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AWQMS Ambient Water Quality Management System 
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TVF&R Tualatin Valley Fire and Rescue  
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DEFINITIONS 
  
Hydromodification The modification of a stream channel to accommodate larger flow  

volumes and velocities including larger sediment loads and increased 
sedimentation. 

Outlier   A data point that exceeds two standard deviations (95th percentile) from  
the average of the previous five years of data.   
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1 INTRODUCTION  
In 1995, the Oregon Department of Environmental Quality (DEQ) issued a National Pollutant 
Discharge Elimination System (NPDES) Municipal Storm Separate Storm System (MS4) Phase I 
permit (MS4 permit) to Clackamas County of which the City of Lake Oswego (City) is one of 
twelve co-permittees. DEQ renewed the permit in 2004/2005, 2012, and 2021 with one 
modification in 2007. The City must submit a plan for complying with the monitoring 
requirements of the 2021 permit by December 1, 2022. 

The Clackamas County MS4 permit covers an area of 74 square miles and a population of more 
than 180,000 people. The City of Lake Oswego has a population of 40,731 (as of 2020 census) 
and its regulatory authority covers 11.5 sq miles (7,349 acres) of the Clackamas County permit. 
There are three major receiving waters that accept stormwater from the City’s public 
stormwater system: the Willamette River, the Tualatin River, and Oswego Lake. There are two 
other locally important watersheds – Springbrook Creek which is a sub-watershed of Oswego 
Lake and Tryon Creek which is a sub-watershed of the Willamette River.  

2 PURPOSE 
The purpose of the monitoring plan is to implement the environmental monitoring 
requirements of the MS4 permit, provide information that will help the City comply with DEQ-
issued Total Maximum Daily Loads (TMDLs), determine if the City’s MS4 discharges are 
contributing to analytes of concern in the most current 303(d) list required by the Clean Water 
Act, and aid in discussions regarding the current trajectory of the overall stormwater program 
in terms of long-term water quality.    

The monitoring plan objectives, as stated in Schedule B of the MS4 permit, are to: 

1. Evaluate the source(s) of, and means for reducing, the pollutants of concern 
applicable to the (City’s) permit area, including ..... 303(d) listed pollutants, as 
applicable;  

2. Evaluate the effectiveness of Best Management Practices (BMPs) in order to help 
determine BMP implementation priorities; 

3. Characterize stormwater based on land use type, seasonality, geography, or other 
catchment characteristics;  

4. Evaluate status and long-term trends in receiving waters associated with MS4 
stormwater discharges; 

5. Assess the chemical, biological, and physical effects of MS4 stormwater discharges on 
receiving waters; and, 

6. Assess progress towards reducing TMDL pollutant loads. 
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Table 1 lists the various ways that environmental monitoring can be used to fulfill these 
objectives. Dry weather screening has been added to the types of monitoring because, while 
not included in Schedule B, it can be used to augment or fulfill many of the monitoring plan 
objectives.  The components of dry-weather screening can be found in the City’s Stormwater 
Management Plan (SWMP).  

Instream monitoring will be implemented within 60 days of DEQ approval. Mercury monitoring 
will begin in FY2324 as a coordinated effort. Because one stormwater event has been 
completed under the prior monitoring plan as of December 1, 2022, only one stormwater event 
will be collected under this monitoring plan in FY2223.   

3 CONSTRAINTS 
The City must balance financial constraints and environmental constraints when implementing  
the monitoring plan. Financial constraints include the cost of analytical methods, staff 
resources, and technical expertise. Environmental constraints include staff safety and 
topography. 

3.1 FINANCIAL CONSTRAINTS 
Analytical costs increase with a corresponding decrease in detection limits. Lower detection 
limits may be required because of the background concentrations or the specific analyte under 
consideration. For example, EPA method 1631E (mercury) provides a very low detection limit 
(0.5 ng/L) and is required by the permit but it involves specific technical expertise and multiple 
staff present during a sampling event to avoid contamination of the sample. 

Some parameters are more expensive to analyze because of the methodology approved by 40 
CFR 136. For example, pesticide sampling will double the cost of each stormwater sampling 
event.  

Quality control measures are necessary to provide a robust dataset but add to the overall costs 
of the monitoring program. For a sampling event with multiple sites, such as the biological 
monitoring, the cost is minimal (9%) while the cost is substantial for smaller sampling events 
such as stormwater monitoring (50%). 

3.2 ENVIRONMENTAL CONSTRAINTS 
The City is nestled between two hills that range in elevation from almost 970 ft in the north to 
over 700 ft in the south. The northern hills slope down towards Oswego Lake which has an 
elevation of 98 ft and the Willamette River which is at an approximate elevation of 10 ft. The 
southern hills slope down towards Oswego Lake on one side and the Tualatin River on the other 
side (elevation approximately 110 ft).  
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Table 1. Permit Objectives versus Monitoring Type 

Objective Stormwater Monitoring1 Instream Monitoring2 Biological Assessment Dry-Weather Screening 

Evaluate the source of 
pollutants of concern 
and the means for 
reducing them 

Results of the sampling effort provide information 
on acute concentrations  of the analyzed 
parameters, assist in the evaluation of stormwater 
as a potential source, and focus options for 
reduction. 

Results of the sampling events provide 
information on acute and chronic 
concentrations of the analyzed parameters. 

Results of the biological assessment provide 
insight into chronic concentrations and 
potential sources of long-term impairment. 

Discharges discovered during outfall 
inspections may identify sources of 
impaired waters. 

Evaluate BMP 
effectiveness and 
determine 
implementation 
priorities 

Sampling efforts can provide information on 
upstream BMP effectiveness and determine targets 
for retrofits. 

Results of sampling efforts over time provide 
context on BMP effectiveness, can influence 
BMP priorities, and identify regional areas for 
retrofits. 

An improvement in the biological community 
may point towards BMP effectiveness. A 
degradation in the biological community may 
prioritize the use of specific BMPs. N/A 

Characterize 
stormwater 

Results of the sampling efforts provide information 
on the potential sources of impairment and acute 
concentrations. 

Results of the sampling efforts provide 
information on potential sources of 
impairment, acute concentrations, and chronic 
concentrations. 

Long-term stressors of a stream (temperature 
and sediment) can indicate the volume of 
stormwater . Results of whether sensitive 
species are present indicates the acute effects 
of stormwater discharges. N/A 

Evaluate status and 
longer-term trends N/A 

Statistical analyses of data collected over time 
can indicate the overall effectiveness of the 
stormwater program. 

The assessment provides the status of the 
biological community and the effects of long-
term trends. 

Elimination of discharges discovered 
during outfall inspections may  
improve long-term water quality. 

Assess effects of MS4 
discharges on 
receiving waters 

Results of the sampling efforts provide information 
on the magnitude of concentrations in the MS4 
discharge vs the volume of the receiving waters. 

Results of the sampling efforts provide 
information on the effect of MS4 discharges 
over time especially in regard to sedimentation, 
hydromodification, and persistent parameters. 

Results of multiple biological assessments over 
long time periods summarize the long-term 
effect of urbanization on receiving waters. 

Elimination of discharges discovered 
during outfall inspections will 
positively impact receiving waters. 

Assess progress 
towards TMDL 
pollutant load 
reduction2 

Comparisons between stormwater data and 
instream data can indicate the effectiveness of 
BMPs and long-term reductions of TMDL 
parameters. 

Statistical analyses of data collected over time 
can indicate trends of TMDL parameters, 
indicate the need for changes in stormwater 
management, and provide realistic goals for 
reduction of TMDL parameters. 

Results of the biological assessment may 
provide confirmation of the reduction of TMDL 
parameter loads. 

Elimination of discharges discovered 
during outfall inspections may result 
in a reduction of TMDL loads. 

           1 – Includes mercury monitoring which is completed as a coordinated effort among all co-permittees of the Clackamas County MS4 Phase I permit; 2 – The monitoring types collect data on TMDL pollutants or their DEQ-approved surrogates or both, i.e. chlorophyll α and phosphorous 
           BMP=Best Management Practices, MS4=Municipal Separate Storm Sewer System; TMDL=Total Maximum Daily Load 
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Because the City is bounded by the two ridges, storms may approach the metro area but divert 
to the north or south because of the topography. This is corroborated by the City’s weather 
stations; the Nansen Summit weather station on the north ridge and the Marylhurst weather 
station on the south side of the city generally have higher precipitation amounts than the 
weather stations in the middle of the City. 

Scheduling can also have an impact on staff. Forecasting is an inexact science and storm 
forecasts can change drastically within a relatively short period of time, i.e. a 0.25-inch storm 
forecast 24-hours earlier can completely dissipate by the next day or it can increase in intensity 
to the point that it is unsafe for staff to be in the field. Many storms, especially those at the 
beginning or the end of the wet weather season, occur after normal business hours and often 
after sunset or before sunrise.  

Given the uncertainty of storm events due to topography and concern for staff safety, the City 
has determined that stormwater monitoring will be completed during normal business hours. 

4 LONG-TERM MONITORING STRATEGY 
The City uses water-quality data collected by the monitoring effort to assess the strategic 
effects of its SWMP and stormwater management manual on the long-term health of receiving 
waters within its jurisdiction. As the City refines its stormwater program, it expects that the 
water-quality data will show an increasing water-quality trend for the receiving waters via the 
Pollutant Load Reduction Evaluation due to DEQ in April, 2026. The City also expects to use  
data from the environmental monitoring effort to determine realistic Pollutant Load 
benchmarks as required by the MS4 permit and due to DEQ in April, 2026. Details required for 
the evaluation and benchmarks are listed in Schedule D.3 of the MS4 permit. 

