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Figure 14. Turbidity Seasonal Patterns in 2017 and Annual Patterns in 2011-2017 for
Summer Base Flow in Burnt Bridge Creek.
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Figure 15. Turbidity Spatial Patterns in 2011-2017 for Summer Base Flow in Burnt Bridge Creek.
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Water Quality Criteria Comparison

In 2017, the median turbidity did not increase more than 5 NTU downstream in Burnt Bridge
Creek, indicating that the state water quality standard for turbidity (i.e., less than 5 NTU increase
over background) was met at all stations. The maximum turbidity of 9.8 NTU observed in
October at station BBC 7.0 represents an increase greater than 5 NTU from the upstream station
BBC 8.4.

Water Quality Index Results

Water quality index (WQI) results are presented in Table 8 as median values for 2011-2017. The
turbidity WQI scores ranged between 87 and 98. All stations were of low concern (WQI 80-100)
with regard to turbidity.

Total Suspended Solids

Total suspended solids are the most widespread pollutants entering surface waters. Solids,
especially the finer fractions, reduce light penetration in water and can have a smothering effect
on fish spawning and benthic biota. Suspended solids are also closely associated with other
pollutants such as nutrients, bacteria, metals, and organic compounds. These pollutants tend to
adsorb to the solids particles and are consequently transported in surface runoff to receiving
waters if onsite controls are not implemented for solids removal. Thus, the presence of
suspended solids is used to evaluate the overall pollutant loading within a basin. No state
surface water quality standards have been established for total suspended solids.

Total suspended solids (TSS) data are presented graphically in Figures 16 and 17 and summary
statistics are presented in Appendix D.

Seasonal Patterns

Figure 16 (top) presents the total suspended solids data for each station by sampling date in
2017. Total suspended solids concentrations ranged from 0.5 mg/L to 24.0 mg/L in 2017,
excluding the outlier value of 54 mg/L observed at BBC 7.0 in October that coincided with the
maximum value for turbidity (9.8 NTU). TSS concentrations generally decreased from June
(maximum values at 5 of 11 stations) to July. TSS values were lower in October than in June for
all other stations, but generally did not follow a discernable seasonal pattern at any station.
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Spatial Patterns

In order to assess how each monitoring basin was contributing total suspended solids
concentrations in the main stem of Burnt Bridge Creek, the 2011-2017 TSS data are presented
as box plots in Figure 17. The plot shows that median TSS concentrations were greatest at

BBC 8.8 (7.9 mg/L) and BBC 7.0 (10.4 mg/L), and relatively constant (ranging from 2.6 to

6.5 mg/L) at all other main stem stations. Spatial analyses showed that BBC 7.0 was significantly
higher than all other stations except BBC 8.8. The boxplots for Peterson Channel (PET 0.0) and
Burton Cannel (BUR 0.0) show that turbidity was significantly lower in these tributaries than
adjacent main stem stations.

Temporal Trends

Figure 16 (bottom) presents annual median values of TSS at each station in 2011-2017 and
temporal trend analysis results are presented in Table 7. For 2011-2017, a significant increasing
temporal trend in TSS was observed in BBC 10.4. Significant decreasing temporal trends were
observed at Peterson Channel and the four most downstream main stem stations (BBC 5.9 to
BBC 1.6). The 2011-2017 plot shows that TSS tended to decrease from 2011 to 2015 and
increase from 2015 to 2017. A significant trend of increased TSS since 2004-2007 was observed
at stations BBC 8.4 and BBC 7.0, with percent change in medians at 73 and 117 percent,
respectively.

Water Quality Index Results

Water quality index (WQI) results are presented in Table 8 as median values for 2011-2017. The
TSS WQI scores ranged between 77 and 95. Stations BBC 8.8 and BBC 7.0 were of moderate
concern (WQI 40-79), while all other stations were of low concern (WQI 80-100) with regard to
TSS concentrations.

