Slope 0.0435
OLS Regression Intercept -86.5119

35 Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0221
30 Theil-Sen Intercept 441330

Statistically significant evidence

Dissolved Lead {micro-g /L)

25 of an increasing trend atthe
specified level of significance.
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Site C4, University Point, Near Bottom

Mann-Kendall Trend Test (C4, Near Bottom, Dissolved Lead) Mann-Kendall Trend Analysis
6.0
n 81
- Confidence Coefficient 0.9500
. Level of Significance 0.0500
50 Standard Deviation of S 2447992
' Standardized Valus of S 0.0041
45 Test Walue (S) 2
App Critical Value [(0.05) 1.6448
d 40 Approximate p-value 0.4984
o
2 1
£ 35 OLS Regression Line (Blue}
g OLS Regression Slope 0.0078
E 3.0 ) [ OLS Regression Intercept 1511668
.1
|
=1 L
g 25 Theil-Sen Trend Line {(Red)
2 Theil-Sen Slope 0.0000
g 20 p Theil-Sen Intercept 0.3400
15 Insufficient statistical evidence
of a significant trend at the
1.0 specified level of significance.
%
0.5
0.0
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Calendar Year
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Site C5, Chippy/Blue Point, Photic Zone

Mann-Kendall Trend Test (G5, Photic Zone, Dissolved Lead) Mann-Kendall TrendAnabsis
1.0 n a3
Confidence Coefficient 0.9500
Level of Significance 0.0500
03 Standard Deviation of 5 2529111
q Standardized Yalue of S 0E524
TestWalue (5] 166
08 P Appe. Critical Value [0.05] 1.6449
h Apprasimate p-value 0.2571
OLS Regresszion Line [Blue]
P { OLS Regression Slope -0.0002
[ OLS Regression [ntercept 0.E5938
=
=) U8 Theil-Sen Trend Line (Red)
= TheikSen Slope 0.0000
g Theil-Sen Intercept 0.1500
= o5
o
g Insufficient statistical evidence
8 of a zignificant trend at the
w04 specified level of significance.
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0.2
01
0.0
2003 2004 2005 2008 2007 2008 2009 2mo 20 2mz2 2ms3 204 205
Calendar Year

64



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Site C5, Chippy/Blue Point, Near Bottom

Mann-Kendall Trend Test (C5, Near Bottom, Dissolved Lead) Mann-Kendall Trend Analysis
1.2 n 94
Confidence Coefficient 0.9500
Level of Significance 0.0500
11 , Stardard Deviation of 5 258392
Standardized Value of 5 0.9751
10 TestWalue (5] 254
Appe. Critical Value [0.05] 1.6449
i § Apprasimate p-value 01638
09 y
P OLS Regresszion Line [Blue]
g 0OLS Regrezsion Slope 0.0036
: \ 0LS Regrezsion Intercept -7.0635
)
o
=07 L Theil-Sen Trend Line (Red)
o p Theil-5en Slope 0.0034
g Theil-Sen Intercept -6.7081
-
0E
o L
g Insufficient statistical evidence
8 05 of a slllgnlflcant trenld E.‘t. the
w0 specified level of significance.
'] L
4 L
0.4
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Appendix F. Mann Kendall Trend Analyses for Dissolved Cadmium

Site C1, Tubbs Hill, Photic Zone

Mann-Kendall Trend Test (C1, Photic 2Zone, Dissolved Cadmium) Mann-Kendall Trend Analysis

0.38 n &1
Confidence Coefficient 0.9500
036 Lewvel of Significance 0.0500
Standard Deviation of S 243.2975
Standardized ¥alue of S -1.2166
0.54 TestYalue (3) -297
Appx. Critical Yalue (0.05) -1.64489
0.32 Approximate p-walue 01118

030 OLS Regression Line (Blue)
q 0LS Regreszion Slope -0.0006
0.28 OLS Regrezzion Intarcept 14734

Theil-Sen Trend Line {Red)

Dissolved Cadmium (micro-g /L)

0.28 Theil-Sen Slope 0.0000
Theil-Sen Intercept 0.2000
0.24
Insufficient statistical evidence
022 of a zignificant trend at the
zpecified level of significance.
0.20
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014

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Calendar Year

66



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Site C1, Tubbs Hill, 20 m

0.38
0.36
0.34
032
0.30
0.28
0.26
0.24

LV

022

Mann-Kendall Trend Test (C1, 20 m depth, Dissolved Cadmium)