In addition to the TMDLs applicable to streams within the City’s jurisdiction, the City intends to 
use the environmental data collected during the permit term to evaluate the effect of its MS4 
discharges on the parameters flagged in the most current 303(d) list of impaired waters 
required by the Clean Water Act and determined by DEQ. The 303(d) evaluation, due in April 
2026, will include proposed modifications to the SWMP, if necessary, that can be expected to 
increase the water-quality of the City’s receiving waters. 

The macroinvertebrate assessment, due during the permit term, provides physical evidence of 
the long-term effects of nonpoint source discharges and the City’s MS4 discharges. It should 
corroborate the trend of the water-quality data collected since the previous macroinvertebrate 
assessment and highlight actions that will provide the most efficient use of resources. 

Hydromodification is the natural adjustment of a stream’s carrying capacity in response to 
increased stormwater volumes and velocities. It can result in additional sediment moving 
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through the stream system, erosion of streambanks, downcutting, and sedimentation. It is 
marked physically by wide and shallow streambeds, slumped streambanks, and sand bars. 
Chemically, hydromodification can be indicated by elevated suspended solids, low oxygen 
concentrations, and elevated stream temperatures due to the widening of the stream channel 
or the movement of sediment. Evaluating these and other trends of the water-quality data, the 
City will update its 2015 Hydromodification Assessment and provide it to DEQ in December 
2023 as prescribed in Schedule A.3.h. The City expects to use the revised hydromodification 
information to prioritize projects submitted for funding by the Habitat Enhancement Program.  

The City will use the results of the water-quality data to inform and update its 2015 list of 
retrofit projects. The updated list will be provided to DEQ in December 2023 and will include 
the components prescribed in Schedule A.3.h. The City will use the updated retrofit list to aid 
the prioritization of projects in the Capital Improvement Plan. 

5 ADAPTIVE MANAGEMENT 
DEQ allows adaptive management of the Monitoring Plan as described below. The Monitoring 
Plan can be modified without DEQ approval if either of the following apply, as prescribed in the 
MS4 permit: 

“A. the modification does not reduce the minimum number of data points, which is a 
product of the number of monitoring locations, frequency, duration, and pollutant 
parameters identified in (Schedule B) Table 3 (of the MS4 permit); or, 

B. The modification is the result of including elements of another permit, such as a 
WPCF UIC permit.” 

Modifications that do not meet these requirements must be proposed to DEQ by the City in 
writing. DEQ must approve the modification before the City can begin implementation. 

Modifications must be documented in the annual report including a rationale for the 
modification and how the modification allows the City to remain compliant with the permit 
conditions. Modifications may include a change in sampling sites due to unforeseen 
circumstances, changes in sampling protocols, or the substitution of analytical methods. 

6 MONITORING PLAN  
Table 3 of Schedule B in the MS4 permit requires the City to conduct instream monitoring at six 
sites, stormwater monitoring at two sites, and biological monitoring at 10 sites (see Table 2). 
The instream monitoring must be completed 12 times per year, stormwater monitoring two 
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times per year, and biological monitoring once per permit term. Parameters for sampling 
include basic field measurements, nutrients, metals, solids, and other conventional analytes. 
Pesticide monitoring, as part of the stormwater monitoring must include those that the City has 
determined are analytes of interest after considering a list provided by DEQ and additional 
pesticides used on City-owned property. Mercury monitoring will be completed as a collective 
effort by the co-permittees of the permit as detailed in Table 2. 

Table 2. Monitoring Program Components 

Monitoring Type 
Time 
Period Sites Events 

QA/QC per 
event Parameters 

Stormwater 
Monitoring Snapshot 2 

2X 
per year 

1 field blank; 
1 field replicate 

Field; Conventional; Nutrients 
Metals; Pesticides; Flow 

Stormwater 
Mercury 
Monitoring1,2 Snapshot 4 

3X 
per year 

1 field blank; 
1 field replicate Mercury 

Instream 
Monitoring 

Short-
term 6 

12X 
per year 

1 field blank; 
1 field replicate 

Field; Conventional; Metals; 
Nutrients; Cations and 
Anions3; Iron3; Volatile Solids3 

Instream Mercury 
Monitoring1,4 

Short-
Term 8 

4X 
per year 

1 field blank; 
1 field replicate Mercury 

Biological 
Monitoring5 

Long-
Term 10 

1X per 
permit 
term 1 field duplicate N/A 

1 – Mercury monitoring is completed as a coordinated effort among all co-permittees of the Clackamas Country MS4 Phase I 
permit. 2 – The City does not contribute mercury stormwater sites to the Clackamas County collective effort; 3 – Cations, 
anions, volatile solids, and iron to be collected quarterly; 4 – The City provides two locations to the Clackamas County collective 
effort; one site in the Tualatin River watershed and one site in the lower Willamette River watershed; 5 – Biological monitoring 
is completed as a coordinated effort among co-permittees of the Clackamas County MS4 Phase I permit. The City contributes 10 
locations to the effort. 

Field parameters are those that  can be easily collected using a multi-parameter field meter. 
They include pH, stream temperature, specific conductance, and dissolved oxygen. Oftentimes, 
they are used as a quick screening tool to determine if water-quality is being impaired without 
collecting water samples for complex analytical tests.  

Conventional parameters are  used to provide an overall picture of stream health. They include 
Escherichia Coli (E. Coli), hardness, total alkalinity, dissolved carbon, and total suspended solids. 
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They are relatively inexpensive tests that can provide a larger view of stream health when used 
in conjunction with the field parameters.  

Nutrients include the nitrogen (ammonia and nitrate) and phosphorous (total phosphate and 
orthophosphate) families. They can be used, in conjunction with the conventional and field 
parameters, to infer the eutrophic trend of a stream or to verify a pollutant source such as E. 
Coli. 

Cations and anions, to be collected quarterly as part of the instream monitoring program, 
include calcium, magnesium, sodium, potassium, sulfate, and chloride. These concentrations 
are used to determine acute and chronic concentrations associated with copper which is a 
303(d) analyte of interest in the Fanno Creek and Tryon Creek watersheds. These watersheds 
are influenced by Ball Creek, Carter Creek, and Nettle Creek. 

Metals include the total and dissolved fractions of zinc, lead, and copper. They can be used, in 
conjunction with conventional and field parameters, to determine whether the dissolved 
fraction exceeds acute and chronic aquatic life criteria. Iron, a 303(d) analyte of interest in the 
Fanno Creek watershed will be collected quarterly. 

The MS4 permit requires that, if the City is “unable to collect or analyze any sample, pollutant 
parameter, or information due to circumstances beyond the (City’s) reasonable control, DEQ 
must be notified in writing with the submission of the data. These circumstances may include, 
but are not limited to, abnormal climatic conditions, unsafe or (impractical) sampling 
conditions, equipment vandalism or equipment failures that occur despite proper operation 
and maintenance. “  In the report section that summarizes the reporting year’s water-quality 
data, the City will provide an explanation for any absent data. 

6.1 INSTREAM MONITORING 
Instream monitoring data can be used to identify potential sources of impairment caused by 
either stormwater discharges from the MS4 system or from undiscovered illicit discharges. 
Instream monitoring data can also highlight ways to modify the stormwater program and 
achieve increased water quality in the streams.  

Statistical analyses of the instream monitoring data will provide the background necessary to 
assess the TMDL pollutant load reductions, hydromodification minimization, and long-term 
health of the biological community. Statistical analysis of the data will also provide information 
regarding areas for retrofits and habitat restoration. Other ways in which the instream 
monitoring affects the monitoring objectives are listed in Table 1.  

The person responsible for overseeing or completing the instream sampling is the Stormwater 
Quality Specialist. 



 

8 

 

6.1.1 Study Design   

An optimum monitoring location provides a well-mixed area, uniform and uni-directional flow 
in a straight stretch of the stream with uniform depth, minimal influences from roads or 
bridges,  and where samples can be collected safely year-round. Because of the number of 
sampling sites required by the MS4 permit, distance between sites, and staff resources, it is also 
important that there is easy access to the monitoring locations to ensure that analyses are 
completed before the expiration of holding times.  

6.1.1.1 Site Location 

Many of the streams within the City’s jurisdiction begin within or near its USB (see Figure 1). 
The City has six monitoring sites that have been providing water-quality data since 1997. Three 
of the sites are located in the Oswego Lake watershed, two are in the Tualatin River watershed, 
and one is located in the Tryon Creek watershed. Many of these monitoring sites are located 
either at the stream mouth or as close to the downstream USB border as possible while 
providing an optimum mix of the previously-outlined characteristics of a good sampling 
location.  

The City will continue to collect data from these six sites to comply with the instream 
monitoring requirements of the 2021 MS4 permit and to preserve the historical dataset of 
water-quality information. The long-term dataset will provide information for conducting the 
trend analyses required by Schedule D of the permit.  

Sampling locations at a site may change slightly as the stream channel changes in order to 
provide a well-mixed and uniform flow. Any changes to the stream channel and minor changes 
to sampling locations will be documented in the sampling field book and the City’s water-
quality system. Major changes to the location of a monitoring site, such as movement to a 
different stream will be documented in the annual report as an adaptive management. 

6.1.1.2 Sampling Frequency 

The MS4 permit requires a minimum of 12 sampling events separated by a minimum of 72 
hours with 50% of the samples collected between September 1st and April 30th.  The City has 
been, and will continue, to schedule one sampling event each month targeting the middle of 
the month for the event. Staff may move the sampling task based on unsafe flow conditions or 
unavoidable conflicts with other work responsibilities but will not move the task simply because 
it is raining.  