Total Phosphorus

Total phosphorus is a combination of inorganic and organic forms of phosphorus, which can
come from natural sources or anthropogenic sources (e.g., wastewater treatment plants, septic
system failures, animal manure storage, and fertilizer runoff). Phosphorus is a concern in fresh
water because high levels can lead to accelerated plant growth, algal blooms, low dissolved
oxygen, decreases in aquatic diversity, and eutrophication. Currently, Washington State does not
have surface water quality standards for total phosphorus in rivers and streams. The EPA
recommended a nutrient criterion of 0.040 mg/L for total phosphorus in streams located in the
Willamette Valley ecoregion (EPA 2001).

Total phosphorus (TP) data are presented graphically in Figures 18 and 19 and summary
statistics are presented in Appendix D.

March 2018 @ HERRERA

2017 Trend Analysis Report—Burnt Bridge Creek Ambient Water Quality Monitoring Program 53



Total Phosphorus (mg/L)

Total Phosphorus (mg/L)

Total Phosphorus

o

s

[s)]
1

o
S
|

o
N
|

o

-

o
|

0.08

0.06 —

0.04

06/19/2017 08/02/2017 09/26/2017

07/11/2017 08/30/2017 10/10/2017
Sampling Date

Total Phosphorus

median value by calendar year

008 010 012 0.14
| | | |

0.06
]

0.04
|

2011 2012 2013 2014 2015 2016 2017

Year

BBC10.4
BBC8.8
PETO0.0
BBC8.4
BURO.O
BBC7.0
BBC5.9
BBCS5.2
BBC26
CoLo.0
BBC1.6

EPA criterion

BBC10.4
BBC8.8
PETO0.0
BBC8.4
BURO.O
BBC7.0
BBC5.9
BBCS5.2
BBC26
COoL0.0
BBC1.6

EPA criterion

Figure 18. Total Phosphorus Seasonal Patterns in 2017 and Annual Patterns in 2011-2017

for Summer Base Flow in Burnt Bridge Creek.
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Seasonal Patterns

Figure 18 (top) presents the total phosphorus data for each station by sampling date in 2017.
Total phosphorus concentrations ranged from 0.07 mg/L to 0.17 mg/L in 2017. Total
phosphorus concentrations typically reached a maximum in late September (8 of 11 stations)
and then decreased to a minimum in October (5 stations). One notable exception is that station
BBC 7.0 exhibited an unusually high maximum value in October 2017, which coincided with the
maximum TSS concentration. Total phosphorus concentrations were typically highest at
Peterson Channel (PET 0.0) and lowest at Burton Channel (BUR 0.0) compared to all main stem
stations.

Spatial Patterns

In order to assess how each monitoring basin was contributing to total phosphorus
concentrations in the main stem of Burnt Bridge Creek, the 2011-2017 total phosphorus data
are presented as box plots in Figure 19. Median total phosphorus concentrations were lowest at
the two upper main stem stations (0.07 mg/L at BBC 10.4 and 0.08 mg/L at BBC 8.8) and in
Burton Channel (0.07 mg/L at BUR 0.0). The spatial pattern analysis shows that these total
phosphorus concentrations were significantly lower at these stations than the other stations.
Along the main stem, median total phosphorus concentrations significantly increased at each
station from BBC 10.4 (0.07 mg/L) to BBC 7.0 (0.12 mg/L), significantly decreased at BBC 5.9
(0.10 mg/L), and remained fairly constant downstream to BBC 1.6 (0.11 mg/L). The high median
total phosphorus concentration of 0.15 mg/L at Peterson Channel (PET 0.0) clearly contributed
to the increased downstream concentration at BBC 8.4 (0.11 mg/L). Spatial pattern analysis
shows that PET 0.0 and BBC 7.0 are significantly higher than all other stations. Total phosphorus
concentrations were similar at Cold Creek compared to upstream stations in Burnt Bridge Creek.

Temporal Trends

Figure 18 (bottom) presents annual median values of total phosphorus at each station in 2011-2017,
and temporal trend analysis results are presented in Table 7. No significant recent temporal
trends in total phosphorus were observed in 2011-2017. The 2011-2017 plot shows that median
total phosphorus was highest in 2014 at all main stem stations downstream of Peterson Channel
(PET 0.0), and including tributary stations PET 0.0 and COL 0.0. The two upper main stem stations
(BBC 10.4 and 8.8) generally exhibited decreasing median total phosphorus concentrations until
2017.

