






Preface

The Cities of Gresham and Fairview submit this report in accordance with requirements of the 

National Pollutant Discharge Elimination System (NPDES) Municipal Separate Storm Sewer 

System (MS4) Permit # 101315.  This report is intended to provide a brief summary of the 

activities conducted by these agencies to prevent the entry of pollutants into their stormwater, 

and surface water conveyance systems.  

This report has four major sections.  Section 1, Overview, provides the historical background, 

location of required elements within the report, and a description of Gresham and Co-permittee’s 

watersheds.  Section 2, Environmental Monitoring Program, is the summary of the City of 

Gresham's data collection efforts conducted on behalf of the Co-permittees and has an associated 

Appendices and Sections 3 through 4 consist of the Stormwater Management Plan (SWMP) 

implementation status reports for the City of Gresham and the City of Fairview, respectively.  

Additional supporting documentation for Section 3 is provided in Appendices.  
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A. History

On December 12, 2010 DEQ issued a renewed permit with the City of Gresham and the City of 
Fairview as Co-Permittees and issued a separate renewed permit to Multnomah County.  DEQ 
authorized permittees to make minor changes to their SWMPs in order to be consistent with the 
final permit language by April 1, 2011.  This annual report is based upon the City of Gresham and 
Fairview's respective final SWMP dated April 1, 2011.

Section One--Overview of Required Elements

In accordance with Clean Water Act (CWA) requirements, the Oregon Department of 
Environmental Quality (DEQ) issued a National Pollutant Discharge Elimination System 
(NPDES) Municipal Separate Storm Sewer (MS4) Permit on September 7, 1995 to the City of 
Gresham and co-permittees:  the City of Fairview, Multnomah County, and the Oregon 
Department of Transportation.  This permit (101315) expired on August 31, 2000.  The Oregon 
Department of Transportation (ODOT) sought separation from their multiple joint NPDES MS4 
permits and obtained approval from DEQ to implement their own statewide permit.

The Cities of Gresham and Fairview, and Multnomah County submitted a permit renewal package 
(for the period September 1, 2000 through August 31, 2005) as co-permittees to DEQ in March 
2000.  Gresham submitted an update to its portion of that package in December 2001.  On March 
1, 2004, DEQ issued a renewed permit.  However, several interest groups requested a petition for 
reconsideration on the renewed permit.  On May 17, 2004, DEQ granted this request and a revised 
permit was reissued by DEQ on July 28, 2005, subsequently followed by submittal and approval of 
an updated Stormwater Monitoring Plan and Stormwater Management Plans (SWMP) for 
Gresham and co-permittees.  These documents were approved by DEQ in July 2006 (PY 12).  

On August 1, 2008, Gresham and Co-permittees submitted a permit renewal package that included 
the required elements as stated in Schedule B 2) c) of the permit, including an updated joint 
Monitoring Plan and individual Stormwater Management Plans.  
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The detailed description of the adaptive management process was submitted with the permit 
year 16 annual report which is available on the City's website at 
www.greshamoregon.gov/watershed in the stormwater documents section.  For purposes of 
brevity, the ongoing annual review process consists of data intake from various staff who are 
responsible for the implementation of a particular best management practice (BMP).  Factors 
examined as part of the data intake process include but are not limited to:
*Was the BMP measurable goal attained?  If not, why?  How will progress be made towards 
future attainment?
*For multi-year BMPs, were milestones or timelines met?
*Does the BMP need to be refined or improved?
*Are staffing/financial resources available to support such a BMP improvement or refinement?  
Proposed changes, adaptive management or addition of BMPs for Gresham and Fairview, if 
applicable, are described in Section 2 Environmental Monitoring Program and in Sections 3, 
and 4, respectively.  

B. Reporting Requirements 
This section summarizes the requirements for the annual report as described in Schedule B 5) 
Reporting Requirements of the permit and provides a reference to the location of each element 
within this report. As noted in the permit, this Annual report is provided to DEQ by November 
1 of each year in electronic and hard copy format and is also posted on Gresham's website and 
cross-linked from the City of Fairview's website.   

SWMP Implementation Status
The status of the SWMP best management practices implementation and measurable goals for 
Gresham and Fairview is described in Section 2 Environmental Monitoring Program and in 
Sections 3 and 4, respectively.  

Proposed Changes, Adaptive Management & New BMPs

Overview of Urban Growth Boundary (UGB) Expansion Areas

Summary of Fiscal Year Expenditures and Projected Annual Budgets
Previous and projected budgets for Gresham are included in Table 3-10 and in Section 4 for 
Fairview.

Summary of Monitoring Program Results/Data
Gresham and Fairview's monitoring data and summary of assessments or evaluations and any 
proposed changes to the monitoring plan are reported in Section 2 Environmental 
Monitoring Program and its subsequent Appendices.   

Summary of Inspections & Enforcement, Public Education Programs, and Dry Weather 
Screening
These annual reporting program components as described in Gresham and Fairview's approved 
SWMPs and are reported in Sections 3, and 4, respectively.
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A summary of activities that apply for the City of Gresham is included in Appendix B: UGB 
Summary.  This requirement does not apply to the City of Fairview whose permitted area does 
not contain any UGB expansion area.  

Permit Boundary and Map of Major Watersheds
On the following page Figure 1-1 depicts the permit boundary and a map of the major 
watersheds within the permit area.  

Legal Authority
See Appendix A:  Adequate Legal Authority for documentation of legal authority for the 
Cities of Gresham and Fairview.
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Section 2

Cities of Gresham & Fairview  Environmental Monitoring Program Annual Report
A. History
Background

Monitoring 
Type Monitoring Location(s) Monitoring 

Frequency
Pollutant Parameter 

Analyte(s) Notes

Three (3) sites in the Columbia Slough basin:  
1. Fairview Lake @ Lake Shore Park (FVL1)
2. Fairview Creek @ mobile estates (FCI0)
3. Fairview Creek @ Stark (FCI1)

Two (2) sites in the Sandy River basin:
1. Kelly Creek @ Mt. Hood Community College 
Pond (KCI1)
2. Kelly Creek @ Detention Pond (KCI4)

Four (4) sites in the Johnson Creek subbasin:
1. Johnson Creek @ Jenne Rd (JCI1)
2. Johnson Creek @ Palmblad (JCI2)
3. Kelley Creek @ Pleasant Valley Grange (KI1)
4. Kelley Creek @ Rodlun Rd (KI2)

The data reported in this PY 19 Annual Report reflects the Cities of Gresham and Fairview's implementation of the Environmental Monitoring Plan 
that was approved by DEQ and became effective July 1, 2011.  The City of Gresham collects data for Multnomah County under an 
Interjurisdictional Agreement and that data is included in this report.

B. Required Elements
This section of the Annual Compliance Report summarize the Environmental Monitoring Plan implementation and permit requirements contained 
in Schedule B.  As described in the City of Gresham and Fairview's NPDES Permit, Schedule B) 5., the annual report must include: 

     f.   A summary of monitoring program results, including monitoring data that are accumulated throughout the reporting year and/or assessments 
or evaluations.

     g.   Any proposed modifications to the monitoring plan that are necessary to ensure that adequate data and information are collected to conduct 
stormwater program assessments.

The environmental monitoring requirements specified in Table B-1 of the NPDES permit are summarize below in Table 1.  Elements required by 
the permit are italicized  text. 

Table 1.  Environmental Monitoring Requirements Summary

Instream 
Monitoring

Four (4) 
events/year

DO, pH, temperature, 
conductivity, turbidity, E. 
coli, hardness, BOD, TSS, 
Chlorophyll-a (May-Oct); 

nutrients (nitrate, 
ammonia, Total P, o-

Phos); Total recoverable 
and dissolved metals 

(copper, lead and zinc); 
legacy pesticides (JC 

only)

The City of Portland 
collects data on the entire 
Columbia Slough, but based 
on their probabilistic 
sampling design, locations 
monitored any permit year 
will be reported to DEQ by 
Portland.
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Continuous 
Instream 

Monitoring

Two (2) continuous monitoring stations:
1. Johnson Creek @ Regner
2. Fairview Creek @ Glisan*

Ongoing

15-minute interval
Temperature and flow

Flow data collected by 
USGS through Joint 
Funding Agreement #3225.  
*Fairview gage does not 
collect temperature.  City of 
Gresham periodically 
collects summer 
temperature at Glisan 
location, as well as other 
locations throughout city.

Stormwater 
Monitoring - 
Storm Event

Three (3) sites.

Monitored 30 random and spatially balanced 
stormwater locations.

Three (3) 
events/year

Monitored 1 event 
at each location 

DO, pH, temperature, 
conductivity, turbidity, E. 
coli, hardness, BOD, TSS; 

nutrients (nitrate, 
ammonia, Total P, o-

Phos); Total recoverable 
and dissolved copper, 

lead and zinc; pesticides

The permit requirements as 
described by Schedule 
B)2)e)ii) would result in 9 
data points annually.  The 
City's approved monitoring 
approach results in 30 data 
points.  

Stormwater 
Monitoring - 

Mercury

Two (2) sites:
1.  Inlet to Fairview Creek Water Quality Facility 
(FCWQF-1)
2.  West inlet to Columbia Slough Water Quality 
Facility (CSWQF-1)
3. East inlet to Columbia Slough Water Quality 
Facility (CSWQF-2)

Two (2) 
events/year; one 

summer event and 
one winter event

Mercury (Total 
Recoverable and 

Dissolved); Methyl 
Mercury (Total 

Recoverable and 
Dissolved)

Completed 2 years of low 
level mercury and methyl 
mercury monitoring, then 
DEQ approved request to 
discontinue. Continue to 
monitor total mercury.

One (1) site in the Columbia Slough basin:  
1. Fairview Creek @ mobile estates (FCI0)
2. Fairview Creek @ Stark (FCI1)

One (1) site in the Sandy River basin:
1. Kelly Creek @ Mt. Hood Community College 
Pond (KCI1)
2. Kelly Creek @ Detention Pond (KCI4)

Two (2) sites in the Johnson Creek subbasin:
1. Johnson Creek @ Jenne Rd (JCI1)
2. Johnson Creek @ Palmblad (JCI2)
3. Kelley Creek @ Pleasant Valley Grange (KI1)
4. Kelley Creek @ Rodlun Rd (KI2)

Macro-
Invertebrate 
Monitoring

One (1) event/year 
during summer/low 

flow conditions
Macroinvertebrates

Collected during same week 
as instream water quality 
data collection occurred in 
summer.
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Structural BMP 
Monitoring

One (1) site - inlet and outlet:
1. Fairview Creek Water Quality Facility (FCWQF-
1 and FCWQF-2)
2. Columbia Slough Water Quality Facility 
(CSWQF-1, CSWQF-2 and CSWQF-3)

Two (2) 
events/year 

through Dec 31, 
2013

DO, pH, temperature, 
conductivity, turbidity, E. 
coli, hardness, BOD, TSS; 

nutrients (nitrate, 
ammonia, Total P, o-

Phos); Total recoverable 
and dissolved metals 

(copper, lead and zinc)

Shifted monitoring from 
FCWQF to just CSWQF 
facility in 2013. 

Instream Monitoring

Continuous Instream Monitoring

Stormwater Monitoring

C.  Summary of Monitoring Program Results
The data collected in PY 19 are provided in the Appendix.  The in-stream data have been compared to the relevant DEQ water quality criteria.  
Values that do not meet the water quality standards are highlighted.  Data from Stormwater (wet weather sampling) and Structural BMP 
Monitoring have not been compared to water quality standards because of the mixing that occurs in-stream.  

Instream monitoring results are generally within expected ranges.  Some sites were above the temperature standard in late July/early August, and 
some sites had periodic exceedances of the 406 colony forming units (CFU/100ml) E. coli  standard, primarily after events associated with rainfall.  
All of the sampled streams currently have TMDLs for both of these pollutants.  

The data from the continuous instream monitoring being conducted by USGS is available at www.usgs.gov.  In addition to the data collected at the 
two USGS gages on Johnson and Fairview Creeks, the City of Gresham also collected continuous temperature data at all of the instream monitoring 
locations, as well as other locations.  A summary of the number of days that the maximum daily temperature at each continuous temperature 
monitoring station exceeded the temperature standard (17.8 C), as well as the highest temperature reached at each station is included in the 
Appendix.  Very few sites had no exceedances (highlighted in blue), while several streams had sites where the 7-day average of the daily maximum 
(7DADM) was >18 for 100 days or more (highlighted in red).  The city is aware of the impact in-line ponds can have on temperature - Fujitsu Pond 
is a highly ranked Natural Resource CIP project, and the City is also studying ways to improve public and private ponds on Butler and Hogan 
Creeks.  One interesting finding from the past year is the difference in max temp versus days of exceedance for 2 locations downstream of ponds.  
The Butler Creek site downstream of Marpol Pond (which has a surface release) had a much higher maximum temperature than the Butler Creek 
location downstream of Binford Lake (subsurface release point) - despite the fact that Binford Lake is downstream of Marpol Pond.  This finding 
may inform design options for retrofiting ponds where removal may not be feasible.



Section 2

Structural BMP Monitoring

Macroinvertebrate Sampling

Structural BMP monitoring during 2013-14 included monitoring inlet and outlet locations at the Columbia Slough Water Quality Facility.  In 
general, results show that the facility is reducing metals and other pollutants associated with sediment, as well as reducing nutrients and bacteria. 

Macroinvertebrates were collected at all of the instream monitoring locations, except Fairview Lake.  Results are similar to previous years, with the 
Kelley Creek location (KI2) showing the least amount of impairment (i.e., the greatest abundance and highest number of sensitive species).  This 
site is predominantly surrounded by an undeveloped forested area.  All of the other locations have biological communities that indicate moderate or 
severe impairment according to the statewide Benthic Index of Biological Integrity (B-IBI).  Data trends will be assessed on a five year basis as 
described in the Environmental Monitoring Plan.

D.  Adaptive Management
The City of Gresham submitted a Stormwater Monitoring Plan to DEQ, which was approved prior to the January 14, 2013 issuance of the Water 
Pollution Control Facility permit for Underground Injection Control devices (UICs).  As noted in the 2011-12 Annual Report, this monitoring plan 
complies with both the WPCF permit requirements and the MS4 Stormwater Monitoring-Storm Event (wet weather sampling) requirements as 
described in Schedule B Table B-1.  

Stormwater monitoring data revealed higher traffic sites (>1000 vehicle trips per day) have higher pollutant concentrations for most pollutants (e.g. 
TSS, total and dissolved metals, nutrients, phthalates, and pesticides) in comparison to residential streets (<1000 trips/day).  This past year, 
additional pesticides were analyzed based on identification in Gresham's pesticide assessment.  Pesticide detections were minimal, with 15 of the 
30 sites having a detection of pentachlorophenol (used as a weatherizing agent on telephones which are thought to be the primary source), 2 sites 
having a detection of triclopyr (licensed for broad leaf weed control for aquatic and non-aquatic use), 8 sites having a detection of 2,4-D (broadleaf 
weed control commonly used on residential and commercial lawns), 2 sites having a detection of MCPP (weed control for agricultural use), and 
dicamba (weed control for agriculture, residential and commercial use) and MCPA (broadleaf weed control for agriculture, residential and 
commercial use) each being detected in one sample.  All other samples were less than the method reporting limits for pesticides analyzed.  The 
values of each detected pesticide were compared to EPA aquatic life benchmarks and drinking water MCLs, and all were orders of magnitude 
below levels of concern.  During PY19, BTEX was assessed at the 30 stormwater monitoring locations.  Benzene was never detected, ethylbenzene 
was detected once; xylenes were detected in 6 samples; and toluene was present in 8 samples.  All values were far below acute and chronic values 
listed in Table 30.



Cities of Gresham and  Fairview Environmental Monitoring Data

Water Quality Monitoring Site Locations & Criteria

Instream-Longterm & Macroinvertebrate Site Locations
FCI0 Fairview Creek @ West of Blue Lake Rd in Trailer Park

FCI1 Fairview Creek @ Conifer Park Subdivision, N of Stark
FVL1 Fairview Lake @ Public Dock on NE 217th
JCI1 Johnson Creek @ 174th Ave (Jenne Rd)
JCI2 Johnson Creek @ 252nd Ave. (Palmblad)
KI1 Kelley Creek @ Foster Rd. (tributary of JC)
KI2 Kelley Creek @ Rodlun Rd (tributary of JC)
KCI1 Kelly Creek @ Mt. Hood Community College Pond Outflow
KCI3 Kelly Creek @ Detention Pond Outflow
KCI4 Kelly Creek @ Detention Pond Inflow

BCI1

BCI2

Structural BMP Evaluation Monitoring Locations
CSWQF-1 Columbia Slough Water Quality Facility - Stormdrain Creek
CSWQF-2 Columbia Slough Water Quality Facility - East Inlet
CSWQF-3 Columbia Slough Water Quality Facility - Outlet

NM= not measured ND= not detected

Dup = Duplicate Sample
FD = Field Duplicate Sample
Blank = Deionized Water Sample

TMDL Constituent
Fairview Creek & Lake
Temperature No designated salmon and steelhead spawning use.  Rearing: 18 degrees Celsius
E. coli 406 organisms/100mL (OAR 340-41)
Phosphorus 0.1549 mg/L (Columbia Slough 1998 TMDL)
Mercury Aquatic life:  2.4 ug/L acute; 0.012 ug/L chronic.  MCL:  2 ug/L

Johnson Creek (including Kelley Creek trib)
Temperature Spawning: 13 degrees Celsius (55.4 F) - October 15 to May 15. Rearing: 18 degrees Celsius
E. coli 406 organisms/100mL (OAR 340-41)
PCBs Acute 2.0 ug/L, Chronic 0.014 ug/L (per Table 30)
PAHs Not included in Table 40 or 41. Table 30 only lists saltwater acute level of 300 ug/L
Dieldrin Acute 0.24 ug/L, Chronic 0.056 ug/L (per Table 30)
DDT Acute 1.1 ug/L, Chronic 0.001 ug/L (per Table 30)
Mercury Acute 2.4 ug/L, Chronic 0.012 ug/L (per Table 30)

Kelly Creek
Temperature Spawning: 13 degrees Celsius (55.4 F) - October 15 to May 15. Rearing: 18 degrees Celsius
E. coli 406 organisms/100mL (OAR 340-41)

Exceedance of TMDL or Water Quality Criteria
Chronic exceedance of metal (Table 30)
Acute exceedance of metal (Table 30)

Beaver Creek @ Lower Bridge (Monitored on behalf of Multnomah County, not shown on Gresham Map of 
Instream Sites)
Beaver Creek @ Division X Troutdale Rd. (Monitored on behalf of Multnomah County, not shown on Gresham 
Map of Instream Sites)

MRL = method reporting limits are included at the top of each data set where they are constant.  For parameters were no MRL is 
included, this means they vary by sample. 

Analysis Coding for the Reported Data
Bold = < than detection value or an Estimated value for bacteria
NA = constituents not sampled due to equipment failure or other extenuating circumstance 

Water Quality Criteria 



Cities of Gresham and  Fairview Environmental Monitoring Data

Columbia Slough
Temperature No designated salmon and steelhead spawning use.  Rearing: 18 degrees Celsius
E. coli 406 organisms/100mL (OAR 340-41)
pH between pH 6.5 - 8.5
DO No spawning

6.5 mg/L: cool-water aquatic life (avg)
4.0 mg/L: absolute minimum (Columbia Slough TMDL)
5.5 mg/L: warm-water aquatic life 

Phosphorus 0.1549 mg/L (Columbia Slough 1998 TMDL)
Chlorophyll-a 0.015 mg/L
Pb
PCBs
Dieldrin Acute 0.24 ug/L, Chronic 0.056 ug/L (per Table 30)
DDT/DDE Acute 1.1 ug/L, Chronic 0.001 ug/L (per Table 30)
Dioxins Fish tissue 0.07 ng/kg (Columbia Slough 1998 TMDL)
Mercury Acute 2.4 ug/L, Chronic 0.012 ug/L (per Table 30)

Non-TMDL WQ Constituents from OAR 340-41 Table 30
Metals
pH
DO Not evaluated, since the criteria are for averages.  Cold water aquatic life; spawning: 11 mg/L; nonspawning 8.0 

mg/L

Between 6.5-8.5: same for all watersheds in the permit area (OAR 340-41)
Based on hardness, formula in Table 30

Based on hardness. Table 30 has formula
Acute 2.0 ug/L, Chronic 0.014 ug/L (per Table 30)



Sample  ID Site ID Date Time 24-hr Field DO Field pH Field Temp Conductivity Turbidity BOD5 TSS NH3-N
Chloro-
phyll-a NO3-N O-PO4 TKN Total-P Hardness Hg-Total Cu-Total Pb-Total Zn-Total Cu-Diss Pb-Diss Zn-Diss E. coli 4,4'-DDD 4,4'-DDE 4,4'-DDT Aldrin alpha-BHC beta-BHC

gamma-
BHC delta-BHC Dieldrin

Endosulfa
n I

Endosulfa
n II

Endosulfa
n Sulfate Endrin

Endrin 
Aldehyde

Endrin 
Ketone

Heptachlo
r

Methoxyc
hlor

Other 
8081

Rainfall mg/L C μS/cm NTUs mg/L mg/L μg/L mg/M3 μg/L μg/L μg/L μg/L mg CaCO3/L μg/L μg/L μg/L μg/L μg/L μg/L μg/L MPN/100ml ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L ng/L
inches SM 5210B SM 2540D EPA 300.0 SM 10200H EPA 300.0 EPA 365.1 EPA 351.2 EPA 365.4M 2340B CA EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 SM 9223B EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081 EPA 8081

2 2 20 2 100 20 20 30 1 0.002 0.2 0.1 0.5 0.2 0.1 0.5 10 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various 0.5-various