Dissolved Cadmium (micro-g /L)

0.20

018

0186

0.14

2003 2004

2005

2006 2007 2008 2009 2010

Calendar Year

201 201z 2013

2014

2015

Mann-Kendall Trend Analysiz

h 62
Confidence Coefficient 0.9500
Level of Significance 0.0500
Standard Deviation of 5 163.5522
Standardized ¥alue of S 0.7643
Test Value (5) 126
Appe. Critical Yalue (0.05) 1.6448
Approximate pvalue 0.2223
0OLS Regression Line (Blue)
OLS Regrezszion Slope 0.0025
OLS Regression Intercept -4.8350
Theil-Sen Trend Line (Red)
Theil-Sen Slope 0.0000
Theil-Sen Intercept 0.2200

Insufficient statistical evidence
of a significant trend at the

specified level of zignificance.
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Site C1, Tubbs Hill, 30 m

Mann-Kendall Trend Test (C1, 30 m depth, Dissolved Cadmium)

Mann-Kendall Trend Analysis

0.38 n 66
Confidence Coefficient 0.8500
036 Level of Significance 0.0500
Standard Deviation of S 1796135
Standardized Yalue of S -0.7238
0.34

TestYalue (S) -13

Appx. Critical Yalue {0.05) -1.64489

j 0.32 4 Approximate p-value 0.2346
P 1
o 0.30 OLS Regression Line (Blue)
.§ OLS Regression Slope -0.0015
g 098 OLS Rearession Intercept 3.3079
£
.E Theil-Sen Trend Line (Red)
g 026 Theil-Sen Slope 0.0000
E 5 Theil-Sen Intercept 0.2350
O 024 1
i Y Y i L " e L R war it | it A - - .
@ Insufficient statistical evidence
% 0.7 of a significant trend at the
W specified level of significance.
&
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0.14

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Calendar Year

68



Coeur d’Alene Lake Management Program Summary of Lake Status and Trends, 2008-2014

Site C1, Tubbs Hill, Near Bottom

Mann-Kendall Trend Test (C1, Near Bottom, Dissolved Cadmium) e
0.38 n 72
1 Confidence Coefficient 0.9500
Level of Significance 0.0500
0.36 | Standard Deviation of 5 231.16589
Standardized Yalue of 5 0.0260
034 Test Value [S) 7
Appy. Critical W alue [0.05] 1.6449
Approximate p-value 0.4896
T O
a L OLS Regression Line [Blue)]
6 030 4 OLS Regrezzion Slope -0.0001
s OLS Regression Intercept 0.3940
E 028 - ; :
— 1 Theil-5en Trend Line [Red]
g TheilSen Slope 0.0000
'E 026 Theil-Sen Intercept 0.2375
=
o Insufficient statistical evidence
o 0.24 of & significant trend at the
@ specified level of significance.
o=
S 0.22
0
£
Q 020
018
0.16
0.14
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Calendar Year
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Site C4, University Point, Photic Zone

g

Dissolved Cadmium {micro-

Mann-Kendall Trend Test (C4, Photic Zone, Dissolved Cadmium)

0.42

0.40 <

0.38

032

=
[9)
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=
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o

0.26 L

0.24 l!
I

b——

0.22 (i lvl T‘,v, l\'\/-\/ ‘Vf

018
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012
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T
M ann-Kendall Trend Analysis

n
Confidence Coefficient
Level of Significance
Standard Deviation of §
Standardized ¥ alue of 5
Test Value [S]
Appx. Critical Y alue [0.05]
Approximate p-value

OLS Regression Line (Blue)
OLS Regression Slope
OLS Regression Intercept

Theil-5en Trend Line [Red]
Theil-Sen Slope
Theil-Sen Intercept

Insufficient statistical evidence
of a significant trend at the

specified level of significance.