A significant historical trend of increased total phosphorus concentrations since 2004-2007 was
observed at all four stations. The percent change in median values was highest at PET 0.0 and
BBC 8.4 (110 and 104 percent, respectively).
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Water Quality Criteria Comparison

All total phosphorus concentrations at all stations in 2011-2017 exceeded the EPA-
recommended criteria for total phosphorus (i.e., shall not exceed 0.040 mg/L) (see Figure 18).

Water Quality Index Results

Water quality index (WQI) results are presented in Table 8 as average values for 2011-2017. The
total phosphorus WQI scores ranged between 21 and 81. Station PET 0.0 was of high concern
(WQI 1-39) and station BUR 0.0 was of low concern. All other stations were of moderate concern
(WQI 40-79) with regard to total phosphorus concentrations.

Soluble Reactive Phosphorus

Soluble reactive phosphorus, also known as orthophosphate, is an inorganic fraction of
phosphorus that is produced by natural processes, but also can be measured in municipal
sewage. Additional sources of soluble reactive phosphorus are similar to those for total
phosphorus such as septic system failure, animal waste, decaying vegetation and animals,
resuspension from the bottom of a lake, and fertilizer runoff. It is a very unstable form of
phosphate that is directly absorbed by aquatic vegetation and microbes such as algae. Neither
Washington State nor the EPA have established surface water quality criteria for soluble reactive
phosphorus.

Soluble reactive phosphorus (orthophosphate) data are presented graphically in Figures 20
and 21 and summary statistics are presented in Appendix D.

Seasonal Patterns

Figure 20 (top) presents the soluble reactive phosphorus data for each station by sampling date
in 2017. Concentrations ranged from 0.04 mg/L to 0.13 mg/L in 2017. Minimum soluble reactive
phosphorus concentrations were observed in June or July for all but two stations.
Concentrations generally increased from July to early August, decreased slightly from early
August to late August, increased to maximum values in September (9 of 11 stations), and
decreased in October.
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Figure 21. Soluble Reactive Phosphorus Spatial Patterns in 2011-2017 for Summer Base Flow in Burnt Bridge Creek.
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Spatial Patterns

In order to assess how each monitoring basin was contributing to soluble reactive phosphorus
concentrations in the main stem of Burnt Bridge Creek, the 2011-2017 soluble reactive
phosphorus data are presented as box plots in Figure 21. Soluble reactive phosphorus followed
a similar pattern as total phosphorus. Median soluble reactive phosphorus concentrations were
lowest at the two most upstream stations (0.057 mg/L at BBC 10.4 and 0.051 mg/L at BBC 8.8).
The median soluble reactive phosphorus concentration increased to 0.080 mg/L at BBC 8.4 and
remained relatively stable moving downstream to BBC 1.6 (0.081 mg/L). Spatial analyses showed
that Peterson Channel (PET 0.0) was significantly higher than all other stations; inflow from

PET 0.0 (median of 0.121 mg/L) likely contributed to the significant increase in median
concentrations from BBC 8.8 to BBC 8.4. Burton Channel (BUR 0.0) was significantly lower than
adjacent upstream and downstream stations.

Temporal Trends

Figure 20 (bottom) presents annual median values of soluble reactive phosphorus at each
station in 2011-2017 and temporal trend analysis results are presented in Table 7. For 2011-2017,
a significant increasing temporal trend in soluble reactive phosphorus was observed in PET 0.0.
The 2011-2017 plot shows that median soluble reactive phosphorus concentrations tended to
increase from 2011 to 2014 and then decrease from 2014 to 2017. A significant trend of
increased soluble reactive phosphorus since 2004-2007 was observed at all four stations

(PET 0.0, BBC 8.4, BBC 7.0, and BBC 5.9), with percent changes ranging between 42 and

108 percent.

