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Site Selection  
Monitored watersheds were selected based on areas of interest identified by the CSWCD. Specific 
sampling sites for continuous water temperature and grab sample turbidity were selected based on 
three factors: HUC 12 boundary, the presence of legacy ODEQ monitoring, and TMDL limited water 
bodies. HUC 12 boundaries divide the river or creek into discrete monitoring reaches to better define 
the water body to being monitored. Sampling defined reaches of the water body can identify landscape 
factors influencing water temperature. E. coli sampling was conducted in the lowest reaches of the 
watersheds to highlight both areas commonly accessed by humans for recreation (near urban centers) 
and to evaluate the cumulative condition of the water quality within each watershed. When possible, 
sampling locations were also chosen based on prior ODEQ sampling sites nearby. Continuing to monitor 
ODEQ sampling sites augments existing monitoring data on previously TMDL limited water bodies and 
can inform if changes have occurred over time. Alternatively, monitoring stations located in non-TMDL 
limited waters were selected to monitor if conditions in the watershed were unchanged.  

The 13 monitoring sites chosen through this selection process provided a comprehensive overview of 
the four watersheds (Figure 2, Table 1). By monitoring the major tributary confluences, the CSWCD can 
observe differences and make comparisons of water quality conditions from the headwaters to the 
lower reaches. Over time, this will allow the CSWCD to identify problem areas and assess where further 
monitoring and possible restoration activities are needed throughout the watersheds. Detailed 
monitoring site descriptions can be found in Appendix A.  
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Figure 1: The Clatskanie River, Beaver Creek, Milton, and Scappoose River watersheds are in Columbia County, 
Oregon, USA.   
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Table 1: Sampling Station Descriptions, Locations, and Parameters 

Station 
Identification 

Site 
Code 

ODEQ 
LASAR # Station Description Latitude Longitude Parameter 

Clatskanie Watershed 
Little 
Clatskanie 

LC 23539 Little Clatskanie River at Apiary 
Road, Rocky Substrate 

45.9871802 -123.0391480 Temperature, E. 
Coli, Turbidity 

Upper 
Clatskanie 

UC n/a Headwaters Clatskanie River at 
Apiary Road, Rocky Substrate 

45.9882893 -123.0402836 Temperature, E. 
Coli, Turbidity 

Carcus Creek CAR 23537 Carcus Creek at mouth 
(Clatskanie River tributary, 
River Mile 11.2), Rocky 
Substrate 

46.0390038 -123.0832678 Temperature, E. 
Coli, Turbidity 

Middle 
Clatskanie 

MC n/a Clatskanie River downstream 
of Carcus Creek- located at 
Swedetown Rd. Bridge 
crossing, Rocky Substrate 

46.0482249 -123.1197820 Temperature, E. 
Coli, Turbidity 

Lower 
Clatskanie 

Low 
C 

34152 Clatskanie River above 
Keystone Creek (Columbia), 
Mixed Substrate and Large 
Wood 

46.0802952 -123.1632107 Temperature, E. 
Coli, Turbidity 

 Beaver Creek Watershed  
Upper 
Beaver 

UB 23535 Girt Creek at Beaver Spring 
Road (Beaver Creek tributary 
River Mile 16.6), Silt Substrate  

46.0631239 -122.9649379 Temperature, E. 
Coli, Turbidity 

Lower 
Beaver 

LB 23526 Beaver Creek at Beaver Falls 
Road (Tidewater, upstream of 
Stewart Creek), Rocky 
Substrate  

46.1097865 -123.1585536 Temperature, E. 
Coli, Turbidity 

 Milton Creek Watershed  
Upper 
Milton  

UM n/a Cox Creek South of Yankton 
School (Yankton), Rocky 
Substrate 

45.8641139 -122.8879489 Temperature, E. 
Coli, Turbidity 

Lower Milton LM n/a Milton Creek at Boise Cascade 
(River Mile 0.8), Silty Substrate  

45.8504302 -122.8147681 Temperature, E. 
Coli, Turbidity 

 North Scappoose Creek  
Upper North 
Scappoose 

UNS n/a North Scappoose Creek below 
Alder Creek, Rocky Substrate  

45.8227512 -122.9469585 Temperature, E. 
Coli, Turbidity 

Lower North 
Scappoose 

LNS 23566 Scappoose Creek - North 
Scappoose Creek at Hwy 30, 
Mixed Substrate 

45.7711443 -122.8787030 Temperature, E. 
Coli, Turbidity 

 South Scappoose Creek  
Upper South 
Scappoose  

USS 23579 Scappoose Creek - South 
Scappoose Creek at Bankston 
Road, Rocky Substrate  

45.7443630 -122.9596836 Temperature, E. 
Coli, Turbidity 

Lower South 
Scappoose 

LSS n/a Scappoose Creek - South 
Scappoose Creek at Hwy 30, 
Silty Substrate 

45.7637674 -122.8800218 Temperature, E. 
Coli, Turbidity 
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Figure 2: Map of water quality monitoring site locations within the Columbia County Watershed Boundaries 
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Watershed Descriptions  
In order to classify land cover in the study site, the most recent available land cover data for the County 
was downloaded from USGS (2011) and re-categorized into forests, shrub/scrub, pastures, developed 
and open water (Figure 3, Figure 4) using ArcGIS. Areas and percent landcover were calculated for each 
watershed. This information will help aid the interpretation of water quality results and provide a 
complete picture of the watersheds studied in this effort.  