W13G231-02 FCI0 7/29/2013 11:15 0.00 8.19 7.83 17.5 97.4 2.81 2 4 42 4 1500 145 540 186 79.2 0.0020 8.480 0.124 2.46 7.12 0.10 1.47 200
W13G231-03 FCI1 7/29/2013 13:50 0.00 9.55 6.9 15.1 76.8 1.55 2 2 20 2 2600 99 200 97 63.9 0.0020 0.309 0.146 2.83 0.228 0.10 2.54 120
W13G238-01 JCI1 7/30/2013 15:05 0.00 9.47 7.31 20.8 144.4 4.82 2 3 68 3.2 490 20 520 77 49.3 0.0020 1.530 0.151 2.64 1.3 0.10 1.48 200 0.97 0.62 2.3 1.2 1 4.2 0.66 2.5 2.1 1.0 1.0 3.1 1.0 2.9 1.0 1.0 1.0
W13G238-02 JCI2 7/30/2013  13:50 0.00 10.39 7.61 18.8 129.7 6.92 2 2 21 2 1300 68 440 133 37.5 0.0020 1.860 0.140 1.76 1.6 0.10 0.833 170 1.0 1.0 3.4 3.4 2.4 3.3 0.97 1.3 2.5 0.97 0.97 6.0 0.97 0.97 0.97 0.97 0.97
W13G238-06 KCI1 7/30/2013  11:30 0.00 8.72 7.65 20.4 202.3 7.46 2 19 20 3.2 110 20 530 73 70.5 0.0020 2.070 0.183 9.71 1.06 0.10 2.27 10
W13G238-07 KCI3 7/30/2013  13:20 0.00 9.37 7.21 18.8 182.2 18.4 2 8 97 2 980 20 710 97 73.2 0.0021 2.070 0.322 7.79 1.46 0.10 1.64 790
W13G238-08 KCI4 7/30/2013  13:05 0.00 8.65 7.11 17.5 169.1 18.5 2 16 73 2 1300 34 690 151 70.1 0.0021 1.990 0.151 3.96 1.64 0.10 1.71 540
W13G238-04 KI2 7/30/2013  14:20 0.00 10.52 7.33 14.5 161.4 32.5 2 11 20 2 400 20 390 103 79.9 0.0051 1.840 0.880 7.68 0.363 0.10 0.827 30
W13G238-03 KI1 7/30/2013 14:40 0.00 4.75 7.05 16.2 146.6 11.3 2 12 89 14.4 600 134 960 349 60.5 0.0033 2.700 0.818 24.20 1.53 0.10 1.9 130
W13G238-08 BCI1 7/30/2013  10:50 0.00 10.65 7.26 16 194.2 3.01 2 3 25 2 1500 34 300 78 87.5 0.0020 0.983 0.100 1.76 0.72 0.10 1.13 75
W13G238-09 BCI2 7/30/2013  12:40 0.00 10.96 7.24 17.9 122.8 2.73 2 2 37 12.8 360 54 590 91 45.5 0.0020 1.500 0.100 0.76 1.32 0.10 0.5 180
W13G238-05 JCI2-FD 7/30/2013 13:50 0.00 2 2 20 2 1300 69 420 126 37.5 0.0020 1.880 0.142 1.66 1.66 0.10 1.14 290
W13J224-01 FCI0 10/29/2013 16:05 0.00 11.33 7.68 10.2 84.9 1.52 2 2 20 2 820 27 270 54 55.5 0.0020 0.790 0.100 4.25 0.74 0.10 3.7 63
W13J224-02 FCI1 10/29/2013 16:25 0.00 10.15 6.99 12.2 103.2 1.46 2 2 20 2 2100 64 220 83 57.5 0.0020 0.563 0.133 10.90 0.484 0.10 10.7 110
W13J224-03 JCI1 10/29/2013 10:30 0.00 8.61 6.82 7.7 58.0 6.62 2 2 20 2 490 20 440 79 35 0.0021 2.060 0.197 7.44 1.81 0.10 5.74 270 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 NM 9.5 NM
W13J224-04 JCI2 10/29/2013 13:00 0.00 13.2 7.3 6.7 55.8 5.54 2 2 20 2 1200 20 440 52 31.3 0.0020 1.190 0.103 1.18 1.04 0.10 0.766 550 9.8 9.8 9.8 9.8 9.8 9.8 9.8 9.8 1.4 9.8 9.8 2.4 9.8 9.8 NM 9.8 NM
W13J224-05 KCI1 10/29/2013 14:45 0.00 10.07 7.2 10.3 73.6 6.52 3 3 23 2 470 20 680 74 42.9 0.0020 2.710 0.238 32.10 2.45 0.10 29 730
W13J224-06 KCI3 10/29/2013 13:50 0.00 8.67 7.15 7.1 76.7 5.16 2 2 20 2 380 20 390 34 59.6 0.0020 1.150 0.100 14.10 1.02 0.10 11.6 63
W13J224-07 KCI4 10/29/2013 13:30 0.00 10 7.13 7.8 72.0 4.41 2 7 20 2 510 20 350 30 63.8 0.0020 1.440 0.100 11.20 0.812 0.10 10.3 20
W13J224-08 KI1 10/29/2013 10:50 0.00 6.29 6.8 6.9 72.2 14.4 2 13 22 2 260 46 510 142 45.9 0.0022 1.810 0.343 4.52 1.32 0.10 2.17 680
W13J224-09 KI2 10/29/2013 11:15 0.00 12.65 7.24 6.7 104.5 17.4 2 9 101 2 320 20 250 39 76.1 0.0020 0.495 0.138 4.80 0.33 0.10 1.13 20
W13J224-10 BCI1 10/29/2013 15:20 0.00 13.14 7.4 8.4 96.2 5.1 2 2 20 2 1100 29 310 67 62 0.0020 1.280 0.100 5.10 1.16 0.10 4.31 41
W13J224-11 BCI2 10/29/2013 14:10 0.00 13.61 7.15 6 71.9 2.48 2 2 20 2 1400 20 340 56 43.5 0.0020 2.070 0.100 1.35 1.83 0.10 1.26 580
W13J224-12 FD-KCI4 10/29/2013 13:30 0.00 2 2 20 2 510 20 330 38 62.4 0.0020 0.874 0.100 11.10 0.858 0.10 10.4 20
W14A201-01 FCI0 1/27/2014 14:30 0.00 13.17 7.63 3.4 105.3 3.92 2 2 20 NM 140 25 270 60 66.2 0.0020 0.681 0.106 2.79 0.552 0.10 2.23 85
W14A201-02 FCI1 1/27/2014 15:00 0.00 11.2 7.02 8.6 123.3 1.2 2 2 20 NM 240 82 200 95 60.3 0.0020 0.312 0.100 7.60 0.259 0.10 6.84 30
W14A201-03 JCI1 1/27/2014 9:55 0.00 13.79 6.78 2 58.3 8.3 2 2 46 NM 230 20 240 36 32.2 0.0020 0.577 0.151 2.77 0.415 0.10 1.74 52 1.0 1.0 1.0 1.0 1.0 1.0 2.3 1.0 2.8 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
W14A201-04 JCI2 1/27/2014 11:05 0.00 14.35 7.19 2.7 48.3 6.95 2 2 20 NM 280 20 200 30 23.4 0.0020 0.442 0.116 1.39 0.306 0.10 0.74 41 1.0 0.74 1.0 1.0 1.0 1.0 1.0 1.0 2.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
W14A201-05 KCI1 1/27/2014 13:05 0.00 13.99 7.19 2.6 100.2 5.97 2 2 142 NM 170 20 300 48 61 0.0020 0.936 0.113 10.10 0.782 0.10 7.79 10
W14A201-06 KCI3 1/27/2014 12:15 0.00 11.88 7.05 2.8 84.1 5.92 2 2 74 NM 180 20 260 30 50.3 0.0020 0.648 0.100 6.70 0.534 0.10 4.42 20
W14A201-07 KCI4 1/27/2014 12:30 0.00 12.82 7.09 3.5 82.9 4.2 2 2 83 NM 160 20 270 30 49.7 0.0020 0.526 0.100 4.10 0.49 0.10 3.73 10
W14A201-08 KI1 1/27/2014 10:20 0.00 12.27 7 3.1 71.9 7.53 2 4 47 NM 110 20 210 49 38.5 0.0020 0.638 0.120 2.49 0.578 0.10 1.99 30
W14A201-09 KI2 1/27/2014 10:35 0.00 13.61 7.35 4.1 80.5 6.15 2 2 36 NM 190 20 200 30 47.4 0.0020 0.359 0.100 2.59 0.293 0.10 1.17 75
W14A201-10 BCI1 1/27/2014 13:40 0.00 15.26 7.41 2.5 85.6 3.48 2 2 20 NM 260 20 220 42 50.4 0.0020 0.584 0.100 2.17 0.517 0.10 1.49 10
W14A201-11 BCI2 1/27/2014 12:45 0.00 14.91 7.02 2.3 59.2 4.01 2 2 20 NM 310 20 220 31 31.2 0.0020 0.500 0.100 0.86 0.455 0.10 0.568 10
W14A201-12 FD-FCI1 1/27/2014 14:30 0.00 2 2 20 NM 250 86 200 92 60.6 0.0020 0.298 0.100 7.42 0.417 0.10 6.9 20
W14D249-01 FCI0 4/29/2014 14:25 0.00 9.05 7.52 15.2 119.2 5.11 2 6 23 NM 1200 20 300 63 55.5 0.0015 1.160 0.407 6.31 0.753 0.10 2.54 63
W14D249-02 FCI1 4/29/2014 14:45 0.00 8.11 7.23 14.6 154.6 2.92 2 3 20 NM 1100 33 330 75 75.8 0.0012 1.200 0.316 8.29 0.89 0.10 7.53 10
W14D249-03 JCI1 4/29/2014 10:10 0.00 12.65 6.69 11.2 60.9 21.4 2 6 20 NM 1900 20 320 43 26.7 0.0023 0.951 0.333 4.70 0.553 0.10 3.04 120 1.1 1.9 2.1 1.1 1.1 1.1 1.1 1.1 4.7 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
W14D249-04 JCI2 4/29/2014 11:15 0.00 13.26 6.56 10.9 52.8 15.7 2 6 20 NM 2200 20 270 38 22.1 0.0019 0.817 0.273 2.91 0.427 0.10 1.19 74 1.1 1.7 1.8 1.1 1.1 1.1 1.1 1.1 5 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1
W14D249-05 KCI1 4/29/2014 13:05 0.00 11.73 6.8 12.8 101.2 6.15 2 2 45 NM 1300 20 370 42 50.5 0.0020 1.390 0.204 28.50 1.03 0.10 20.9 96
W14D249-06 KCI3 4/29/2014 12:15 0.00 11.84 6.5 12.1 96.6 7.05 2 2 31 NM 1500 20 260 30 48.3 0.0012 0.863 0.100 5.64 0.635 0.10 4.22 31
W14D249-07 KCI4 4/29/2014 12:30 0.00 12.42 6.88 11.6 95.0 6.19 2 2 20 NM 1600 20 240 30 47.4 0.0020 0.800 0.100 4.70 0.607 0.10 3.51 20
W14D249-08 KI1 4/29/2014 10:25 0.00 12.39 6.64 10.4 72.4 9.3 2 3 20 NM 840 20 240 40 33.6 0.0015 0.731 0.178 2.79 0.522 0.10 1.88 160
W14D249-09 KI2 4/29/2014 10:45 0.00 13.64 6.79 10.2 63.3 12 2 4 20 NM 1800 20 280 30 31.1 0.0015 0.562 0.180 5.21 0.301 0.10 2.68 10
W14D249-10 BCI1 4/29/2014 13:40 0.00 10.54 7.34 13.4 91.9 5.79 2 2 20 NM 1900 20 210 38 41.4 0.0013 0.865 0.106 6.29 0.633 0.10 2.82 41
W14D249-11 BCI2 4/29/2014 12:45 0.00 12.65 6.77 12.8 71.3 5.86 2 2 20 NM 2300 20 260 32 30.7 0.0011 0.646 0.100 1.05 0.468 0.10 0.595 85
W14D249-12 FD-KI2 4/29/2014 10:45 0.00 2 3 20 NM 1800 20 230 30 30.6 0.0013 0.515 0.186 5.22 0.287 0.10 2.55 10

Instream Monitoring Data



Sample  ID Site ID Date Time
24-hr 

Rain fall NH3-N BOD5 NO3-N O-PO4 TKN Total-P TSS Hardness Hg-Total
Cu-

Dissolved
Pb-

Dissolved
Zn-

Dissolved Cu-Total Pb-Total Zn-Total E. coli
inches mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg CaCO3/L ug/L ug/L ug/L ug/L ug/L ug/L ug/L MPN/100ml

EPA 300.0SM 5210BEPA 300.0EPA 365.1 EPA 351.2 EPA 365.4 SM 2540D SM 2340B CAL EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 EPA 200.8 SM 9223B
20 2 100 20 20 30 2 1 0.002 0.2 0.1 0.5 0.2 0.1 0.5 10

W14A212-01 CSWQF-1 1/28/2014 comp 0.36 85 3 42 23 410 75 8 18.2 0.002 1.91 0.123 46.1 3.31 1.17 58.7
W14A212-01 CSWQF-1 1/28/2014 22:00 0.36
W14A212-02 CSWQF-2 1/28/2014 comp 0.36 88 3 36 20 340 54 4 26.1 0.002 1.64 0.1 25.4 2.99 0.581 35.9
W14A212-02 CSWQF-2 1/28/2014 22:15 0.36
NA CSWQF-3 1/29/2014 23:10 0.36
W14A212-03 CSWQF-1-1 1/29/2014 0:00 0.36 75
W14A212-04 CSWQF-1-2 1/29/2014 3:00 0.36 20
W14A212-05 CDWQF -1-3 1/29/2014 6:00 0.36 360
W14A212-06 CSWQF-2-1 1/29/2014 0:10 0.36 41
W14A212-07 CSWQF-2-2 1/29/2014 3:10 0.36 75
W14A212-08 CSWQF-2-3 1/29/2014 6:10 0.36 110
W14A212-09 CSWQF-3-1 1/29/2014 5:10 0.36 270
W14A224-01 CSWQF-3 1/30/2014 comp 0.36 52 3 86 35 330 83 8 41.1 0.002 1.54 0.1 27.6 1.54 0.98 39
W14A224-01 CSWQF-3 1/30/2014 8:00 0.36
W14A224-02 CSWQF-3-2 1/29/2014 14:00 0.36 340
W14A224-03 CSWQF-3-3 1/29/2014 23:00 0.22 1400
W14C086-01 CSWQF-1 3/8/2014 16:05 0.22
W14C086-01 CSWQF-1 3/8/2014 comp 0.22 28 2 500 20 270 54 6 19.8 0.0032 4.01 0.1 22.6 3.79 0.894 30.8
W14C086-02 CSWQF-2 3/8/2014 16:10 0.22
W14C086-02 CSWQF-2 3/8/2014 comp 0.22 24 2 390 22 240 58 6 29.8 0.003 1.57 0.1 22.9 3.37 0.46 31.5
W14C086-03 CSWQF-1-1 3/8/2014 18:00 0.22 24000
W14C086-04 CSWQF-1-2 3/8/2014 21:00 0.22 24000
W14C086-05 CDWQF -1-3 3/9/2014 1:00 0.22 1300
W14C086-05 CDWQF -1 3/9/2014 4:00 0.22
W14C086-06 CSWQF-2-1 3/8/2014 18:05 0.22 63
W14C086-07 CSWQF-2-2 3/8/2014 21:05 0.22 63
W14C086-08 CSWQF-2-3 3/9/2014 1:10 0.22 63
W14C086-08 CSWQF-2 3/9/2014 4:05 0.22
W14C086-09 CSWQF-3 3/8/2014 17:05 0.22
W14C086-09 CSWQF-3 3/8/2014 comp 0.22 19 2 700 32 240 52 6 29.4 0.0024 1.41 0.1 19.4 2.09 0.49 24.7
W14C086-10 CSWQF-3-1 3/8/2014 23:05 0.22 14000
W14C086-11 CSWQF-3-2 3/9/2014 9:00 0.22 930
W14C086-12 CSWQF-3-3 3/9/2014 18:00 0.22 2300
W14C086-12 CSWQF-3 3/10/2014 3:00 0.22

BMP Monitoring Data Cont.



Lab ID System ID
Trips per 

Day Date Time

Rainfall 
Previous 

24 hrs DO pH Temp Cond Turbid E. coli BOD TSS Ammonia Nitrate o-Phos TKN T-Phos Hardness
Total 

Antimony
Total 

Copper
Total 
Lead

Total 
Mercury

Total 
Zinc

Diss 
Copper

Diss 
Lead Diss Zinc

Acenaph
thene

Acenaph
thylene
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ne
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anthrace

ne
Benzo(a)
pyrene

Benzo(b)f
luoranth

ene

Benzo(gh
i)perylen

e

Benzo(k)f
luoranth

ene Chrysene

Dibenzo(
a,h)anthr

acene
Fluorant

hene Fluorene

Indeno(1,
2,3-

cd)pyren
e

Naphthal
ene

Phenan-
threne Pyrene

Butyl 
benzyl 

phthalate

Di-n-
butyl 

phthalate
Diethyl 

phthalate
Dimethyl 
phthalate

Di-n-
octyl 

phthalate

Bis(2-
ethylhex

yl) 
phthalate 2,4,5-T

2,4,5-TP 
(Silvex) 2,4-D 2,4-DB

3,5-
Dichloro
benzoic 

acid
Acifluorf

en Bentazon
Clopyral

id Dicamba
Dichlorp

rop Dinoseb MCPA MCPP

Pentachl
oropheno

l Picloram
Quinclor

ac
Triclopy

r Benzene
Ethylben

zene
m,p-

Xylene o-Xylene Toluene
10 

MPN/10
0 mL 2 mg/L 2 mg/L 10 ug/L 100 ug/L 20 ug/L 200 ug/L 30 ug/L

mg/L 
CaCO3 0.100 ug/L

0.200 
ug/L

0.100 
ug/L

0.00200 
ug/L

0.500 
ug/L

0.200 
ug/L

0.100 
ug/L

0.500 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

0.040 
ug/L

W13K075-01 3151-F-064 >1000 11/7/2013 10:45 0.81 8.66 6.08 10.9 14.8 32 640 3 26 166 100 20 620 70 7.88 1.02 8.72 2.54 0.00595 40.3 8.72 0.100 14.8 0.020 0.020 0.020 0.015 0.020 0.032 0.063 0.010 0.037 0.010 0.060 0.010 0.022 0.010 0.047 0.100 1.0 1.0 1.0 1.0 0.6 4.3 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.32 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5
W13K075-02 3251-F-013 <1000 11/7/2013 10:24 0.81 9.74 6.35 10.7 12.3 8.32 300 3 8 20 100 30 310 69 5.58 0.100 4.18 0.183 0.00445 65.3 4.18 0.100 45.3 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.011 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-03 3148-W-014 >1000 11/7/2013 11:35 0.86 8.93 5.9 11.2 6.9 19.3 840 3 8 12 100 20 390 47 3.51 0.418 3.22 0.924 0.0039 17.5 3.22 0.100 11.1 0.020 0.020 0.020 0.010 0.010 0.014 0.023 0.010 0.011 0.010 0.017 0.010 0.014 0.010 0.026 0.029 1.0 1.0 1.0 1.0 1.0 1.40 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-04 3153-F-040 >1000 11/7/2013 9:20 0.72 10.79 7.14 11.8 8 10.1 220 3 13 20 100 20 380 54 3.8 0.193 2.67 1.21 0.00755 17.6 2.67 0.100 7.97 0.020 0.020 0.020 0.014 0.015 0.025 0.030 0.010 0.022 0.010 0.027 0.010 0.017 0.010 0.028 0.036 1.0 1.0 1.0 1.0 1.0 0.53 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-05 3053-F-027 >1000 11/7/2013 10:05 0.81 9.18 6.45 11.2 12.2 40.4 310 3 34 212 130 20 690 90 6.09 2.31 16.3 3.49 0.00882 62.1 16.3 0.100 20.6 0.020 0.020 0.020 0.022 0.028 0.048 0.089 0.015 0.047 0.013 0.073 0.010 0.031 0.044 0.061 0.130 1.0 1.0 1.0 1.0 1.0 6.3 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.21 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-06 3149-W-038 >1000 11/7/2013 11:55 0.86 8.54 6.09 11.6 29.7 23.1 1400 11 14 16 100 20 1030 165 12 0.454 5.19 0.892 0.0152 34.7 5.19 0.209 24.4 0.020 0.020 0.020 0.010 0.010 0.010 0.014 0.010 0.010 0.010 0.017 0.010 0.010 0.051 0.031 0.024 1.0 1.0 1.0 1.0 1.0 0.6 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.2 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.87

W13K075-07 3148-W-057 >1000 11/7/2013 11:20 0.56 9.21 5.89 11.3 16.4 32.2 900 4 22 128 100 20 350 80 6.74 0.986 7.29 4.63 0.00502 48.5 7.29 0.202 21.7 0.020 0.020 0.020 0.022 0.027 0.043 0.070 0.014 0.046 0.012 0.078 0.010 0.027 0.010 0.061 0.120 1.0 1.0 1.0 1.0 0.7 4.8 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 1.2 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-08 Field Duplicate NA 11/7/2013 NA NA NA NA NA NA NA 1300 3 20 174 100 20 590 68 8.02 1.01 7.61 2.15 0.00559 34.9 7.61 0.100 14 0.020 0.020 0.020 0.014 0.018 0.010 0.059 0.010 0.032 0.010 0.065 0.010 0.020 0.010 0.053 0.100 1.0 1.0 1.0 1.0 0.7 3.8 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.2 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-09 Blank NA 11/7/2013 NA NA NA NA NA NA NA 10 2 2 23 100 20 200 30 0.705 0.100 0.752 0.100 0.00200 2.04 0.752 0.100 0.598 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.025 0.010 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K075-10 3155-F-033 >1000 11/7/2013 9:45 0.72 9.69 6.34 10.8 17.4 50.1 2900 12 28 425 100 20 1820 182 7.47 2.67 19.7 2.99 0.00773 85.2 19.7 0.488 49.8 0.020 0.020 0.020 0.018 0.021 0.034 0.071 0.010 0.037 0.010 0.070 0.026 0.021 0.043 0.075 0.150 1.0 1.0 1.0 1.0 1.6 7.2 <0.080 <0.080 1.7 <0.080 NM <0.080 <0.080 <0.080 0.22 <0.080 <0.080 <0.080 0.6 1.3 <0.080 <0.080 0.13 0.2 0.5 1.0 0.5 0.5

W13K154-01 3248-W-064 <1000 11/19/2014 8:30 0.50 11.25 6.33 11.2 12.7 20 85 7 28 15 100 38 570 128 5.59 0.309 3.55 1.61 0.00489 19 0.922 0.100 4.9 0.020 0.020 0.020 0.013 0.018 0.025 0.039 0.010 0.022 0.010 0.033 0.010 0.019 0.010 0.033 0.047 1.0 1.0 1.0 1.0 1 1.6 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.5

W13K154-02 3151-F-070 >1000 11/19/2014 9:00 0.67 11.43 6.37 10.4 15.3 14.1 6100 7 10 70 100 80 340 152 9.13 0.64 4.79 1 0.00368 24.1 2.15 0.137 11.8 0.020 0.020 0.020 0.010 0.011 0.015 0.038 0.010 0.018 0.010 0.030 0.010 0.013 0.010 0.038 0.058 1.0 1.0 1.0 1.0 0.5 2.5 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.16 <0.080 <0.080 <0.080 0.2 0.5 1.0 0.5 0.66

W14B074-01 3348-W-035 >1000 2/11/2014 17:00 0.70 16.07 5.94 3.7 23.4 411 290 5 125 308 100 20 1400 331 19.4 3.01 34.3 16.1 0.01140 201 3.46 0.168 36 0.060 0.060 0.074 0.084 0.089 0.200 0.320 0.045 0.210 0.046 0.480 0.079 0.110 0.190 0.520 0.740 3.0 3.0 3.0 3.0 2.7 20.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.43 <0.080 <0.080 <0.080 0.2 0.5 1.56 0.96 0.5

W14B074-02 3150-F-034 >1000 2/11/2014 22:00 0.86 14.79 5.93 5.6 16 173 1700 6 130 260 100 20 1780 278 16.3 1.86 25.7 11 0.01230 178 2.51 0.100 37.3 0.020 0.042 0.059 0.044 0.049 0.110 0.210 0.033 0.120 0.024 0.260 0.076 0.057 0.110 0.330 0.450 1.0 1.0 1.0 1.0 1.7 11.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 3.6 <0.080 <0.080 <0.080 0.2 0.2 0.5 1.0 0.5

W14B074-03 3047-W-010 >1000 2/11/2014 20:20 0.74 16.27 6.04 3.8 19.3 617 41 10 316 419 100 20 2460 636 29 2.8 46.1 24.7 0.01720 267 2.61 0.127 36.6 0.060 0.099 0.094 0.120 0.140 0.260 0.530 0.072 0.260 0.063 0.580 0.096 0.150 0.330 0.620 1.000 3.0 3.0 3.0 3.0 3.5 23.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 2.3 <0.080 <0.080 <0.080 0.2 0.5 1.97 0.84 0.64

W14B074-04 3053-F-003 >1000 2/11/2014 19:30 0.73 14.61 6.46 4.1 53.8 895 63 7 418 282 170 45 3100 2610 52.6 0.986 29.5 20.3 0.04120 175 2.14 0.123 3.57 0.020 0.031 0.031 0.027 0.036 0.051 0.130 0.015 0.067 0.015 0.130 0.042 0.033 0.130 0.150 0.270 1.0 1.0 1.0 1.0 1.3 15.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.5 <0.080 <0.080 3.9 0.2 3.03 0.63 16.8 8.56

W14B074-05 3149-W-058 >1000 2/11/2014 21:40 0.83 15.12 5.82 4.5 12.4 95.9 170 4 85 149 100 20 830 186 10.5 1.23 12.8 6.1 0.00589 75.7 1.45 0.100 17.3 0.020 0.028 0.030 0.038 0.045 0.110 0.150 0.024 0.100 0.022 0.180 0.042 0.053 0.085 0.190 0.290 1.0 1.0 1.0 1.0 0.9 5.9 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.77 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14B074-06 2950-W-079 >1000 2/11/2014 19:50 0.74 16.17 6.38 4.4 19.2 815 290 16 16 187 100 20 4870 1030 34.9 3.16 58.4 31.2 0.03160 408 2.79 0.204 26.6 0.100 0.140 0.150 0.150 0.240 0.470 0.940 0.100 0.460 0.120 0.840 0.130 0.280 0.250 0.880 1.600 5.0 5.0 5.0 5.0 4.4 32.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.32 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14B074-07 3048-W-089 >1000 2/11/2014 20:45 0.74 14.21 5.98 6.2 9.5 218 52 11 393 108 100 20 2820 470 14.7 2.49 37.5 19.9 0.01700 19.9 2.13 0.100 20.4 0.029 0.083 0.091 0.087 0.080 0.210 0.280 0.056 0.270 0.033 0.590 0.069 0.074 0.160 0.540 0.830 0.6 1.0 1.0 1.0 2.7 18 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.53 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14B074-08 3348-W-048 >1000 2/11/2014 21:25 0.83 15.93 5.79 3.6 9.9 517 75 12 428 190 100 20 2560 742 23.8 4.55 66 48.1 0.03360 387 1.82 0.165 31.3 0.100 0.110 0.140 0.190 0.200 0.420 0.670 0.094 0.410 0.086 0.980 0.130 0.220 0.290 0.960 1.600 5.0 5.0 5.0 5.0 5.7 38 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.8 <0.080 <0.080 <0.080 0.2 0.5 0.65 1.0 0.5

W14B074-09 3348-W-006 <1000 2/11/2014 16:20 0.70 12.43 5.76 3.2 8.7 178 10 10 98 37 100 26 1820 301 7.2 0.898 10.7 8.46 0.01060 63 1.4 0.100 12.9 0.022 0.030 0.035 0.074 0.120 0.018 0.080 0.018 0.080 0.015 0.180 0.450 0.039 0.087 0.210 0.240 0.89 1.0 1.0 1.0 1.0 2.7 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.2 0.5 3.98 1.0 0.5

W14B074-10 Field Duplicate NA 2/11/2014 17:00 NA NA NA NA NA NA 180 5 115 291 100 20 1360 292 17.1 2.64 29.5 13.4 0.00942 179 3.41 0.161 36.5 0.020 0.049 0.065 0.073 0.075 0.190 0.230 0.044 0.190 0.030 0.440 0.068 0.082 0.160 0.460 0.670 1.0 1.0 1.0 1.0 2.2 18 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.39 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.57 0.96

W14B074-11 3249-W-015 <1000 2/11/2014 21:05 0.83 14.57 6.73 7.2 9.9 50.9 120 7 38 28 100 20 810 155 3.85 0.307 4.56 2.18 0.00939 20.9 1.21 0.100 5.52 0.020 0.027 0.020 0.014 0.014 0.023 0.032 0.010 0.030 0.010 0.062 0.040 0.013 0.040 0.094 0.065 1.0 1.0 1.0 1.0 1.0 1.4 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-01 3449-J-016 <1000 4/17/2014 9:15 0.35 9.8 6.07 13.4 31.1 15.1 24000 11 6 322 380 20 1150 66 7.5 0.197 29.2 0.284 0.00793 69.4 23.8 0.100 55.6 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.040 0.020 0.013 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 0.23 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-02 3153-F-062 <1000 4/17/2014 13:33 0.60 9.29 5.77 15.4 8.3 5.12 440 5 2 39 100 20 500 55 3.77 0.156 7.86 0.27 0.00426 63.7 5.77 0.100 46.5 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.040 0.020 0.010 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 0.88 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.2 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-03 3349-W-501 <1000 4/17/2014 9:45 0.35 8.65 5.65 12.3 25 20.8 10 13 8 36 100 178 1000 385 8.05 0.442 4.98 0.791 0.00945 13.7 4.19 0.111 10.6 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.040 0.020 0.010 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 0.12 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.55

W14D179-04 3251-F-079 <1000 4/17/2014 12:55 0.57 8.9 5.78 16.1 6.6 7.03 140 18 19 13 100 20 610 950 2.28 0.399 4.03 0.644 0.00361 13.7 4.19 0.100 6.72 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.040 0.022 0.012 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 0.092 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-05 3148-W-028 <1000 4/17/2014 12:10 0.57 8.81 5.85 15.2 18.4 15.3 380 13 17 70 100 20 970 135 5.21 0.353 4.19 1.76 0.00490 19.9 2.83 0.111 10.6 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.011 0.020 0.010 0.040 0.023 0.018 1.0 1.0 1.0 1.0 0.6 1.9 <0.080 <0.080 0.35 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 1.94