Water Quality Criteria Comparison

Comparing median concentrations of soluble reactive phosphorus to total phosphorus in
2011-2017 shows that between 62 to 83 percent of total phosphorus was in the dissolved state,
which is readily available for uptake by algae in Burnt Bridge Creek and Vancouver Lake. The
high concentrations of dissolved phosphorus and nitrogen (see below) present at all stations
clearly indicate that the growth of algae is not limited by either nutrient in Burnt Bridge Creek
or its tributaries.

Total Nitrogen

Currently, Washington State has not established surface water quality criteria for total nitrogen.
However, the EPA (2001) has established a nutrient criterion of 0.36 mg/L for total nitrogen in
streams located in the Willamette Valley Ecoregion. This criterion was used for comparison to
these sampling results.
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Total nitrogen data are presented graphically in Figures 22 and 23 and summary statistics are
presented in Appendix D.

Seasonal Patterns

Figure 22 (top) presents the total nitrogen data for each station by sampling date in 2017.
Concentrations ranged from 1.16 mg/L to 3.53 mg/L in 2017. For most stations, total nitrogen
concentrations increased slightly from June to July, decreased to minimum concentrations from
July to late August (9 of 11 stations), increased in September, and decreased in October.
Maximum total nitrogen concentrations occurred in late September (5 of 11 stations) and July
(3 stations). One notable exception was a substantial increase in concentration at BUR 0.0 from
1.57 mg/L in early August to a maximum value of 3.53 mg/L in late August.

Spatial Patterns

In order to assess how each monitoring basin was contributing to total nitrogen concentrations
in the main stem of Burnt Bridge Creek, the 2011-2017 total nitrogen data are presented as box
plots in Figure 23. Along the main stem, median total nitrogen concentrations were highest at
the most upstream stations (3.08 mg/L at BBC 10.4 and 2.85 mg/L at BBC 8.8) and were
significantly higher than all downstream stations. Median concentrations significantly decreased
downstream to a minimum of 1.63 mg/L at BBC 5.9 and gradually increased to 1.78 mg/L at
BBC 2.6. Lower median nitrogen concentrations in Peterson Channel (1.47 mg/L) may have
contributed to the decreased downstream concentrations measured at BBC 8.4 (2.20 mg/L).
Inflow from Burton Channel and Cold Creek do not appear to have influenced downstream
concentrations. Burton Channel had a relatively high median total nitrogen concentration

(2.79 mg/L), but channel flow is too low to affect total nitrogen concentrations in the main stem.

Temporal Trends

Figure 22 (bottom) presents annual median values of total nitrogen at each station in 2011-2017,
and temporal trend analysis results are presented in Table 7. For 2011-2017, a significant
increasing temporal trend in total nitrogen was observed at tributary stations PET 0.0 and
COL 0.0. Significant decreasing trends were observed at the two uppermost stations BBC 10.4
and BBC 8.8, as well four downstream stations (BBC 7.0, BBC 5.9, BBC 5.2, and BBC 2.6). The
2011-2017 plot shows that total nitrogen tended to decrease from 2011 to 2014, and then
increase from 2014 to 2017 at the downstream main stem stations. A significant trend of
increased total nitrogen since 2004-2007 was observed at three of four stations (BBC 8.4,

BBC 7.0, and BBC 5.9), with percent changes for those stations ranging between 83 and

141 percent.
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Figure 22. Total Nitrogen Seasonal Patterns in 2017 and Annual Patterns in 2011-2017 for
Summer Base Flow in Burnt Bridge Creek.
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Spatial Patterns

In order to assess how each monitoring basin was contributing to nitrate+nitrite nitrogen
concentrations in the main stem of Burnt Bridge Creek, the 2011-2017 nitrate+nitrite nitrogen
data are presented as box plots in Figure 25. Nitrate+nitrite nitrogen concentrations followed a
similar pattern as total nitrogen. Along the main stem, median concentrations were highest at
the two most upstream stations (2.56 mg/L at BBC 10.4 and 2.36 mg/L at BBC 8.8) that were
significantly higher than all downstream stations. Median concentrations significantly decreased
downstream to a minimum of 1.42 mg/L at BBC 5.9, increased at BBC 5.2, and remained
constant at 1.51 mg/L until BBC 1.6. Inflow from Peterson Channel (1.28 mg/L) may have
contributed to the decrease in nitrate+nitrite nitrogen at BBC 8.4 (1.81 mg/L); Burton Channel
and Cold Creek did not appear to impact downstream concentrations.