The Clatskanie River is approximately 26 miles in length and enters the Columbia River at river mile 50. 
The Clatskanie watershed is approximately 47,984 acres, with 62% of landcover characterized as forests, 
32% as shrub/scrub, and 4% of the landcover is characterized as developed (Figure 3, Figure 4).  

Beaver Creek is approximately 19 miles in length and enters the Columbia River at the same location as 
the Clatskanie River at river mile 50. The Beaver Creek watershed is approximately 31,228 acres with 
57.5% of landcover characterized as forests, 27.8% as shrub/scrub, and a little over 8% of the landcover 
characterized as developed (Figure 3, Figure 4).   

The Scappoose Bay watershed has been divided into three sub-basins: Milton Creek, North Scappoose 
Creek, and South Scappoose Creek. Milton Creek is approximately 20 miles in length and enters near the 
mouth of the Scappoose River. The Milton Creek watershed is approximately 20,680 acres, with 55% of 
landcover characterized as forests, 27% as shrub/scrub, and 9% of the landcover characterized as 
developed (Figure 3). The North Scappoose Creek and South Scappoose Creek are 12 miles in length and 
enter the Columbia River via Scappoose Creek at Columbia River mile 86. The North Scappoose 
watershed is 20,569 acres with 65% of landcover characterized as forests, 28% as shrub/scrub and 6% of 
the landcover characterized developed (Figure 3). The South Scappoose Creek watershed is 17,391 acres 
with 54% of landcover characterized as forests, 34% as shrub/scrub and 9% of the landcover 
characterized as developed (Figure 3, Figure 4). Due to tidal influences, Scappoose Creek is not included 
in this study. 

Land cover of Scappoose Bay watershed was previously classified in 2011 using 2001 data, the results of 
which are present in Appendix C. When compared to results from Figure 3, a negligible amount of 
change was observed. 
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Figure 3: Percent land cover in Columbia County watersheds based on USGS 2011 Land cover data. Open Water, Developed high intensity, Developed medium 
intensity, and Developed low intensity are represented as classified by the USGS; Developed open space includes developed open space and barren land 
classifications; Crops/Pastures includes hay/pasture and cultivated crops classifications; Forests include Evergreen, Deciduous and Mixed forest classifications; 
Vegetation includes herbaceous and shrub/scrub classifications; Wetlands include emergent herbaceous wetlands and woody wetlands classifications. 
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Figure 4: Columbia County Watershed Subbasin Landcover classification map. Adapted from USGS 2011 land cover 
data. Open Water, Developed high intensity, Developed medium intensity, and Developed low intensity are 
represented as classified by the USGS; Developed open space includes developed open space and barren land 
classifications; Crops/Pastures includes hay/pasture and cultivated crops classifications; Forests include Evergreen, 
Deciduous, and Mixed forest classifications; Vegetation includes herbaceous and shrub/scrub classifications; 
Wetlands include emergent herbaceous wetlands and woody wetlands classifications. 
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Figure 5: Data logger deployment timeline at 13 monitoring stations across three watersheds, from 2017 to 2020. The colors represent average water 
temperature (°C) during deployments corresponding to the temperature threshold shown in Table 3 and represented in the legend. 
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Figure 6: Locations of current and baseline monitoring sites in the Scappoose Bay Watershed. Baseline stations are 
represented as green dots, while current monitoring stations are represented as pink dots. Sub-watershed 
boundaries are also shown. Clatskanie River and Beaver Creek are not shown herein as no historic baseline data 
was available at the time of writing this report. 
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Water Temperature 
Between 2017 and 2020, 7-day moving average maximum temperatures (7dMAM) in the Clatskanie 
watershed varied from 4.5°C to 19.7°C (Table 5). Stream temperatures tend to increase from the upper 
basin to the lower basin (Figure 8). The highest seasonal temperatures were observed during August 
throughout the monitoring period (Figure 9), when air temperatures tended to be the highest and water 
levels are low. 