W14D179-06 3252-F-053 <1000 4/17/2014 13:12 0.60 9.04 5.61 14.8 13.4 12.8 63 7 10 107 100 21 690 116 5 0.271 3.41 0.685 0.00338 20 2.49 0.100 11.7 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.011 0.020 0.010 0.040 0.022 0.020 1.0 1.0 1.0 1.0 1.0 1.1 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-07 3047-W-057 <1000 4/17/2014 11:00 0.50 9.18 5.72 14.4 8.8 7.46 10 9 3 50 100 20 730 137 0.206 0.259 2.65 0.235 0.00571 12.9 2.12 0.100 13 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.020 0.010 0.040 0.020 0.010 1.0 1.0 1.0 1.0 1.0 1.0 <0.080 <0.080 0.2 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

W14D179-08 3248-W-023 <1000 4/17/2014 10:05 0.46 10.16 5.92 13.6 11.5 10.5 74 9 6 58 120 20 700 107 3.46 0.559 7.3 0.51 0.0062 20.1 5.54 0.143 16.9 0.020 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.012 0.020 0.010 0.040 0.029 0.016 1.0 1.0 1.0 1.0 1.0 1.4 <0.080 <0.080 <0.080 <0.080 NM <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.080 <0.160 <0.080 <0.080 <0.080 0.2 0.5 0.5 1.0 0.5

Stormwater Monitoring Data



Order Family Genus species
Life stage or 

condition

Sediment 
Sensitive/ 
Tolerant

Pollution 
Sensitive/ 
Tolerant BCI1 BCI2 FCI1 JCI1 JCI2 KCI1 KCI4 KI1 KI2

Acari 4 9 14 2 1 10 4 6
Amphipoda immature 3 1 13 49 52 31 1

Crangonyx 3 8 12
Copepoda 4 5 1
Decopoda Astacidae Pacifasticus 1 1 1 1 1 1
Hirudinea Tolerant 1 3 44 2
Hydra Tolerant 1 1
Isopoda Asellidae Tolerant 1 3
Mollusca no shell Tolerant

Ancylidae Ferressia Tolerant Tolerant 5 6 17 5 34
Hydrobiidae Fluminicola Tolerant 6 2

Gyraulus Tolerant Tolerant 3
Lymnaidae Lymnaea Tolerant Tolerant
Physidae Physa Tolerant 1
Pleuroceridae Juga Tolerant Tolerant 9 150 282 32 211 92 7 16
Sphaeriidae 4 17 1 29 1 57 2

Nematoda 6 16 5 2 3 1 6 4
Oligochaeta Tolerant Tolerant 37 90 39 43 10 17 44 36 12
Ostracoda
Turbellaria Planariidae 2 26 6 2 15 3 26
Ephemeroptera Ameletidae Ameletus

Baetidae Baetis immature 30 39 74 16 58 55 14 5
Baetis tricaudatus 46 25 41 23 42 37 1
Baetis notus 2
Diphetor hageni 20 21 20
Pseudocloeon

Heptageniidae immature 1
Cinymga Sensitive 1 1
Cinymgula 1
Heptagenia 1
Ironodes 13

Leptophlebidae Paraleptophlebia 3 8 25 68 1 5 38
Plecoptera Chloroperlidae immature

Sweltsa 49
Leuctridae immature Sensitive 12
Perlodidae immature

Isoperla
Skwala 11

Nemouridae Malenka 15

Macroinvertebrate Monitoring Data



Order Family Genus species
Life stage or 

condition

Sediment 
Sensitive/ 
Tolerant

Pollution 
Sensitive/ 
Tolerant BCI1 BCI2 FCI1 JCI1 JCI2 KCI1 KCI4 KI1 KI2

Soyedina 6
Zapada cinctipes 10 61

Peltoperlidae Yoraperla
Pteronacelidae Pteronarcella 1

Coleoptera Elmidae immature 2 2 2
Lara 1 1 1 2 3
Optioservus larva Tolerant 10 1 2
Optioservus adult 1 6 2 1
Heterlimnus larva
Heterlimnus adult 1 1
Narpus larva 1
Zaitzevia larva Tolerant 2 1

Dytisicidae larva Tolerant
Hydrophilidae adult 1

larva 1
Lepidoptera Pyralidae Tolerant 1
Trichoptera Brachycentridae Micrasema larva

Micrasema pupa
Glossosomatidae immature

Glossosoma 4
Hydroptilidae Hydroptila Tolerant 1 1
Hydropsychidae immature Tolerant 23 1 71 14 52 132

pupa Tolerant 1 1 1
Cheumatopysyche Tolerant 48 1 223 40 64 108 1
Parapysche 1

Lepidostomatidae Lepidostoma larva 3 1
Lepidostoma pupa 1 2

Limnephilidae immature
Dicosmoecus 1
Pseudostenophylax 1
Psychoglypha 1

Philopotamidae Wormaldia Sensitive 54
Rhyacophilidae Rhyacophila immature 10

Rhyacophila pupa
Rhyacophila betteni 8
Rhyacophila brunnea
Rhyacophila grandis
Rhyacophila narvae 4

Uenoidae Neophylax 2
Diptera Ceratopogoninae 14 4 7

Forcipomyinae larva 1 3
Forcipomyinae pupa
Chironomidae

Boreochlus

Macroinvertebrate data cont.



Order Family Genus species
Life stage or 

condition

Sediment 
Sensitive/ 
Tolerant

Pollution 
Sensitive/ 
Tolerant BCI1 BCI2 FCI1 JCI1 JCI2 KCI1 KCI4 KI1 KI2

Brillia 6 1 16 4
Brundiniella 2
Cardiocladius 1
Chaetocladius
Corynoneura 4 1 3 3 2
Cricotopus 12 1
Cryptochironomus
Diplocladius Tolerant 13 8 4
Eukiefferiella brehmi group 1 1
Eukiefferiella claripennis group 30 3 1 1
Eukiefferiella devonica group 2
Eukiefferiella pseudomontana group 7 3
Heleniella
Heterotrissocladius 1
Krenosmittia 1
Limnophyes Tolerant 1 1 4 1
Macropelopia
Micropsectra 30 91 26 12 3 326 15 21
Nanocladius 2 1
Nilotanypus 1 6 7
Orthocladius complex 1
Orthocladius (Symposiocladius) 1
Parametriocnemus 2 12 2 5 20 62 5
Paraphaenocladius
Paratanytarsus
Paratendipes Tolerant 1
Phaenospectra 1 1
Polypedilum 2 14 14 18 6 26 2
Prodiamesa
Psilometriocnemus
Radotanypus 3
Rheocricotopus 3
Rheotanytarsus 12 4 23
Smittia
Synorthocladius Sensitive 1 1
Stempellinella 1
Stenochironomus
Synorthocladius
Tanypus
Tanytarsus 41
Thienemanniella 1 2
Thienemannimyia complex 9 41 52 7 12 41 26 22 4
Tvetenia bavarica group 21 79 1 15
Zavrelimyia 3



Order Family Genus species
Life stage or 

condition

Sediment 
Sensitive/ 
Tolerant

Pollution 
Sensitive/ 
Tolerant BCI1 BCI2 FCI1 JCI1 JCI2 KCI1 KCI4 KI1 KI2

Xenochironomus 10
Dixidae pupa

Dixa 1 1 32
Dolichopididae
Empididae immature 1 1

pupa 1 1
Clinocera 1 1 3
Neoplasta 2 3 4 2
Hemerdromia 1

Ephydridae larva
Muscidae Tolerant 1
Pelecorhynidae Glutops Sensitive 3
Ptychopteridae Ptychoptera
Sciomyzidae pupa
Sciomyzidae larva
Simuliidae immature 144 2 19 4 16 5 1 3

pupa 4 3
Simulium 58 10 1

Thaumaleidae 8
Tipulidae immature

Antocha Tolerant
Dicanota Tolerant 1 1 4
Erioptera Tolerant Tolerant
Hexatoma Tolerant 1
Limonia Tolerant Tolerant 1
Limnophila Tolerant
Pedicia Tolerant 1 5
Tipula Tolerant 1 1 1 1 3 1

Benthic Index of Biological Integiry (B-IBI) score 22 20 12 18 16 14 18 22 48
IBI Stream Condition (Level of Impairment) Moderate Moderate Severe Severe Severe Severe Severe Moderate None



Basin Site

Days 
7DADM 

>18
Max of 

7DADM Comments
Fairview Fairview @ Division 82 20.3 d/s of Fairview headwaters (wetland)
Fairview Fairview @ Birdsdale 96 20.7
Fairview Fairview @ Conifer Park 10 18.8 upstream of Fujitsu Ponds

Fairview Fairview @ Glisan 116 26.6 downstream of Fujitsu Ponds
Kelly/Beaver Beaver @ Glen Otto 104* 26.1 Exceedances prior to deployment
Kelly/Beaver Burlingame @ Hogan 86 20.7
Kelly/Beaver Kelly Creek @ Ironwood culvert 53 19.5 upstream of Kelly detention pond
Kelly/Beaver Kelly Creek @ KCDP outlet structure 33 21.7 downstream of Kelly detention pond
Kelly/Beaver Kelly @ Kane Rd 80 20.8
Kelly/Beaver Kelly above MHCC pond 81 21.1
Kelly/Beaver Kelly below MHCC pond 48* 25.7* Incomplete data after 7/25
Johnson E Fk Butler @ 27th (Butler trib) 41 19.1
Johnson Bear @ mouth (Butler trib) 37 18.8
Johnson Butler @ Towle/Butler 0 14.9
Johnson Butler @ Willow Pkwy 0 17.8
Johnson Butler below Marpol Pond 108 28.1 surface release pond
Johnson Butler above Binford 104 23.3
Johnson Butler below Binford 107 21.4 bottom release pond
Johnson Butler @ SW 14th (mouth) 98 21.2
Johnson Hogan @ Butler Rd 105 23.8 below Persimmon Golf Course (ponds)
Johnson Hogan @ mouth 106 23.7 below Cedar Lake (private pond)
Johnson N Fk Johnson @ Telford 10 19.5
Johnson Badger @ Telford 72 20.7
Johnson Sunshine @ mouth 81 21.6
Johnson Johnson @ 282nd 86 22.1
Johnson Johnson @ Telford 87 23.1
Johnson Johnson @ Palmblad 82 22.5
Johnson Johnson @ Regner 87 23.1
Johnson Johnson @ Jenne Rd 101 23.8
Johnson Jenne @ mouth (Kelley trib) 0 17.1
Johnson Kelley @ Rodlun 0 17.1
Johnson Kelley @ 190th 6 19.0
Johnson Kelley @ PV Grange 75 21.2
Red =temperature exceedances
Blue = no temperature exceedances

Continuous Temperature Monitoring Summary



Appendix B—Map of Instream Monitoring Site Locations 



!!
!!

!!

!!

!!

!!

!!

!!

!!

Pleasant   
Valley

      
Springwater

City of Gresham

City of Fairview

City of
Portland

MULTNOMAH  COCLARK  CO
WASHINGTONOREGON

MULTNOMAH  CO
CLACKAMAS  CO

Kelley Creek
Headwaters

JOHNSON CREEK

COLUMBIA SLOUGH

FAIRVIEW CREEK

KELLY CREEK

COLUMBIA RIVER

BEAVER CREEK

SE
 28

2N
D

SE
 30

2N
D

NE
 16

2N
D

SE
 17

2N
D

SE
 18

2N
D

NE
 18

1S
T

SW 6TH

SW
 25

7T
H

SE
 24

2N
D

SE
 16

2N
D

SW
 TO

WL
E

NE
 20

7T
H NE

 22
3R

D
N 

MA
IN

SE
 22

3R
D

SE ROBERTS

SE
 16

0T
H

SE 181ST

NE
 H

OG
AN

NW
 25

7T
H

SE
 20

2N
D

NE
 24

4T
H

SE
 SA

ND
Y

SE
 16

2N
D

NE
 22

3R
D

NE SANDY

W POWELL E POWELL
SE POWELL

SE DODGE PARK

NE MARINE

SE ORIENT

NE
 KA

NE

SE
 19

0T
H

SE
 22

2N
D

NE
 H

OG
AN

NW MARINE

NE
 23

8T
H

SE
 KA

NE

SW
 PL

EA
SA

NT
 V

IEW

SW HIGHLAND

NE
 24

2N
D

SE DIVISION

SE ROBERTS

  I84
  I84

E H
IS

TO
RI

C 
CO

LU
MB

IA 
RI

VE
R

  HWY 26

W POWELL

SE STARK

NE GLISAN

NE HALSEY

E BURNSIDE

NE DIVISIONSE DIVISION NW DIVISION

SW HALSEY

  1
5T

H

NE AIRPORT

8

4

5

7

6

3

2
1

9

0 10.5
Mile

I

Legend
!! Monitoring Sites

The City of Gresham - 15,002 Acres
The City of Fairview - 2,258 Acres

Unincorporated Multnomah County - 151 Acres

Futrue Annexation Areas - 1,912 total acres

Watersheds within Permit Boundary
BEAVER CREEK - 293 Acres
COLUMBIA RIVER - 963 Acres
COLUMBIA SLOUGH - 4,640 Acres
FAIRVIEW CREEK -3,454 Acres
JOHNSON CREEK - 5,483 Acres
KELLY CREEK - 2,597 Acres

Gravel Pits
Surface Water

Open Channel

DISCLAIMER AND NOTICE: 
The information on this map has been gathered from a variety of 
sources.  Every attempt has been made to offer the most current,
correct, and complete information available. However, errors may 
occur or there may be a time delay between changes in information 
and updates. The information contained herein is subject to change
at any time and without notice.

Gresham and Co-Permittee 
Water Quality Monitoring Sites

Date: 10/31/2011Path: Y:\Inter-Departmental\MapsAndData\Projects\2011\1600-1699\1648\MapDocs\MonitorSite2011.mxd
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Appendix C—Maps of Wet Weather Stormwater Monitoring Site Locations 

 

 







Status

2013-2014

A. Pipe Cleaning Ongoing Maintain stormwater system pipes to ensure proper 
function and limit impacts to water resources.

Clean and inspect 15-20 miles of 
pipe per year. 17 miles. 4.4 cubic yards (cy) removed.

A request was submitted to DEQ in fall 2012 to 
reduce the miles of pipe cleaned in favor of 
conducting other maintenance activities.  Staff 
met with DEQ to discuss the proposal.  DEQ 
requested additional data from the City, which is 
pending further review.  The City is maintaining 
its activities until DEQ provides final approval.  

B. Catch Basin 
Cleaning Ongoing Maintain stormwater system catch basins to ensure proper 

function and limit impacts to water resources.

Clean or inspect 100% of publicly-
owned catch basins that drain to 
surface water annually.

100% inspected. 6,375 cbs cleaned.  Parked cars prevented 100% 
cleaning, even though notices are issued.  Trucks return on various 
days as resources allow to conduct follow up cleaning.   144 cy 
removed.  
1,363 main arterial roads cleaned. 67 cy removed.

None

C. Maintain Public 
Water Quality 
Facilities

Ongoing Maintain publicly-owned water quality facilities to ensure 
proper function and limit impacts to water resources. 

Maintain an average 20-25 
facilities per year over the permit 
term.  (Annual totals may vary).

Conducted maintenance at 2 of 3 regional stormwater ponds which 
totaled 100 cy of sediment and debris removed.  Conducted 
maintenance at 3 of 21 neighborhood ponds which totaled 120 cy of 
sediment and debris removal.  Conducted routine maintenance of 61 
ponds, swales and ditches removing almost one cy of litter, 17 cy of 
green waste.  Conducted routine maintenance on 27 rain gardens 
removing 7 cy of litter, 19 cy of green waste and 11 cy of sediment.  
Cleaned 94/126 underground vaults.  Replaced 471 filters; removed 
11 cy of sediment.
Routine maintenance activities that occurred included mowing, 
pruning, removal of volunteer trees near inlets and outlets and other 
invasive weeds.  

None

D. System Repair 
and Maintenance

Ongoing
Maintain and repair pipes, ditches, culverts, inlets, off-
road systems, etc. in order to ensure proper function and 
limit impacts to water resources.

Maintain and repair the 
stormwater infrastructure as 
needed.

6756 staff hours (3.75 FTE) to repair and maintain pipes, conduct 
root removal, equipment repair and shop maintenance, outfall 
maintenance, slope stabilization, utility locating, emergency response 
and cctv investigative work.

None

E. 
Manhole/Detention 
Line Cleaning

Ongoing Maintain manhole and detention line structures to ensure 
proper function and limit impacts to water resources.

Inspect 75% of manhole structures 
annually, as appropriate; clean 
detention lines only as needed 
based on inspections.  

Inspected 248/248 Sedimentation manholes removing 14 cy of debris 
from 31 structures.  Inspected 192/192 flow control manholes 
removing 14.5 cy of debris from 58 structures. Inspected 222/222 
detention pipes removing 16.5 cy of debris from 33 structures.  Some 
flow control manholes are in a deteriorated condition and planned for 
replacement at several annually as resources allow.

None

City of Gresham NPDES Annual Compliance Report

RC 1 Stormwater System Maintenance Plan

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

F. Ensure Proper 
Debris Disposal On going

City staff decant water to the wastewater system, dry 
debris & test debris to ensure that it meets disposal 
requirements.

Ensure that the city utilizes 
environmentally sound disposal 
practices and services. 

Records available upon request. None

G. Underground 
Injection Controls 
(UIC's) Maint. & 
Cleaning

As required by 
UIC Permit

Ensure that the city complies with the required elements of 
the WPCF permit in order to limit stormwater impacts to 
groundwater.

 Under the City's UIC WPFC 
permit, report all maintenance and 
cleaning activities as required.

NA None
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Water Quality 
Manual for New and 
Re-Development

Ongoing

Ensure that the water quality best management practices 
as described in the city's Water Quality Manual/Green 
Development Practices Manual are implemented by the 
development community to reduce impacts to local 
streams from stormwater pollutants.  

Implement the Manual and bi-
annually determine whether 
updates to the document are 
necessary.  Conduct training to 
users of the Manual  if it is 
updated significantly.  

See Table 3.1.  GIS mapping of facilities and drainage areas is 
ongoing and may lag the annual reporting period.  Maps of the public 
and private facilities and associated drainage areas are available upon 
request.  Staff continues to conduct an extensive QA/QC process for 
stormwater infrastructure data to complete required permit submittal 
elements.  

Staff continued to review city code and water quality manual 
contents to determine which sections may need to be updated in order 
to meet the objectives of the City's permit.  The City completed its 
hydromodification and retrofit assessment, which will be given to 
DEQ on November 1, 2014.  The code and manual update efforts will 
continue through PY 20. 

None

B. Promote Low 
Impact Development 
(LID) Practices

Ongoing
Utilize city Water Quality/Green Development Practices 
Manuals  to incorporate low impact development practices 
into new and redevelopment projects where applicable.  

Implement practices or programs 
that promote the use of low 
impact development techniques.

See Tables 3.1 and 3.2. None

C. Private Water 
Quality Facility 
Maint. Program

PY 16 and 
Ongoing

Continue implementing tracking procedures for the 
installation of privately-owned water quality facilities and 
policies that ensure that private owners understand their 
maintenance responsibilities.

Collect and record maintenance 
agreements for privately-owned 
facilities that legal code allows.  
Develop a program to ensure 
facilities are being adequately 
maintained.  

There are approximately 199 private stormwater facility locations, 
some with multiple owners and some with multiple facility types.  
147 have maintenance agreements and the City's code is utilized to 
ensure that private owners have legal responsibility for maintaining 
their facilities.  15 were built before maintenance agreements were 
required, but the City's code allows us to require maintenance.

During PY 19, staff tracked the progress of inspection and/or 
cleaning of privately-owned proprietary devices (underground filter 
vaults).  A total of 36 privately owned underground filter vaults 
complied with annual inspection/maintenance requirements during 
PY 19. Nine private ponds were sent letters requiring maintenance by 
fall 2015.  Staff provided technical assistance regarding contractors 
and expectations.  During PY 20 staff will continue to track 
inspection and cleaning records, and conduct additional follow-up 
with the objective of gaining private-party compliance. 

RC 2 Planning Procedures
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

C. Private Water 
Quality Facility 
Maint. Program 
(cont.)

During PY 19, the city requested maintenance to be conducted on 9 
ponds that were rated in poor condition.  A deadline of Sept 30, 2015 
was given.  Staff met with several facility owners to provide technical 
assistance.  Staff completed inspections of the swales.  

Staff conducted a financial analysis of methods for the city to handle 
the maintenance approaches for multiple owner private ponds and 
conducted a series of public involvement meetings.  Options will be 
presented to City Council during PY 20 and programmatic decisions 
on the work load planning will be made from that point and reported 
in future annual reports.  

None

D. Master Plan 
Update Ongoing Develop and update, as appropriate, Stormwater Master 

Plans for the city.

Include water quality goals in the 
city's master plans.  Complete the 
Natural Resource Master Plan by 
PY 11-12.  

See Table 3.2 for a description of Natural Resource project work 
conducted during this reporting period. None

E. Urban Canopy 
Initiatives

Ongoing Protect and enhance the urban canopy as part of the city's 
overall stormwater management strategy.  

Create and implement an Urban 
Forestry Management Plan.  
Utilize Code Enforcement to 
ensure that urban canopy 
objectives are supported.  Collect 
fines from tree removal violations 
that may be used for tree 
replacement efforts.

The elements implemented under the UFMP included:
*Drafted Tree Code Amendments to update rules for tree protection, 
removal, and replacement. Involved local stakeholders in tree code 
development by holding informational meetings.
*Created a new tree list to ensure correct tree is planted for required 
street, parking lot, and buffer trees
*Drafted Technical Tree Manual to accompany Tree Code in order to 
provide guidelines for tree protection and maintenance for property 
owners, developers and tree care professionals. 

None
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Street Sweeping Ongoing Continue street sweeping activities to prevent litter and 
debris from entering the public stormwater system.

Provide 8-10 sweeps of the city 
per year.

Approximately 4,844 street miles swept during 10 sweeps of the city.  
2,443 cy removed.  Multnomah County swept on behalf of the City:  
1,330 miles removing 341 tons of debris.  During additional 
maintenance/leaf sweeps, staff removed an additional 149 cy of 
debris.

None

B. Deicing Ongoing
Continue to implement standard operating procedures to 
limit impacts to the environment from sand, gravel, and 
deicing product application.

Implement deicing practices in a 
manner that limits impacts to 
water quality.

The City of Gresham applied approximately 3,650 gallons of 
Magnesium Chloride (MgCl2) to 510 lane miles (streets vary from 2 
to 4 lanes). Multnomah County placed 1400 gallons of de-icing agent 
on Gresham roads, which is equivalent to 93 lane miles at 15 gallons 
per mile.

None

C. Standard 
Operating 
Procedures for Road 
Maint. Activities

 PY 16 and 
Ongoing

Continue utilizing ODOT's maintenance standard 
operating procedures, as well as the City's manual titled 
Standard Operating Procedures for Wetland, Waterway 
and Habitat Protection in order to guide city staff and 
contractors in resource protection efforts when working 
near jurisdictional resources.  

Implement a road maintenance 
program that will limit impacts to 
water quality.  Biennially train 
appropriate staff.  Monitor 
program implementation and 
adaptively manage based on 
feedback and results.

During PY 19, staff reviewed the ODOT Standard Operating 
Procedures with the Transportation staff to ensure that procedures for 
water quality protection are understood.  No additional updates to 
procedures have been identified as necessary at this time or are 
planned for the future.  

None

A. Water Quality 
Retrofits Ongoing

The Watershed Engineering group will continue to 
implement the Stormwater Capital Improvement Projects 
that include water quality enhancement and pollution 
reduction elements.

Implement a CIP program that 
will help mimic the natural 
hydrologic cycle, treat 
stormwater, and promote stream 
protection and enhancement.

Table 3.1 includes CIPs implemented by departments other than the 
Watershed Division that include water quality treatment.  Table 3.2 
includes projects undertaken as a result of the Watershed and Natural 
Resource CIP list.

None

B. Enhance 
Riparian Areas

Ongoing

Continue conducting riparian restoration activities to 
remove invasive species, restore and enhance buffers and 
encourage multi-story native plant communities, channel 
stabilization and support of critical habitat.

Continue to seek 
partnerships/grants to implement 
riparian enhancement projects that 
will limit the introduction of 
stormwater pollutants into 
streams.  

See Table 3.3. None

Pollutant Source 
Evaluation

Ongoing

The City has reviewed historic records and current 
operating businesses to determine that, as of the 2010 
permit application approval, no pollutant source exists 
from an operating or closed treatment, storage, or disposal 
facility for municipal waste.  The City conducted an 
assessment of a closed facility during PY 12 and 
determined that no threat to stormwater existed from the 
facility.  This report is available upon request.

Ensure that new municipal waste 
facilities within the City's 
permitted area are appropriately 
permitted and designed to limit 
the potential for pollutants to 
enter stormwater.

There are currently no operating treatment, storage or disposal 
facilities for municipal waste within the city.  However, Gresham 
Sanitary Services who is a solid waste hauler, holds a UIC permit 
#13410 and is not connected to the City's stormwater system.  They 
also have a DEQ Transfer Permit #1392 for reloading waste. The 
reloading area is entirely sealed and wastewater is discharged to the 
sanitary sewer via a licensed contractor.  Annual inspections by DEQ 
or Metro and storm water management compliance is part of the 
inspection protocol. 

None

RC 5 Monitor Pollutant Sources from Closed or Operating Municipal Waste Facilities

RC 3 Maintain Public Streets

RC 4 Retrofit & Restore System for Water Quality
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

Integrated Pest 
Mgmt. Program

Ongoing
Limit the introduction of pesticides and fertilizers from 
city operations by implementing an integrated pest 
management plan.

Review and implement the IPM 
Plan biennially and, at a 
minimum, update at least once per 
permit cycle.  Conduct training.  
Annually review the list of city 
approved pesticides.

Conducted annual pesticide review meeting and inventory of 
pesticide storage.  Updates were made to the Material Safety Data 
Sheet Inventory.  Made minor edits to the City's IPM Manual based 
on a review of other agencies' policies and internal feedback on 
process.     See Table 3-4 of Pesticide/Fertilizer Application Records.

None

A. Control Releases 
from Fire Training 
Activities

Ongoing Limit pollutants to stormwater from fire training activities 
by implementing standard operating procedures.

Ensure Fire Training is overseen 
by staff familiar with the SOP for 
stormwater protection.