Temporal Trends

Figure 24 (bottom) presents annual median values of nitrate+nitrite nitrogen at each station in
2011-2017, and temporal trend analysis results are presented in Table 7. For 2011-2017, a
significant increasing temporal trend in nitrate+nitrite nitrogen was observed at station PET 0.0.
Significant decreasing trends were observed at the three most upstream stations (BBC 10.4 to
BBC 8.4), as well as Burton Channel. The 2011-2017 plot shows that nitrate+nitrite nitrogen
tended to decrease from 2011 to 2015, and then increase from 2015 to 2017 at the downstream
main stem stations. A significant trend of increased nitrate+nitrite nitrogen since 2004-2007 was
observed at three of four stations (BBC 8.4, BBC 7.0, and BBC 5.9), with percent changes for
those stations ranging between 81 and 291 percent.

Comparing median concentrations of nitrate+nitrite to total nitrogen in 2011 through 2017
shows that between 74 and 95 percent (median 85 percent) of the total nitrogen was in the
dissolved state, which is considered to be readily available for uptake by algae in Burnt Bridge
Creek and Vancouver Lake.

Water Quality Criteria Comparison

All nitrate+nitrite nitrogen concentrations at all stations exceeded the EPA-recommended
criterion (0.15 mg/L) (see Figure 24).

Fecal Coliform Bacteria

Urban and agricultural runoff characteristically contains elevated levels of fecal coliform bacteria.
These organisms are used as indicators of fecal contamination from humans and other warm-
blooded animals. Human sources include failing septic systems, municipal wastewater
discharges, leaking wastewater conveyance systems or side sewers, and cross-connections with
municipal wastewater systems. Animal sources include pets, livestock, and wildlife (e.g., birds
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and mammals). The simple presence of these bacteria does not necessarily indicate a threat to
public health because only a small portion is likely to be pathogenic to humans. However, their
use as an indicator of potential fecal contamination is considered important in the early
detection of problems that could lead to public health concerns. Washington state surface water
quality standards (WAC 173-201A) for fecal coliform bacteria are presented in Table 3.

Fecal coliform data are presented graphically in Figures 26 and 27 and summary statistics are
presented in Appendix D.

Seasonal Patterns

Figure 26 (top) presents the fecal coliform data for each station by sampling date in 2017.
Concentrations ranged from 5 to 720 CFU/100 mL in 2017. Fecal coliform bacteria
concentrations were highly variable within stations (27 to 101 percent coefficient of variation)
throughout the 2017 monitoring period. They typically decreased from June to early August,
then increased to late August or September before decreasing again in October. Maximum
concentrations were typically observed in June (7 of 11 stations), with minimum concentrations
observed in early August (6 of 11 stations).

Spatial Patterns

In order to assess how each monitoring basin was contributing to fecal coliform concentrations
in the main stem of Burnt Bridge Creek, the 2011-2017 fecal coliform data are presented as box
plots in Figure 27. Median fecal coliform bacteria concentrations were similar among the three
most upstream main stem stations (ranging from 91 to 96 CFU/100 mL) and gradually increased
from stations BBC 8.4 to BBC 1.6 (255 CFU/100 mL). High median concentrations were observed
at Burton Channel and Cold Creek (275 CFU/100 mL at both stations) that may have contributed
to the significantly increased concentrations observed at BBC 7.0 and BBC 1.6, respectively.
Those stations with the highest concentrations (BUR 0.0, COL 0.0, and BBC 1.6) were found to be
significantly different than all other stations, with the exception that BUR 0.0 was not found to
be significantly different than BBC 2.6.