DEQ temperature standard for salmon rearing habitat is less than 18°C, and streams with temperatures 
higher than 18°C are considered poor quality for salmon. Little Clatskanie, Upper Clatskanie, and Carcus 
Creek 7dMAM temperature remained below the 18°C temperature threshold throughout the study 
(Figure 10). These monitoring locations are in forested areas of the watershed (Figure 4) and due to 
shading and lack of anthropogenic influences temperatures remain within ideal conditions (Table 3). In 
Middle, Clatskanie temperatures exceeded 18°C in August between 2018 and 2020. The temperature in 
the Lower mainstem Clatskanie River exceeded 18° C more regularly than other sites in the watershed, 
with summer temperatures consistently holding above the 18°C temperature threshold. These sites are 
in areas with pastures with runoffs and reduced shading, which may increase temperatures. Monthly 
temperature comparison across years shows winter temperatures being higher in 2020 (Table 5).  

Table 5: Monthly variation in 7dMAM temperatures from 2017 to 2020 for creeks in Clatskanie Watershed. 
Temperatures have been color-coded according to salmonid thresholds listed in Table 3, with blue representing 
cooler, ideal conditions, and yellow/orange representing temperatures crossing 18°C. 
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Figure 10: Clatskanie Watershed 7-day average maximum temperatures (7dMAM) from June 2017 to October 2020 overlayed on salmonid temperature 
threshold ranges. See Table 3 for temperature threshold details. 
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Temperatures in the lower Clatskanie watershed exceed 18°C for longer periods of time, with the 
highest number of days exceeding the temperature threshold in 2020 (Table 6). 

Table 6: Number of days over 18°C in the Clatskanie watershed between 2017 to 2020. Winter and spring months 
have been excluded from this table as stream temperature conditions are within ideal conditions at that time. 

 
 

Water Turbidity Levels 
Over the four-year monitoring period, on average, Carcus Creek, Little Clatskanie Creek, Upper 
Clatskanie, Mid-Clatskanie, and Lower Clatskanie River sampling locations maintained relatively low (< 4 
NTU) turbidity levels (Table 7, Figure 11-Figure 12). Seasonally, the highest turbidity levels were 
recorded in the winter months (Nov., Dec., Jan.), reflecting winter storm conditions and high flow events 
(Figure 11). Elevated turbidity events were primarily observed at the headwater sampling locations Little 
Clatskanie, Upper Clatskanie, and Carcus Creek (Figure 12). All sites remained below the 10 NTU salmon 
habitat turbidity threshold during the study period.  
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Table 7: Summary Table for Clatskanie Watershed Monthly Turbidity (NTU), 2017-2020 Grab Samples. Turbidity 
grab sampling results for Clastkanie Watershed broken down across years and watershed sampling locations. n = 
number of samples collected. No samples collected went over the 10 NTU threshold. 
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Figure 11: Turbidity (NTU) grab sampling results (boxplots) for Clatskanie watershed broken down across months 
sampled incorporating all watershed sampling locations.  Sampling years ranging from 2017 to 2020 are 
highlighted within each boxplot. No samples collected went over the 10 NTU threshold. These data broken down 
across monitoring locations within the watershed can be seen in Figure 12. 
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Figure 12: Turbidity (NTU) grab sampling results (boxplots) for Clatskanie Watershed broken down across sampling 
locations and months sampled. Sampling years ranging from 2017 to 2020 are highlighted within each boxplot. No 
samples collected went over the 10 NTU threshold. A summary of these data can be found in Table 7. 
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Water Bacteria Levels 
In 2017, stream sampling of E. coli bacteria levels in the Clatskanie Watershed were only collected in 
Lower Clatskanie Creek during September and October 2017 and exhibited low E. coli levels (<100 
MPN/100 ml) during these sampling events (Table 8, Figure 13-Figure 14). More intensive bacteria 
sampling was conducted in 2019 and 2020, with bi-monthly samples collected in the summer months 
(ODEQ, 2020). On average E. coli bacteria levels across most sampling sites remained below the EPA 
(235 MPN/100) and ODEQ (406 MPN/100) thresholds; however, Lower Clatskanie, Middle Clatskanie, 
Little Clatskanie, and Upper Clatskanie did experience elevated E. coli events during the 2017-2020 
sampling period. These elevated sample readings primarily occurred between June-September (Figure 
13-Figure 14), corresponding with summer high water temperatures (Figure 10).  

The 90-day geometric mean state-mandated water quality threshold for Oregon is 126 MPN/100; 
Middle Clatskanie violated this threshold during the following sampling periods June-September 2019 
and July-November 2020 (Table 9). Middle Clatskanie also violated the no single sample over 406 
MPN/100 threshold in June of 2019 with a sample reading of 2,490 MPN/100 (Table 8). These water 
quality conditions merit continued monitoring and additional investigation into the cause of elevated E. 
coli levels to ensure they do not continue to decline.  

Table 8: Summary Table of Clatskanie Watershed Monthly E. coli (2017-2020) MPN/100 ml Grab Samples. E. coli 
bacteria grab sampling results for Clatskanie watershed broken down across years and watershed sampling 
locations. Sampling locations that experienced events over the EPA (235 MPN/100) and ODEQ (406 MPN/100) 
thresholds for E.coli bacteria levels are highlighted in red. n = number of samples collected, for monthly max data, 
see Appendix B.  
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Table 9: 90 Day geometric mean (5 samples or greater) of E. coli bacteria levels (MPN/100ml) across all sampling 
sites, those durations that are above the state-mandated threshold of 126 MPN/100 ml for the 90 day geometric 
mean are highlighted with red text.