6.1.2 Sample Collection and Analytical Methods 

Staff will collect water samples using the same basic site order each month. Samples will be 
collected for nutrients, metals, mercury, and conventional parameters as detailed in Table 2. 
The analytical methods, preservation, holding times, and sample volumes are listed in Table 3.  
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Figure 1. Water-Quality Monitoring Sites in Lake Oswego, Oregon 
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Table 3. Analytical Methods and Requirements for Instream Samples 

Parameter Container 
Sample 
Volume Method Preservation 

Maximum Hold 
Time 

Method Reporting 
Limit 

Ammonia - N Plastic 250 mL EPA 350.1 
H2SO4 to pH<2; 

Ice, <4 ± 2 °C  28 days 0.01 mg/L 

Nitrate - N Plastic 125 mL SM4500-F Ice, <4 ± 2 °C 48 hours 0.005 mg/L 

Total Phosphorus Plastic 250 mL SM4500-P Ice, <4 ± 2 °C 28 days 0.01 mg/L 

Ortho-Phosphate Plastic 125 mL SM4500-P Ice, <4 ± 2 °C 48 hours 0.01 mg/L 

E. Coli Sterile Plastic 125 mL SM9223 B Ice, <4 ± 2 °C 8 hours 1 MPN/100 mL 

Total Alkalinity Plastic 500 ml SM2320 B Ice, <4 ± 2 °C 14 days 2.0 mg/L 

Hardness, as CaCO3 Plastic 250 mL EPA 200.7 Ice, <4 ± 2 °C 
6 months;  
lab-preserved  3.3 mg/L 

Anions1  
(Cl2, SO4) Plastic  500 ml EPA 300.0 Ice, <4 ± 2 °C 

6 months;  
lab-preserved 

0.2 for Chloride; 
0.4 for Sulfate 

Cations1  
(Mg, Ca, K, Na) Plastic 500 ml EPA 200.7 Ice, <4 ± 2 °C 

6 months;  
lab-preserved 0.5 mg/L 

Dissolved Organic 
Carbon Glass, Amber 250 mL SM5310 Ice, <4 ± 2 °C 

28 days;  
lab-preserved 0.50 mg/L 

Total Suspended 
Solids Plastic 1L I-3765-85 Ice, <4 ± 2 °C 7 days 2 mg/L 

Volatile Suspended 
Solids1,2 Plastic 250 mL SM2540 E Ice, <4 ± 2 °C 7 days 5 mg/L 

Total Iron1,2 Plastic 250 mL EPA 200.7 Ice, <4 ± 2 °C 
6 months;  

lab-preserved 0.05 mg/L 

Total Metals 

(Cu, Pb, Zn) 
Plastic 500 mL EPA 200.8 

Ice, <4 ± 2 °C 

6 months,  
lab-preserved  

Cu=0.002 mg/L 
Pb= 0.0005 mg/L 
Zn=0.0025 mg/L 

Dissolved Metals3 

(Cu, Pb, Zn) 

Plastic 250 mL EPA 200.8 
Ice, <4 ± 2 °C 

6 months,  
lab-preserved  

Cu=0.002 mg/L 
Pb=0.0005 mg/L 
Zn=0.0025 mg/L 

Total Mercury4 Plastic  250 mL EPA 1631E 
HNO3 to pH<2 
Ice, <4 ± 2 °C 28 days 0.5 ng/L 

1 – Collected quarterly; 2 – Sampling of this parameter to provide data for 303(d) list or TMDLs; 3 – Field filtered; 4 – Collected 
as part of a Clackamas County co-permittee group effort – quarterly as part of the instream effort and 3 storms/year for 
stormwater monitoring effort;  
Ca=Calcium; CaCO3=Calcium carbonate; Cl=Chloride; Cu=Copper; E. Coli=Escherichia Coli; HNO3=Nitric acid; H2SO4=Sulfuric Acid;  
K=Potassium; L=liters; mL=milliliters; mg=milligrams; Mg=Magnesium; MPN=Most Probable Number;  ng=nanograms; 
N=Nitrogen; Na=Sodium; Pb=Lead, SO4=Sulfate; Zn=Zinc 
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6.1.2.1 Sample Collection 

Each year, a new bound field book and ballpoint pen, or other waterproof writing instrument, 
will be used to record the site location, sampling date and time, field measurements, and 
ambient environmental data (air temperature, large amount of leaf debris, rain intensity, new 
woody debris, etc.) for each sampling event. Photos will be taken at each sampling location to 
document sampling conditions. 

Field parameters will be collected using a multi-probe field meter placed in the stream above 
the area where staff are collecting samples. Staff will allow sufficient time, at least two minutes, 
for the field meter to provide stabilized readings before entering them into the field book.  

A representative sample is one which is collected in a well-mixed area with no stagnation and 
which accurately reflects the entire depth and width of the flowing area of the stream. For 
streams with wetted widths less than 5 feet, staff will collect water samples using a grab sample 
method at the thalweg of the stream and avoid stagnant areas. In streams where the flow is 
fairly uniform and well-mixed across a wetted width greater than 5ft, staff will conduct equal-
width-increment sampling or equal-discharge increment sampling (USGS, 2006), whichever is 
more appropriate for the flow regime of the stream. Whichever sampling technique is used, the 
sample will be collected using the same descending and ascending transit rate with no pause at 
the streambed. Additional details regarding sampling procedures are found in Appendix A. 

After the samples are collected, they will be stored in a cooler with ice to preserve the samples 
at a temperature near 4° C. To ensure the integrity of the samples, the vehicle will be locked at 
all times that staff is not in the vehicle. At the end of each sampling event, the chain-of-custody 
(COC) will be completed using the information in the field book, signed by the sampling staff, 
and provided to the laboratory for their signature. A copy of the initial COC will be sent to the 
City along with the laboratory’s authorized signature. If analyses are sent to other locations, the 
laboratory will provide a final COC with all signatures. An example COC and field data sheet are 
included in Appendix B. 

6.1.3 Quality Control 

For defensible decisions in a stormwater program, the water-quality data must be reliable. The 
collection of data alone does not, in and of itself, indicate the validity of the data. Preparatory 
work completed before and during sampling and analyses can provide a bulwark of defensibility 
and result in management decisions based on reliable data. These preparatory steps include 
calibrations, blanks and replicates, and the cleaning and maintenance of equipment. 

6.1.3.1 Calibrations 

Calibrations ensure that field parameters are collected with a reliable instrument. The City will 
be using a multi-probe field meter for the collection of field parameters (dissolved oxygen, 
stream temperature, specific conductivity, and pH). The meter will be calibrated prior to each 
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sampling event using a 3-standard calibration for pH, a 1-standard calibration for conductivity, 
and a % saturation method for dissolved oxygen. The conductivity calibration will be buttressed 
with a recorded measurement from at least one additional conductivity standard. 

Each year, the meter’s temperature probe will be compared with a NIST-certified thermometer 
in a room-temperature bath and an ice-water bath. 

The calibration data will be entered into the reporting year’s field book along with the 
expiration date of the standards and the data quality of the calibration. At the end of the 
reporting year, the calibration data is transferred to an electronic file. 

The calibration data quality will follow the DEQ Data Quality Accuracy Matrix (see Table 4). Data 
with an excellent rating meets the QC limits and can be used without reservation in statistical 
analysis. Data with a good rating is within the marginal acceptance criteria and may be used in 
most situations when supported by other, higher-quality data. Conductivity data with a B rating 
may be used at the same level of acceptance as data with an A rating. Data with a fair rating 
may be used for qualitative analyses but not for statistical analyses. 

Table 4. Calibration Data Quality Tolerances  

Parameter 
Accuracy Ratings1 

Excellent (A) Good (B) Fair (C) Exceptional Event (F) 
Temperature ≤ ± 0.5 °C ≤ ± 0.5 - 1.0 °C > 1.0 °C 

Data with an 
excellent rating but 
collected during an 
extreme event, e.g. 
impacted by debris 
flow, fires, etc. 

Specific 
Conductance ≤ ± 7% ≤ ± 7 – 10% ≥ ± 10% 
Dissolved 
Oxygen2 ≤ ± 5% ≤ ± 5 – 10% ≥ 10% 

pH ≤ ± 0.2 units 
≤ ± 0.2 – 0.5 

units ≥ ± 0.5 units 
1 – From DEQ, 2013, Data Quality Matrix; 2 – Accuracy ratings from USGS, 2007, Techniques and Methods 1-D3;  
A=Accuracy as determined by comparison with standards 

6.1.3.2 Blanks and Replicates 

Field blanks provide information on result bias from the sampling collection, handling, and 
storage phases of water-quality sampling. Field blanks, using de-ionized water, will be created 
monthly at the first site during a sampling event and placed in coolers with the instream 
samples. Monthly blanks will be created for the first year of sampling. If the blanks show biases, 
the sampling collection, handling, and storage phases will be refined and the monthly blanks 
will continue until the biases are either eliminated or minimized to the maximum extent 
practicable. Any remaining biases will be documented in the annual report. Once the initial 
biases are minimized, blanks will be collected quarterly to ensure that the sampling techniques 
remain dependable.  
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Split replicates flag inconsistences in sample collection and analysis. A split replicate will be 
created at the Springbrook Creek at Iron Mountain sampling location by compositing a sample 
into a 10-liter carboy and creating 2 split samples from the original 10-liter sample. Exceptions 
to this procedure are samples for E. Coli and the field parameters.  

Two E. Coli samples will be taken concurrently with the split-replicate samples. Replicates will 
not be completed for field data since the data comes from the field meter placed in the stream. 

6.1.3.3 Cleaning and Maintenance 

At the end of each sampling event, equipment will be cleaned with a low-strength non-
phosphate detergent using non-abrasive equipment. Sampling equipment will be triple-rinsed 
with tap water, triple-rinsed with deionized water, and placed on racks to air dry before being 
capped and placed in cabinets.  