SOP is on file and Fire Training staff are familiar with protocol. None

B. Water Line 
Flushing Ongoing

Minimize impacts to the stormwater system from water 
line flushing activities by implementing standard operating 
procedures.

Ensure Water Line Flushing is 
overseen by staff familiar with the 
SOP for stormwater protection.

3,500,000 gallons flushed using SOP. None

A. Field Screening 
and Investigation

Ongoing

Conduct dry weather screening at high priority outfalls, at 
a minimum of once per calendar year.  When appropriate 
conduct follow up investigation to identify the source 
(responsible party).  If a responsible party is identified 
work to eliminate the illicit discharge.

Conduct annual dry weather 
screening at high priority outfalls.  
Document the procedures the city 
will follow when an illicit 
discharge investigation identifies 
a responsible party.  

36 sites inspected.
Ten sites had no flow.
No sites had screening levels that exceeded action levels that would 
suggest the presence of an illicit discharge requiring further 
investigation.  See Table 3.5.

 The City's illicit discharge enforcement response procedures are 
described in Section 7 of the Stormwater Monitoring Plan on the 
City's website at:
www.greshamoregon.gov/watershed

None

B. CCTV New 
Development 
Stormwater Pipes

Ongoing
Conduct closed-circuit television (CCTV) inspections of 
new stormwater pipe installations during development 
projects to eliminate cross-connections.  

CCTV at least 80% of all new 
pipes installed in the city. Inspected 100% of new stormwater pipe installation.  12,424 feet. None

ILL. 1 Non-Stormwater Discharge Controls

ILL. 2 & 3 Illicit Discharges Elimination Program

RC 6 Reduce Pollutants from Pesticides, Herbicides and Fertilizers
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Spill Response Ongoing
Respond to reports of spills or illegal dumping using the 
city's spill response protocol for hazardous and non-
hazardous substances.

Implement the city's spill response 
protocol and conduct periodic 
review of the document to ensure 
efficacy.  

See Table 3-6. None

B. Spill Prevention 
(Hazardous Waste 
Mgmt. - City)

Ongoing Continue to carefully manage hazardous materials to 
prevent spills on City-owned property from city practices.  

1) Ensure safe handling, storage 
and disposal of hazardous fluids in 
order to prevent spills and limit 
pollutant sources to stormwater by 
training staff appropriately.
2) Provide periodic review of City 
contractor's safety and 
environmental violations and 
disposal permits, where 
applicable, to help ensure 
environmental compliance of 
contractors handling the City's 
waste products. 

Quantities of hazardous materials disposed:
Used oil hauled and donated to Oregon Heat, quantity not tracked.
40 gallons of waste antifreeze
Two 30 gallon barrels of squashed oil filters
342 passenger car tires
Used batteries are returned to the vendor for recycling

In addition, all cardboard and scrap metal that goes through the shop 
is recycled.
No spills reported. DEQ enforcement database search revealed no 
compliance issues in Multnomah County for the City's waste haulers: 
Thermo Fluids, Automotive Xpress Delivery, Battery Systems, and 
Tire Disposal & Recycling. Staff confirmed that all vendors are 
properly permitted via DEQ permit database search.

None

C. Maintain Public 
Vehicles

Ongoing
Continue to maintain city vehicles and equipment to limit 
the contribution of stormwater pollutants from leaks and 
runoff, etc.

1) Maintain City-owned vehicles 
& equipment and ensure proper 
handling & disposal of fluids to 
reduce the likelihood of leaks or 
spills being released into the MS4 
system or the environment.

Meet DEQ Permit 1700 A 
deminimis discharge or seek a 
permit and/or waiver.

Quantities included in the BMP: Spill Prevention (Hazardous Waste 
Mgmt. - City) above.

DEQ is currently not issuing Vehicle Wash Water permits.  The Fire 
Department washes less than 8 vehicles per week per fire station and 
does not use heated water, does not wash the engine, transmission or 
undercarriages, but does use a phosphate-free soap.

None

ILL. 4  Spill Response Program
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

Facilitate Public 
Reporting & 
Respond to Citizen 
Concerns

Ongoing
Continue to provide an outlet for public concerns 
regarding stormwater pollutant issues such as illegal 
dumping, erosion, plugged drains, invasive plants, etc.

Include information about how to 
report concerns of illegal 
discharges in various city 
publications.

See Table 3-7. None

Facilitate the Proper 
Mgmt. & Disposal of 
Used Oil & Toxics

Ongoing

The City uses a variety of approaches to encourage proper 
solid waste, recycling, and hazardous waste management 
practices including: GREAT Business Education Program, 
Special Collection Events for the Public, and Curbside 
Recycling of Oil.

Continue to offer disposal, 
recycling, and/or collection 
programs that facilitate the proper 
management of solid and 
hazardous waste in the business 
and residential sectors.

City contracted haulers reported  9,265 gallons of curbside oil 
collected.  Hazardous Waste Event collected: 2,000 cfl bulbs and 
tubes, 115 cy of bulky recyclables, 5,880 pounds of styrofoam, and 
3,364 batteries with an estimated 1,150 cars total cars/households 
participating. E-waste collection is now available via statewide 
Goodwill stores and is no longer a focus of collection events.

None

Limit Sanitary 
Sewer Discharges Ongoing

The City's Wastewater Treatment Plant operates under its 
own NPDES discharge permit.  Its programs include a 
pretreatment inspection program and implementation of  
Capital Improvement Projects that overall assist the City 
in meeting the NPDES MS4 Stormwater Discharge Permit 
objectives. 

Continue to implement operations 
and maintenance programs for the 
wastewater pipe system that limits 
the introduction of sanitary sewer 
waste into the stormwater system.

There are currently 24,286 sanitary sewer accounts in the city.  Civil 
penalties have been issued to two properties that have not connected 
to the sewer system in a timely fashion.  Wastewater is continuing to 
oversee this action with the City Attorney's Office.  
Cleaned 70 miles of pipe and inspected 47 miles with the CCTV 
camera.  Conducted 6 mainline repairs, 23 lateral repairs, 28 manhole 
repairs, and conducted maintenance on 5 lift stations.

None

A. Business 
Inspection Program

Ongoing

The City's Stormwater Business Inspection Program 
consists of a variety of approaches including: business 
license review and technical assistance; prioritized 
business inspections; review of business classification 
codes to determine those that may need 1200Z or 1200-
COLS permits to submit to DEQ and collaboration with 
DEQ to ensure 1200Z permit data is adequately reviewed; 
cross training with the Wastewater Pretreatment and Fats 
Oils and Grease Inspectors to look for potential 
stormwater concerns, and a business education program 
that is implemented by the Solid Waste & Recycling 
Division staff.

Continue to implement business 
license review, business 
inspections and business 
education efforts to help prevent 
and reduce the introduction of 
pollutants into stormwater from 
business practices.  

(1) In PY 19, 97  business licenses were reviewed.  18 were 
automotive related businesses and 10 received technical assistance 
about stormwater pollution management techniques.  The auto sector 
inventory will be updated for additional inspections in PY 20, as 
applicable.  The Development Engineers review the business 
applications and advise on stormwater issues at they are determined 
by the intake form.  

None

ILL. 7 Limit Sanitary Sewer Discharges

IND. 1 & 2  Industrial Inspection & Monitoring

ILL. 5 Facilitate Public Reporting

ILL. 6 Facilitate Proper Management Disposal of Used Oil & Toxics
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Business 
Inspection Program

(2a) Staff developed a partnership with EcoBiz and assisted with a 
grant application in order to conduct more technical assistance to 
businesses during PY 19.  Funds were set aside to assist the EcoBiz 
program who works with the automotive sector to help them conduct 
an outreach program to certify more businesses in Gresham.  This 
effort will continue through PY 20.

None

A. Business 
Inspection Program

(2b) During PY 19, staff reviewed the business license applications 
and determined that no businesses meet the DEQ permit NAICs 
classifications or activities that are required to obtain a 1200-Z or 
COLS permit.  

None
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Business 
Inspection Program

(2c) During PY 19 Staff conducted 77 inspections of auto related 
businesses (ARB) to assess implementation of best management 
practices for stormwater protection. 36 ARB's failed the inspection 
and required technical assistance to correct deficiencies.   

(2d) Wastewater staff continued to conduct stormwater inspections at 
12 industrial businesses.  No additional stormwater management 
follow was necessary.

None

B. Industrial 
Monitoring 
Program

Ongoing
Coordinate with DEQ to ensure adequate notification of 
potential 1200Z and 1200-COLS permits and review of 
data submitted by permit holders.

Continue annual inventory of 
1200-Z and 1200 COLS 
businesses within the city's 
boundaries and review monitoring 
results submitted to DEQ on an 
annual basis, if DEQ has not 
already done so.  Report 
exceedances to DEQ, if 
applicable.

During PY 19, staff reviewed the DEQ database of permitted 
facilities and updated our tracking information to include 14 
permitted facilities within Gresham's jurisdiction.  No DEQ 
enforcements have been taken on any of these permitted industries 
and no additional assistance has been requested of Gresham staff.  
These are listed in Table 3-9.

None
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

 Erosion Prevention 
& Sediment Control 
Manual

Ongoing

Continue to update the City's EPSC Manual when 
necessary to reflect current available and accepted 
technologies and City code and implement the Manual in 
order to limit impacts to local streams from stormwater.  

Implement the EPSC Manual in 
order to limit stormwater 
pollutants from construction and 
development.  Review and 
evaluate the manual biennially to 
assess changes needed, if any.  At 
a minimum, at least once per 
permit cycle.  

During PY 19 the EPSC Manual was revised by staff. The Manual 
was updated with current erosion prevention and sediment control 
BMPs and pictures were added to illustrate each BMP. Revisions to 
the Manual are currently under review and are planned for adoption 
during PY 20.

None

Construction Site 
Inspection & 
Enforcement

Ongoing
Continue to implement an EPSC inspection program to 
ensure adherence to EPSC Manual requirements and 1200-
C permit requirements, where applicable.

1) Implement the EPSC inspection 
program to enforce the EPSC 
Manual.
2)Ensure proper staff training.
3) Examine tracking parameters 
such as types of violations, 
number of active sites and total 
associated acreage.

A total of 140 sites were inspected: 135 with residential or 
commercial building permits, 4 sites with grading permits, and 1 site 
field-identified without active permits.   There were 154 disapproved 
inspections, affecting 63 construction sites.  Correction notices were 
related to installing catch basin protection, installing perimeter 
control or permanent vegetation, protecting stockpiles, and street 
sweeping.   

During PY 18, the Erosion Control Program was audited by EPA.  
The City's response to audit resulted in revising Standard Operating 
Procedures and improving inspector implementation of correction 
timelines during PY 18 and 19.  These program enhancements have 
resulted in more timely compliance of disapproved inspections.  

During PY 18 Watershed staff attended the Oregon Erosion and 
Sediment Control Workshop and the Mid-Willamette Erosion 
Control and Stormwater Management Summit.

None

Stormwater 
Education Program

Ongoing
Provide notice to construction site operators concerning 
where education and training to meet EPSC requirements 
can be obtained.

Ensure developers and 
construction permit holders are 
adequately informed of the city's 
EPSC Manual BMPs and 
requirements to limit impacts to 
streams from stormwater.

See Appendix D:  Wet Weather Notification Letter Notice  to 
Contractors. None

CON. 1 & 2 Construction Site Planning & Controls

CON. 3 Construction Site Inspection & Enforcement
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2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A. Ensure 
Staff/Stakeholder 
Training

Ongoing

Continue to train new or existing employees as appropriate 
on all documents that regulate stormwater pollutant 
control activities such as: IPM Plan, Water Quality 
Manual, EPSC Manual, and Spill Response Protocol, etc.

Continue to train new personnel 
and existing personnel, as 
appropriate on stormwater 
regulatory documents and conduct 
trainings for stakeholders, when 
applicable.

A variety of staff across operations & maintenance, inspections, and 
policy positions attended trainings in the following areas: 
* Invasive Species Identification ( 15 staff per month)
* NASSCO-National Association for Sewer Service Companies (16)
* Oregon State Pesticide Licensure Renewal (5)
*APWA Short School (12)

None

B. Educate 
Residents

Ongoing
Continue to create and deliver programs and/or messages 
to educate the public regarding non-point sources of 
pollutants of concern.  

Continue to educate the public 
regarding their personal 
contributions to stormwater 
pollutant sources and impacts to 
water bodies, as well as the steps 
or actions they can take to reduce 
pollutants.

See Table 3-8. None

C. Educate 
Businesses Ongoing

Continue to create and deliver programs and/or messages 
to educate businesses regarding non-point sources of 
pollutants of concern.  

Continue to educate the public 
regarding their personal 
contributions to stormwater 
pollutant sources and impacts to 
water bodies, as well as the steps 
or actions they can take to reduce 
pollutants.

See Table 3-8. None

EDU. 1 Stormwater Education Program
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2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

MON 1 Annual 
Report Writing

Ongoing

Coordinate across the city to review program 
commitments, gather data, and where appropriate, assist 
with program evaluation and additional goal setting or 
BMP enhancements.  

Submit the Annual Report to DEQ 
on behalf of Gresham and Co-
Permittee, as required by the 
permit.

Last year's report incorrectly stated that the public comment period 
was in October 2012.  It should have read October 2013.  

This year's Annual Report included a public comment period from 
October 13-24, 2014.  Notices ran in the Oregonian and on 
Oregonlive.com.  The City placed a notice on its website and also 
issued a press release to all media.  A notice was also published in 
the City's e-newsletter which is emailed to almost 500 households.  A 
notice was emailed to the local active Watershed Councils.

The status of the SWMP implementation and progress meeting 
measurable goals is described throughout this report.

The Adaptive Management Process is described in Section 1 and a 
summary of the adaptive management process and resulting proposed 
changes may be found in the Summary and Date of Proposed 
Adaptive Management Column for the respective BMPs effected.   

A summary of total expenditures is included as Table 3-10.

None

A summary of the Environmental Monitoring Plan implementation 
for Gresham and Fairview is included as a separate report with a 
separate Appendix of supporting raw data collected during PY 19.  

No changes are currently proposed to the Environmental Monitoring 
Plan elements relative to the MS4 permit.  

None

Program Management & Monitoring
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BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

A summary of the Illicit Discharge Detection & Elimination Program 
(Dry Weather Screening and Spill Response) may be found in Tables 
3-5 and 3-6.  

A summary of concept planning, land use changes and new 
development activities for UGB expansion areas may be found in 
Appendix B.  

A summary of development permits issued within the City of 
Gresham is included in Table 3-1.  

None

MON 2 Legal 
Authority and Code 
Review

Ongoing
Review existing code to ensure that the city maintains 
adequate legal authority and other requirements as stated 
in the NPDES MS4 permit.

Maintain adequate legal authority, 
as required by the permit. See Appendix A. None

MON 3 Program 
Evaluation/Monitori
ng

PY 17 or as 
otherwise dated 
in the permit.

Review the 303(d) list to determine whether there is a 
reasonable likelihood of stormwater from the MS4 to 
cause or contribute to water quality degradation of 
receiving waters.  Utilize the city's GIS mapping staff to 
enhance program evaluation efforts.

Conduct a 303 (d) pollutant 
evaluation, as required by the 
permit.

Significant mapping projects conducted during PY 19 include:
*Provide maps for operations and maintenance activities.
*Created a digital inspection form for rain garden inspections.
*Created canvassing maps for the downspout disconnection program.
*Updated the stormwater assets after legal ownership review.
*Updated drainage treatment areas for BMPs.
*Provided maps of stormwater and natural resource data for the 
*Natural Resource Committee's annual report.  Digitized the ditch 
condition rating and gps locations.

None

MON 4 Public 
Involvement Ongoing

Conduct public involvement activities as required by the 
permit, such as annual reports, retrofit strategy, and Permit 
Renewal Submittal elements.

Conduct public involvement 
activities and report outcomes.

The Annual Report is also released for public comment which is 
described in MON 1: Annual Report Writing.  Below is a summary of 
potential reach utilizing the typical methods for making public 
announcements.  
Gresham's population is about 105,000 (2010 U.S. Census).  The 
Oregonian daily readership in the Portland-Metro area is almost 
800,000.  The City's Website Home Page receives 10,000+ visits per 
month.  The City's Watershed Division web page, where public 
comment documents are housed electronically, receives 3,000 views 
annually.  City Newsletter mailed to 45,000 households. 

None
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Status

2013-2014
RC 1 S  S  M i  Pl

BMP Name Summary and Date of Any Proposed 
Adaptive Management ModificationsMeasurable GoalsCompliance 

Date BMP Description

MON 5 Permit 
Renewal Submittal

PY 17-18 or as 
appropriate to 
meet permit 
deadlines.

At least 180 days prior to permit expiration, prepare and 
submit the Permit Renewal Submittal package to DEQ.

Submit the Permit Renewal 
Package to DEQ. NA None
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Project
Name

Land Use
 Type

Develop-ment 
Type Location WQ

Treatment
Ownership* System Project Size/Area 

Treated (acres)

Construction
Disturbance

(acres)

Percent*** 
Impervious 

GRESHAM 
DODGE DCL RE 855 SE Burnside 

Rd
Rain Garden, 

StormFilter Vault Private MS4 3.79 0.80 81.0%

OXARC GI RE 19310 NE San 
Rafael Rain Garden Private MS4 0.99 0.41 85%

SNOWCAP 
WAREHOUSE CMF RE 17788 SE Pine St Rain Garden Private UIC 2.82 0.06 27.0%

MY FATHERS 
HOUSE CMF New 5003 W Powell 

Blvd
Rain Garden, 

Infiltration Pond Private UIC 2.20 1.00 55%
2224 SE 176th 
PARTITION 
(VLASIN)

LDR5 RE 2224 SE 176th 
Ave Rain Garden Private MS4 0.47 0.47 7.0%

FMC FACILITY CMU New 23335 SE Stark St Rain Garden, 
StormFilter Vault Private UIC 2.80 2.20 75%

SALQUIST RD           
2-LOT 

PARTITION
LDR5 New 5689 SE Salquist 

Rd Rain Garden Private MS4 1.03 0.51 45%

THE RED STORE
NC RE 1196 SE 282nd 

Ave Pervious Pavement Private MS4 0.53 0.53 14%

Total Disturbed Acreage 5.98

Table 3-1: Total New and Redevelopment Acreage 

Key: Treatment: N/A = development did not trigger water quality treatment 
requirements (disturbance of 1,000 sq. ft. or greater).

Disturbance: Trace or N/A = work done within an existing developed area, i.e., 
on pavement or within a pipe or other structure.

Impervious Area: N/A =  existing impervious was not increased or reduced.
New = New Development

RE = Redevelopment (more likely to develop on existing impervious foot print)

*Public ownership is City of Gresham only, Private refers to all projects owned by entities other than City of Gresham.                                                                                                                                                                                                        
**Typically, projects cross multiple years and data entry lags significantly from when permits are issued; therefore, data 
for many impervious estimates in this table is not currently available but will be reported in subsequent years, as finaled. 

***Final percentage of site that is covered in impervious area and sometimes includes a net reduction in redevelopment 
projects.  If data is unknown, modeling impervious values by land use are used.
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Project 
Name/Watershed Watershed Project Status Stormwater Mitigation 

Measures/Area Treated Funding Mechanism

Johnson Creek Land 
Acquisition and 

Stabilization

Johnson Creek, Fairview 
Creek

Demolished structures and septic on new 2.87 
acre Johnson Creek main stem holding 

(purchased prior reporting year).  Co-purchased 
with Metro 28 acres of farmland within the 

Fairview Creek Headwaters wetland complex.  
Additional structure demolition and restoration 

planned for 2014-2015.

NA Metro Local Share Bond $

Invasive Weed Survey 
& Control All Active, ongoing invasive control

Spot treatment for controlling aggressive 
invasives that lead to bank failures, 

including Japanese knotweed, purple 
loosestrife, and yellow flag iris.

Natural Resources Operating Funds

Fairview Creek Wetland 
Mitigation Bank

Fairview Creek/Columbia 
Slough

Signed financing agreements and working on 
agency permitting for restoration of 39 acres of 

wetland, and creation of a discrete Fairview 
Creek (removal of 2 inline ponds). 

Water quality, stream function, wetland 
function, and habitat improvements.

Watershed CIP and external partner 
funding (Port of Portland)

Kelly Creek Detention 
Pond Retrofit

Kelly/Burlingame/Beaver 
Creek Completion of construction and planting

The City completed the design and 
permitting for a retrofit of an inline 

detention pond to decrease ponding and 
associated heat-loading and restore a 

more natural stream/wetland complex to 
improve water quality.  680 acre 

drainage area.  Construction and planting 
completed during PY 19.

Watershed CIP

Private/Public Partnership Projects

Table 3-2 Examples of City of Gresham Watershed/Natural Resource Program Projects with Water Quality Benefits
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Project Site Project Partners
Invasive 
Removal 
Acreage

Planting 
Acreage

# of 
Plants Notes

Gresham Woods
JCWC, PWRP, FOT, Confl, Alpha HS, 
Columbia Christian School 250 8

2 acres are long-term 
maintenance stage; 7 
acres new restoration

Butler Creek Corridor Confl, JCWC, Columbia Christian School 500 14 4,685

9 acres are entering 
into maintenance 
phase; 5 acres new 
restoration; invasive 
removal and native 
interplanting 
throughout the entire 
site.

Eagle Woods Confl, NW Youth Corps 100 2 645

Entering into 
maintenance phase; 
invasive removal and 
native interplanting 
throughout the entire 
site.

Hogan Creek Confl 50 20 620

Invasive resprouts 
pulled twice/yr.

Springwater Woods STHS, Confl 150 10

Invasive resprouts 
pulled twice/yr.

Fairview Creek 
Headwaters Conflu, RLA 6 350

Test site for reed 
canary grass control 
methods

Kelly Creek 
(Streamside Property 
Owners Program) Confl, homeowners 287 4 4,200

Since 2007, city staff 
and volunteers have 
worked with 26 
homes on Kelly to 
partner in riparian 
restoration 
enhancements.

Bear Creek Confl, homeowners

combined with Butler 
Creek Corridor

Table 3-3: Restoration Activities
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Project Site Project Partners
Invasive 
Removal 
Acreage

Planting 
Acreage

# of 
Plants Notes

Fairview Creek 
(Burnside to 
Microchip reach) CSWC, Confl, homeowners 26 1 632

This project began 
during PY 10 and 
involves a total of 23 
private property 
owners. This project 
is in the long term 
maintenance stage on 
all but one property 
where restoration 
work is planned to 
continue. 

Heiney Creek (Private 
Fee for Service 
Program) Homeowners

This project has 
moved into 
maintenance phase.  
Maintenance 
activities performed 
by homeowners.

Scott St Confl 9 1,650

Expanded restoration 
all the way to Kane 
Park

Border Way Confl 8 850

Invasive removal and 
habitat enhancement

Grant Butte Confl 25 45 310

Invasive tree and vine 
removal

Gabbert Meadows Confl 60 12 900

Oak savannah 
restoration

Total 1363 66 11132  

Confl = Confluence AmeriCorps  

PWRP = Portland Watershed Revegetation Program RLA= Reynolds Leaning Academy

STHS= Springwater Trail High School  
JCWC= Johnson Creek Watershed Council    
FOT= Friends of Trees

CSWC= Columbia Slough Watershed Council
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Department Product Utilized
Facilities Maintenance

Ranger Pro  (isopropylamine salt of glyphosate)
Roundup (glyphosate)
Fertilizer 24-2-4
Crossbow (2,4-D/Triclopyr)

Transportation
Casoron (dichlorbenil)
Crossbow (2,4-D/Triclopyr)
Roundup (glyphosate)
Dimension (dithiopyr)
Moss Out (ferric sulphate)
Fusilade (fluazifop P Butyl)
Gallery (isoxaben)

Wastewater
none

Watershed
Rodeo (isopropylamine salt of glyphosate)
Monterey Super 7 (surfactant:  methyl acetic 
acid/monoethanolamine)
Garlon 3A (triclopyr)

Natural Resource Program
Rodeo (isopropylamine salt of glyphosate)
Garlon 3A (triclopyr)

Water
none

Parks
Roundup (glyphosate)
Crossbow (2,4-D/Triclopyr)
Element 3A (triclopyr triethylamine salt, 
triethylamine, ethanol)
Casoron (dichlorbenil)
Loveland (fertilizer: slow release)

Mult Co (for Gresham)
Roundup Pro (isopropylamine salt of glyphosate)

Totals
7,405 
lbs. 65.2 gal.

.6 gal.
.21 gal.

Table 3-4 City of Gresham Pesticide/Fertilizer Applications
Quantity

4 gal.

35 lb.

.5 gal.
4,820 lbs.
.42 gal.

1.8 gal.

2,350 lbs.

7.7 gal.
4.2 gal.

NA

4.9 gal.

0.4 gal.

NA

200 lbs.

9 gal.
7 gal.

1.8 gal.

3 gal.

11.7gal.

5.4 gal.
.38 gal.

2.2 gal.
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Table 3-5: Illicit Discharge Detection & Elimination--Dry Weather Screening Results and Follow-up 

Basin
Site 
Code

Date Flow Odor Color Clarity Floatables
Deposits/ 
Stains

Veg Cond Struc Cond Biological
DO 
(mg/L)

pH
Temp 
(*C)

Conducti
vity 
(uS/cm)

Turbidity 
(NTU)

Chlorine 
(mg/L)

Ammonia 
(mg/L)

Observations and 
Outcome

Burlingame P13 8/8/2013 Yes None Clear Clear None Oily Normal Normal Algae 8.55 7.65 19.1 192.2 4.44 <0.1 <0.25

Burlingame P12B 8/8/2013 No None Clear Clear None None NA Normal NA NM NM NM NM NM NM NM Dry

Burlingame S11 8/8/2013 No None Clear Clear None None NA Normal NA NM NM NM NM NM NM NM
Not enough flow to 
sample

Burlingame P12A 8/8/2013 Yes None Clear Clear None None Normal Normal NA 9.24 7.82 19.4 195.7 4.82 <0.1 <0.25

Burlingame S20 8/8/2013 Yes None Clear Clear None None NA Normal NA 8.03 7.26 19.2 211.3 1.5 <0.1 <0.25

Burlingame T18 8/8/2013 No None Clear Clear None Garbage
Excessive 
Growth

Normal NA NM NM NM NM NM NM NM Dry

Burlingame S18 8/8/2013 Yes None Clear Clear None None NA Normal
Iron 
Bacteria

7.98 7.17 20.1 151.4 1.5 <0.1 <0.25

Burlingame T14A 8/8/2013 Yes None Clear Clear None None NA Normal
Iron 
Bacteria

8.21 7.7 19.4 200.1 5.64 0.2 <0.25

Low level of chlorine 
present. Attributed to 
landscape irrigation due 
to past investigations.