 
 

 
Figure 13: E. coli bacteria grab sampling results (boxplots) for Clastkanie watershed broken down across months 
sampled incorporating all watershed sampling locations. Sampling years ranging from 2017 to 2020 are highlighted 
within each boxplot. EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are 
highlighted on each graph. June 2019 Middle Clatskanie 2490 MPN/100 sample results not shown.  
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Figure 14: E. coli bacteria grab sampling results (boxplots) for Clatskanie watershed broken down across months 
sampled and watershed sampling location. Sampling years ranging from 2017 to 2020 are highlighted within each 
boxplot. EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted on each 
graph. June 2019 Middle Clatskanie 2490 MPN/100 sample results not shown.  
 

Water Conductivity Levels 
Stream conductivity levels were monitored starting in July 2018. Conductivity levels varied seasonally 
across all monitoring locations within the Clatskanie watershed (Figure 15-Figure 16,  

Table 10). Annual increases in water conductivity being observed between April to October and declining 
from November to February (Figure 15). Over time, Carcus Creek has exhibited the lowest overall mean 
conductivity levels, followed by Upper Clatskanie, Little Clatskanie, Middle Clatskanie, and Lower 
Clatskanie sampling locations (Figure 16,  

Table 10). These data provide baseline conductivity levels that can be used to identify new and emerging 
water quality issues or improvements over time. Pollution from runoff or increased turbidity levels from 
sediment can result in higher conductivity levels; however, there is no EPA or ODEQ threshold for 
conductivity in the region.   
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Table 10: Summary Table of Clatskanie watershed monthly conductivity (µs/cm) data for 2018-2020 grab samples. 
Conductivity (µs/cm) samples broken down across months sampled and watershed sampling location. n = number 
of samples collected. For monthly data by site, see Appendix B.
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Figure 15: Conductivity levels (µs/cm) 2018-2020 Grab Samples results (boxplots) for Clatskanie watershed broken 
down across months sampled. Sampling years ranging from 2018 to 2020 are highlighted within each boxplot. 
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Figure 16: Conductivity levels (µs/cm) 2018-2020 Grab Samples results (boxplots) for Clatskanie watershed broken 
down across months sampled and watershed sampling location. Sampling years ranging from 2018 to 2020 are 
highlighted within each boxplot. 
 

Water Quality Issues 
Water quality issues observe in Clatskanie Watershed were isolated to the lower reaches. Water quality 
(temperature, turbidity, E. coli) in the upper reaches of the Clatskanie Watershed, which is 
predominantly forested, meets minimum EPA and ODEQ requirements for salmon habitat. The 
temperature in Middle and Lower Clatskanie exceeded the 18°C thresholds for salmon habitat during 
the summer across all monitoring years (2017-2020), when water levels were low, and air temperatures 
are high (Table 5). Overall elevated temperatures are likely caused by solar loading, as the lower reaches 
of the watershed are much more developed (pastures) and lack riparian shade (Figure 4). Low water 
temperatures are critical for supporting aquatic life including endangered Salmonids in the Pacific 
Northwest; reducing solar radiation and reducing urban and agricultural runoff can help keep water 
temperatures down and protect these stream habitats (USGS 2021). These elevated temperatures also 
coincide with elevated counts of E. coli in these sites. Elevated E. coli bacteria levels were observed in 
Middle Clatskanie between June-September in 2019 and July-November in 2020, exceeding the EPA and 
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ODEQ standards including the five sample geometric mean (Table 3,Table 37 Table 9). E. coli bacteria 
issues are indicative of animal waste runoff and can be very harmful to humans using these waterways 
for recreation (Pandey et al. 2014). Additional research is needed to determine the exact source of the 
elevated E. coli.  Animal waste or septic tank leakage into the stream are possible sources to be 
investigated. Depending on the source, actions that could reduce future E. coli exceedance events 
include increasing riparian buffers, excluding livestock from the creek, increasing manure management 
near streams, or updating failed septic systems throughout the targeted reach of the watershed (Pandey 
et al. 2014).  Given the frequency and scale of E. coli bacteria events in the lower watershed adding 
warning signs to recreational areas along this reach of the stream and/or notifying nearby homeowners 
is recommended. No significant issues or shifts in stream water turbidity or conductivity levels were 
detected in Clatskanie Watershed during this study.  
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Table 11: Monthly variation in 7dMAM temperatures from 2017 to 2020 for creeks in Beaver Creek Watershed. 
Temperatures have been color-coded according to salmonid thresholds listed in Table 3, with blue representing 
cooler, ideal conditions and yellow/orange representing temperatures crossing 18°C. 