The multi-probe field meter will be rinsed with tap water and deionized water as soon as 
possible after the samples have been received by the analytical laboratory. The probes will be 
visually inspected for damage during calibrations and before placing the clean meter in a 
cabinet until the next sampling event. Maintenance of the sampling equipment, including probe 
replacement, is completed by qualified staff. Information regarding equipment maintenance is 
available upon request.  

6.1.3.4 Laboratory QA/QC data 

The analytical laboratory will be ORELAP-certified and provide the City with current 
certifications each year. If the laboratory sends samples out for analysis at other locations, 
those locations must also be certified by the state and provide a copy of their certification to 
the City each year. Relevant QA/QC data collected as specified by the laboratory’s QAPP (such 
as blanks, matrix spikes, etc.) are provided to the City at the same time as the sampling event’s 
analytical data.  

6.1.4 Data Management, Review, and Validation 

Analytical data from each sampling event generally takes 3 weeks to be completed by the 
laboratory unless the City requests expedited analyses. At this time, it is not expected that the 
City will request expedited analyses with the exception of illicit discharges that are a hazard to 
the environment or the public.  

When the analytical data is received, staff will check the data and note any outliers. If found, 
staff will check the field data and the QA/QC data to determine if data qualifiers or the 
laboratory’s QA/QC data can validate the data point. If no reason is found, staff will notify the 
laboratory and request confirmation of the data point based on their validation procedures. 
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If the data point is an outlier after the data checks have been completed, staff will flag the 
datapoint in the electronic file as potentially invalid. Staff completing statistical analyses at a 
later date will have the option of including the datapoint but will have the history of the 
datapoint and be able to use it accordingly.  

6.1.5 Document and Record-Keeping Procedures 

The City will periodically transfer the field data from the reporting year’s field book into the 
City’s system. Water-quality data will be entered into the City’s system after an initial search for 
anomalies. Notations will accompany the data as to changes in sampling conditions, anomalies 
in analyte concentrations, and the date for deploying new equipment. Data qualifiers provided 
by the laboratory will also be stored with the data.  

Calibration data will be entered into the field book with the other field parameters. Each year it 
will be entered into a calibration dataset along with the field instrument identification data, 
purchase year, and trade-out year. The electronic calibration data will be kept in a folder 
separate from the field and analytical data. The laboratory QA/QC data will be kept separately 
from the water-quality data, however these data types will be stored in the same folder as the 
analytical and field data (see Figure 2). 

 

        

              
                    

                        
Figure 2. Electronic Document Hierarchy 

The MS4 permit requires that the City “must retain records and copies of all information....for 
a period of at least five years from the permit compliance action data or for the term of this 
permit, whichever is longer.”  The time and resources needed to collect water-quality data is 
high in relation to immediate tangible effects on watersheds. However, historical water-quality 
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data is extremely important for long-term planning of retrofits, targeting areas undergoing 
hydromodification, determining capital improvement program priorities, funding the City’s 
partners in habitat restoration, and making changes in the day-to-day activities of staff. 
Because statistical analysis is more accurate with larger datasets, especially data that is non-
parametric in nature, the City does not expect to delete any water-quality data nor its ancillary 
information such as equipment calibration or laboratory QA/QC information. 

Each year, staff will use a new bound field book with non-tearable pages for the monitoring 
effort of the new reporting year. Each year’s water-quality data from the environmental 
monitoring will be summarized in the annual report and uploaded to DEQ’s ambient water 
quality monitoring system (AWQMS) each December. 

6.2 MERCURY INSTREAM MONITORING 
Mercury samples will be collected quarterly at eight instream locations across four watersheds 
by qualified staff. Because of the technical expertise required for sampling mercury at low-
analyte concentrations and to ensure uniform data, the jurisdictions of the Clackamas County 
permit have determined it is cost-efficient to collect mercury samples as a collective effort 
using the same staff for each sampling event.  

Lake Oswego is providing instream sites for the collective mercury sampling effort. They are 
located at the Carter Creek instream monitoring location (Tualatin River watershed) and at the 
Nettle Creek instream monitoring location (Lower Willamette River watershed).  

Other locations and the protocols to be used for instream mercury sampling are found in 
Appendix C. Data management, review, validation, and record-keeping procedures will remain 
the same as for regular instream monitoring. 

6.3 STORMWATER MONITORING 
Stormwater monitoring is used to provide information on the effectiveness of the City’s 
stormwater management especially in regard to total suspended solids. Results of the sampling 
efforts, when compared to instream monitoring, can provide information on potential sources 
of impairment and indicate the magnitude of the concentrations in the MS4 system discharges 
in relation to the volume of the receiving water. Stormwater monitoring can also provide 
information on the magnitude of acute concentrations in order to narrow stormwater 
management options for the reduction of potential analytes of concern. 

6.3.1 Study Design 

In the past, stormwater monitoring focused on characterizing stormwater by land use. The 
current locations for stormwater monitoring were at Reese Rd bel Boones Ferry (Oswego Lake 
watershed) and at Palisades Terrace at South Shore (Lost Dog Creek/Oswego Lake watershed). 
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These locations were chosen to provide information on the water-quality effects of a major 
renovation of a commercial area (Boones Ferry Rd) and the water-quality characteristics of a 
largely residential watershed (Lost Dog Creek watershed).  

Stormwater data evaluated by the Oregon Association of Clean Water Agencies (ACWA) 
showed a stronger correlation between average daily traffic (ADT) and water quality than 
between land use and water quality. The negative correlation was especially true of streets 
with ADTs greater than 1,000. The City of Lake Oswego has chosen new stormwater monitoring 
locations with this correlation in mind. The proposed locations for stormwater monitoring 
include Meadows Rd abv Kruse Woods Dr (Carter Creek watershed) and at Reese Rd bel Upper 
Dr (Oswego Lake watershed).  

The Carter Creek site will provide water quality information on a major collector (1,500-10,000 
ADT) and commercial zoning. The data will be used to assess the probability of whether Carter 
Creek is contributing to the 303(d) analytes of concern for Fanno Creek and its tributaries. The 
Oswego Lake watershed site is just downpipe of the current stormwater monitoring location on 
Reese Rd but will be 1) less volatile in regard to storm response, 2) include additional area with 
streets above 1,000 ADT, and 3) provide information on the effects of the Boones Ferry Rd 
renovation.  

The two monitoring sites will provide an interesting dichotomy in stormwater management 
styles and should offer information on the effectiveness of retrofitting streets with high ADTs. 
The pipeshed discharging to the Carter Creek site is highly impervious, like most commercial 
areas, with stormwater management primarily relegated to detention tanks that reflect the 
stormwater philosophy at the time (late 1990’s and 2000’s). The pipeshed discharging to the 
Reese Rd site has a high level of stormwater management. Boones Ferry was renovated with 
detention and over 40 infiltration planters while the residential area discharging to the site has 
undergone redevelopment resulting in many of the properties opting for infiltration or 
extended filtration to manage stormwater.  

6.3.2 Storm Event Selection  

The permit requires that “samples must be collected during a storm event that is predicted to 
be greater than 0.1 inch of rainfall....and collected after an antecedent dry period of a 
minimum of 12 hours.”  The permit also requires that the City “avoid the collection of samples 
lacking stormwater runoff, as when the intra-event dry period of a storm exceeds 6 hours...” 

Storm events have been known to diverge to the north or south resulting in very little 
precipitation within the city (see discussion in Section 3). To reduce costs due to lost 
mobilization time and to conserve resources, staff will target larger storms and will consider a 
6-hour no-precipitation window as evidence that a storm event has concluded. Staff expects to 
be able to target storms with a 12-hr antecedent dry period as required in the permit. 
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Many storms occur at dusk, dawn, or during the middle of the night especially at the beginning 
and the end of the wet weather season. To ensure staff safety, the City has determined that 
sampling will occur during normal business hours and avoid federal holidays when other staff 
are not in the office for assistance.  

Climate change plays a factor with more intense storms occurring in the region. Climate change 
also plays a role in the changing wet weather season with the end of wet weather sometimes 
abruptly ending in March, e.g. 2020, or drifting into June, e.g. 2022. These factors mean that 
many storms passing through the area will not qualify, or will marginally qualify, as a sampling 
event due to short duration. While remote, the early end of a wet weather season with 
numerous “unqualified” storms may preclude staff from participating in all of the required 
events. Any reduction in sampling events will be communicated to DEQ. 

6.3.3 Calculation of Precipitation and Flow 

Flow depth will be collected from a manhole at Carter Creek and from the outfall below Upper 
Drive at Reese Rd. With the knowledge of the pipe material, pipe slope, and water depth, staff 
will be able to calculate flow for the event. The total precipitation for a qualifying event is 
calculated using an average of two of the City’s weather stations.  

6.3.3.1 Parameters 

Samples will be collected for nutrients, metals, pesticides, mercury, and conventional 
parameters as detailed in Table 2. The analytical methods, preservation, holding times, and 
sample volumes are listed in Table 5 for all but the pesticide analyses. Photos will be taken of 
the site at each aliquot collection period. Sampling will be completed or overseen by the 
Stormwater Quality Specialist.  

6.3.4 Sample Collection and Analysis 

Staff will collect samples from two locations twice during each reporting year. Staff will collect 
at least two aliquots from each site and will attempt to collect three aliquots if the storm 
duration is long enough and does not exceed normal business hours. To increase the chances of 
a qualifying storm event, staff will collect time-weighted samples with the time difference 
between samples based on the storm’s duration. Samples will be collected at least 30 minutes 
apart at each site but no more than 1 hour apart with the duration between samples consistent 
for a qualified storm. 