Temporal Trends

Figure 26 (bottom) presents annual median values of fecal coliform at each station in 2011-2017,
and temporal trend analysis results are presented in Table 7. For 2011-2017, a significant
decreasing temporal trend in fecal coliform was observed at stations BUR 0.0, BBC 5.9, BBC 5.2,
and COL 0.0. The 2011-2017 plot shows that median fecal coliform was highest in 2013 at the
downstream stations (BBC 7.0 to BBC 1.6). A significant trend of increased fecal coliform since
2004-2007 was observed at BBC 7.0, which had a 39 percent increase from historical to recent
data. Significant trends of decreased fecal coliform since 2004-2007 were observed at PET 0.0
and BBC 8.4, with 48 and 46 percent decrease, respectively.

Fd
mlf HERRERA March 2018

68 2017 Trend Analysis Report—Burnt Bridge Creek Ambient Water Quality Monitoring Program



Fecal Coliform

_-".\‘

500 T
-~ —e— BBC10.4
g 200 —=— BBC838
=] -+- PET0.0
;:): 100 BBC8.4
L -=- BUR0.O
E BBC7.0
5 0 —e— BBC5.9
= —A&— BBC5.2
o —— BBC26
g 20 -e- COL0.O
& BBC1.6

10

5 -- state criterion
T T T T T T
06/19/2017 08/02/2017 09/26/2017
07/11/2017 08/30/2017 10/10/2017
Sampling Date
Fecal Coliform
median value by calendar year

o R

D - Y

(=]
_—y BBC10.4
E 8 BBC8.8

o]
S PETO.0
o) BBC8.4
S BUR0.0
E o BBC7.0
5 1 BBC5.9
= BBC5.2
© BBC2.6
g g COL0.0
E 27 BBC1.6

3 -- state criterion

T T T T T T T
2011 2012 2013 2014 2015 2016 2017
Year

Figure 26. Fecal Coliform Seasonal Patterns in 2017 and Annual Patterns in 2011-2017 for
Summer Base Flow in Burnt Bridge Creek.
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Water Quality Criteria Comparison

Fecal coliform bacteria results exceeded the state water quality standard for the geometric mean
(shall not exceed 100 CFU/100 mL) or the 90th percentile (shall not exceed 200 CFU/100 mL) at
all stations in 2017. For all stations in 2011-2017, the geometric mean ranged from 91 to

306 CFU/100 mL, and the 90th percentile ranged from 220 to 1,180 CFU/100 mL.

Water Quality Index Results

Water quality index (WQI) results are presented in Table 8 as median values for 2011-2017. The
fecal coliform WQI scores ranged between 56 and 74. All stations were of moderate concern
(WQI 40-79) with regard to fecal coliform.

Overall Water Quality Index Scores

Overall median WQI scores ranged between 44 and 72, falling within the moderate concern
range at all stations (see Table 8). A significant decreasing trend in overall WQI score was
observed at Peterson Channel from 2011 to 2017.
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SUMMARY OF FINDINGS

DATA QUALITY

Water quality monitoring of Burnt Bridge Creek in the summer of 2017 met the project
objectives by using methods and locations that are consistent with past monitoring efforts and
in accordance with the QAPP (Herrera 2017b), and by providing accurate and high quality data
for use by the City of Vancouver and others. All samples were collected as planned, and the data
quality objectives were met with the following exceptions:

e Forty-six of the sixty-six fecal coliform bacteria results (68 percent) were qualified as
estimated (J) based on plate counts being out of range, or due to the laboratory or field
duplicate results (RPD greater than 30 percent).

e Three fecal coliform results were flagged as greater than (>) the reported maximum
possible count of 300 because they were reported as too numerous to count at >300
due to laboratory oversight regarding dilution volumes.

e Two results for turbidity were qualified as estimated (J) due to field duplicate results
(RPD greater than 20 percent).

e One result for nitrate+nitrite were qualified as estimated (J) due to field duplicate results
(RPD greater than 20 percent).

e One result for TSS was qualified as estimated (J) due to field duplicate results (RPD
greater than 20 percent).

e Data from the continuous temperature probe used between Events 4 and 6 at BBC 8.8
were corrected using linear regression because the temperature accuracy check slightly
exceeded the standard.