 

 

When the number of days exceeding 18°C were compared between May to October every year, it was 
observed that the lower watershed had longer time periods where stream temperatures were 
considered of poor quality, according to DEQ standards, even though the lower watershed has more 
vegetation and forests. However, the monitoring station at Upper Beaver is placed in a well-shaded 
spot, which seems to be reducing stream temperatures at the location. However, canopy cover analysis 
was not conducted as part of this report; hence, definitive statements about shading cannot be made 
through this study. 

Table 12: Number of days over 18°C in the Beaver Creek watershed between 2017 to 2020. Winter and spring 
months have been excluded from this table as stream temperature conditions are within ideal conditions at that 
time. 
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Figure 18: 7dMAM temperature variation in the Beaver Creek watershed, overlaid on the DEQ stream temperature 
standard ranges for healthy salmon habitat (Table 3). Data points represent the months monitored in a year. 
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Figure 20: Beaver Creek Watershed 7-day average maximum temperatures (7dMAM) from June 2017 to October 2020 overlayed on salmonid temperature 
threshold ranges. See Table 3 for temperature threshold details. 
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Figure 21: Turbidity (NTU) grab sampling results (boxplots) for Beaver Creek Watershed broken down across 
sampling locations and months sampled. Sampling years ranging from 2017 to 2020 are highlighted within each 
boxplot. 10 NTU threshold highlighted in pink. The overall mean for the study period is highlighted in each graph. A 
summary of these data can be found in Appendix B. 
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Water Bacteria Levels 
In 2017, only Lower Beaver Creek was monitored for E. coli bacteria levels; during this time, elevated 
levels, 345 MPN/100 ml, were detected in October, with July-September samples falling within a normal 
range (<126 MPN/100) (Figure 22, Table 14-Table 16). In 2018, elevated E. coli bacteria levels were 
detected in Upper Beaver Creek (Girt Greek) in August, 323 MPN/100, and September, 727 MPN/100, 
and in Lower Beaver Creek in September, 2,420 MPN/100 (Figure 22, Table 14-Table 16). These extreme 
bacteria events encouraged more intensive sampling during the 2019 and 2020 monitoring years, 
including bi-monthly sampling in the summer, which allowed for the calculation of the 90-day geometric 
mean (Table 16).  

The 90-day geometric mean state-mandated water quality threshold for Oregon is 126 MPN/100. In 
2019 Upper Beaver Creek exhibited elevated E. coli bacteria levels from June-October with a geometric 
means ranging from 214-214 MPN/100 and May-Nov in 2020 ranging from 172-224 MPN/100 (Table 
16). In comparison, Lower Beaver Creek also experienced an elevated event in March 2020, 649 
MPN/100, and August 2020, 299 MPN/100, but the overall mean (Table 15) and geometric mean (Table 
16) E. coli bacteria levels remained below the 126 MPN/100 threshold. These water quality conditions 
merit continued monitoring and additional investigation into the cause of elevated E. coli levels to 
ensure they do not continue to persist or decline.  

Table 14: Beaver Creek watershed monthly max E. coli (MPN/100 ml) grab samples. Grab sampling results for 
broken down across years and watershed sampling locations. Sampling locations that experienced events over the 
EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted in red. n = 
number of samples collected. 
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Table 15: Summary table of Beaver Creek watershed E. coli (2017-2020) MPN/100 ml grab samples. Grab sample 
data broken down across years and watershed sampling locations. Sampling locations that experienced events over 
the EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted in red. n = 
number of samples collected; for monthly max data, see Table 14.  

 
 

Table 16: 90 Day geometric mean (5 samples or greater) of E. coli bacteria levels (MPN/100ml) across all sampling 
sites, those durations that are above the state-mandated threshold of 126 MPN/100 ml for the 90 days geometric 
mean are highlighted with red text. 
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Figure 22. E. coli bacteria grab sampling results (boxplots) for Beaver Creek Watershed broken down across months 
sampled and watershed sampling locations. Sampling year ranging from 2017 to 2020 are highlighted within each 
boxplot. EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted on each 
graph. The overall mean for the study period highlighted in each graph. Logarithmic scale used on the y-axis.   

Water Conductivity Levels 
Conductivity levels varied seasonally across both monitoring locations within the Beaver Creek 
watershed (Figure 20, Table 17). At both locations, annual increases in water conductivity were 
observed between April to September and declined from October to February (Figure 20, Table 17). 
Between 2018-2020, Lower Beaver Creek exhibited lower overall mean conductivity levels ranging from 
60-74 µs/cm compared to 80-89 µs/cm observed at the Upper Beaver (Girt Creek) monitoring location 
(Figure 20, Table 17).  These data provide baseline conductivity levels that can be used to identify new 
and emerging water quality issues or improvements over time. Pollution from runoff or increased 
turbidity levels from sediment can result in higher conductivity levels; however, there is no EPA or ODEQ 
threshold for conductivity in the region.   
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Table 17: Summary Table of Beaver Creek watershed monthly conductivity (µs/cm) data for 2018-2020 grab 
samples. Conductivity (µs/cm) samples broken down across months sampled and watershed sampling location. n = 
number of samples collected. For monthly data by site, see Appendix B.