A bound field book and a ballpoint pen, or other waterproof writing instrument, will be used to 
record the site location, sampling date and time, field measurements, and ambient 
environmental data (air temperature, large amount of leaf debris, rain intensity, new woody 
debris, etc.). Photos will be taken at each sampling location to document sampling conditions. 
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Table 5. Analytical methods and Requirements for Stormwater Samples 

Parameter Container 
Sample 
Volume Method Preservation 

Maximum 
Hold Time 

Method 
Reporting Limit 

Ammonia – N Plastic 250 mL EPA 350.1 
H2SO4 to pH<2; 

Ice, <4 ± 2 °C  28 days 0.01 mg/L 

Nitrate – N Plastic 125 mL SM4500-F Ice, <4 ± 2 °C 48 hours 0.005 mg/L 

Total Phosphorus Plastic 250 mL SM4500-P Ice, <4 ± 2 °C 28 days 0.01 mg/L 

Ortho-Phosphate Plastic 125 mL SM4500-P Ice, <4 ± 2 °C 48 hours 0.01 mg/L 

E. Coli 
Sterile 
Plastic 125 mL SM9223 B Ice, <4 ± 2 °C 8 hours 1 MPN/100 mL 

Total Alkalinity Plastic 500 ml SM2320 B Ice, <4 ± 2 °C 14 days 2.0 mg/L 

Hardness, as CaCO3 Plastic 250 mL EPA 200.7 Ice, <4 ± 2 °C 
6 months;  
lab-preserved  3.3 mg/L 

Dissolved Organic 
Carbon 

Glass, 
Amber 250 mL SM5310 Ice, <4 ± 2 °C 

28 days;  
lab-preserved 0.50 mg/L 

Total Suspended Solids Plastic 1L I-3765-85 Ice, <4 ± 2 °C 7 days 2 mg/L 

Total  Metals 

(Cu, Pb, Zn) 
Plastic 500 mL EPA 200.8 

Ice, <4 ± 2 °C 

6 months,  
lab-preserved  

Cu=0.002 mg/L 
Pb= 0.0005 mg/L 
Zn=0.0025 mg/L 

Dissolved Metals1 

(Cu, Pb, Zn) 

Plastic 250 mL EPA 200.8 
Ice, <4 ± 2 °C 

6 months,  
lab-preserved  

Cu=0.002 mg/L 
Pb=0.0005 mg/L 
Zn=0.0025 mg/L 

Total Mercury2 Plastic  250 mL 
EPA 

1631E 
HNO3 to pH<2 
Ice, <4 ± 2 °C 28 days 0.5 ng/L 

1 – Field filtered; 2 – Collected as part of a Clackamas County co-permittee group effort – 3 storms/year;  
CaCO3=Calcium carbonate; Cu=Copper; E. Coli=Escherichia Coli; HNO3=Nitric acid; H2SO4=Sulfuric Acid;  L=liters; mL=milliliters; 
mg=milligrams; MPN=Most Probable Number;  ng=nanograms; N=Nitrogen; Pb=Lead; Zn=Zinc 

Sampling will be conducted at the Carter Creek site using a swing sampler and pre-cleaned 
sampling bottle. Care will be taken not to touch the bottle against the sides of the manhole or 
to knock debris into the manhole. Aliquots will be placed in a clean 10-liter carboy for 
compositing. E. Coli samples will not be composited but will be grab samples from each aliquot. 
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Samples will be collected from the outfall at the Oswego Lake site. Aliquots will be placed in a 
clean 10-liter carboy for compositing. E. Coli samples will not be composited but will be grab 
samples from each aliquot. Additional sampling procedures are found in Appendix D. 

Field data will be measured in a pre-cleaned sampling bottle and entered into the field book for 
each aliquot. Staff will allow sufficient time, at least two minutes, for the field meter to provide 
stabilized readings before entering them into the field book. To ensure the integrity of the 
samples, the vehicle will be locked at all times that staff is not in the vehicle.  

At the end of each sampling event, the chain-of-custody (COC) will be completed using the 
information in the field book, signed by the sampling staff, and provided to the laboratory for 
their signature. A copy of the initial COC will be sent to the City along with the laboratory’s 
authorized signature. If analyses are sent to other locations, the laboratory will provide a final 
COC with all signatures. An example COC and field data sheet are included in Appendix B. 

6.3.5 Quality Control 

To provide statistically accurate data, it is important that each sampling event provide similar 
handling procedures for the equipment, sample collection methods, and laboratory methods 
for analyzing the samples. Because the City will be using both instream and stormwater data to 
calculate TMDL reductions and infer new benchmarks, it is important that the methods used for 
collection, handling, and analysis of samples collected for stormwater monitoring to dovetail 
with the methods used for samples collected for instream monitoring. Preparatory work 
completed on equipment before sampling and before completing analyses is important in 
terms of ensuring data reliability. 

All laboratories, including subcontractors or different locations within the same company, must 
be ORELAP-certified and provide the City with copies of its current certification each year. 
Relevant QA/QC information collected by the laboratory’s QAPP (blanks, matrix spikes, etc.) 
must be provided to the City at the same time as the analytical data.  

6.3.5.1 Blanks and Replicates 

Staff will create one field blank, including E. Coli, at the first site at the start of the sampling 
event using de-ionized water and the same handling and transportation procedures conducted 
for the stormwater samples. The blank will be stored on ice during the entire sampling event.  

A split replicate will be created from the composited sample at Carter Creek. Sample bottles for 
similar analytes, e.g. nutrients, metals, etc., will be filled at the same time. Two E. Coli samples 
will be collected for each aliquot instead of during the compositing time period. 
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6.3.5.2 Calibration, Cleaning, and Maintenance of Equipment 

Calibration, cleaning, and maintenance of field equipment will follow the same requirements as 
those for instream sampling (see Section 6.1). Maintenance of the sampling equipment, 
including replacement of probes, is completed by City staff; information on the maintenance is 
available upon request.  

6.3.6 Data Management, Review, and Validation 

Analytical data from each sampling event generally takes 3 weeks to be completed by the 
laboratory unless the City requests expedited analyses. At this time, it is not expected that the 
City will request expedited analyses with the exception of illicit discharges that are a hazard to 
the environment or the public.  

When the data is received, staff will check the data and note any outliers. If found, staff will 
check the field data and the analytical report to determine if data qualifiers or the laboratory’s 
QA/QC data can validate the data point. If no reason is found, staff will notify the laboratory 
and request confirmation of the data point based on their validation procedures. If the data 
point is an outlier after the data checks have been completed, staff will flag the datapoint in the 
electronic file as a potentially invalid. Staff completing statistical analyses at a later date will 
have the option of including the datapoint but will have the history of the datapoint and be 
able to use it accordingly. 

6.3.7 Document and Record-Keeping Procedures 

The document and record-keeping procedures used for stormwater monitoring are the same as 
the procedures for instream monitoring (see Section 6.1).  

6.4 PESTICIDE STORMWATER SAMPLING 
Pesticide sampling is required by the 2021 MS4 permit as part of the stormwater sampling 
effort. The study design, storm event selection, calculation of precipitation and flow will remain 
the same as the regular stormwater sampling (see Section 6.3). Data management, date review 
and validation, documentation, and record-keeping procedures will also remain the same as the 
regular stormwater sampling effort. All electronic data for the pesticide sampling effort will be 
kept with the electronic data from the regular stormwater monitoring effort.  

Table 3 of Schedule B of the MS4 permit states, “Pesticide pollutant parameters that must be 
considered for purposes of the pesticide monitoring requirement include any pesticides used 
by the ....(City).... and the following:....Bifenthrin, Chlorpyrifos, Imidacloprid, 
Fipronil,....Atrazine, Simazine, Sulfometuron methyl, Diuron, 2,4-D, Glyphosate and degradate 
(AMPA), and 2,6-dichlorobenzamine (dichlorbenil degradate). Legacy pesticides (DDT, 
Dieldrin) must be conducted for streams where an established TMDL requires it.”  The streams 
in the City’s jurisdiction do not have a TMDL for DDT or Dieldrin. 
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6.4.1 USGS Study  

Stormwater pesticide sampling was required in the 2012 MS4 permit. The jurisdictions under 
the Clackamas County permit decided to partner with the USGS in an often-cited study of 
pesticides in the Willamette River basin (Carpenter et.al., 2016) which included samples from 
the instream monitoring site at Ball Creek  and the 2012 MS4 permit’s stormwater monitoring 
outfall at Lost Dog Creek and a stream sample near the outfall.  

The USGS study found that metolachlor, fipronil, and carbaryl were the most common 
pesticides found in water samples at 75%, 75%, and 33%, respectively. Bifenthrin was the most 
common, by far, of the pesticides found in sediment (75% of stream samples and 80% of outfall 
samples) and is particularly noxious to pollution-sensitive macroinvertebrates. The City does 
not currently use any pesticides that contain these compounds, however bifenthrin was found 
in the USGS study samples from Ball Creek and Lost Dog Creek. 

6.4.2 Analytes of Interest  

The City used a scoring matrix of aquatic toxicity, mobility, local use, and bioaccumulation 
factor (BCF) to determine which pesticides to analyze in stormwater (see Table 6). Aquatic 
toxicity and bioaccumulation were weighted more heavily than mobility.  

The pesticides used most frequently on City-owned property included glyphosate, triclopyr, and 
trifluralin. Because glyphosate and triclopyr have low aquatic toxicity and do not bioaccumulate 
easily, they were removed from the list of potential analytes. Trifluralin was found in the City’s 
samples during the USGS study and, while hydrophobic, it is highly toxic to aquatic organisms, 
has a high BCF, and is in current use.  