Columbia 
Slough

F4 8/9/2013 Yes None Clear Clear None None NA Normal NA 8.69 7.49 18.2 148.1 5.74 <0.1 <0.25

Resampled NH4 due to 
high reading on 8/7. 
Resampling resulted in 
low NH4 reading. Previous 
high reading may have 
been an isolated event, 
possibly RV waste 
dumping in 
neighborhood. 

Columbia 
Slough

F4 8/7/2013 Yes None Clear Clear None None NA Normal NA 8.83 6.97 22.3 147.6 5.68 <0.1 0.4

High NH4 reading, 
possibly due to illegal RV 
dumping. Resampling 
required. See Note above 
for 8/9

Columbia 
Slough

H3 8/7/2013 No None Clear Clear None None
Excessive 
Growth

Normal Algae NM NM NM NM NM NM NM

Stagnant water in swale; 
not enough flow to 
sample. Lots of algae 
growing in swale

Columbia 
Slough

D2B 8/7/2013 No None Clear Clear None None NA Normal NA NM NM NM NM NM NM NM
Not enough flow to 
sample

Columbia 
Slough

D2A 8/7/2013 Yes Musty Clear Clear None None NA Normal NA 9.42 7.46 21.5 143.4 2.54 <0.1 <0.25

Columbia 
Slough

G2 8/6/2013 Yes None Clear Clear None None Normal Normal Other 9.91 8.13 16.9 244.9 0.54 <0.1 <0.25
Evidence of recent beaver 
activity near outfall.

Columbia 
Slough

F2 8/6/2013 Yes None Clear Clear None None NA Normal NA 9.22 7.85 15.2 201 2.38 <0.1 0.8

Ammonia not over action 
level, but looked at 
upstream manholes to 
see if any illicit source 
could be identified. 
Nothing found.

Columbia 
Slough

F4 8/6/2013 Yes None Clear Clear None None NA Normal NA 8.62 7.26 19.9 148.6 17.1 <0.1 1.2
Conitnued looking 
upstream for NH4 source

Fairview I12B 8/7/2013 Yes None Clear Clear None None Normal Normal NA 9.69 7.9 20 194.1 1.97 <0.1 NM
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Basin
Site 
Code

Date Flow Odor Color Clarity Floatables
Deposits/ 
Stains

Veg Cond Struc Cond Biological
DO 
(mg/L)

pH
Temp 
(*C)

Conducti
vity 
(uS/cm)

Turbidity 
(NTU)

Chlorine 
(mg/L)

Ammonia 
(mg/L)

Observations and 
Outcome

Fairview J10 8/7/2013 Yes None Clear Clear None Sediments NA Normal NA 8.61 6.36 18.8 165.9 1.41 <0.1 <0.25

Fairview K4 8/6/2013 Yes None Clear Clear None None Normal Normal NA 9.3 7.48 18.6 188.8 1.12 <0.1 <0.25

Fairview L7A 8/6/2013 Yes None Clear Clear None None Normal Normal NA 9.34 7.53 18.5 180.7 1.34 <0.1 <0.25

Fairview L7A 8/6/2013 Yes None Clear Clear None None Normal Normal NA 9.73 7.47 16.7 149 3.03 <0.1 <0.25

Johnson P15 8/9/2013 Yes None Clear Clear None Other NA Normal NA 7.83 7.71 20.5 301 5 <0.1 <0.25

Measurements seem 
normal, and no odor or 
color, but periodic small 
bubbles in water, so may 
be some detergent or 
solvent present. Follow 
up on upstream 

Johnson P15 8/8/2013 Yes None Clear Clear None Sediments NA Normal NA 8.9 7.62 21.7 311 43.6 3.5 <0.25

Turbidity high due to 
stirring up sediment 
during sample collection. 
Chlorine level extremely 
high. Followed up on 
Victory. Sampled flow on 
Victory from E, but no 
NH4 or Cl. Possibly 
coming from car detailing 
up towards Powell. Check 
with Ops to see if they 
Tv'ed line between 

Johnson G18A 8/7/2013 Yes None Clear Clear None Other NA Normal NA 8.64 7.31 17.8 189.9 NM <0.1 <0.25

Johnson K16 8/7/2013 Yes None Clear Clear None None Normal Normal NA 9.34 7.71 18.2 149.2 1.37 <0.1 <0.25

Johnson J18A 8/7/2013 Yes None Yellow Cloudy None None NA Corrosion
Iron 
Bacteria

9.34 7.08 16.5 221.7 75.1 <0.1 0.6

Ammonia above action 
level. Have investigated in 
the past and determined 
from natural sources.

Johnson J18 8/7/2013 No None Clear Clear None None NA Normal NA NM NM NM NM NM NM NM Dry

Johnson F18 8/7/2013 No None Clear Clear None None NA Normal NA NM NM NM NM NM NM NM Dry

Johnson M16 8/7/2013 Yes None Clear Clear None Other Normal Normal Algae 7.43 6.91 22.7 437.7 20.4 <0.1 0.4
Algae and iron bacteria 
both present in outfall.

Johnson N16 8/7/2013 Yes None Clear Clear None Sediments Normal Corrosion
Iron 
Bacteria

8.24 6.83 19.4 248 21.7 <0.1 <0.25

Johnson L16B 8/7/2013 Yes None Clear Clear None None NA Normal NA 8.93 7.24 21 214.3 5.55 <0.1 <0.25

Johnson E18A 8/7/2013 No None Clear Clear None Sediments NA Normal NA NM NM NM NM NM NM NM Dry
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Category Address Complaint Action Resolution Watershed

Miscellaneous 19217 NE San Rafael Bright green liquid pooled behind industrial park 
near railroad. 

Immediate site visit by city staff. 
Evidence of  green fluid found on 

private property.

City staff talked with site 
manager and verified contractor 
was using inert dye for testing of 

the storm sump system

Columbia Slough

Auto Fluids NE 181st ramp entrance to I-
84 West Diesel spill on roadway

City staff spoke to responsible party 
and ordered them to contact NRC to 

conduct a clean up on the street

Placed  2 bags of absorbent to 
absorb diesel and NRC cleaned 

street.
Columbia Slough

Unknown 
Discharge

Gresham Public Library, 385 
NW Miller Ave

White milky discharge, possibly paint or drywall 
mud disposed of in storm drain by contractor.

City operations staff cleaned the 
storm drain. 

Notified library manager of 
contractor responsibilities. Johnson Creek

Paint 835 NE 202nd Ave. Paint from auto shop poured into storm drain/UIC Inspection conducted found 
evidence of dried paint on inlet.

Auto shop issued Notice of 
Violation. UIC was tested and no 

pollutants found.
UIC

Auto Fluids 214th and Stark St. Vehicle in car accident leaking auto fluid onto 
street

Police responded to accident and 
pushed vehicle off street 

City staff determined that a large 
puddle of standing water caused 
leaking vehicle to flow oil sheen 

down the sidewalk and into 
roadway. Vacuum truck used for 

clean up. 

Fairview Creek

Auto Fluids SE 181st and San Rafael Car accident caused auto fluids to leak into road. City staff responded and investigated 
site.

City staff initiated cleanup of 
auto fluids.  Columbia Slough

Miscellaneous SE 5th and Vista Three power poles down, two leaking coolant oil, 
possibly containing PCB's.

City staff investigated site and 
contacted PGE Foreman who stated 
PGE spill group had been notified.  

Determined transformer oil had 
entered a catch basin.  PGE 

Senior Project Specialist stated 
the oil was non-PCB oil and 

could be absorbed with booms 
and pads.  PGE completed clean-

up with absorbent booms and 
pads.

Johnson Creek

Table 3-6:  Spill and Illicit Discharge Response
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Category Address Complaint Action Resolution Watershed

Auto Fluids NW Ava and Division
Diesel leaking from ruptured fuel tank at Best 

Buy.  Truck hit hydrant, tore the fuel tank, 25-50 
gallons spilled.

COG conducted clean up,  Insurance 
Co. OK'd NRC to take over.  COG 

placed booms/absorbents at site, and 
at Fairview Creek Water Quality 
Facility, downstream of spill site.

 Monitored water quality facility 
for 2 weeks and found no 

evidence of fuel entering facility.
Fairview Creek

Paint SW Pleasant View, South of 
Powell Loop Fence/Deck stain, less than1/2 gallon. Detected by city staff Used absorbent and disposed of 

materials in Storm Decant. Johnson Creek

Auto Fluids 4619 SE 5th Street Neighbor alerted city staff to oil sheen on road.
City staff visited site and determined 

that garbage truck had leaked oil 
onto road.

Garbage company contacted and 
agreed to sweep street after 

absorbent had been applied by 
city staff.

Kelly Creek

Sanitary 
Discharge SE 11th and SE Kane

Speedy Septic Truck overturned and spilled 
approximately 40 gallons of sewage onto 

roadway.

City staff responded to site and 
applied absorbent. Street closed and cleaned. Kelly Creek

Auto Fluids 4248 SE 1st Street Leaking hydraulic line from garbage truck. City staff responded to site.

Garbage company applied 
absorbent and cleaned up fluids 

in street. No material reached the 
catch basin.

Kelly Creek

Auto Fluids 242 NE Hogan Gasoline spill from broken line in sump pump at 
closed gas station.

Contractor initially started clean-up 
process, city staff responded to site 

and found that fuel had entered catch 
basin and stormwater system.

Contractor worked with private 
contractor to thoroughly clean all 

catch basins and stormwater 
lines affected downstream of 

spill.

Kelly Creek

Sediment NE 223rd and Stark Irrigation water with sediment from container 
irrigation leaking onto sidewalk and into road.

City staff responded and contacted 
farm employees to alert them of the 

situation.

Farm employees corrected 
irrigation mistake and diverted 
excess flows back into settling 

pond.

Fairview Creek

Soap/detergents 427 SE 218th Soapy water from used appliance cleaning 
flowing into road and nearby yards.

City staff investigated complaint and 
determined that daily washwater 

from used appliance business was 
source.

Business owner was issued a 
Civil Penalty Warning letter 

from the City and instructed to 
change their practices.

Fairview Creek
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Category Address Complaint Action Resolution Watershed

Sanitary 
Discharge 2274 SE 194th Ave

Illegal connection to stormwater from unoccupied 
trailer with pvc pipe leading to stormwater 

manhole.

City staff alerted Code Enforcement 
of the situation.

Code Enforcement issued Civil 
Penalty Warning letter to 

landowner alerting them of the 
situation and city code violation.

Columbia Slough

Sediment 103 SE 223rd
Large quantities of wind blown sediment settling 

into roadway and yards from farm across the 
street.

City staff visited farm and spoke 
with owner regarding complaints.

Farm staff swept sidewalks and 
removed sediment. Fairview Creek

Sanitary 
Discharge 807 SE 187th

Referral from DEQ regarding complaints of 
apartment complex pumping raw sewage into 

parking lot catch basin.
City staff responded and visited site.

No evidence of illicit discharge 
could be found. Contacted 
complainant and requested 

immediate notification if illicit 
discharge was witnessed again.

Columbia Slough

Animal Waste Hwy 26 and Kane Cow manure spilling out of cattle truck. City staff responded to site and 
initiated clean-up efforts.

East bound lane of Hwy 26 was 
temporarily closed, while 

operations crew pressure washed 
and vacuumed wastewater from 

road and catch basin.

Kelly Creek

Oil Spill 1204 NE 190th
Used oil left out for recycling to pick up had 
spilled into road. Concerned citizen called in 

complaint.

City staff responded to site and 
investigated source.

Operations crew used absorbent 
to soak up oil and then used 

street sweeper to pick up 
material.

Columbia Slough

Auto Fluids West bound ramp onto I-84 Diesel spill on roadway ODOT responded to complaint and 
notified city staff.

City staff investigated 
stormwater system downstream 
of fuel spill and determined that 
no fuel had entered the system. 
ODOT led the clean-up efforts.

Columbia Slough

Unknown 
Discharge 1717 SE Orient Dr. Residents of mobile home park noticed white 

substance in creek behind mobile home park.

City staff responded to complaint, 
but creek was running clear when 

investigated.

Mailing was sent to residents of 
mobile home park informing 

them of code violations 
pertaining to illegal dumping 

into waterbodies.

Kelly Creek

33



Category Address Complaint Action Resolution Watershed

Oil Spill 473 SE 194th Gasoline tank punctured, spilling fuel across 
parking lot and into catch basin/Contech vault.

City staff responded to site to verify 
that clean-up efforts were adequate.

Clean-up efforts were completed 
and no evidence of fuel entering 

UIC.
Columbia Slough
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Public Purchase 
of Land

Staff respond to the cost/benefit opportunities presented by residents or businesses 
wanting to sell the city their land.

Streambank 
Failure/Floodin
g concerns

Staff investigate concerns over trees falling into the creek, inspect culverts, etc. for 
blockages and concern of water backing up. Investigate concerns over hazard trees 
in natural areas and concerns about stream bank stability.  Staff update our data, as 
applicable in order to track and rank concerns related to infrastructure and potential 
future capital projects.

Fee Reduction
Staff inspect properties and process requests for stormwater fee reductions based 
upon on-site stormwater management, typically from a resident having a private 
drywell or disconnected downspout from the city's infrastructure.

Pesticide 
application/wat
er quality 
concerns

Staff receive questions about which products are the least toxic to control invasive 
species, remove "pest" trees such as holly and which products are safe for pools and 
spas (or if they can be released into the stormwater system).  Staff also receive 
concerned calls regarding iron bacteria or other algae growing on stormwater 
infrastructure on in creeks or wetlands.

Private Facility 
Maintenance 

Staff spend time providing research documents to residents about who owns a 
particular facility and providing guidance for facility maintenance. When residents 
have a concern about the condition of a public facility, staff are sent to inspect and 
respond accordingly.

Table 3-7: Citizen Complaints*
Issue and Resolution

*Many citizen calls are also reported in the illicit discharge categories and minor drainage complaint 
investigations. These combined tables provide a representation of the nature of issues addressed by 
the stormwater program staff.  
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Program/Event and Partners Watershed of Focus Number of 
Contacts Educational Focus

For Residents

Field-based learning events for school groups Johnson Creek, Kelly 
Creek

300 students and 
teachers

Invasive species, native plant and animal species and healthy 
habitats

Field-based learning events for Scout groups Johnson Creek, Fairview 
Creek 30 kids and adults Watershed health

Rain Garden & Naturescaping Workshops (3) in partnership with 
Johnson Creek Watershed Council and East Multnomah Soil and Water 

Conservation District
All 40 residents

Stormwater volume and pollution reduction through 
downspout disconnection, rain gardens, natural gardening, and 

native plants, encouraging $200 rain garden grants.

Backyard Wildlife Habitat home visits All 12 residents and 2 
schools

Consultation visits with homeowners regarding qualifying for 
"Backyard Wildlife Habitat" status thru the National Wildlife 

Foundation

Weed and wildlife classes All 234 kids and adults
A series of classes designed to educate residents about local 
flora and fauna and what they can do to help preserve and 

protect them and their habitats

City of Gresham Parks & Recreation Division: Adopt a Trail program: 
Springwater, Butler, Bear and Kelly Trail Corridor about 5 miles of trail 

maintenance and litter removal
Johnson/Kelly

Total number of 
volunteers who 

participate is not 
reported to the City

General stewardship and appreciation of natural resources, 
litter removal.

Johnson Creek Watershed Council (JCWC) Newsletter, July, Oct, 
January--COG watershed education messages and support with 

publishing and mailing
Johnson Approx. 370 

Gresham homes

Volunteer opportunities, importance of riparian enhancement 
and stewardship, how to manage stormwater on your property: 
rain gardens and permeable paths, benefits of naturescaping.

JCWC E-bulletin, monthly Johnson
JCWC e-list of 

about 300 Gresham 
residents

General watershed education.

City of Gresham News to Reuse Newsletter, Fall and Spring All 39,000 households 
each issue

Naturescaping, volunteer opportunities, leaf disposal, 
composting, household hazardous waste recycling options, 

paint recycling.

City of Gresham utility bill stuffer All

Utility bill stuffer, 
39,000 households                 
Gresham Outlook , 

12,000

Fall leaf disposal, general stormwater & flooding issues.

WMD Fish-Friendly Car Wash program All

Kits continue to be 
used at various 

Gresham certified 
sites.  Total number 

of contacts 
unknown.

Soap, grease and heavy metal pollution prevention.  Education 
on use of professional car washes as an environmentally 

friendly alternative.

JCWC Watershed Wide Event (summer and winter) supported by City of 
Gresham staff and Gresham's AmeriCorps/EnviroCorps volunteers. Johnson 150 adults and 

children Riparian buffer function for stream protection. 

JCWC Science Pub at Gresham's 4th Street Brewery All 65 adults Presented on temperature impacts to Johnson Creek

JCWC Golf Tournament Johnson 80 adults Pesticide and fertilizer reduction, naturescaping, and rain 
garden education information.

Columbia Slough Watershed Council--WMD support of Slough School 
program

Fairview/Columbia 
Slough

7 schools 
participated in SS 
programs, worked 
directly with 1213 

students and 
teachers

General education of watershed protection and pollutant 
prevention measures.

Columbia Slough Watershed Council--Regatta event--supported by 
WMD

Fairview/Columbia 
Slough

Almost 400 
attendees General watershed education.

Columbia Slough Watershed Council--Explorando de Slough  event for 
Latinos

Fairview/Columbia 
Slough Over 500 attendees. General education of watershed protection and pollutant 

prevention measures.

City of Gresham and Regional partners with KOIN TV--"Do the Right 
Thing" ad campaign and website All

Aired 5 stormwater 
pollution reduction 
PSAs 372 times, 

total Metro region 
adult annual 

impressions: 10.7 
M.  300 web 

visitors per month. 

Topics: Plant Natives, Lawn Maintenance, Garden organically, 
erosion control, invasive plants, oil recycling, general 

stormwater pollution.  

Table 3-8 Examples of Water Quality Education Efforts*
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Program/Event and Partners Watershed of Focus Number of 
Contacts Educational Focus

Table 3-8 Examples of Water Quality Education Efforts*

City of Gresham e-newsletter, City newsletter, social media, and website: 
greshamoregon.gov/watershed All

e-letter: 503 
monthly

City news: 48,000 
quarterly

Facebook: >2,700 
fans

Twitter: >1,000

Pesticide and fertilizer reduction, naturescaping, and rain 
garden education information.

Interpretive panels and public rain gardens, COG Watershed Division Johnson/Fairview Total contacts 
unknown

All residents:  City oversees volunteer stewardship of public 
demonstration gardens at Hall Elementary, Hollydale 

Elementary, St. Henry's Church, Covenant Baptist Church, 
West Gresham Elementary, SnoCap Charities and Gresham 

High School.  

KATU Am Northwest Gardening Topics, Metro All
13 segments, 

viewership 30K in 
the Metro area

Collaborated with more than 10 regional conservation 
organizations to assist with natural resource and toxic 
reduction education message products and campaigns.  

Assisted Metro with content for news segments.

City of Gresham Erosion Control Reporting sign (English and Spanish) All Unknown
General education regarding threats to streams from 

development projects that are seen by surrounding residential 
homes near development projects.

For Businesses

City of Gresham GREAT Business Newsletter (Fall, Spring) All 2,100 businesses 
2X Per Year

Stormdrain Cleaning Assistance Program, General Best 
Practices

City of Gresham Erosion Control Reporting sign (English and Spanish) All Placed on active 
development sites

General education regarding threats to streams from 
development projects that are seen by surrounding businesses 

in commercial and industrial areas.  This also ensures 
contractors and their subs are informed of the City's 

expectations.

City of Gresham Stormdrain Cleaning Assistance Program (SCAP)--
offered to City of Fairview businesses as well All 124 Businesses, 

165 drains cleaned Pollution prevention via removal of sediment and debris.
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Table 3-9
INDUSTRIAL STORMWATER PERMIT HOLDERS (1200-COLS & 1200-Z) IN GRESHAM'S JURISDICTION

Facility Legal Name
FY 13-14 
(Approved) Street Address City Zip

DEQ WQ File 
Number Permit Type

Expiration 
Date

Enforcement 
PY19

ABS OR-O DC LLC

Albertson's 
Distribution 
Center # 8252

17505 NE San 
Rafael St Portland 97230 104374 Gen. 1200-COLS 9/30/2016 None 

Denton Plastics Inc. Denton Plastics Inc.
18811 NE San 
Rafael Portland 97230 113915 Gen. 1200-COLS 9/30/2016 None 

Pella Vinyl Northwest I

Pella Vinyl- 
Portland 
Operations 18600 NE Wilkes Rd Portland 97230 120478 Gen. 1200-COLS 9/30/2016 None 

McDonald & Wettle Inc. 2020 NE 194th Ave Portland 97230 Gen. 1200-COLS 9/30/2016 None 

Owens Corning Foam 
Insulation, LLC

Owens Corning 
Foam Insulation, 
LLC-Gresham 18456 NE Wilkes Rd Portland 97230 113153 Gen. 1200-COLS 9/30/2016 None 

Cascade Corporation Cascade Corp. 2201 NE 201st Ave Fairview 97024 100491 Gen. 1200-COLS 9/30/2016 None 

The Boeing Company
Boeing of Portland-
Fabrication 19000 NE Sandy BlvdPortland 97230 9269 Gen. 1200-COLS 9/30/2016 None 

Rolling Frito Lay Sales 
Frito-Lay Mega-
Portland 4300 NE 189th Ave Portland 97230 113285 Gen. 1200-COLS 9/30/2016 None 

International Paper Com
International Paper 
Portland 1601 NE 192nd Ave Portland 97230 107744 Gen. 1200-COLS 9/30/2016 None 

NRI Inc.
NRI Northwest 
Retreaders 19004 NE San Rafael Portland 97230 111262 Gen. 1200-COLS 9/30/2016 None 

First Student, Inc.
First Student-
Gresham 1625 SE Hogan Rd Gresham 97080 112646 Gen. 1200Z 6/30/2017 None 

Mutual Materials 
Company

Columbia Brick 
Plant 2300 SE Hogan Rd Gresham 97080 108092 Gen.1200Z 6/30/2017 None 

Scenic Fruit Company
Scenic Fruit 
Company 7510 SE Altman Rd.  Gresham 97080 78990 Gen. 1200Z 6/30/2017 None 

Pioneer Sheet Metal
Pioneer Sheet 
Metal 19591 NE San Rafael Portland 97230 120503 Gen. 1200-COLS 9/30/2016 None 
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Program Area PY 19 Budget PY 20 Budget

FY 13-14 (Approved) FY 14-15 
(Projected)

Water Quality:
Policy Development

Stormwater/Erosion Manual Oversight
Permit Compliance

Monitoring and Analysis
Spill Response

Public Education & Outreach
Private Water Quality Facility Program

Inspection & Enforcement
Erosion Control Inspection & Enforcement

TMDL Compliance
Stormwater Assets Management

Training

 $                   969,000 817,000$                  

Natural Resources:
Restoration

Capital Improvements
Master Plan Updates

Invasive Species Control
TMDL Compliance

Green Space Acquisition

 $                   346,000 341,000$                  

Engineering:
Capital Improvements

Minor Drainage/Flood Control
Public Works Standards

Stormwater Manual Oversight
Master Plan updates

Mapping
Stormwater Assets Management

Training

 $418,000
$3.9M CIP 

 $548,858
$7.9M CIP (includes 

regulatory UIC 
retrofits) 

Operations & Maintenance:
Systems Maintenance & Repair

Equipment Repair & Replacement
Spill Response

Inspection
IMP implementation

Mapping
Training

1,838,000$                 2,092,697$               

Table 3-10: City of Gresham Watershed Management Division 
Budget Allocation (including staff and operating)
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Infrastructure Development (Development 
Engineering, GIS Mapping, Surveying, Public Works 
Inspections, Commercial Erosion Control Inspections)

 $              453,400.00  $            293,800.00 

City Admin Support, Management, Overhead 1,402,000$                 2,306,790$               

Total
 $5.4M 

Operating/Salary
$3.9M CIP 

 $5.8M 
Operating/Salary

$7.9M CIP 
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City of Fairview NPDES Annual Compliance Report, Permit Year 19

November, 2014

Section Four – City of Fairview Summary of Program Monitoring
Municipal National Pollutant Discharge Elimination System Annual Report for Permit Year 19, 
Permit #101315, November 1, 2014

Executive Summary
The City of Fairview (City) manages the stormwater system with the goal of reducing pollutants to the 
maximum extent practicable, preventing flooding and enhancing natural resources.  The City is a co-
permittee with the City of Gresham on the National Pollutant Discharge Elimination System (NPDES) 
Municipal Separate Storm Sewer System (MS4) Permit (#101315). 

DEQ reissued the Permit on December 30, 2010 requiring the City to modify the SWMP to reflect the 
new permit conditions. The City's 2011 SWMP incorporates the new Permit conditions and includes 
best management practices (BMPs) and other elements intended to reduce the introduction of pollutants 
to the maximum extent practicable (MEP). 

This Permit Year (PY) 19 Annual Report documents implementation activities from July 1, 2013 
through June 30, 2014 within the city limits of Fairview. Activities include, but are not limited to, the 
Best Management Practices (BMP) contained within the Stormwater Management Plan (SWMP). The 
status of the BMP’s and adaptive management are summarized in the table that follows. Table 4-2 
summarizes the time period July 1, 2013 to June 30, 2014 implementing the 2011 SWMP. Section 2 of 
this report summarizes the Environmental Monitoring Program that is conducted by the City of 
Gresham on behalf of the City of Fairview.