 
 

 

Figure 23: Conductivity levels (µs/cm) 2018-2020 Grab Samples results (boxplots) for Clastkanie watershed broken 
down across months sampled and watershed sampling location. Sampling years ranging from 2018 to 2020 are 
highlighted within each boxplot. The overall mean for the study period is highlighted in each graph.  
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Water Quality Issues 
Water quality issues observed in Beaver Watershed include high summer temperatures (>18°C) between 
June and September (Table 11). Overall elevated temperatures are likely caused by solar loading as the 
water moved through the watershed. Beaver Creek has extensive residential and agricultural 
development in the upper watershed, which increases the amount and duration of solar loading 
experienced by the water moving through the watershed (Figure 4). Low water temperatures are critical 
for supporting aquatic life, including endangered Salmonids in the Pacific Northwest; reducing solar 
radiation and reducing urban and agricultural runoff can help keep water temperatures down and 
protect these stream habitats (USGS 2021). Turbidity events above the 10 NTU threshold were also 
observed in the Upper reaches of Beaver Creek every year during the 2017-2020 study period. Overall 
monthly averages of turbidity remained below the 10 NTU threshold, however, were elevated compared 
to Lower Beaver Creek (Table 13). Similar to recommendations for temperature improvements, 
increasing riparian cover and reducing runoff can reduce erosion events and sediment loading in stream 
environments.    

Additionally, elevated E. coli bacteria levels were observed in the watershed between June-October 
throughout the 2017-2020 study period, exceeding the EPA and ODEQ standards, including the five 
sample geometric mean in Upper Beaver Creek in 2019 and 2020 (Table 3, Table 16). E. coli bacteria 
issues are indicative of animal waste runoff and can be very harmful to humans using these waterways 
for recreation (Pandey et al. 2014). Additional research is needed to determine the exact source of the 
elevated E. coli.  Animal waste or septic tank leakage into the stream are possible sources to be 
investigated. Depending on the source, actions that could reduce future E. coli exceedance events 
include increasing riparian buffers, excluding livestock from the creek, increasing manure management 
near streams, or updating failed septic systems throughout the targeted reach of the watershed (Pandey 
et al. 2014).  Given the frequency and scale of E. coli bacteria events adding warning signs to 
recreational areas along the stream in the Upper watershed is recommended. No significant issues or 
shifts in stream water conductivity levels were detected in Beaver Creek Watershed during this study.  
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Scappoose Bay Watershed  

Milton Creek 

Study Area 

 

Figure 24: Overview map of Milton Creek watershed monitoring locations; for a map of watershed boundaries, see 
Figure 2 for specific monitoring location details, see Table 1. Upper watershed monitoring starts at MIL024 and 
then moves through the watershed with MIL002 being closest to the outlet of Milton Creek into Scappoose Creek 
and the Columbia River.  
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Figure 25: Focus map of Upper Milton Creek watershed monitoring locations; for a map of watershed boundaries, 
see Figure 2, and a general overview map, see Figure 24. For specific monitoring location details, see Table 1.  
 

 
Figure 26: Focus map of Lower Milton Creek watershed monitoring locations; for a map of watershed boundaries, 
see Figure 2, and a general overview map, see Figure 24. For specific monitoring location details, see Table 1.  
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Water Temperature 
Between 2017 and 2020, 7dMAM temperature in the Milton watershed ranged from 5.2°C to 23.2°C 
(Table 18), with increased temperatures in the lower watershed (Figure 27). The highest seasonal 
temperature in the Milton Creek sub-watershed was observed in August during most of the monitoring 
period, apart from Lower Milton in July 2018 (Figure 28). Upper Milton and Lower Milton creeks have 
similar winter temperature trends (December, January-February) (Table 18), after which around late-
March or early-April, 7dMAM temperature of Lower Milton Creek starts increasing faster than Upper 
Milton. DEQ temperature standard for salmon rearing habitat is less than 18°C, and streams with 
temperatures higher than 18°C are considered poor quality for salmon. Between 2017 and 2020, the 
temperature at Upper Milton exceeded 18°C mostly during July and August during 2017 and 2018; 
however, this phenomenon becomes extended during 2019 and 2020, where temperatures exceed 18°C 
from June to September. Lower Milton Creek temperatures exceed 18°C from June to September during 
most of the monitoring period, reaching close to DEQ lethal conditions threshold (25°C) and even 
exceeding 25°C during the first week of August in 2018 (Figure 29). 

Table 18: Monthly variation in 7dMAM temperatures from 2017 to 2020 for Upper Milton and Lower Milton creeks. 
Temperatures have been color-coded according to salmonid thresholds listed in Table 3, with blue representing 
cooler, ideal conditions, and yellow/orange representing temperatures crossing 18°C. Temperatures close to or 
exceeding lethal conditions have been represented in red. 