Table 6. Pesticide Analytes of Interest 

 
Analyte of 

 Interest or Use     

Pesticide 
USGS 
Study 

MS4 
Permit 

City of Lake 
Oswego Mobility1 BCF1 

Aquatic 
Toxicity1 Method 

Trifluralin X  X Hydrophobic H H EPA8270D 

2,4-D  X X Hydrophilic L H EPA 8151A 

Bifenthrin X X  Hydrophobic H H EPA 8270D 

Chlorpyrifos  X  Hydrophilic H H EPA 8270D 

Fipronil X X  Hydrophobic H H EPA 8270D 
1 – From: National Institutes of Health website (pubchem.ncbi.nlm.nih.gov) Environmental Fate/Exposure Summary section; 
BCF=Bioaccumulation Factor, H=High, L=Low  
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The remaining pesticides of interest that will be sampled are toxic to aquatic organisms and 
have a potential for bioaccumulation. Three are hydrophobic and two are hydrophilic.  

6.4.3 Analytical Methods and Sampling Frequency 

Currently, Table 3 of Schedule B in the MS4 permit requires sampling at two sites for two storm 
events each year. The jurisdictions included in the Clackamas County MS4 permit submitted a 
permit modification to DEQ on August 29, 2022 to reduce the number of locations and 
sampling events each year based on the 2021 NPDES MS4 Phase I permit requirements for 
other jurisdictions.   

If the permit modification is approved, pesticide sampling will occur for each of the parameters 
for one site per year with the site switching between Carter Creek and Oswego Lake each year.  

If the permit modification is not approved, pesticide sampling will occur for Group 1 (Trifluralin 
Chlorpyrifos, and 2,4-D) for year 1, Group 2 (Bifenthrin and Fipronil) for year 2, Group 1 for year 
3, Group 2 for year 4, etc. Alternating years provides spring and fall sampling for the pesticides 
while managing cost.  

Samples will be collected as part of the regular stormwater sampling effort using the same 
sample collection procedures. Analytical methods and sample collection requirements for the 
pesticides of interest are listed in Table 7.  

Table 7. Pesticide Analytical Methods and Sampling Requirements 

Pesticide Container 
Sample 
Volume 

Minimum 
Detection  Limit Preservation  

Maximum 
Hold Time 

2,4-D Amber Glass 2 Liters 0.1 µg/L Ice, <4 ± 2 °C 7 days 

Trifluralin Amber Glass 1 Liter 0.1 µg/L Ice, <4 ± 2 °C 7 days 

Bifenthrin Amber Glass 1 Liter 0.1 µg/L Ice, <4 ± 2 °C 7 days 

Chlorpyrifos Amber Glass 1 Liter 0.1 µg/L Ice, <4 ± 2 °C 7 days 

Fipronil Amber Glass 1 Liter 0.1 µg/L Ice, <4 ± 2 °C 7 days 

 
 
6.4.4 Quality Control 

The field blank and split replicate samples collected as part of the regular stormwater sampling 
will also include the pesticides of interest in Table 7. The field blank, using pesticide-grade 
water, will be created prior to the start of the sampling event and will be placed in coolers with 
the other stormwater samples. A split replicate will be created at a sampling site by 
compositing a sample into a 10-liter carboy and creating 2 split samples from the original 10-
liter sample. 
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6.4.5 Document and Record-Keeping Procedures 

The data validation and verification and the document and record-keeping procedures used for 
pesticide monitoring are the same as the procedures for stormwater monitoring (see Section 
6.3).  

6.5 MERCURY STORMWATER MONITORING 
Stormwater sampling for mercury will be collected at four sites across four watersheds by 
qualified staff. Because of the technical expertise required for sampling mercury at low-analyte 
concentrations and to ensure uniform data, the jurisdictions of the Clackamas County permit 
have determined it is cost-efficient to collect mercury at instream locations as a collective 
effort.  

The City is providing two instream monitoring sites but no stormwater sampling sites for the 
collective effort. Locations and the protocols to be used for stormwater sampling of mercury 
are found in Appendix C. Data management, review, validation, and record-keeping procedures 
will remain the same as for regular instream monitoring. 

6.6 BIOLOGICAL MONITORING 
Macroinvertebrate monitoring can shed light on areas that may need additional retrofits, 
additional riparian protection, or a change in stormwater management techniques to increase 
stream health. They can indicate the magnitude of chronic concentrations of analytes of 
interest and the potential sources of impairment.  

The City has conducted six macroinvertebrate assessments at the same ten locations since the 
Fall of 2004 with the most recent assessment taking place in the Fall of 2021. This long-term 
commitment to multiple assessments provides a retrospective view into the long-term effect of 
urbanization on the City’s streams.  

6.6.1 Macroinvertebrate Sampling Sites 

The City will complete macroinvertebrate assessments at the ten historical locations (see Figure 
3 and Table 8) to provide historical context and evaluate long-term trends of water-quality in 
the streams.  

6.6.2 Methodology 

In the past, the assessment has been conducted using DEQ’s Benthic Index of Biological 
Integrity (IBI) which is a multimetric index of ten measures of the biological community. The 
macroinvertebrate assessments also used the Predictive Assessment Tool (PREDATOR) which 
compares the observed taxa at the sampling to the expected taxa at a reference site (the 
Marine Western Coastal Forest Model (Hubler, 2008)). The IBI and PREDATOR models were  
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Figure 3. Macroinvertebrate Sampling Sites 
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developed specifically for samples collected in riffle communities and identify species to the 
same taxonomic level. While both techniques have their advantages, the scores may indicate 
slightly different conditions because of the difference in methodology.  

 
Table 8. Macroinvertebrate Sampling Sites 

Site Name Latitude Longitude Stream Watershed 

Nettle Creek abv Tryon 45.4246 -122.6814 Nettle Creek Tryon Creek 

Springbrook Restored 45.4140 -122.7151 Springbrook Creek Springbrook Creek 

Springbrook at Iron Mtn 45.4142 -122.7078 Springbrook Creek Springbrook Creek 

Lost Dog at LO Golf Course 45.4100 -122.6782 Lost Dog Creek Oswego Lake 

Lost Dog at Stafford Rd 45.4025 -122.6806 Lost Dog Creek Oswego Lake 

Lost Dog at Lake Front 45.4006 -122.6891 Lost Dog Creek Oswego Lake 

Tryon Creek abv Hwy 43 45.4243 -122.6613 Tryon Creek Tryon Creek 

Ball Creek at Kruse Oaks 45.4245 -122.7403 Ball Creek Tualatin River 

Carter Creek abv Bangy 45.4170 -122.7406 Carter Creek Tualatin River 

Oswego Creek at George Rogers Park 45.4107 -122.6625 Oswego Creek Willamette River 

 
 
There is a new EPA assessment tool, the Biological Condition Gradient (EPA, 2016), currently 
being calibrated for use in Oregon which is based on common nationwide patterns (see Figure 
4). If DEQ approves the Biological Condition Gradient methodology for use in Oregon, the City 
will use it plus at least one of the other methods (IBI or PREDATOR) for the next 
macroinvertebrate assessment. 

6.6.3 Sample Collection and Quality Control 

Samples will be collected using DEQ’s Field Methods for the Collection of Macroinvertebrates in 
Wadeable Streams (DEQ, 2009). The sampling reach is calculated as the greater of 20 times the 
average wetted width at the site location or 245 ft (75 meters). Samples are taken from riffle 
habitat when available and glide habitat when riffle habitat is not available. At least three of the 
macroinvertebrate sites assessed in 2021 contained few, if any riffle habitat however all of the 
sampled sites contained glide habitat. This was due, in part, to the extraordinary summer heat 
and lack of precipitation in the Summer of 2021. In the 2018 macroinvertebrate assessment, all 
sites contained at least one sampled riffle habitat. 

At least one duplicate sample will be taken during the assessment. The accuracy target for the 
field duplicate is to have less than 10% variability between the relative number and types of 
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identified taxa. Field equipment is cleaned and visually inspected for integrity before sampling 
is conducted at each site. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

From:  EPA, 2016 

Figure 4. Biological Condition Gradient Framework. 

6.6.4 Frequency and Resources 

The City will conduct at least one macro-invertebrate assessment during the permit term and 
will summarize the results in the annual report. Because staff do not currently have the 
requisite technical experience for the assessment, and to conserve staff resources, it is 
expected that the work will be completed by a competent contractor. 
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6.6.5 Data Review, Validation and Management 

The data is reviewed and validated by the taxonomist using industry standard procedures. The 
raw data is provided to the City by the contractor and the most recent assessment is available 
on the City’s website. Older assessments are available upon request.  

The City summarizes the report findings in the subsequent annual report for the MS4 permit. 
The findings are part of each subsequent annual report until the next assessment. 

7 SUMMARY 
The City’s NPDES MS4 Phase I permit was renewed by DEQ in September 2021. As part of the 
renewal, the City is required to provide a robust environmental monitoring program that 
includes instream monitoring, stormwater and pesticide monitoring, mercury monitoring, and 
biological monitoring. There are five locally important watersheds within the City’s jurisdiction:  
Lower Willamette River, Tryon Creek (a sub-watershed of the Willamette River), Tualatin River, 
Springbrook Creek (a sub-watershed of Oswego Lake), and Oswego Lake.  

The instream monitoring effort includes six sites that will be sampled 12 times per year (once 
per month) at various locations within the City’s jurisdictions. The sites include two locations in 
the Oswego Lake watershed, one location in the Springbrook Creek watershed, one location in 
the Tryon Creek watershed, and two locations in the Fanno Creek/Tualatin River watershed. 
Each month, the sites will be visited by staff who will collect water samples for nutrients, 
metals, bacteria, and conventional analytes of interest plus QA/QC samples for the same 
analytes. Field measurements such as dissolved oxygen, pH, temperature, and specific 
conductivity will also be taken at the same time as the water samples. Every quarter, staff will 
collect samples for cations, anions, iron, and volatile solids to provide data for the evaluation of 
TMDLs and 303(d) impairments.  