#
09500
0.0500

2441803

03372

a8
1.6443
03456

oo

-1.6936

0.0000
02200
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Site C4, University Point, 20 m

Mann-Kendall Trend Test (C4, 20 m depth, Dissolved Cadmium) Mann-Kendall Trend Analysis
0.42 n 79
Confidence Coefficient 0.8500
0.40 Level of Significance 0.0500
Standard Deviation of §  235.2958
0.38 [ Standardized Value of 5 -0.8307
TestValue (5) -220
0.36 Appx. Critical Yalue (0.05) -1.6449
Approximate pvalue 0.1760
- 034
d OLS Regression Line (Blue)
D pan OLS Regression Slape  -0.0012
g 4 4 OLS Regression Intercept  2.6463
E 0.30 T_J
— 4 Theil-5en Trend Line (Red)
€ o5 Theil-Sen Slape 0.0012
E Theil-Sen Intercept 2.5525
g 0.26 'k
O Insufficient statistical evidence
f=} .74 ' \ - H [ } l [ of a significant trend at the
Qo - - -
= V specified level of zignificance.
2o ‘
&
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Site C4, University Point, 30 m

0.42

0.40

0.38

0.36

0.34

0.32

0.30

0.28

T
Mann-Kendall Trend Analysis
n

Mann-Kendall Trend Test (C4, 30 m depth, Dissolved Cadmium)

Confidence Coefficient
Level of Significance
Standard Dewiation of 5
Standardized Yalue of 5
Test Walue [5)

Appx. Critical Walue [0.05]
Approximate p-value

OL5 Regression Line [Blue)
OLS Regression Slope
OLS Fegression Intercept

Theil-5en Trend Line [Red]
Theil-Sen Slope

Theil-Sen Intercept

Insufficient statistical evidence

0.26

0.24

0.z2

Dissolved Cadmium (micro-g /L)

0.20

012
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of 3 zignificant iend at the

specified level of significance.
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Calendar Year
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EE
0.5500
0.0500

179.8175
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01127

-0.0016
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-0.0014
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Site C4, University Point, Near Bottom

Mann-Kendall Trend Test (C4, Near Bottom, Dissolved Cadmium) Mann-Kendall Trend Analysis
0.44 n 81
Confidence Coefficient 0.9500
0.42 Level of Significance 0.0500
Standard Deviation of 3 244.0997
0.40 Standardized Valus of §  -2.0279
TestValue (5) 496
0.38 Appx. Critical Yalue (0.05) -1.6449
Approximate pvalue 0.0213
0.36
—
| L
— OLS Regression Line (Blue)
?’ 0.34 OLS Regression Slope -0.0034
= .
s 032 OLS Regression Intercept  7.0202
-gr Theil-Sen Trend Line {Red)
0.30
£ Theil-Sen Slape -0.0025
-E 028 Theil-5en Intercept 53384
=
g 0.26 Statigtically significant evidence
- of a decreasing trend at the
g 0.24 specified level of significance.
&
& 022
a
0.20
018
0186
014
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Calendar Year
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Site C5, Chippy/Blue Point, Photic Zone

T
Mann-Kendall Trend Test (C5, Photic Zone, Dissolved Cadmium) MannKendall Trend Analysis
h 83
(024 Confidence Coefficient 0.9500
' Level of Sighificance 0.0500
Standard Deviation of 5 2485223
022 Standardized Value of 5 25088
Test Walue [S] E24
0.20 Appex. Critical Y alue [0.05] 1.6445
i Approximate p-value 0.00&1
0.18 0OLS Regression Line [Blue)
- OLS Regression Slope 0.0037
:t; 018 OLS Regression Intercept 72792
&
£ Theil-Sen Trend Line [Red)
3 014 TheitSen Slope 0.0017
-g Theil-Sen Intercept -3.3391
o]
Q012
E*) Statigtically significant evidence
1 F] . .
= of an increasing trend at the
8 010 specified level of significance.
]
5
0.08
006
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002 .
0.00
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Site C5, Chippy/Blue Point, Near Bottom

T
Mann-Kendall Trend Test (C5, Near Bottom, Dissolved Cadmium) Mann-Kendall Trend Analysis
0.40 il 24
Confidence Coefficient 0.9500
§ Level of Sighificance 0.0500
Standard Deviation of 5 2576173
0.35 Standardized Value of 5 0.9334
Test Walue [S] 243
P Appex. Critical Y alue [0.05] 1.6445
Approximate p-value 01738
0.20
| ! p | 0OLS Regression Line [Blue)
- & OLS Regression Slope 0.0023
= OLS Regression Intercept 56333
S
£ ] Theil-Sen Trend Line [Red)
= TheitSen Slope 0.0016
-g Theil-Sen Intercept -2.9930
m 0.20
&)
E*) Insufficient statistical evidence
E of a significant trend at the
E G specified level of significance.
E -
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