 

 
When the number of days was compared across the watershed, temperatures in the lower watershed 
remain above 18°C for extended periods during the summer. This coincides with land use data for the 
two monitoring stations. Lower Milton is situated in a more developed area and thus is more exposed to 
solar radiation and human use during the summer (Table 19). 
 
Table 19: Number of days over 18°C in the Milton Creek watershed between 2017 to 2020. Winter and spring 
months have been excluded from this table as stream temperature conditions are within ideal conditions at that 
time. 
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Figure 27: 7dMAM temperature variation in the Milton Creek sub-watershed, overlaid on the DEQ stream 
temperature standard ranges for healthy salmon habitat (Table 3). Data points represent the months monitored in 
a year. 
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Figure 29: Milton Creek Watershed 7-day average maximum temperatures (7dMAM) from June 2017 to October 2020, overlayed on salmonid temperature 
threshold ranges. See Table 3 for temperature threshold details. 
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Figure 31. Turbidity (NTU) grab sampling results (boxplots) for Milton Creek Watershed broken down across 
sampling locations and months sampled. Sampling years ranging from 2017 to 2020 are highlighted within each 
boxplot. 10 NTU threshold highlighted in pink. The overall mean for the study period highlighted in each graph. A 
summary of these data can be found in Appendix B.  
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Figure 32: Turbidity (NTU) grab sampling results (boxplots) for Milton Creek Watershed broken down across years 
sampled. Sampling locations are highlighted within each boxplot. 10 NTU threshold highlighted in pink. Overall 
mean for each year highlighted. A summary of these data can be found in Appendix B.  
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Water Bacteria Levels 
In 2017, only Lower Milton Creek was monitored for E. coli bacteria levels; during this time, elevated 
levels exceeding the EPA health standard <235 MPN/100 ml were detected in July, September, and 
October (Figure 33, Table 21-Table 23). In 2018, elevated E. coli bacteria levels were only detected in 
Lower Milton Creek in July, 291 MPN/100 ml, and August, 322 MPN/100 ml (Table 21). These bacteria 
events encouraged more intensive sampling during the 2019 and 2020 monitoring years, including bi-
monthly sampling in the summer which allowed for the calculation of the 90-day geometric mean (Table 
23). The 90-day geometric mean state-mandated water quality threshold for Oregon is 126 MPN/100. In 
2019, Upper Milton Creek exhibited elevated E. coli bacteria levels from June-October with a geometric 
means ranging from 162-189 MPN/100 in 2019 and from May-Sept in 2020 ranging from 128-190 
MPN/100 (Table 23). In comparison, Lower Milton Creek also experienced elevated E. coli bacteria levels 
in 2019 from June-October with a geometric means ranging from 194-227 MPN/100 and May-November 
in 2020 ranging from 204-244 MPN/100 (Table 23).  

When comparing the 2017-2020 data to the 2008-2011 data, it is clear that Upper and Lower Milton 
have historically experienced elevated E. coli bacteria events (Figure 34). The frequency of these events, 
however, appears to be increasing in Lower Milton creek when comparing overall monthly maximum 
values between 2017-2020 to 2008-2011 (Figure 34). These water quality conditions merit continued 
monitoring and additional investigation into the cause of elevated E. coli levels to ensure they do not 
continue to persist or decline.  

Table 21: Milton Creek watershed monthly max E. coli (MPN/100 ml) grab samples. Grab sampling results for 
broken down across years and watershed sampling locations. Sampling locations that experienced events over the 
EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted in red.  
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Table 22: Summary table of Milton Creek watershed E. coli (2017-2020) MPN/100 ml grab samples. Grab 
sample data broken down across years and watershed sampling locations. Sampling locations that 
experienced events over the EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli 
bacteria levels are highlighted in red. n = number of samples collected, for monthly max data, see  
 

 

 

 

 

 

 

Table 22. 

 
 

Table 23: Milton Creek watershed 90 Day geometric mean (5 samples or greater) of E. coli bacteria levels 
(MPN/100ml) across all sampling sites, those durations that are above the state-mandated threshold of 126 
MPN/100 ml for the 90 day geometric mean are highlighted with red text. 
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Figure 33. E. coli bacteria grab sampling results (boxplots) for Milton Creek Watershed broken down across months 
sampled and watershed sampling locations. Sampling years ranging from 2017 to 2020 are highlighted within each 
boxplot. EPA (235 MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted on each 
graph. The overall mean for the study period highlighted in each graph. Logarithmic scale used on the y-axis.   
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Figure 34: E. coli bacteria grab sampling results (boxplots) for Milton Creek Watershed broken down across years 
sampled and watershed sampling locations. Sampling location highlighted within each boxplot. EPA (235 
MPN/100) and ODEQ (406 MPN/100) thresholds for E. coli bacteria levels are highlighted on each graph. The 
overall mean for the study period highlighted in each graph. Logarithmic scale used on the y-axis.  Monthly data 
can be found in Appendix B.  