The stormwater monitoring effort includes two sites that will be sampled twice per year. The 
site locations are located in high traffic areas (collector streets and above) in the Carter Creek 
watershed and the Oswego Lake watershed. Staff will focus the stormwater effort on winter 
and spring storms that meet the criteria – an antecedent dry period of 12 hours and a storm 
with at least 0.1 inches of precipitation. During a qualified storm event, staff will collect 
stormwater samples for nutrients, metals, bacteria, and conventional analytes of interest plus 
QA/QC samples for the same analytes. Flow will be calculated using the depth of flow in the 
manhole and the outfall. Precipitation will be collected from two weather stations and 
averaged to determine the total precipitation from the event.  

Pesticide monitoring is required with the MS4 permit, however the jurisdictions in the 
Clackamas County permit have submitted a request to DEQ for a permit modification in regard 
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to pesticide sampling during storm events. If the permit modification is approved, the City will 
collect pesticide samples from one site for two events each year. If the permit modification is 
denied by DEQ, the City will collect pesticide samples from two sites for two events per year. 
The sampling events will coincide with the regular stormwater monitoring events. The City 
evaluated the pesticides that staff use on City-owned property and those that were to be 
considered from Schedule B, Table 3, on a basis of aquatic toxicity, bioaccumulation factors, 
mobility, and local use. The evaluation determined narrowed the list to five pesticides to be 
included in the pesticide monitoring effort – trifluralin, bifenthrin, chlorpyrifos, fipronil, and 2,4-
D.  

Mercury monitoring will be completed as a collective effort by the jurisdictions of the 
Clackamas County MS4 permit. Eight sites covering four watersheds were chosen for the 
instream mercury monitoring effort with two of the sites in the City’s jurisdiction (Tualatin 
watershed and Tryon Creek watershed). Instream sampling for mercury, paired with total 
suspended solids sampling, will occur quarterly each year. Four sites were chosen from four 
watersheds for the stormwater mercury monitoring. There were no stormwater monitoring 
sites chosen within the City’s jurisdiction for the collective mercury sampling effort. Stormwater 
sampling for mercury and TSS will occur for three qualified storm events every year. 

The laboratories completing the water analyses for the environmental efforts will have ORELAP 
certification. The City will provide data from the monitoring effort to DEQ every year through 
the AWQMS data portal or other format as required by DEQ. 

Macroinvertebrate sampling has been completed at ten sites within the City’s jurisdiction since 
2004. The City will conduct one macroinvertebrate assessment during the permit term at the 
ten historical sites to provide continuity for improved trend analyses. It is expected that the 
work will be completed as a collective effort with other jurisdictions under the Clackamas MS4 
permit contributing the number of macroinvertebrate sites specified for their jurisdiction. It is 
also expected that the group will employ a qualified taxonomist for the highly technical work. 

Data will be verified and validated before being entered into the City’s water quality monitoring 
system. Because of the importance of large and long-term datasets for trends analyses, the City 
does not expect to delete any of the data which has been collected since 1997. Each year’s 
water-quality data from the environmental monitoring effort will be summarized in the annual 
report due each December.  
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APPENDIX A   INSTREAM SAMPLING PROCEDURES 
Before Sampling Event: 

1. Calibrate Field Meter. 
2. Label Bottles.  
3. Place pre-bagged bottles including pre-cleaned sampling bottles for each site, field 

meter, field book, and boots in car. 
4. Print appropriate Chain-of-Custody (COC).  
5. Purchase 20-30 pounds of ice and place in coolers. 

Sampling Event: 
1. Drive to first sampling site. If appropriate, create field blank and place in cooler with ice. 
2. Place field meter upstream of sampling area and let equilibrate. 
3. Measure wetted width of stream. 
4. If wetted width of stream is greater than 5 ft, take depths and visually evaluate flow 

regime. Samples will be taken based on depths and flow regime. 
5. Put on powder-free nitrile gloves.  
6. Determine sampling regime: 

a. For streams with a wetted width of 5 ft or less, place sample bottle (or pre-cleaned 
sub-sample bottle) in stream and, using equal down and up transit rates, collect 
water for sample. Cap bottle. (Volatile solids and dissolved organic carbon should be 
filled to the top so no air bubble is present.)   

b. For equal width or equal discharge sampling, uncap and fill 1/3 of each bottle 
ensuring that inside of lid does not touch anything. Recap bottles. Repeat step 6 
until bottles have been filled to the shoulder. (Volatile solids and dissolved organic 
carbon should be filled to the top so no air bubble is present.)   

7.  Put samples back in bag and place in cooler with ice.  
8. Collect data from field meter. 
9. Remove nitrile gloves and place it and other trash in trash receptacle. 
10. Ensure enough ice is left to continue cooling samples to lab. If not sufficient, purchase 

additional ice. 
11. Drive to next sampling site and repeat Steps 2 to 10 until all samples have been 

collected using a pre-cleaned sample bottle and carboy, if needed, at each site.  
12. Complete COC form using information in field book. 
13. Sign COC and present it with the samples to the laboratory. Drive back. Clean field 

meter and sampling equipment (triple rinse with water and DI water), let air dry, and 
put away until next sampling event.  
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APPENDIX B  FIELD SAMPLING FORMS 
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APPENDIX C  MERCURY SAMPLING 
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Modified From:  Coordinated Clackamas County Surface Water 
Monitoring Plan, 2022, Section 5.3 
 
Mercury Monitoring Efforts  
Mercury monitoring throughout the Clackamas MS4 permit area addresses objectives 1, 2, 3, 5, 
and 6 from Schedule B.1.a of the 2021 Permit:  

1. Evaluate the source(s) of and means for reducing the pollutants of concern applicable to 
the co-permittees’ permit area, including 2018/2020 303(d) listed pollutants, as 
applicable;  

2. Evaluate the effectiveness of Best Management Practices (BMPs) in order to help 
determine BMP implementation priorities;  

3. Characterize stormwater based on land use type, seasonality, geography, or other 
catchment characteristics;  

5. Assess the chemical, biological, and physical effects of MS4 stormwater discharges on 
receiving waters; and,  

6. Assess progress towards reducing TMDL pollutant loads.  
 
 
Description of Mercury Monitoring Locations  
The 2021 Permit requires mercury monitoring for the collective Clackamas County co-
permittees per Schedule B, Table 3 of the 2021 permit. A total of eight instream sampling 
locations representing four different basins and four stormwater sampling locations are 
required.  
 
Mercury monitoring sites were selected during a series of workshops with Clackamas County 
co-permittees held from February through April 2022. Existing (current) instream and 
stormwater monitoring locations were reviewed to identify those that could be accessed safely, 
and to ensure feasibility of compliance with the performance-based provisions of EPA Method 
1669. Locations near heavily traveled roads, metal supports, bridges, and poles were avoided to 
reduce the potential for sample contamination. Locations where previous mercury monitoring 
efforts were conducted were prioritized. Site selection included consideration of geographic 
coverage across the four major basins and individual co-permittee NPDES MS4 permit coverage 
area, as well as equity in effort amongst co-permittees.  
 
Figure 3 identifies the selected instream and stormwater mercury monitoring locations, the 
associated receiving water for stormwater locations, and the specific water body and basin for 
instream locations.  
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Figure B.3  Mercury Monitoring Locations  
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Table B.1 summarizes the instream mercury monitoring locations by participating co-permittee 
and watershed.  
 
Table B.1 Clackamas County Co-Permittee Instream Mercury Monitoring Locations  

Jurisdiction  Instream Locations 
(#)  Stream Name  Basin  Sampling 

Frequency  

WES  
1  Rock Creek  Clackamas River  

4/year  
  

1  Sieben Creek  Clackamas River  
Milwaukie  1  Minthorn Creek  Lower Willamette  

Lake Oswego   
1  Nettle Creek  Lower Willamette  
1  Carter Creek  Tualatin River  

West Linn  1  Unnamed Creek  Tualatin River  
Oregon City  1  Singer Creek  Middle Willamette  
Wilsonville  1  Boeckman Creek  Middle Willamette  

  
 
Table B.2 summarizes the stormwater mercury monitoring locations by participating co-
permittee and respective land use.  
 
Table B.2. Clackamas County Co-Permittee Stormwater Mercury Monitoring Locations  

Jurisdiction  Stormwater 
Locations (#)  Receiving Water  Associated land use   

Stormwater 
Sampling 

Frequency  
WES  1  Phillips Creek  Commercial  

3/year  
  

WES  1  Carli Creek  Industrial  
West Linn  1  Barlow Creek  Residential   

OLWS  1  Boardman Creek  Mixed-Use  
 
 
Sample Collection  
Mercury monitoring will be conducted using a coordinated approach with a single entity 
(jurisdiction or coordinated jurisdictions) sampling on behalf of all co-permittees. Instream 
mercury monitoring efforts will use a routine method where ambient data are collected year-
round during both dry weather and wet weather seasons in accordance with a schedule created 
at the beginning of each reporting year. Stormwater mercury monitoring efforts are focused on 
capturing storm-specific data from select outfall locations representing drainage from various 
land use categories.  
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Mercury samples are collected using a clean hands/dirty hands (CH/DH) approach. All samples 
are collected as grab samples rather than composite samples to limit the risk of sample 
contamination. Mercury samples will be paired with a total suspended solids (TSS) sample.  
 
Instream mercury sampling procedures are as follows:  
1. Prior to the start of the monitoring year, the co-permittees shall establish an instream 

mercury sampling schedule, based on frequencies shown in Table 8. Deviation from the 
predetermined schedule during the monitoring year is to be avoided to the extent 
possible.  