Seasonal Patterns

Seasonal patterns in parameter values were similar in 2017 to those observed in previous years.
Maximum temperatures and minimum dissolved oxygen concentrations typically occurred in
August, and temperatures were unusually high when monitoring started in June 2017.
Conductivity, soluble reactive phosphorus, and total phosphorus typically reached maximum
values in September, while nitrate+nitrite reached minimum values in September.
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Spatial Patterns

The 2011-2017 data showed statistically significant spatial patterns in the water quality of Burnt
Bridge Creek as base flow waters flowed downstream:

e Increasing values to mid-stream maximums at station BBC 7.0 for temperature, turbidity,
total suspended solids, and total phosphorus.

e Decreasing values to mid-stream minimums at station BBC 5.9 for dissolved oxygen.

e Increasing values to downstream maximums at station BBC 2.6 or BBC 1.6 for pH and
fecal coliform bacteria.

e Decreasing values to downstream maximums at station BBC 2.6 or BBC 1.6 for
nitrate+nitrite and total nitrogen.

Tributaries with parameter values that were significantly different than upstream stations and
significantly changed downstream values include:

e Peterson Channel with high temperature, conductivity, soluble reactive phosphorus, and
total phosphorus values, and low dissolved oxygen, turbidity, nitrate+nitrite, and total
nitrogen values.

e Burton Channel with high fecal coliform bacteria values.

e Cold Creek with high conductivity and fecal coliform bacteria values.
Temporal Trends

Recent Trends

All 11 stations monitored in 2011-2017 were evaluated for statistically significant temporal
trends. Water quality significantly improved for the following parameters and stations:

e TSS decreased at PET 0.0, BBC 5.9, BBC 5.2, BBC 2.6, and BBC 1.6.

e Fecal coliform decreased at BUR 0.0, BBC5.9, BBC 5.2, and COL 0.0.

e Nitrate+nitrite decreased at BBC 10.4, BBC 8.8, BBC 8.4, and BUR 0.0.

e Total nitrogen decreased at BBC 10.4, BBC 8.8, BBC 7.0, BBC 5.9, BBC 5.2, and BBC 2.6.
Water quality significantly declined for the following parameters and stations:

e Dissolved oxygen decreased at station BBC 7.0.

e Turbidity increased at BBC 10.4 and PET 0.0.
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e TSSincreased at BBC 10.4.

e Soluble reactive phosphorus increased at PET 0.0.
e Nitrate+nitrite increased at PET 0.0.

e Total nitrogen increased at PET 0.0 and COL 0.0.

In addition, pH significantly decreased at BBC 7.0 but continued to meet state standards.
Conductivity increased at stations PET 0.0, BBC 8.4, BBC 7.0, BBC 5.9, BBC 5.2, BBC 2.6, COL 0.0,
and BBC 1.6.

Historical Trends

The four stations monitored in the 2004-2007 and 2011-2017 studies were also evaluated for a
significant (alpha = 0.5) and substantial (at least 50 percent change) improvement or
degradation in summer base flow conditions. Significant water quality degradation was
observed all four stations (PET 0.0, BBC 8.4, BBC 7.0, and BBC 5.9) that outweighed the few
observed improvements.

Degraded water quality conditions were observed for the following parameters and stations
(significant trend):

Turbidity increased at all stations (substantial at all stations except PET 0.0).
e TSS increased at BBC 8.4 (substantial) and at BBC 7.0 (not substantial).
e Nitrate+nitrite and total nitrogen increased at BBC 8.4, BBC 7.0, and BBC 5.9 (substantial).

e Total and soluble reactive phosphorus increased at all four stations (substantial at
PET 0.0 and BBC 8.4 for total phosphorus, and substantial for soluble reactive
phosphorus at all four stations except BBC 7.0).

e Fecal coliform increased at BBC 7.0 (not substantial).