Water Conductivity Levels 
Conductivity levels varied seasonally across both monitoring locations within the Milton Creek 
watershed (Figure 35, Pollution from runoff or increased turbidity levels from erosion can result in 
higher conductivity levels; however, there is no EPA or ODEQ threshold for conductivity in the region.  

Table 24). At both locations, annual increases in water conductivity were observed between April to 
September and declined from October to February (Figure 35, Pollution from runoff or increased 
turbidity levels from erosion can result in higher conductivity levels; however, there is no EPA or ODEQ 
threshold for conductivity in the region.  

Table 24). Between 2018-2020, Upper Milton Creek exhibited lower overall mean conductivity levels 
ranging from 59-71 µs/cm compared to 70-79 µs/cm observed at the Lower Milton Creek monitoring 
location (Figure 35, Pollution from runoff or increased turbidity levels from erosion can result in higher 
conductivity levels; however, there is no EPA or ODEQ threshold for conductivity in the region.  
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Table 24). These data provide baseline conductivity levels that can be used to identify new and emerging 
water quality issues or improvements over time. When comparing the 2018-2020 data to the 2008-2011 
data, no significant shift in conductivity was observed (Figure 36). Pollution from runoff or increased 
turbidity levels from erosion can result in higher conductivity levels; however, there is no EPA or ODEQ 
threshold for conductivity in the region.  

Table 24: Summary Table of Milton Creek watershed monthly conductivity (µs/cm) data for 2018-2020 grab 
samples. Conductivity (µs/cm) samples broken down across months sampled and watershed sampling location. n = 
number of samples collected. For monthly data by site, see Appendix B. 
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Figure 35: Conductivity levels (µs/cm) 2018-2020 Grab Samples results (boxplots) for Milton Creek watershed 
broken down across months sampled and watershed sampling location. Sampling years ranging from 2018 to 2020 
are highlighted within each boxplot. The overall mean for the study period is highlighted in each graph.  
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Figure 36: Conductivity levels (µs/cm) 2008-2020 Grab Samples results (boxplots) for Milton Creek watershed 
broken down across years, with monitoring location highlighted within each boxplot. Sampling years ranging from 
2008-2011 and 2018- 2020. Overall mean for each year annotated.  
 

Water Quality Issues 
Water quality issues observed in Milton Creek Watershed include high summer temperatures (>18°C) in 
the upper and lower watershed between June and September (Table 18). Overall elevated temperatures 
are likely caused by solar loading, especially within the lower reaches of the watershed, which are much 
more heavily developed and lack riparian shade (Figure 4). Both Upper and Lower portions of Milton 
Creek have experienced a potential increase in water temperatures since the previous 2008-2011 study 
indicating that further action is required to prevent continued temperature issues in the basin (Figure 
30). Low water temperatures are critical for supporting aquatic life including endangered Salmonids in 
the Pacific Northwest; reducing solar radiation and reducing urban and agricultural runoff can help keep 
water temperatures down and protect these stream habitats (USGS 2021). Multiple turbidity events 
above the 10 NTU threshold were also observed in the Upper and Lower reaches of Milton Creek during 
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the 2017-2020 study period. Overall monthly averages of turbidity remained below the 10 NTU 
threshold, however, were elevated compared to the North and South Scappoose Creek watersheds 
(Table 46, Table 52, Table 56). Similar to recommendations for temperature improvements, increasing 
riparian cover and reducing runoff can aid in reducing erosion events and sediment loading in stream 
environments.    

Additionally, elevated E. coli bacteria levels were observed in the watershed between May-November in 
throughout the 2017-2020 study period, exceeding the EPA and ODEQ standards including the five 
sample geometric mean in 2019 and 2020 (Table 3, Table 21). E. coli bacteria issues are indicative of 
animal waste runoff and can be very harmful to humans using these waterways for recreation (Pandey 
et al. 2014). Additional research is needed to determine the exact source of the elevated E. coli.  Animal 
waste or septic tank leakage into the stream are possible sources to be investigated. Depending on the 
source, actions that could reduce future E. coli exceedance events include increasing riparian buffers, 
excluding livestock from the creek, increasing manure management near streams, or updating failed 
septic systems throughout the targeted reach of the watershed (Pandey et al. 2014).  Given the 
frequency and scale of E. coli bacteria events adding warning signs to recreational areas along the 
stream is recommended. No significant issues or shifts in stream water conductivity levels were 
detected in Milton Creek Watershed during this study.  
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North Scappoose Creek 

Study Area 

 

Figure 37: Overview map of North and South Scappoose Creek monitoring locations, for watershed boundaries, see 
Figure 2. For specific monitoring location details, see Table 1.  
 


















































































































