As part of the annual adaptive management process, data and feedback were collected from staff 
responsible for implementing/reporting on each BMP. Factors considered include but are not limited to: 
Was the BMP measurable goal attained? If not, describe circumstances why, and how progress will be 
made toward future attainment. For multi-year BMPs, were milestones or timelines met? Can we 
feasibly refine or improve the BMP to gain efficiency or effectiveness in removing stormwater 
pollutants? In addition to assessing the implementation of each BMP,  staff weighed resource 
availability and needs related to the overall stormwater program, including consideration of 
budget/funding, training needs, new technology and available equipment. The annual adaptive 
management process will inform any alterations to the stormwater program or future modifications to 

There are no Urban Growth Boundary expansion areas contiguous to the City of Fairview.  
Consequently there are no associated concept planning, significant land use changes or significant 
development activities to report for PY 19.



City of Fairview NPDES Annual Compliance Report, Permit Year 19

November, 2014

Stormwater Management Program Budget

Table 4-1 2013-2014 2014-2015
Program Area PY 19 Expenditures PY 20 Anticipated Budget

Stormwater Fund $627,935 $779,412
Street Fund $540,029 $547,941

City of Fairview Stormwater Management program costs for Permit Year 19 are primarily
associated with the Department of Public Works.

Stormwater fund expenditures and anticipated budget allocations incorporate wages and benefits,
operating materials, equipment repair/maintenance, water testing (NPDES compliance), storm
water disposal (NPDES permitting), improvements, and general administration.

Street fund expenditures and anticipated budget allocations incorporate wages and benefits,
operating materials, maintenance services (including IGA with Multnomah County), equipment
repair/maintenance, improvements, traffic calming, footpaths and bike trails, and general
administration.
The table below outlines fund expenditures for PY 19 and provides the anticipated budget for
Permit Year 19, (Fiscal Year 2013-2014).  
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Illicit Discharge 
Enforcement Ongoing

Implement City code sections 13.40.050 and 13.40.110:
•    City code section 13.40.050 prohibits constructing, using, maintaining, or continuing an illicit connection to the storm 
drain system.
•    City code section 13.40.110 discusses enforcement actions for failing to comply with control of non-stormwater 
discharge.  The penalty for a first violation is $250.  A penalty of $1,000 may be imposed for each subsequent failure to 
comply and each day of a continuing violation shall constitute a separate offense.  
The City may order compliance by written notice that includes performance of monitoring, analysis, and reporting; 
elimination of illicit connections or discharges; abatement or remediation; payment of fines; and implementation of source 
control or treatment BMPs.  The public works director may also exercise authority to enforce a construction permit or 
NPDES permit through a stop work order if necessary.

For identified illicit discharges 
conduct appropriate 
enforcement actions.

Track number, 
location and resolution 
of enforcement 
actions.  

 

 

There were no illicit discharge events that were investigated and enforced for 
compliance during PY 19, except for a broken sanitary sewer service lateral (100 
NE 2nd St. Fairview, OR).  It was discovered during CIP project construction last 
May 29, 2014. The problem was when Frontier (formerly Verizon) installed their 
telephone cable fiber optic using directional boring (trenchless technology) which 
intersected the sewer service line.  The broken section was repaired by the 
project contractor.  Frontier was notified to conduct their projects with exploratory 
excavation (vacuum pressure or open excavation) prior to trenchless boring 
activities.

No modification Engineering Associate         

Illicit Discharge Field 
Screening 

Procedures
Ongoing

Conduct dry weather inspections of accessible outfalls following the procedure in the Stormwater Operation and 
Maintenance (O&M) Manual to search for, detect, and prevent illegal dumping of pollutants and illicit connections 
(including connections from sanitary sewers and commercial and/or industrial wastewater sewers) to the storm sewer 
system.  Any dry weather flows identified will be reported to the public works department. 
Annually update maps as necessary to indicate field screening locations.

Inspect accessible outfalls 
annually.
Maintain maps of outfall 
inspection locations.

Track number and 
percent of outfalls 
inspected.

 

 

 

The City of Fairview has updated and refined the stormwater GIS data on 
Structural Stormwater Facility Maps  reflecting both facilities on public (BMP 
8.1_Structural Public Stormwater Facilities) and private (Element 8.2_Structural 
Private Stormwater Quality Facilities).  A new polygon layers of the GIS system 
was created for structural stormwater facilities and receiving sub-basins including 
outfall's discharge point to receiving streams, ponds and lakes.  The City of 
Fairview has identified and mapped a total of 38 outfalls; nine of which are 
considered high priority.  

Only the high priority (9) outfalls out of the 38 identified total outfalls were 
inspected for "Dry Weather Field Screening" during PY 19 due to staff limitation 
and transitioning.  However, the remainder of the 38 outfalls were completely 
inspected last September 9, 2014 for PY 20. 

No modification Storm Lead Worker 
Map Tech

Illicit Discharge 
Investigation 
Procedures

1-Jul-12

 Implement follow-up actions on a prioritized basis when problems are reported to the public works department.  Follow 
up actions may include sampling for pH, dissolved oxygen, temperature, conductivity, ammonia, and total chlorine.  If 
elevated results or poor water quality are detected, additional samples could be collected for lab analysis.  If screening 
results indicate a potential problem, staff will conduct upstream investigations.
The City will revise and document standard operating procedures to address new permit requirements and to document 
and update the details of the illicit discharge field screening and investigation procedures by June 30, 2012.  

Develop revised procedures by 
July 1, 2012.
Until procedures are revised, 
investigate problems reported 
within 2 weeks of the initial 
report.

Track number and 
type of problems 
reported, and track 
problem resolutions.
Track status of 
revisions to 
procedures.  

 

Refer to BMP 1.1_Illicit Discharge Enforcement for event description reflecting 
investigation_BMP 1.3 and enforcement_BMP 1.1.  

There were no illicit discharge investigation events conducted during PY 19.

No modification Engineering Associate         

Wellhead Protection Program.  The wellhead protection program serves to prevent spills and illegal dumping.  The City 
will work to maintain its existing agreement with the City of Gresham for wellhead inspection in the Columbia South Shore 
Well Field Wellhead Protection Area and continue to implement wellhead protection throughout Fairview for the protection 
of groundwater.  This program is included here because of its residual benefits to stormwater.
Wellhead Protection - Intergovernmental Agreement.  The City of Gresham and the City of Portland entered into an 
intergovernmental agreement for the Implementation of the Columbia South Shore Well Field Wellhead Protection 
Program in 2003 (City of Gresham contract number 1609).  This agreement provides protection of the Columbia South 
Shore Well Field Wellhead Protection Area lying within Gresham and Fairview from contamination by hazardous 
substances generated at industrial and commercial facilities.

Fairview has adopted Ordinance #12-2002 to protect the Columbia South Shore Well Field Wellhead Protection Area 
from contamination by hazardous substances by establishing an inspection and enforcement program governing the 
utilization, storage and transportation of hazardous materials in Fairview’s portion of the Columbia South Shore Well Field 
Wellhead Protection Area.  
A wellhead inspection is performed at commercial and industrial facilities by the City of Gresham.  The entire city, except 
for a residential area, high school and park, is included in the wellhead protection program.
Fairview, Gresham and Portland Staff meet at least annually to discuss any changes to code provisions and any rules 
promulgated thereunder by either party.
Wellhead Protection - City Code and Reference Manual.  

Engineering Associate  
City of Gresham (IGA) 

Responsible Party

Spill Prevention Ongoing

Once during the permit term, 
conduct inspections of all 
businesses with regulated 
quantities in the well field.

Summary and Date 
of Proposed 

Adaptive 
Management 
Modifications

Tracking Measures

Three regulated industrial/commercial facilities  at zone 1 of the Columbia South 
Shore Wellfiled Protection Area were inspected during PY 19 reflecting 
BMP2.1_Spill Prevention, which are as follows:                                                                                                                                                                                                                                                                                                                                                                                                                                                  
1)  Moore Excavating, Incorporated (MEI)                                                                   
2)  Connor Manufacturing 
3)  NAACO Materials Handling                                                      

There were no enforcement actions taken based on the conducted inspection.  
City of Gresham addresses BMPs 1.4 and 1.1 (Ground Water Quality 
Management) and City of Fairview addresses BMPs 2.1 and 8.2 (Stormwater 
Quality Management on receiving water bodies).                                                                          
.                                                                                                                                                                                                                                                                                                                                                               

No modificationTrack the number of 
inspections 
conducted.

SWMP Element #1- Illicit Discharge Detection and Elimination

Compliance 
Date BMP DescriptionBMP Name Measurable Goals
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Responsible Party

Summary and Date 
of Proposed 

Adaptive 
Management 
Modifications

Tracking MeasuresCompliance 
Date BMP DescriptionBMP Name Measurable Goals

Maintain agreement with the City of Gresham Fire Department for clean-up after structural fires and vehicular accidents 
to prevent pollutants and debris from being washed into the storm drain system.
When there is a hazardous spill or a spill of any other substance that:
•    Is hazardous in any quantity
•    Is non-hazardous and greater than 42 gallons on the ground
•    Or is any quantity that has entered a waterway or a dry well.
The City of Gresham Fire Department staff notifies the Oregon Emergency Response System (OERS).  OERS then 
notifies the Oregon Department of Environmental Quality (DEQ) and other state and local agencies that may be affected.  
The responsible party, if identified, is required to contact an environmental clean-up company and pay for clean-up costs.  
Examples could include spillage of a 55‑gallon-drum of restaurant grease or sanitary sewer overflows on private 
property, resulting in or having the risk of resulting in, discharges to the public stormwater system.  DEQ remains the 
enforcement authority in these cases.  DEQ may choose to enforce against the responsible party under the following 
conditions:   1) the party has acted maliciously; 2) the party is a repeat offender; or 3) the party has failed to report the 
incident to DEQ.
  Non-Hazardous Substances  
Public Works staff will investigate and provide emergency containment and clean-up as necessary.  If the responsible 
party can be identified, he or she is directed to provide containment and site clean-up.  If the spill is an imminent threat to 
waters of the state, the City reserves the right to provide clean-up and bill the responsible party for the work.  The 
responsible party will be invoiced for any response and clean-up provided by the City.  Examples include spills or 
dumping of paint, auto fluids, carpet cleaning wastes or concrete, etc. into catch basins or onto the street.
In non-emergency situations, such as dumping of debris on private property near a stream bank, Public Works staff will 
notify the responsible party, verbally and in writing, and specify a timeframe for clean-up.  Staff will refer the incident to 
Code Enforcement if the responsible party does not respond within the specified time frame.Code enforcement has the 
authority to issue Abatement Procedures, Violations or Civil Actions.

Releases from Traffic Accidents If there is a spill of automotive fluids resulting from a traffic accident, the Gresham Fire 
Department will spread an absorbent compound (usually clay) and specialized absorbent pads on automotive fluids.  
Buckets are placed underneath dripping fluids.  The road is swept and cleaned and, when necessary, additional 
protection is placed around the catch basins.  Large leaking spills from commercial vehicles or semi-trucks are captured 
using a children’s plastic pool.  From a legal standpoint, the generator of the spill is responsible; therefore the waste 
materials are bagged and placed inside the wrecked vehicle or given to the tow truck driver for disposal.   
The City will perform the clean-up or utilize private clean-up contractors in order to continue the spill response program, 
when no responsible party can be identified.

Municipal vehicle 
monitoring and 
maintenance

 Ongoing

Ensure that materials from municipal vehicles do not leak, spill, or otherwise release contaminants onto roadways or 
open spaces where they may be washed into storm drains or waterways.  Municipal vehicles are inspected by the driver 
during loading and unloading.  If any leaks are observed between the regular maintenance the vehicles are repaired 
immediately.

Maintain vehicles on a 4-month 
schedule.  

Track status of 
municipal vehicle 
maintenance.  

All City fleet vehicles were regularly maintained and serviced as scheduled with 
auto service providers.  No vehicular leaks were detected.  

No modification PW Superintendent 
Police Dept.

Water Line Flushing  Ongoing
The City periodically flushes all public water lines to ensure the reliability and quality of the domestic water system.  To 
minimize impacts to the storm system, discharges are dechlorinated with the use of ascorbic acid (vitamin C).  The 
flushing crew periodically tests the chlorine levels of the discharge prior to entering the storm system.

Dechlorinate waterline flushing 
with vitamin C.

NA
 

No chlorine detected. No modification Water Lead Worker

Industrial and 
Commercial Facility 

Inspections
Ongoing

Implement the City’s Industrial and Commercial Facility Inspection procedure that is included in the Stormwater Operation 
and Maintenance Manual to control the discharge of pollutants in stormwater from industrial and commercial facilities to 
the municipal separate storm sewer system.

Spend one week (40 hours) 
implementing commercial and 
industrial inspection 
procedures.

Track number of 
facility inspections and 
follow-up.

 
There were 3 industrial / commercial businesses that were inspected during this 
PY 19, reflecting BMP2.1 and totaling 20 hrs. only of inspection and 
documentation due to staff limitation and transitioning.  Please refer to BMP1.4 
detail.

The City of Fairview has updated an inventory list for regulated, non-regulated 
and monitored businesses as reference for inspections.  Coordinated inspection 
effort is performed with the City of Gresham through IGA.  City of Gresham 
addresses BMPs 1.4 and 1.1 (Ground Water Quality Management) and City of 
Fairview addresses BMPs 2.1 and 8.2 (Stormwater Quality Management on 
receiving water bodies).                                                                                                                                                                            

No modification Engineering Associate        

Screen 
Industries/Businesse
s and Track NPDES 
Stormwater Permits

Annually

Annually, the City will review their business license inventory to determine whether any new facilities would be subject to 
an industrial stormwater NPDES permit.  This determination will occur based on a review of the applicable SIC codes 
related to the 1200-series NPDES permit.  If a facility is identified that would be subject to an industrial stormwater 
NPDES permit, the facility and DEQ will be notified within 30 days.
During industrial and commercial inspections staff will obtain a copy of the facility’s permit or work with the facility to either 
obtain a permit, or eliminate the potential for contact of pollutants with stormwater, thereby eliminating the need for a 
permit.  In cases where discharges appear contaminated, the City will send a copy of the inspection report to DEQ.

Annually notify DEQ of any 
existing or new industrial 
facilities within the City’s 
jurisdiction that may potentially 
be subject to an industrial 
stormwater NPDES permit.

Track number and 
type of new facilities 
identified as needing 
permits.

 

Screening process of applicable SIC codes related to the 1200-COLS NPDES 
permit is being performed during pre-application of land use permit review.  

There was only 1  commercial development granted with 1200-COLS permit and 
continued monitoring inspection during this PY: 
1)  Troutdale Reynolds Industrial Park (TRIP). 

No modification Engineering Associate   

Gresham Fire               
Engineering Associate          
PW Superintendent

There were no reported and recorded spill incident events that took place this PY 
19 within the City of Fairview jurisdiction.

No modification

SWMP Element #3 - Construction Site Runoff Control

Spill Clean-up Ongoing

Maintain agreement with City of 
Gresham Fire Department.
Investigate spills and provide 
emergency containment and 
clean-up as necessary.

Track spill locations, 
type of materials and 
response activities. 

SWMP Element #2- Industrial and Commercial Facilities
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Erosion Control 
Activities Ongoing

Ordinance 3-1993 adopts an erosion control plan.  The ordinance includes an Erosion Control Technical Guidance 
Handbook (Technical Guidance) that describes regulations, standards and provisions for erosion control as well as fees 
and penalties for violation.  The City enforces the erosion control requirements through a permitting process required for 
sites disturbing 500 ft2 or more as discussed under the BMP, Development Review.
The Technical Guidance prescribes the following four steps to consider in planning for erosion control:
Step 1:  Identify Site Characteristics
Step 2:  Lay Out Preconstruction Plan and Proposed Base Measure
Step 3:  Measures During Construction
Step 4:  Post Construction Measures
The Technical Guidance also has requirements for single-family homes and duplexes on existing lots of record, private 
developments construction, private construction in public rights-of-way, public works construction, erosion control 
measures, inspections and enforcements, and penalties.  Non-stormwater wastes on construction sites are also 
addressed through the City’s nuisance ordinance in Chapter 8 of the municipal code.

Inform all construction site 
owners that have 1 acre or 
more of disturbed land that they 
are required to obtain a 1200-C 
permit from DEQ.
Review development sites 
required to meet City erosion 
control requirements.  

Track the number of 
erosion control 
permits issued 
annually.

 

 

 
 

Resolution 49-2013 approved compliance order agreement with Environmental 
Protection Agency to implement reporting requirements and standards 
associated with the NPDES stormwater permit which includes adoption of the 
Erosion Prevention and Sediment Control (EPSC) Plan from the City of Gresham.  
The City developed a standard operating procedures for implementation of 
Erosion and Sediment Control Standards.                                                                                                                                                                                                                                                                                                                                                                                               

Total of 5 EPSC permits were issued for PY 19.  Site development of these 
permits were less than an acre.

No modification Permit Tech
Engineering Associate         

Erosion Control 
Program Training Ongoing

 The Technical Guidance describes regulations, standards and provisions for erosion control as well as fees and 
penalties for violation.  

Provide a copy of the Technical 
Guidance to all developers and 
contractors.

N/A Erosion Prevention and Sediment Control (EPSC) manuals are provided during 
Land Use Development Permit Review process. 

No modification Permit Tech    
Engineering Associate

Construction Site 
Inspections 1-Jan-14

The City currently reviews plans and inspects construction sites required to meet the City’s erosion control standards 
using the following procedures:
1.         Phone call before inspection to make sure BMPs are in place.
2.         Visit every site over 1 acre after the first significant rainfall event and periodically thereafter.
If time is limited, the City prioritizes inspections by visiting problem sites first, then visiting facilities that would have the 
highest environmental effect if the erosion control failed.  

Inspect all construction sites 
required to meet City erosion 
control standards.
Audit or review existing codes 
to ensure legal and escalation 
clauses exist for site design, 
source control, stormwater 
treatment BMPs, and post-
construction BMPs by January 
1, 2014.  

Track the number of 
sites that were 
permitted and 
inspected.

Report the number 
and type of 
enforcement actions.

 

 

Total of 5 EPSC inspections were conducted for PY 19; in addition to the (3) 1200-
COLS permits on-going monitoring site development.

No enforcement actions were taken.

No modification Permit Tech
Engineering Associate       

Educational Activities Ongoing

 The City supports community programs, publishes articles in the City newsletter and coordinates with the City of 
Gresham where appropriate.  Current City public education programs that are related to stormwater include educational 
programs on stormwater quality and the use of nonpolluting alternative garden products, including low-volume uses of 
pesticides, herbicides, and fertilizers (e.g., household uses).  The City also supports the following programs:

•    Programs with local area schools
•    Programs with volunteer groups
•    Columbia Slough Watershed Council activities
•    Business Assistance Program – Private Catch Basin Cleaning
•    Spring Clean-up
•    Metro Hazardous Waste Clean-up
•    Informational kiosks at City events and City Hall
•    Doggy Don’t waste bag

Publish stormwater related 
articles in the City newsletter.
Support local education 
programs.

Track newsletter 
articles produced 
annually.

Track activities 
conducted to support 
local education 
programs.

 

 

 

Educational Outreach Articles:                                                                     
1)  Developers' Proposal on Commercial / Industrial Development (July, 2013).                                                                                 
2)  Permitting, Code Compliance and Emergency Management (August, 2013).                                                                                                         
3)  Fairview on the Green (September, 2013).
4)  Rake the Leaves Away from the Storm Drain to Prevent Flooding (November, 
2013).
5)  Sidewalks and Street Trees (November, 2013).
6)  Fairview seeks Public's Help Keeping Stormdrain Clears (November, 2013).
7)  Sidewalk Repair Grant Assistance Program_Stormwater Collection (FVMC 
12.05).  (December, 2013).
8)  Park Cleone Stormwater Retrofit Project (Dec, 2013).
9)  Christmas Tree Recycling (12 Mile Disposal).  (Jan., 2013).                                                                                                                                                                                                                                                    
10)  Removal of Animal Waste (FVMC 8.10.055).  (Feb., 2013).                                                                                                                                                                                                                                  
11)  Fairview Woods Wetland Park Earth Day Event (March, 2013).                                                                                                                   

Local Outreach Efforts: 
Public Works staff maintained an annual booths at the Chili Festival and the 
 "Fairview on the Green and Clean Up Earth Day" events presenting stormwater 
issues, problems and management and provided activities for children.

No modification Engineering Associate        
Development Analyst                  
Event Coordinator

Report Illegal 
Dumping and Illegal 

Connections
Ongoing

Continue to facilitate efforts by the public to report illegal dumping, illicit connections, and other incidents.  Implement 
public reporting program as described in the Stormwater Operation and Maintenance (O&M) Manual.

Respond to reports and/or 
complaints from citizens 
regarding observed water 
quality problems.

Track the number of 
reports/complaints 
received, and the 
follow-up actions 
conducted (including 
the timing of the follow-
up action).

 

There were no reported events and/or complaints from citizens reflecting illegal 
dumping and illegal connection events during this PY 19.

No modification Engineering Associate           
PW Superintendent 
Code Compliance

Illegal Dumping and 
Illegal Connections, 

Public Education
Ongoing

Educate the public about the harmful effects of dumping oil, antifreeze, pesticides, paints, solvents, and other potentially 
harmful chemicals into storm sewers or drainage channels.  

Support recycling and disposal 
programs; programs that 
provide convenient means to 
dispose of materials, existing 
solid waste management 
programs.
Educate the public regarding 
the stormwater pollution that 
results from dumping and illegal 

ti

Track the number of 
public recycling and 
disposal programs 
conducted annually.

 

Contact information for reporting illegal dumping and illicit discharges including 
submission of a stormwater complaint form is included on the City's website.  

The Fairview Point contains education outreach articles educating the public 
about harmful effects of dumping hazardous materials and waste into storm 
sewers or drainage channels as well as public recycling and disposal.

There are five articles published during PY 19.  See BMP 4.1 listing, Educational 
Activities.

No modification PW Assistant               
Metro Recycling

SWMP Element #4 - Education and Outreach
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Participate in a 
Public Education 

Effectiveness 
Evaluation

1-Nov-14

By November 1, 2014, the City of Fairview will coordinate with other local, Phase I jurisdictions to provide information 
related to an effectiveness evaluation.  The effectiveness evaluation information will focus on assessing changes in 
targeted behaviors and will allow for additional information that can be used in adaptive management of the City’s 
education and outreach strategy.

Coordinate with other local 
jurisdictions in 
providing/compiling information 
regarding a public education 
effectiveness evaluation  by 
November 1, 2014.

 Report on activities 
annually.  

 

Public Education Effectiveness Evaluation (Schedule A.4_NPDES Permit) is a 
one time report, which is due on November 1, 2014.  

The City has a current IGA with the City of Gresham regarding participation in the 
ACWA public education effectiveness evaluation.  The results of the study 
conducted by DHM consulting  in compliance to meet DEQ's intended 
requirements pertained to general and targeted findings.  However,  targeted 
findings are most applicable to ACWA members in conjunction with the NPDES 
MS4 permit requirement to conduct public education effectiveness evaluation.  
The targeted findings are focused on pet care, car care, lawn and garden care, 
and home care which are distinct municipal stormwater pollutant sources where 
source control activities (like public education) are generally a preferred 
treatment approach.

No modification Engineering Associate

Staff Education and 
Training Ongoing

Conduct training for new employees and contract employees on stormwater requirements and train existing employees 
when there is a significant update to the documents used by the City that regulates stormwater pollution control activities.  

Provide annual training to 
personnel involved in 
stormwater management.

Track personnel 
receiving training 
annually.  

 

 

The Engineering Associate (responsible reporting party) has attended 10 
meetings, presentations and trainings directly related to stormwater quality 
management during PY 19, which are as follows: 
1)  Wetland Development (Arata Rd.), Division of State Land, Salem - 
4/18/2014.
2)  Storm Spill Committee meeting, City of Portland Stormwater 
Pollution Facility Lab. - 4/22/2014.
3)  TMDL Pollutant Load Reduction Evaluation (Torrey Lindbo, City of 
Gresham Watershed Specialist) - 4/25/2014.
4)  Retrofit & BMPs for Reducing Bacteria & TMDL Pollutants in 
Municipal Water (ASCE_EWRG, Torrey Lindbo) - 4/30/2014.
5)  ACWA PH. 1, Stormwater Committee meeting (Kerri Handalay, COG 
& Angela Wieland, B & C) - 5/1/2014.
6)  TMDL, Designated Management Agency (Doug Drake, Lower 
Willamette Basin Coordinator) - 5/5/20104.
7)  Columbia South Shore Wellfield Protection Program (Clay Walker, 
COG Wellfield Inspection Specialist - 5/13/2014.
8)  ACWA PH. 1, Stormwater Committee meeting, Hydromodification 
(Krista Reininga, B & C) - 5/28/2014.
9)  Columbia Slough Watershed Council, Action Plan Presentation (City 
of Gresham) - 6/3/2014.
10)  ACWA, PH. 1 Stormwater Committed meeting (Keri Handalay, COG 
& Angela Wieland, B & C) - 6/11/2014.

No modification Engineering Associate           
PW Superintendent 
Development Analyst

Provide for Public 
Participation with the 

annual report, 
SWMP and 
Benchmark 
Submittals

Annually by 
November 1

Co-permittees must submit an annual report for the portion applicable to its jurisdiction by November 1 of each year.  
SWMP revisions and pollutant load reduction benchmarks are required for submittal to DEQ at the permit renewal 
submittal (180 days prior to permit expiration).  Prior to submittal of these items, the City will provide the public with an 
opportunity to comment on the annual report, revisions to the SWMP and proposed pollutant load reduction benchmarks.  
The documents will be made available on the City’s website or through web links.  Comments on the documents will be 
collected and considered and a response to comments will be provided.

Provide for public participation 
with the annual report, SWMP 
and pollutant load reduction 
benchmarks prior to the permit 
renewal application deadline.

N/A Public review and comments were solicited for public participation through 
publication on the City's website on NPDES MS4 annual compliance report and 
the TMDL Implementation Plan during PY 19.

No modification Engineering Associate

Development Review 
for Private Projects Ongoing

Implement and enforce regulations which give legal authority to:  1) require site-drainage designs and systems which 
address water quality; and/or 2) minimize the total volume of runoff and the peak rate of runoff, where local conditions 
permit.  
The City implements these regulations through its Community Development Department and Public Works Department.  
New development and redevelopment projects are reviewed for conformance to the following existing City regulations:
•    Fairview Comprehensive Plan, June 2004–provides the guiding direction to protect the natural environment and 
ensure that long-term growth does not adversely affect the natural resources.
•    Community Development Department–Land Use and Building Permits; Land Use Code Enforcement.
•    Title 19, Development Code–requires accommodation and treatment of stormwater runoff and system installation 
conforming to standards and specifications adopted by the City.
            