2. Instream water quality samples will be scheduled and collected during both the dry and 
wet weather seasons. A minimum of 50 percent of the samples will be collected during the 
wet weather season (September 1 to April 30).  

3. A minimum of 72 hours shall be maintained between consecutive instream sampling 
events.  

4. Instream samples will be collected during four events per year per location.  
 
Stormwater mercury sampling procedures are as follows:  

1. A qualifying storm event is one that results in greater than 0.1 inch of rainfall and occur 
after a minimum 12-hour antecedent dry period.  

2. Stormwater samples will be collected during three storm events per year per location.  

3. Limitations on storm event sampling include: 

a. Storms will not be sampled on major holidays including Thanksgiving Day, Christmas 
Eve, Christmas Day, New Year’s Eve, New Year’s Day, President’s Day, Independence 
Day, Labor Day, Memorial Day, and Easter.  

b. Storm events shall be of a size which, once a crew is mobilized, runoff is anticipated to 
occur for a minimum of 2 hours.  

4. For each qualifying storm event, the precipitation will be collected from local weather 
stations. The flow rate at the outfall will be estimated using the depth of the water in the 
outfall. Flow rate may be estimated using the average depth of flow measurement taken in 
the pipe (or outfall) during sample collection activities, the pipe (or outfall) slope and 
diameter, and Manning’s equation. 

 
Mercury QA/QC Sampling Procedures   

One field blank and one field duplicate will be collected from each mercury site. Analytical 
method EPA 1669 is a performance-based method and, since all mercury samples will be 
collected as grab samples, field blank and duplicate samples will be collected for each instream 
and outfall site the first permit year and evaluated for contamination and reproducibility. If 
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QA/QC targets are acceptable (i.e., blanks are below the detection limit and duplicates show ≤ 
20% relative percent difference), then one field blank and one duplicate will be collected for 
each sampling event. If targets are not met, one field blank and one field duplicate will continue 
to be collected at each site until the targets are met.  

For low-level Total Mercury required in the MS4 permit, it is recommended to purchase and 
use commercially available ASTM Type 1 Reagent Water to fill Field Blank bottles. This water 
should be transported into the field with sample bottles and be dedicated for mercury field 
blanks. 

 

Grab Sampling Technique for Mercury Samples 
1. Put on clean gloves. Consider using multiple layers of clean gloves to reduce disruption to 

sample collection if the outer pair of gloves needs to be quickly removed.  

2. If a field blank is not required, proceed to Step 3. If a field blank is required, then remove 
the cap from the lab-provided bottle while protecting the cap from contamination. The 
field blank should be treated the same as a regular sample; it should contact any tools 
and/or equipment being used for sampling mercury. If no tools and/or equipment are 
used, keep the cap of the bottle off and locate it plus the field blank near the sampling 
location during sample collection. Cap the field blank at the same time as the mercury 
sample.  

3. Table B.1 protocols reflect provisions of EPA Method 1669; clean hands/ dirty hands 
(CH/DH) procedures must be strictly followed when sampling for mercury to minimize 
contamination. These protocols assume the lab-provided bottle is double-bagged. Always 
collect the mercury sample first. TSS must be collected at the same time as mercury 
samples.  
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Table B.3. One- and Two-Person Grab Sampling Procedures for Mercury Sample Collection  
CH= Clean Hands; DH=Dirty Hands 
  

Two-Person Team    One-Person Team  

In-stream grab sampling  Outfall grab sampling    In-stream grab sampling  Outfall grab sampling  

1. CH and DH don two pairs of clean, 
disposable, non-talc gloves. CH touches only 
the inner bag and sample bottle. DH touches 
coolers, outer bag, and other necessary 
equipment to aid CH.  

2. DH opens the outer bag, carefully pushing 
up the inner bag and bottle for CH to reach 
without touching either the inner bag or 
bottle.  

3. CH opens inner bag and removes sample 
bottle. DH secures inner bag inside of outer 
bag.  

4. CH removes the cap, holds the cap upside 
down, and discards the dilute acid solution 
into a waste carboy or discards the reagent 
water directly into the water body.  

5. If sufficient flow exists, CH submerges bottle 
underwater and triple rinses the sample 
container, keeping the container submerged 
during the rinsing process. After the third 
rinse, CH fills the bottle and caps it 
underwater. If insufficient flow exists, the 
bottle is uncapped above the surface. While 
the cap is held, the bottle is lowered, filled, 
and re-capped as quickly as possible.  

6. DH reopens the outer bag. CH returns the 
bottle to the inner bag and seals the inner 
bag. DH seals the outer bag.  

1. CH and DH don two pairs of clean, 
disposable, non-talc gloves. CH 
touches only the inner bag and 
sample bottle. DH touches coolers, 
outer bag, and other necessary 
equipment to aid CH.  

2. DH opens the outer bag, carefully 
pushing up the inner bag and bottle 
for CH to reach without touching 
either the inner bag or the bottle.  

3. CH opens inner bag and removes 
sample bottle. DH secures inner bag 
inside of outer bag.  

4. CH removes the cap, holds the cap 
upside down, and discards the dilute 
acid solution into a waste carboy or 
discards the reagent water directly 
into the water body.  

5. CH triple rinses the sample 
container. After the third rinse, CH 
fills the bottle and re-caps it as 
quickly as possible.  

6. DH reopens the outer bag. CH 
returns the bottle to the inner bag 
and seals the inner bag. DH seals the 
outer bag.  

  1. Segregate mercury sample bottles in a 
dedicated cooler prior to deploying in 
the field.  

2. Sampler dons two pairs of clean, 
disposable, non-powdered gloves.  

3. Leaving the double-bagged bottle in the 
cooler, open the outer bag and push up 
the inner bag and bottle. Discard outer 
pair of gloves.  

4. Open inner bag, remove the bottle, and 
push inner bag down into outer bag.  

5. Remove the cap, hold the cap upside 
down, and discard the dilute acid 
solution into a waste carboy or discard 
the reagent water directly into the 
water body.  

6. If sufficient flow exists, submerge 
bottle underwater and triple rinse the 
sample container, keeping the 
container submerged during all rinses. 
After the third rinse, fill the bottle and 
recap it underwater. If insufficient flow 
exists, uncap the bottle above the 
surface. While holding the cap, lower 
the bottle, fill it, and re-cap it as quickly 
as possible. Return the bottle to the 
inner bag, seal the inner bag, then seal 
the outer bag.  

1. Segregate mercury sample bottles in a 
dedicated cooler prior to deploying in the 
field.  

2. Sampler dons two pairs of clean, disposable, 
non-powdered gloves.  

3. Leaving the double-bagged bottle in the 
cooler, open the outer bag and push up the 
inner bag and bottle. Discard outer pair of 
gloves.  

4. Open inner bag, remove bottle, and push 
inner bag down into outer bag.  

5. Remove the cap, hold the cap upside down, 
and discard the dilute acid solution into a 
waste carboy or discard the reagent water 
directly into the water body.  

6. Triple rinse the sample container. After the 
third rinse, fill the bottle and re-cap it as 
quickly as possible.  

7. Return the bottle to the inner bag, seal the 
inner bag, then seal the outer bag. 
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APPENDIX D  STORMWATER SAMPLING PROCEDURES 
 
Before Sampling Event: 

1. Calibrate Field Meter 
2. Label Bottles  
3. Place pre-bagged bottles including pre-cleaned sampling bottles for each site, pre-

cleaned carboys, field meter, field book, and boots in car 
4. Print appropriate Chain-of-Custody (COC)  
5. Purchase 20-30 pounds of ice and place in coolers 

 
During Sampling Event: 

1. Drive to first sampling site. 
2. Place cones, if appropriate, around sampling area. Pull manhole lid if appropriate. 
3. Take photos. 
4. Measure flow depth in outfall/manhole.  
5. Put on clean powder-free nitrile gloves. 
6. Create field blank, if appropriate, and place in cooler with ice. 
7. Place pre-cleaned carboy at site keeping lid on. 
8. Put pre-cleaned sampling bottle on sampling pole, if appropriate, and tighten. 
9. Ensuring that sampling bottle does not touch edges or bottom of manhole/outfall, 

collect sub-sample from the middle of the flow, swirl so that it touches all sides of 
sample bottle, empty into carboy, swirl in carboy so that it touches all sides of the 
carboy, and empty. Repeat two more times. 

10. Collect sub-sample and pour into carboy. Repeat until carboy is full.  
11. Cap carboy.  
12. Collect bacteria sample. Cap sample bottle and place in cooler with ice.  
13. Collect field data sample. Place field meter probe in sample bottle and let equilibrate. 
14. Mix water in carboy by rolling or gently shaking. Depending on the number of aliquots 

to be collected, fill remaining sample bottles ⅓ to ½ full.  
15. Cap sample bottles, place in sampling bag, and place in cooler with ice. 
16. Collect field data and enter into field book. 
17. Measure flow depth in outfall or manhole, add to initial flow depth and divide by 2 to 

calculate average depth during subsampling effort. Enter into field book 
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18. Place manhole lid back on, if appropriate, and put sampling pole back in vehicle. 
19. Remove nitrile gloves and place them and other trash in trash receptacle. 
20. Ensure enough ice is left in coolers to continue cooling samples. If not sufficient, 

purchase additional ice. 
21. Drive to next site. 
22. Repeat Steps 2 to 21 using a pre-cleaned carboy and sampling bottle at each site and for 

each aliquot.  
23. Complete COC form using information in field book 
24. Sign and date COC and present it with the samples to the laboratory. 
25. Drive back. Clean field meter and sampling equipment (triple rinse with water and DI 

water), let air dry, and put away until next sampling event. 
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