Significantly improved water quality conditions were observed for the following parameters and
stations:

e Dissolved oxygen increased at BBC 5.9 (not substantial).
e Fecal coliform decreased at PET 0.0 and BBC 8.4 (not substantial).

In addition, pH significantly increased at BBC 7.0 and BBC 5.9 (not substantial) but continued to
meet state standards. Conductivity increased at PET 0.0 (not substantial).
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Water Quality Criteria

The 11 base flow monitoring stations were evaluated for compliance with applicable state and
federal water quality standards using the 2011-2017 summer base flow results. Water quality
criteria were not met for the following parameters and stations:

e High water temperature at all eight stations that were monitored continuously.
e Low dissolved oxygen at all stations except BBC 8.8 and BUR 0.0.
e Low pH at BBC 10.4.

e High total phosphorus, total nitrogen, nitrate+nitrite, and fecal coliform at all 11 stations.

Water Quality Index

The overall WQI was in the moderate concern range for all 11 stations based on median scores
for 2011-2017, with higher scores (53 to 70) at the upstream stations from BBC 10.4 to BUR 0.0
and lower scores (43 to 49) at the downstream stations from BBC 7.0 to BBC 1.6. A significant
decreasing trend from 2011 to 2017 in the overall WQI was identified only at Peterson Channel
(PET 0.0) (see Table 8 on page 31). The relative concern for WQI parameters include:

e Low concern for pH (10 stations), turbidity (11 stations), and TSS (9 stations).
e Low to moderate concern for dissolved oxygen (six and five stations, respectively).
e Moderate concern for temperature (eight stations) and total phosphorus (nine stations).

e Moderate to high concern for total nitrogen (six and five stations, respectively).
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RECOMMENDATIONS

MONITORING STATIONS AND FREQUENCY

The number of monitoring locations should remain at 11 to adequately characterize the stream
and to facilitate completion of sample collection and shipment in 1 day. The station locations
should also remain consistent with the 2017 monitoring year. Continuous temperature
monitoring should also remain consistent at the eight current continuous monitoring stations.

Ambient monitoring should continue to include six sampling events from June through October
of each year. The total number of samples collected during the summer of each year would
remain at 72 (including 6 duplicate samples).

If funding allows, winter storm event monitoring should occur at nine stations (excluding
stations BBC 8.4 and BBC 7.0) for up to six events in the 2018-2019 wet season (October
through May) to build on the storm event data collected at those same stations during the
2012-2013 wet season. The total number of storm event samples collected should be up to

60 (six events at nine stations and one field duplicate per event). Storm event monitoring should
occur following at least 0.10 inches of rain in the previous 24 hours, and should be initiated
when at least 0.30 inches of rain is predicted to occur in daylight hours of the sampling date.

MONITORING PARAMETERS

It is recommended that the monitoring parameters and analytical methods used in 2017 be
continued in the future. Monitoring parameters for storm event monitoring should include those
used for summer base flow monitoring with the exclusion of field parameters and the addition
of hardness, dissolved copper, and dissolved zinc (as per storm event monitoring in the 2012-2013
wet season). Exclusion of field parameters will facilitate timely sample collection during storm
events and these parameters are generally not a concern during winter storm flow.

SAMPLE ANALYSIS

Due to quality control concerns encountered in 2017, it is recommended that fecal coliform
bacteria be analyzed at a different laboratory: BSK Associates, which is accredited by Ecology for
fecal coliform bacteria and located in Vancouver, Washington. It is recommended that all other
parameters continue to be analyzed by (IEH Aquatic Research) for consistency with 2011-2017
data.
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APPENDIX A

Interim Data Reports






The contents of this appendix will be
provided separately.







APPENDIX B

Temperature Accuracy Check Data






The contents of this appendix will be
provided separately.







APPENDIX C

Continuous Temperature Data






The contents of this appendix will be
provided separately.







APPENDIX D

Summary of Water Quality Data for Current and
Historical Studies of Burnt Bridge Creek






The contents of this appendix will be
provided separately.







APPENDIX E

Statistical Test Results






The contents of this appendix will be
provided separately.
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