Review development plans for 
conformance with standards.
Maintain map of private water 
quality facilities

Track acreage of new 
and re-development 
activities requiring 
stormwater treatment 
annually.  
Track the number and 
type of private water 
quality BMPs built.

 

 

There were only two development reviews for private projects conducted this PY 
19, which pertain directly to construction site stomwater run-off, as follows:
1)  1910 NE 201st Ave., Fairview, OR 97024 - 5/11/2014.

The City has updated it's stormwater facility GIS mapping through professional  
consulting services.  New polygon layers (each layer has 8 files related to 
features of each layer) were created for stormwater facilities and sub-basins.  
There are 30 sub-basins identified in the entire City of Fairview boundaries.  New 
identified and updated facilities and their attributes were integrated in the City's 
GIS system.  

No modification Permit Tech              
Engineering Associate              
Map Tech

SWMP Element #5 - Public Involvement and Participation

SWMP Element #6 - Post-Construction Site Runoff
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Review and the City’s current 
stormwater treatment standards 
for compliance with new MS4 
NPDES permit language by 
January 1, 2014.
Review the City’s current public 
works development code 
provisions to ensure that 
applicable barriers related to 
the use of Low Impact 
Development techniques are 
minimized and eliminated 
where practicable by January 1, 
2014.
If necessary, update the City’s 
post-construction stormwater 
design standards and code 

Resolution 49-2013 approved compliance order agreement with Environmental 
Protection Agency (EPA) to implement reporting requirements and standards 
associated with the NPDES stormwater permit which includes adoption of the 
Erosion Prevention and Sediment Control (EPSC) Plan from the City of Gresham. 

Low Impact Development barriers were presented in the Planning Commission to 
be identified in the City of Fairview Municipal Development Code.  LID objective is 
to implement best management practices on stormwater by minimizing 
impervious cover and by using natural or man-made systems to filter and 
recharge stormwater into the ground.

The City of Fairview's Public Works Director has attended four Phase I 
workshops with Gresham city staff in updating their stormwater design standards 
and stormwater design manual.  

Design Standards for 
Public Projects Ongoing

Follow the Standard Specifications for Public Works Construction which requires treatment of stormwater runoff through 
the use of BMPs.  Maintain database of BMPs that are implemented.

Ensure that public works 
stormwater related projects 
address treatment of runoff as 
appropriate.

Number and type of 
public stormwater 
quality BMPs built.

 

 

The city of Fairview completed one of the CIP projects in the Consolidated 
Stormwater Master Plan, which is the NE Main St. Improvement Project.  Project 
execution was in accordance with the City of Fairview design and construction 
standards, and was designed by a local design consultant (All County Surveyors 
and Planners, Inc.) and constructed by a local contractor (Oregon Underground, 
Inc.)  The project components are installation of curbs and pavement overlay  to 
collect storm surface run-off to be discharged in the 4  newly constructed rain 
gardens for detention and treatment prior to final discharge in the public storm 
pipe system.  This is a combination of "On-site infiltration with surface infiltration 
facility and Off-site flow to storm-only pipe system , Flow Conveyance Standards.  
The Destination/Disposal Standards is classified under Off-site to Piped Flow 
category of the Stormwater Management Plan, Section1.4.3.

No modification Engineering Associate

O&M Plan 1-Nov-13

Use the O&M Plan as a guide for designing and maintaining public storm facilities in order to maximize water quality 
benefits while maintaining flood capacity.  The O&M Plan is intended to help locate and eliminate pollutants and provides 
a framework for maintaining field inspections records.

Implement the procedures in 
the O&M Plan.
Review the O&M Plan by 
November 1, 2013, and update 
as necessary to maximize 
water quality benefits while 
maintaining flood capacity.

Track annual changes 
made to the O&M 
Plan  

 

Operation and Maintenance procedures was one of the gap analyses and 
resolutions that were addressed by a professional services consultant this PY 19 
in compliance to the NPDES MS4 reporting.  The consultant conducted review, 
updates and refinement of the City of Fairview's stormwater program based on 
the SWMP.  The following items are updates and refinements of the O & M 
program:
1)  O & M agreement on private facilities under BMP 8.2, which is incorporated in 
the updated GIS stormwater facility mapping.
2)  Electronic / digitized version of the Standard Operating Procedures were 
developed in addition to the hard copies for continual updating convenience.
3)  Facility inspection and maintenance forms were also digitized and refined for 
improved documentation and tracking.

No modification Engineering Associate                  
PW Superintendent 
Storm Lead Worker 

Right of way–O&M Ongoing

 The City contracts with Multnomah County for road maintenance that includes street sweeping, roadside mowing and 
brushing and pavement maintenance.  The maintenance program is substantially similar to, and at least as protective as, 
the ODOT Routine Road Maintenance program approved under the current 4(d) limit.

Maintain contract with 
Multnomah County for road 
maintenance.

 

City of Fairview maintains an IGA with Multnomah County for road maintenance 
activities.  Road maintenance activities performed at County roads this PY 19, as 
follows:
•  Catch basins cleaning - once in September.
•  Mowing - once in April.
•  Route sweeping - 5 times: Aug, Oct, Dec, Jan and Apr.
•  Misc. sweeping (snow gravel pick up) - 2 times: Jan. and Mar.

No modification PW Superintendent

 Street Sweeping Ongoing
 The City contracts with Multnomah County for street sweeping (approximately 6 times per year).  The frequency is based 
on weather conditions, road conditions and funding.

Maintain contract with 
Multnomah County.

Track frequency of 
sweepings.

Multnomah County conducted a total of 7 street sweeping this PY.  Please see 
detail above, Right of Way operation and maintenance. 

No modification PW Superintendent

De-icing and Yard 
Debris Activities Ongoing

Sand and gravel are applied to roadway surfaces to assist with traction during inclement weather.  The sand is removed 
and recycled as soon as possible after the snow or ice event.  
Yard debris is picked up from residents weekly by the City’s solid waste provider.

As weather permits, remove 
gravel when it is no longer 
needed.

Track processes 
conducted for sand 
and gravel removal.

 
There are two de-icing events that took place during this PY19:
•  Once in January, 2014
•  Once in March, 2014

No modification PW Superintendent

Native Vegetation Ongoing

Encourage the use of native vegetation in riparian areas on private and public property to reduce the need for fertilizers, 
pesticides, and herbicides.  Planting and landscape policies for riparian buffer areas encourage use of vegetation 
(indigenous or imported) that is self-sustainable without the need for pesticides or herbicides.  Riparian buffer permits are 
issued for alterations to the landscape within 50 feet of Fairview Creek, Fairview Lake, the Columbia Slough and their 
tributaries (City code chapter 19.106). 

Review planting plans 
associated with riparian buffer 
permits.  

Track number of 
riparian buffer permits.

 

During PY 19, there were 2 Type 1, Natural Resource Permits (Riparian Buffer 
Permits) granted in addition to the 1200-COLS permits, as follows:
 1)  Dean Hurford's property at NW corner of NE Halsey & NE 223rd  intersection 
(10/16/2013).
2)  Troutdale Reynolds Industrial Park (TRIP). 

No modification Permit Tech

Engineering Associate        
Development Analyst

SWMP Element #7 - Pollution Prevention for Municipal Operations

Track progress 
related to the review 
of the City’s code and 
development 
standards per 
provisions in the MS4 
NPDES permit.

No modification

Review Applicable 
Code and 

Development 
Standards related to 

Stormwater 
Management

1-Jan-14

In conjunction with the provisions and timeframe outlined in the City’s MS4 NPDES permit, review and if necessary, 
revise existing stormwater design standards and relevant code provisions to ensure that they are consistent with 
applicable permit language.  In addition, document the City’s relevant inspection and enforcement response procedures.
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Integrated Pest 
Management Ongoing

The City encourages use of the Portland Parks and Recreation Pest Management Guide.  This guide emphasizes 
controlling pests that are harmful to the health or aesthetic value of park plantings in a manner that is cost-effective, safe, 
and environmentally responsible.  It is an approach that uses multi-faceted strategies that minimize negative impacts on 
the environment and on human health.   
The controls used in this program include manual, mechanical, cultural, biological and chemical methods.  Often a 
combination of methods is used.  Examples of Integrated Pest Management include:
•    Timing of chemical applications to avoid runoff.
•    Mowing high grass and brush to reduce weed seed crops in rough areas.
•    Pruning of trees and shrubs to increase air circulation to reduce susceptibility to disease and insect problems.
•    Appropriate fertilizing to encourage plant health and resistance to pests (i.e., weeds, insects and disease).
•    Using plants with natural resistance to pests.
•    Combining turf aeration and over-seeding along with any application of broadleaf weed control to eliminate the cause 
of the problem, and therefore the need for repeated applications.

Use Portland Parks and 
Recreation approved 
chemicals.
Incorporate native plants in City 
planting projects to reduce 
chemical and fertilizer usage, 
as well as maintenance 
requirements.

Track City planting 
projects that 
incorporate native 
plants.

 

 

 

There were total of 29 City of Fairview parks that were treated with pesticides, 
this PY 19.  Most of these parks were only treated with a mixture of herbicides as 
needed for evasive or unwanted native vegetation.

No modification Engineering Associate        
Parks Lead Worker

Chemical Applicator 
Licensing

Ongoing Maintain staff certification in public pesticide application and follow Oregon Department of Agriculture (ODA) requirements 
related to herbicide application.

All chemical applications will be 
supervised by an ODA Certified 
Applicator.

N/A

 

City of Fairview's Park  Lead Worker is a certified Oregon Department of 
Agriculture (ODA) chemical applicator who updates his certification every 2-year 
renewal period.  All events involving chemical applications are supervised by the 
Park Lead Worker. 

No modification Parks Lead Worker

Track Municipal 
Facilities

Ongoing The City has one facility that includes the treatment, storage or transport of municipal waste.  This facility is the 
Corporation Yard Dumpster.  Collection of waste from municipal litter receptacles is collected and stored in a dumpster at 
this site until the City’s garbage hauler collects the waste on a weekly basis.  The dumpster has a cover on it and runoff 
from the site is treated by a structural stormwater filter.  No additional stormwater management practices are deemed 
necessary for this site.  

N/A City staff conducted a follow-up inspection of the Corporation Yard Dumpster 
(Crestwood Shop) last April 28, 2014 and completed a municipal facility 
assessment questionnaire and concurred with the content of the SWPPP.

No modification Engineering Associate

Litter Receptacles  Ongoing

Provide, collect, and maintain litter receptacles in strategic public areas and during major public events to provide 
disposal of pet waste bags and prevent trash from entering the stormwater system.

Maintain at least one litter 
receptacle at all public parks 
greater than 1 acre.  Provide 
collection a minimum of once 
per week.

Track number of litter 
receptacles.   

There are approximately 43 receptacles that are maintained once a week and 
after significant events.

No modification Parks Lead Worker

Sanitary Sewer 
System Program Ongoing

Limit wastewater infiltration through the operation, maintenance and construction of the sanitary sewer infrastructure 
based on existing conditions and projected sanitary flows.

Respond to pump station 
failures.  
Perform cleaning of the 
problem areas of the City’s 
sanitary sewer system.
Construct pipe restoration 
projects to replace defective 
pipe and reduce inflow and 
infiltration.

Track identified 
sanitary problems and 
resolutions related to 
the storm system each 
year.

 

 

Conducted an investigation and followed up by enforcement of a broken sanitary 
sewer service lateral at 100 NE 2nd St. Fairview, OR during construction of the 
Main Street Capital Improvement Project, last May 29, 2014.  The problem was 
when Frontier Communication Co. installed their telephone cable fiber optic in the 
neighborhood using directional boring (trenchless technology) that intersected 
and shattered the sewer service line.  The broken section was repaired by the 
project contractor.  Frontier was notified to conduct their future projects 
performing exploratory excavation (vacuum pressure or open excavation) prior to 
trenchless boring activities.

No modification Engineering Associate

Consolidated 
Stormwater Master 

Plan (CSMP)
Ongoing

The Consolidated Stormwater Master Plan (CSMP) adopted in 2007 combines infrastructure improvements including 
retrofit opportunities with federal and state water quality requirements.  Projects were developed to address water 
quantity and quality issues, utilizing hydrologic and hydraulic modeling as well as information from the TMDL regulatory 
program and the NPDES stormwater discharge permit.

Continue to make progress in 
the implementation of the 
CSMP.

Track the number, 
type and watershed 
location of projects 
that are completed.

 
There were no Capital Improvement Projects (CIPs) identified in the Consolidated 
Stormwater Management Plan (CSMP) that were constructed this PY 19.

No modification Engineering Associate

Inspect and Maintain 
Public Storm 

Facilities
Ongoing

Perform inspection and required maintenance as stated in the O&M Plan–clean catch basins and storm pipe, 
sedimentation manholes, channels and stormwater detention basins in areas where sediment and/or debris tend to 
accumulate.

Inspect 50 percent of detention 
lines, ponds, swales and 
outfalls.
Inspect natural stream 
channels from bridge and road 
crossing.
Clean catch basins and inspect 
adjacent pipes in one third of 
the City annually.
Clean all water quality 
manholes (5).
Update maps of City Structural 

Track facilities 
inspected and 
maintained.
Track number of catch 
basins cleaned.
Estimate quantity of 
sediment removed 
from catch basins and 
water quality 
manholes.

 

 

 

City of Fairview's catch basin facilities is divided into 3 zones; each zone is 
inspected annually.  Zone 3 (129 catch basins) were inspected this PY 19.

All 3 Underground Injection Control (UICs) / Dry Well / Sump & Sedimentation 
Manholes were inspected this PY 19 and took sample of sediments for evaluation 
and detecting hazardous wastes and materials and the sediments were disposed 
at PVV, Inc. Waste Water Solutions.

Only nine outfalls (high priority), out of the 38 total identified outfalls were 
inspected this PY 19 due to staff limitation and transitioning.

  

No modification Engineering Associate             
Storm Lead Worker PW 
Superintendent Map 
Tech

Private Water Quality 
Facilities Inspection 
and Maintenance

Ongoing

Require plans conforming to the requirements of City of Fairview Standard Specifications for Public Works Construction 
and City of Portland Stormwater Management Manual at the time of permitting for stormwater facilities related to new 
private development and redevelopment/retrofitting.  Include recording of operations and maintenance plans for 
stormwater quality facilities.

Ensure new private stormwater 
facility plans conform to City 
requirements.

Inspect new facilities for 
conformance to approved O&M 
plans.  

Track number of 
inspections conducted 
and inspection results.

 

 

It is one of the requirements during the development review process of industrial 
and commercial businesses to include submittal of facility maintenance 
agreement.  The City of Fairview participates with the cities of Gresham, 
Troutdale and Wood Village on a Stormdrain Cleaning Assistance Program 
(SCAP) for private properties like industrial/commercial businesses, apartments 
and schools.  The program prequalifies licensed contractors that can provide 
parking lot stormdrain (catch basin) cleaning at a flat fee for businesses.

No modification Engineering Associate

  SWMP Element #8 -Structural Stormwater Facility Operations and Maintenance



Appendix A -- Legal Authority 

 



















Appendix B –Summary of Urban Growth Boundary 
Activities 



Summary of Pleasant Valley, Springwater  & Kelley Creek Applications 

 

Below is a list of Development Permit Applications and Pre-Applications that have come into the City in 
for properties within the Pleasant Valley, Springwater areas and the Kelley Creek Headwater Area. 

PLEASANT VALLEY 

2013-2014 Pleasant Valley Permits and Applications 

Long Range planning efforts for PY 20, if they occur, will be city wide.   
Details on the History and Master Planning work conducted can be found on the City’s website: 
http://www.greshamoregon.gov/city/city-departments/planning-services/comprehensive-
planning/template.aspx?id=7366 
 
Brookside Phase II final plat that was submitted is still pending review.  An 89 home subdivision is 
planned.   

Hayden Meadows, a 6 lot subdivision (19796 SW Butler Rd) was submitted and is pending review. 

An application was submitted in June 2012 for a 58-lot subdivision in two phases known as the Van 
Buren Subdivision (SE 190th N. of SE Giese Rd).  The application was approved in January 2013. Final 
plat approval expected in PY 20. 

No concept planning or land use changes occurred during PY 19. 

 
 

 

SPRINGWATER 

 
2013-2014 Permits and Applications 

No development, concept planning or land use changes occurred during PY 19.   Long Range planning 
efforts for PY 19, if they occur, will be city wide.   
Details on the History and Master Planning work conducted can be found on the City’s website: 
http://www.greshamoregon.gov/city/city-departments/planning-services/comprehensive-
planning/template.aspx?id=7370 
 
Annexation of 17.3 acres at 7205 SE Hogan Road (Sheldon) was approved in January 2014. 
 
An incomplete submittal is pending review for Hilltop View Estates at 7205 SE Hogan Rd.  A 31 lot 
subdivision has been proposed. 
 
City of Gresham annexation of two parcels adjacent to Hogan Butte are in process.   
 



 

 
KELLEY CREEK HEADWATERS 
Long Range planning efforts for PY 20, if they occur, will be city wide.   
 
No zoning permits, concept planning or land use changes were conducted in PY 19. 

Details on the History and Master Planning work conducted can be found on the City’s website: 

http://www.greshamoregon.gov/city/city-departments/planning-services/comprehensive-
planning/template.aspx?id=5376 
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Raising 
Watershed
Awareness

•
Building a

Healthy Watershed
Community

1900 SE Milport Road 
Milwaukie, OR 97222

503-652-7477
jcwc.org

SCIENCE
TALK

Johnson Creek Days Event

Fly With Us–Let's Do Drinks:
A Geographic Perspective on 
Restoring Johnson Creek

 Friday, September 20
 6:00pm-8:00pm
 4th Street Brewing Co.
 77 NE 4th Street, Gresham, OR 97030

Join JCWC’s Restoration Coordinator, Robin Jenkinson, 
to experience a virtual flyover of the Johnson Creek 
Watershed. Zoom in to learn more about several of the 120 
restoration projects implemented over the past decade.  
In the last few years, the Council has mapped and detailed 
all these projects online as part of a Johnson Creek “
Restoration Project Census.” Now the Council and its 
partners are embarking on the development of a new 
2015-25 Restoration Action Plan. 

Join us for an educational evening and a cold beverage.

Please register for this free event.
Email amy@jcwc.org or call 503-652-7477

Visit our website for more Johnson Creek Days events: 
Children’s Discovery Carnival, Fun Run, Edible Weed Walk, 
and Bicycle Bonanza.
www.jcwc.org



Department of Environmental Services – 503-618-2525  

www.greshamoregon.gov/environmentalservices 

Citizen comments are invited as each item is discussed, please notify the Chair if you would like to be recognized. 
 

 
 

 

 

 

Natural Resources and Sustainability Committee 
Wednesday October 16, 2013 

6:30 to 8:30 p.m. 

Conference Room 2A, Gresham City Hall 
 Agenda  

6:30 Call to Order, Approve Summary,  Introductions, Announcements Chair Martin 

6:45 Natural Resources Report Card DES Staff 

8:00 Announcements / Updates Chair Martin 

8:15 Adjourn Chair Martin 

 NEXT MEETING: November 20th,  6:30 – 8:30  

http://www.greshamoregon.gov/environmentalservices
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Christmas week: Dec. 23-28
Monday, Dec. 23 — Regular schedule.
Tuesday, Dec. 24 — Regular schedule.
Wednesday, Dec. 25 — No collection; delayed to Thursday, Dec. 26.
Thursday, Dec. 26 — Delayed to Friday, Dec. 27.
Friday, Dec. 27 — Delayed to Saturday, Dec. 28.
 

Holiday collection schedule
Changes for garbage, recycling and yard debris services:

Place all natural holiday greenery in your yard 
debris cart following these requirements:

•  Cut trees and greenery into lengths that easily fit in your yard 
debris roll cart with the lid closed and will freely fall into the 
truck when tipped (36 inches or less). 

•  Include only cut trees, wreaths, plants and swags that are free of 
tinsel, ornaments, wires, plastic, bows or other material.

•  Whole, natural trees less than 6 feet, or additional yard debris 
set out not in the cart, will now be assessed an additional fee of 
$3.11. 

•  Whole trees more than 6 feet must be cut in half. 

•  Each half of an oversize tree not in the cart will be subject to the 
additional fee of $3.11.   

New instructions for Christmas tree recycling

New Year’s week:  Dec. 30-Jan. 4
Monday, Dec. 30 — Regular schedule.
Tuesday, Dec. 31 — Regular schedule.
Wednesday, Jan. 1 — No collection; delayed to Thursday, Jan. 2. 
Thursday, Jan. 2 — Delayed to Friday, Jan. 3.        
Friday, Jan. 3 — Delayed to Saturday, Jan. 4.  

If you are unable to cut your more than 
6-foot tree in half, please contact your 
hauler to discuss tree recycling options 
(see contact information on the back 
page) 

Other information related to tree 
recycling:

•  If you would like your tree picked 
up by a nonprofit for a small fee, 
contact Metro at 503-234-3000 to 
find out who will be picking up in your 
neighborhood.

•  If a local organization, other than your hauler, is collecting 
your tree, schedule pickup on a day other than your yard debris 
collection day to avoid confusion.

•  People living in large multifamily residences should contact their 
property managers to arrange for tree collection services.

Reduce, Reuse, 
Recycle Guide    

Your guide to waste 
reduction and reuse, 

household hazardous 
waste and hard to 
recycle items. Plus 
curbside recycling 

reminders. Request a 
copy from Metro at 

503-234-3000.
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Gordon Russell Middle School students share ‘Dump No Waste’ knowledge

Stop junk mail
Nationally, more than 85 billion 

pieces of unsolicited mail are 
sent out each year. This is 
equals almost 100 pounds 

per household.

Metro and Catalog Choice offer 
a free, easy online service to 
help stop the unwanted phone 
books, catalogs and mail. Nearly 
700 Gresham residents have an 
account with Catalog Choice 
and have registered over 5,300 
opt-outs from unwanted mail. Sign up for at oregonmetro.catalogchoice.org.

Students from Gordon Russell 
Middle School, a Merit-level 
Oregon Green School, are 
learning about water quality 
through hands-on activities and 
sharing their knowledge with 
the Gresham community. 

Ann Hymel’s eighth-grade 
Green Team students recently 
participated in the City’s “Dump 
No Waste – Drains to Stream” 
program. The students put map 
reading and teamwork skills 
to use and ventured out into 
the school’s neighborhood to 
mark storm drains and educate 
residents about protecting water 
quality in local streams. 

The storm drain markers 
bear the message “Dump No 
Waste, Drains to Kelly Creek,” 

in English and Spanish and 
remind passers-by any kind 
of lawn chemical, soapy water 
from car washing, household 
waste or leaking motor oil 
washed away by rain  that 
enters the storm drain does 
not receive treatment before 
emptying into the local creek. 

The students also placed 
bilingual door hangers on 
nearby homes to notify 
residents about the program. 

This project will help Gordon 
Russell achieve Premier-level 
Oregon Green School status 
by meeting the requirement 
of educating and assisting 
the community on healthy 
environmental practices and 
waste reduction.  

For more information about 
the Oregon Green Schools 
program, contact Jan Rankin 
at 503-618-2613, Jan.
Rankin@GreshamOregon.
gov, or visit the Oregon 
Green Schools webpage www.
oregongreenschools.org.

Volunteer to mark storm drains
The City’s Watershed Division 
welcomes volunteers to mark 
storm drains in neighborhoods 
and commercial areas around 
town. Staff provides maps, 
markers, glue and safety 
equipment. Volunteers or 
community groups interested 
in helping may contact 
Keri Handaly at 503-618-
2657 or Keri.Handaly@
GreshamOregon.gov

Prescription drugs
Gresham residents can 
anonymously dispose of 
unused, expired or unwanted 
prescription drugs in the 
lobby at the Gresham Police 
Department by simply 
dropping the drugs in the unit’s 
slotted door. Police officers 
check the box daily, collect the 
contents and prepare them for 
disposal that is eco-friendly 
and in accordance with federal 
and state laws. The lobby is 
open from 7 a.m. to 6 p.m. 
Monday through Friday at 
1333 NW Eastman Parkway. 
For more information visit 
GreshamOregon.gov/Police.

Disposal information for medical 
waste: prescriptions and sharps

Syringes and sharps
Metro offers a container 
exchange program. Enroll 
at one of Metro’s household 
hazardous waste facilities for 
$5 per container and get a new 
sharps container at no cost 
each time you bring a full one 
back for disposal. A hazardous 
waste disposal fee of $5 for up 
to 35 gallons also applies. 

Many pharmacies also offer 
sharps disposal services for 
a fee. For more details and 
options, call Metro Recycling 
Information at 503-234-3000.

The Recycling 101 online course 
provides a class that is flexible 
and can be completed over the 
course of a few days or even 
months. The course is designed 
for personal and professional 
development. Participants learn 
about the life cycle of recycled 
materials; are trained in waste 
prevention, composting, and 
recycling; study the aspects 
of commercial and residential 
recycling; and discover 

Recycling 101 online course available
Want to learn about what happens to your garbage 
and recycling after it is collected? 

how waste prevention 
positively affects our 
natural resources.

For more info, visit OSU’s 
Ecampus at https://pne.
oregonstate.edu/catalog (select 
Recycling 101). The cost is 
$75 for individuals and $50 for 
organizations that purchase 
five or more registrations. The 
course will soon be available in 
Spanish as well.

Students place markers with the message “Dump No Waste, Drains to 
Kelly Creek.”
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Food: Too Good to Waste

Waste-wise holidays
Holiday cards and gift wrap
•  Consider repurposing old 

paper materials or used cards 
to create one-of-a-kind new 
cards this year. 

•  Many companies now offer 
electronic cards that can 
include family portraits, 
animation and even music, 
avoiding the paper waste 
entirely. 

•  Try wrapping gifts in colorful 
scarves, linens, dishcloths or 
tins that can be used year-
round.

•  Ribbons from previous gifts 
can be reused several times, 
or skip the ribbon and use cut 
evergreens, holly, cones and 
winter berries to decorate gifts.

Meals and food

•  Look for home-grown and seasonal ingredients at 
your local markets.

•  If you are ordering large quantities for catered holiday parties, 
try using Fork It Over! to arrange for leftovers to go to local 
nonprofit organizations; forkitover.org.

•  Keep portions proportional to the amount of guests you expect; 
here are a few guidelines:

Between Thanksgiving and 
New Year’s Day many of you 
will be busy with festivities and 
gift sharing. The holiday season 
presents many opportunities 
to reduce our household 
waste generation and make 
environmentally friendly 
choices. We put together a few 
useful tips to keep your holiday 
season merry and green. 

Household cleaning and décor
•  Try decorating with nature: 

twigs, evergreen branches, 
pine cones and holly all make 
beautiful pieces that can be 
composted after the season.

•  Try a new Greener Clean 
Recipe for the household 
chores; many can be 
found on Metro’s website 
OregonMetro.gov/
Greenercleaning. Our staff 
pick:

Tub and tile cleaner

1⅔ cups baking soda

½ cup vegetable oil-based 
liquid soap

½ cup water

2 tablespoons vinegar

a few drops essential oil 
(optional)

Food/Drink  Portion per Person
Eggnog   ½ cup
Turkey   12 to 14 pounds (up to 10 people)
Stuffing  ¼  pound
Sweet Potatoes  ¼  pound
Green Beans  ¼  pound
Cranberries  3 tablespoons
Pumpkin Pie  ⅛ of a 9-inch pie

For more holiday picks, visit 
GreshamOregon.gov/Recycling.

A family of four throws away 
an estimated $1,365 to $2,275 
worth of food a year, according 
to the National Resource 
Defense Council. Are Gresham 
residents wasting this much 
food? Is your family?

Food date labels can mislead 
many people to waste good, 
edible food. Many misinterpret 
the food labels “expiration date” 
“use by” “sell by” and “best by” as 
indicators of food safety. These 
labels rarely indicate the safety 
of the food item.

Your best bet for gauging 
whether an unopened shelf-
stable product with this type 
of date is still of satisfactory 
quality is to simply smell and 
examine it first. Always discard 
foods that have developed an 
off odor, flavor or appearance. 

What do these labels really mean?

“Sell by” date is used for stock control by retailers.

“Best if used by” date generally indicates when the food will 
no longer be at its highest/freshest quality, but is still good 
to eat.

“Use by” date is typically used by manufactures to mean the 
same thing as “best if used by.”

“Freeze by” date is a recommended date for freezing.

“Enjoy by” date is used by some manufacturers, but isn’t 
clearly defined for consumers.

“Production” or “pack” date is when the food was 
manufactured or placed in final packaging.

Help for households
Interested in reducing food 
waste at your house? The 
EPA offers a toolkit of helpful 
tips to lessen food waste. 
For materials call the City’s 
Recycling and Solid Waste 
Division at 503-618-2206 or 
visit GreshamOregon.gov/
Recycling.

Gresham participants needed
This winter Gresham will be the 
first city in Oregon to work with 
volunteer households in a pilot 
study to monitor and document 
household food waste.

The City is looking for households 
to participate in a six week food-
waste measurement pilot in early 
2014. The pilot, “Food: Too Good 
to Waste,” is in partnership with 
the Environmental Protection 
Agency and will help assess food 
waste issues in Gresham and the 
Metro area.

To participate contact Nick 
Isbister at 503-618-2206 or Nick.
Isbister@GreshamOregon.gov.



503-234-3000
oregonmetro.gov/holidays  

Recycle your

   holiday spirit.

From spent string lights 
and batteries, to supporting 
a nonprofit by recycling 
your holiday tree,
learn where to take it all. 
Plus, ask for tips on 
waste-wise holidays.

Plastic (no lids)
•  Plastic bottles and tubs - 6 ounces or larger
•  Rigid plastic nursery plant pots - 4” across or larger
•  Plastic buckets

No plastic bags please

Paper
• Flattened cardboard
• Cereal, cracker and shoe type boxes
• Magazines and phone books
• Mail and office paper
• Paper egg cartons
• Newspapers
• Paper bags

Metal
•  Clean metal cans and lids
•  Clean foil items
•  Empty aerosol cans
•  Other small metal items

In the cart

Cardboard boxes should be placed inside the cart. Flatten 
and cut boxes to a size that will fit.

Put your small scrap paper items and shredded paper in a 
paper bag before placing in the cart. This will help reduce litter 
when the cart is emptied on windy days.

Curbside recycling guidelines

Motor oil
Put in a transparent jug to 
the side.

Near the cart
Glass
Place all colors 
together in a bin to 
the side. 

Equipment at Oregon and 
Washington paper mills is 
damaged when glass shards are 
mixed in with recyclable paper. 
Always keep glass bottles and jars 
out of the cart.

Printed with soy ink on 30% post-consumer recycled paper

For more garbage and recycling information
Accounts, collection services, missed pick-ups
m Arrow/American Sanitary    503-257-1331

m Gresham Sanitary     503-665-2424

m Hoodview Disposal   503-668-8300

m     Rockwood Solid Waste    503-666-3488

m  Waste Management             1-800-808-5901

General information
m City of Gresham    503-618-2525
         Recycling & Solid Waste Program
         Fax     503-661-5927
         E-mail                recycle@GreshamOregon.gov
         Website     GreshamOregon.gov/Recycling

Recycling drop-off locations, disposal facilities, household hazardous waste
m Metro Recycling Information Center 503-234-3000      www.oregonmetro.gov/recycling  
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The City is offering private stormdrain 
cleaning to businesses at a reduced cost. 
The Stormdrain Cleaning Assistance 
Program (SCAP) takes place in 
October before the heavy rainy season.

“This program is particularly cost 
effective for businesses with only one 
or two drains. By avoiding the typical 
single visit fee, businesses can save 

Well Field Protection 
Program for Businesses
Leaks or spills of hazardous materials 
can seep into the ground and 
contaminate aquifers that supply our 
drinking water. Once drinking water 
wells are contaminated, clean-up can 
be extremely expensive, and take years 
before the water can be used again.

The goal of the Well Field Protection 
Program is to prevent groundwater 
contamination. The program serves 
businesses located within designated 
Columbia South Shore and Cascade 
well field protection areas that use, 
store or produce hazardous materials.

How does the program work?  
Businesses located within well field 
protection areas that use or store 
hazardous materials above program 
thresholds, must meet the following 
program requirements:
•  Provide a site plan and an annual 

hazardous materials inventory report 
(or a copy of the state Fire Marshal’s 
Report).

•  Participate in site inspections.
•  Provide on-site hazardous materials 

containment areas.
•  Have spill kits, procedures and signs.
•  Conduct an annual employee spill 

response training program.

The City provides free on-site 
technical assistance to help businesses 
understand the program and take 
measures to protect the community’s 
water supply. For more information, 
visit GreshamOregon.gov/Water, or 
contact Clay Walker at 503-618-6655.

The Gresham-Barlow School 
District expanded upon its nationally 
recognized conservation efforts this 
past school year by conducting a food 
scrap compost pilot project at Hall 
Elementary School. This project built 
on the District’s energy conservation 
accomplishments and established 
recycling programs in all its schools.  

With strong support from Principal 
Carlynn Capps and head custodian Jose 
Walters, the pilot was introduced to 
students and staff in January. Students 
enthusiastically stepped up to assist 
in the cafeteria as compost captains to 
ensure that only compostable items – 
food and paper napkins – were put into 
the compost container. By diverting a 
cubic yard of compostables from the 
garbage each week, the school reduced 
its garbage volumes by 25%.

Gresham Sanitary Service was a key 
player in the pilot, hauling the food 
scraps and supporting adjustments to 
the program.  

The pilot has developed into an 
established program at Hall, with 
continuation through the summer food 
program and now into the new school 
year. The District has plans to expand 
the offering to other schools soon.

GREAT Spotlight: 
Gresham-Barlow Pilots Food Scrap Composting

Stormdrain Cleaning Assistance Program Helps East County Businesses 
Avoid Flooding and Environmental Impacts

over $100. In addition to the cost 
savings, removing dirt, oil and debris 
from drains is an excellent way to help 
improve water quality in local streams,” 
said Keri Handaly, SCAP program 
coordinator for Gresham.

Maintaining private stormdrains helps 
prevent parking lot flooding nuisances 
for customers and driving hazards 
in nearby streets. Property owners 
are responsible for cleaning privately 
owned stormdrains.

Businesses that sign up will have 
stormdrains cleaned for $44 per drain 
by a private company. To participate in 
the program, businesses may contact 
Keri Handaly at 503-618-2657 or 
email Keri.Handaly@greshamoregon.
gov. The deadline to sign up is Oct. 14.  



Remove the fryer oil jug from the 
box and recycle the two pieces 
separately.

Help keep recycling easy and affordable 
by placing only approved materials in 
your recycling bins.

•  Plastic bags and films 
(such as pallet wrap) 

are not currently 
recyclable mixed with 

other recyclables.  
•  Fryer oil jugs, which 

are often packaged in 
cardboard boxes, must be removed 
from the packaging before being placed 
in the recycling bin.

Department of Environmental Services
1333 NW Eastman Parkway
Gresham, OR 97030

CITY OF GRESHAM

What do you think?
Take a short survey to tell us how 
you like to receive information about 
the City’s recycling programs. Use 
your smartphone’s 
QR reader to be 
directed to the 
survey, or visit us at 
GreshamOregon.
gov/GREATBiz.

Carbon Neutral 
Newsletter 

Green tags were 
purchased to offset the 

carbon released as a 
result of the production 

of this newsletter.

Recycling reminder – not all plastics are recyclable curbside
Materials approved for curbside 
recycling were chosen because 
of strong demand for them to 
be remanufactured into new 
products.

Questions? 
Call for free recycling help at 
503-618-2203.

FALL 2013

G R E S H A M 
R E S O U R C E 
E F F I C I E N C Y 
A S S I S TA N C E 
TO BUSINESSESGREAT News

The GREAT Business program is 
offering small grants to stimulate 
innovative resource conservation 
activities. These grants are available for 
efforts that will:

•  Improve water quality
•  Reduce solid waste, through 

prevention, recycling or composting
•  Conserve water

Learn more about grants and financial 
incentives from other organizations, including 
the East Multnomah Soil & Water Conservation 
District and the Energy Trust of Oregon from 
GREAT staff. Call us at 503-618-2203.

The grants are available to businesses, 
non-profits and commercial entities 
located within the city limits. Awards 
from $100 to $500 are available.  

The application deadline is November 
20, and funds will be awarded 
on a competitive basis. For more 
information, visit GreshamOregon.
gov/GREATBiz.

City grants available for conservation



Appendix D—Erosion Prevention Sediment Control Program Wet Weather 
Notice to Contractors 

 

 



Wet Weather Construction Season is October 1st – May 31st

The City of Gresham conducts frequent 
inspections of construction sites during 
the wet weather season.

WET WEATHER REQUIREMENTS

• Keep all sediment & construction 
materials from leaving the site.

• Cover all stockpiles with plastic, mulch or 
compost.

• Protect all exposed soil with a 2% or 
greater slope using one of the following:

o 3 inches of straw mulch

o Erosion control blanket or matting

o Sod or hydro‐seed established 
before October

RESOURCES

EROSION PREVENTION AND SEDIMENT CONTROL 
MANUAL ONLINE:

http://greshamoregon.gov/publicworksstandards/

EMAIL: Elle.Allan@GreshamOregon.gov

TELEPHONE: 503.618.2195

Don’t let 
your site 
look like 
this!

Store chemicals in a designated storage 
area.  Cover and protect from rain.

Use construction entrance and keep 
streets free of tracking. If tracking does 
occur, sweep the street the same day.

Install silt fence correctly. Trench‐in,   
backfill and overlap sections of fence 

by turning stakes together.

Place silt fence 3‐ft from toe of slope & 
remove sediment if accumulation reaches 

1/3 the fence height.

Contractors with failing BMP’s are liable for civil penalties, stop work orders and costly corrective actions



Public	Education	Effectiveness	Evaluation	Summary	

MS4	Permit	Requirement	Schedule	A.4.d.vi	

City	of	Gresham	
November	1,	2014	

I.	 Introduction	

This document represents compliance with the City of Gresham’s National Pollutant Discharge 

Elimination System (NPDES) Municipal Separate Storm Sewer System (MS4) permit, Schedule A.4.d.vi., 

which requires completion of an individual or coordinated public education effectiveness evaluation to 

measure the success of public education activities over the term of the permit.  Per Schedule A.4.d., the 

public education effectiveness evaluation must:  

vi. ….focus on assessing changes in targeted behaviors.  The results of the effectiveness 

evaluation must be used in the adaptive management of the education and outreach 

program….. 

The stormwater management program that is described in Gresham’s Stormwater Management Plan 

(SWMP) includes various program activities or best management practices (BMPs) to address permit 

requirements, including those related to public education and outreach.   

Gresham’s education and outreach focuses primarily on residents using outdoor chemicals, pet owners, 

pool and spa owners, illegal dumping, and business outreach for best management of washing and 

chemical handling practices. 

Beginning in 2013, the Oregon Association of Clean Water Agencies (ACWA) facilitated a collaborative 

effort amongst members to conduct a statewide stormwater public education effectiveness analysis.  

ACWA hired Davis, Hibbitts, & Midgall, Inc. (DHM Research) to compile local, state, and regional survey 

data with regard to public awareness and actions that contribute and combat stormwater pollution. The 

collective data was evaluated to help establish a baseline of the public understanding and reported 

behaviors typically associated with stormwater pollution contributions.  Findings are documented in a 

report format (DHM report) and were distributed to participating jurisdictions for their individual use 

(see Attachment A:  DHM Research Summary about Stormwater Behavior).   

The City used the collective information from the DHM report to reflect on their individual education 

and outreach program during this permit term and to advise the adaptive management of activities over 

the next permit term. 

This document outlines results and conclusions of that review.  Organization of the document is as 

follows: 

  Section II:    DHM Report Summary and Major Findings 

    Section III:   The City of Gresham Current Public Education Strategy  



Section V:    Conclusions and Next Steps related to Gresham’s Ongoing Public 

Education Program 

II.	 DHM	Report	Summary		

For reference the DHM report is included as Attachment A.  Information used in the DHM report was 

developed from research conducted by ACWA members, related work by DHM Research, and select 

relevant regional and national studies.  

Statewide data was included to ensure that findings represent the population that exists across all 

ACWA member communities.  Much of the current, local research in Oregon has been conducted in the 

state’s highest population centers, especially the Portland Metro area.  Results and differences between 

urban and rural communities, where defined in a study, were highlighted and discussed.  The report 

notes that certain local results may have an urban bias. In all, a total of 40 regional, state, and local 

stormwater‐related surveys were evaluated.  Eighteen were cited in the findings and within these, 4 

were Oregon statewide data, 5 were regional (WA, ID) and 6 were local. 

Results from the DHM report are described below as pertaining to general findings and targeted 

findings.  Targeted findings are most applicable to ACWA members in conjunction with the NPDES MS4 

permit requirement to conduct a public education effectiveness evaluation.  The targeted findings are 

focused on pet care, car care, lawn and garden care, and home care, which are distinct municipal 

stormwater pollutant sources where source control activities (like public education) are generally a 

preferred treatment approach. 

 A.  General Findings 

The DHM report includes general findings taken from state and regional surveys and deemed to be 

common to all ACWA members:  

Observation 1:  In addition to readily identified sources of pollution (e.g., industrial sites and activities, 
farming activities, wastewater treatment plants and sanitary sewer overflows), stormwater runoff from 
roads and hard surfaces is also thought to be a likely cause of water pollution. 
 
Observation 2:  A primary concern for residents in Oregon is drinking water protection.  Oregonians 
care about fish and other wildlife, agriculture and recreational uses, but these uses are all rated as less 
important motivators for change. 
 
Such observations may aid municipalities/ agencies in understanding the audience to which educational 

information is provided.  However, the report notes that in certain communities (e.g.,  Bend, Oregon), 

recreation and tourism have larger effects on people’s motivation and may be important for message 

shaping in communities whose economies are driven by ecotourism type activities. 

 

 



B.  Targeted Findings  

The DHM report focused on data that describes personal behavior related to pet care, car care, lawn 

and garden care and home care.  Such targeted findings are applicable to ACWA members, because the 

majority of current education and outreach efforts are geared to the residential areas and populations 

across the state. 

Observation 3:   Pet waste control outside of the home is a normative behavior, but pet waste control 

on private property is less common.    

Observation 4:  The majority of the residential populations wash their cars at home. However, 

urbanites use commercial car washes more frequently.   

Observation 5:  Lawn and home care activities vary by household income and geography.  As a whole, 

a majority of residents who conduct their own lawn care report using some form of pest management or 

fertilizer product.  Use of lawn products increases as household income rises.  Rural residents tend to 

engage in more high intensity lawn care activities and product use. About 20% of Oregonians report 

using moss control products on their roofs. 

Observation 6:  Dumping waste or household products into storm drains is not a normative behavior.  

Intended product use is typically adhered to, and recycling of unused products is common. 

Observation 7:  Only about half of septic tank owners conduct regular maintenance checks. 

C.  Key Considerations for ACWA Members  

Targeted findings (Section II.B) were evaluated by the ACWA Public Education Committee to develop key 

questions/ considerations for agencies looking to apply the targeted findings to their public education 

program.  Application of the targeted findings can be used to minimize barriers to behavior change and 

develop a more targeted messaging framework.  Education and outreach programs have varying levels 

of staffing and funding depending on each permittees need to balance operations and maintenance, 

capital projects, retrofits, stormwater monitoring and other required permit elements.   

This list does not presume that any permittee will be able to or need to address all potential pollution 

sources from the residential sector in a given permit year.  Rather, this list provides a framework for 

considering what the priorities might be for a given permit year or term in order to most efficiently and 

effectively allocate limited resources to the maximum extent practicable. 

Key Considerations (Pet waste):   

1) Does your agency have a pet waste pick‐up program?  Although Oregon residents typically 

see the importance of pet waste clean‐up, inconvenience is a significant barrier towards 

behavior change.  Forgetting to bring a bag is a common issue.  Depending on local 

resources, efforts to improve convenience and accessibility may be beneficial.  



2) Is residential, private property (i.e., backyard) runoff a significant source of discharge to the 

public stormwater system based on typical lot slope, driveway alignment, and connectivity?  

Because pet waste cleanup is much less common at home or on private property, 

understanding of the contribution of such potential pollutant source will help establish 

whether targeted outreach should occur.   

Key Considerations (Car care/use): 

1) Are there opportunities to promote or provide incentives for residents to use commercial 

carwashes?  Partnering with commercial car washes can promote multiple water quality 

benefits.  Commercial car washes are required to use specialized soaps that do not impact 

receiving water health.  Commercial car washes are also required to collect, contain, and 

discharge wash water to the sanitary collection system, thereby eliminating the potential for 

surface runoff.   

2) Are there opportunities to promote car washing on the ‘lawn’, especially in communities 

where properties may have more space? 

3) Are there opportunities to distribute environmentally‐friendly car wash kits to organizations 

or fundraising groups?  Environmentally‐friendly car wash kits can provide organizations and 

non‐profits with supplies that limit impact to receiving water while allowing the fulfillment 

of fundraising obligations.   

4) Are there opportunities to easily dispose/ recycle motor oil, antifreeze, and other 

automotive related fluids that can be promoted?  Although Oregon residents generally 

recognize that storm drains are not an allowable disposal location, inconvenience and cost 

can be a significant barrier towards behavior change.  Either providing for or advertising 

accessible and convenient locations for disposal/ recycling may help minimize the potential 

for illicit discharges. 

5) Is use of alternative transportation methods (walking, biking, and public transit) actively 

publicized for your community? 

Key Considerations (Lawn care): 

1) Are high intensity lawn care practices used in your community?  Are there opportunities to 

educate residents (through HOAs, environmental organizations, mothers’ organizations) and 

publicize the negative impacts of high intensity lawn care practices on wildlife, pets, and 

children?  Messaging that connects lawn care activities to the health and well‐being of pets 

and children will apply to stream health and water quality as well.  Mothers in particular are 

considered strong messengers to advocate for improving health of families.  

2) If a significant portion of residents use commercial landscapers and lawn care providers, are 

there opportunities to provide education to the local landscape firms to help ensure that 

eco‐friendly services are offered to customers?    



Key Considerations (Home care): 

1) Are there opportunities to easily dispose/ recycle paint, cleaners, and other related home care 

fluids?  Although Oregon residents generally recognize that storm drains are not an allowable 

disposal location, inconvenience and cost can be a significant barrier towards behavior change.  

Either providing for or advertising accessible and convenient locations for disposal/ recycling 

may help minimize the potential for illicit discharges. 

2) Are there opportunities to educate residents on less toxic alternatives for home care products 

(via farmers markets, street fairs, etc.)?  Providing coupons and samples for preferred products 

may be one activity that would address the fear of more environmentally‐friendly alternatives 

being less effective while considering potential cost implications of using a more organic/ 

natural product. 

3) Does your community have a significant number of residents that own septic systems?  That 

own and use RVs for recreation?  Septic tanks and drainfields require maintenance to ensure 

they are effective, yet a number of owners are not aware of such need.  Waste disposal from 

RVs is also a potential high pollutant source activity that can affect surface water quality.  

Targeted education and outreach efforts may be conducted for these sources, depending of 

frequency and coverage in the community.   

	III.	 City	of	Gresham	Public	Education	Strategy		

A. Evaluation Lens 

The findings of the DHM report are used in this report and are applied to the following questions: 

a. Are my public education resources targeted in the most effective manner? 

b. What are the best motivators for targeted behavior change in my community? 

c. What are some areas for potential improvement (messaging, audience, activities)?  

B. Demographic Summary 

When compared to the state’s population, Gresham residents have lower high school graduation rates 

(84% v. 89%) and fewer college educated residents (18% v. 29%).  They earn slightly less as compared to 

the state ($48K v. $50K median income) and fewer own homes (54% v. 63%, Gresham v. State, 

respectively).  Gresham also has a higher percentage of foreign born residents (18% v. 10%), with 26% v. 

15% of households being somewhat bilingual.  Gresham’s largest minority group includes persons who 

identify as Latino (18%)1.  While not necessarily related to race, this characteristic indicates a larger 

                                                            
1 Hispanics or Latinos are those people who classified themselves in one of the specific Spanish, Hispanic, or Latino categories 

listed on the Census 2010 questionnaire ‐"Mexican," "Puerto Rican", or "Cuban"‐as well as those who indicate that they are 

"another Hispanic, Latino, or Spanish origin." People who do not identify with one of the specific origins listed on the 

questionnaire but indicate that they are "another Hispanic, Latino, or Spanish origin" are those whose origins are from Spain,  



presence of those who are likely to receive additional informational benefits from messages and 

outreach campaigns conducted in Spanish. 

Table 1:  ACWA Phase I Communities 2013 Population and Demographic Data2 

  Population Demographic 

Total Population 

(in 100,000’s) 

< 18 years (%) > 65 years (%) White (%)  Latino (%)

Oregon 

(Statewide)  

3,900  22 16 88  12

By City

Portland  609  19 10 73  9

Gresham  109  26 11 69  19

Salem  161  25 12 79  20

Eugene  159  18 13 86  8

Beaverton  94  23 10 73  16

By County (includes corresponding City statistics) 

Washington  555  25 11 83  16

Clackamas  388  23 16 91  8

Multnomah   766  20 12 81  11

Lane  356  19 17 90  8

 

                                                            
2 2013 Population Estimates:  http://quickfacts.census.gov/qfd/states/41/4147000.html 

 



B.  Public Education Prioritization 

Historically, Gresham’s overall education strategy has focused on pollutants that are 1) are more toxic 

to people, wildlife or both and 2) have larger contribution sources from the overall population.  To 

illustrate how program resource decisions are made, the following example is offered related to lawn 

chemical use versus potential illegal Recreational Vehicle (RV) discharges: 

Lawn care practices can potentially contribute nutrients and toxics (pesticides).  Illicit dumping of 

recreational vehicle waste can contribute bacteria, nutrients, and BOD.  Both activities may be toxic to 

humans and wildlife.  The potential contribution from each of these activities may cause the City to 

focus more resources on one versus the other.  

LAWN CARE: Gresham has about 22,500 single family homes and census data places 

home ownership at 54%[1].  Based upon Gresham surveys, about 80% of those owning 

their own home[2] maintain their lawn and of those, a majority are applying some form 

of chemical for weed control or fertilizer.  This reveals that the Gresham lawn care 

program has a target population of about 8,000 households. 

RV WASTE: National estimates of RV ownership are about 8% of those earning more 

than $50,000 per year.  In Gresham this is approximately 1400 RV owners.  According to 

Gresham’s survey, 5% report not properly disposing of waste, yielding a target 

population of about 70‐75 households. 

 

The City must also consider whether program expenditures will be perceived as an appropriate use of 

stormwater utility rate funds (e.g. pollution sources from vehicles related to transportation choices are 

handled by agencies such as Tri‐met and Metro).   

Gresham’s education and outreach programs will continue, to the maximum extent practicable, to focus 

upon a variety of pollution sources from the public.  Each pollutant source, as included in the DHM 

report is described below.  Gresham’s education and outreach programs will continue, to the maximum 

extent practicable, to focus upon a variety of pollution sources from the public.  Each pollutant source, 

as included in the DHM report is described below.  

1. Pet Waste: 

Gresham currently provides doggie bag holders in area parks and includes reminder messages on the 

importance of picking up after your pet. 

Adaptive Management:  Based on this analysis include the addition of messaging in Spanish, whenever 

resources allow and the addition of a mention of “it’s important in your back yard also.” 

 

 



2. Cars: 

Gresham currently messages on proper methods of car washing to limit impacts to local streams.  

Gresham also provides certified car washing locations and ‘fish‐friendly’ car wash kits for community 

groups to use during fundraising activities.   

Gresham provides curbside oil recycling and publicizes locations for disposal of automotive fluids. 

Gresham primarily relies on Tri‐met and Metro, the regional public transit agency and planning agency, 

respectively, to promote public transit use and biking and walking.  Gresham’s Transportation Division 

has responsibility for overseeing the addition of the local bike lane and pedestrian route planning and 

implementation and conducts some public outreach to promote local bike and walk trails and routes. 

Adaptive Management:  Continue implementation of current activities.  Incorporate messages into 

Spanish whenever resources allow. 

3. Illegal Dumping: 

Gresham’s code enforcement office follows up on all complaints related to potential illegal discharges 

from various sources.  When no responsible party can be identified, the Watershed Division will 

commonly issue a general education notice to the community noting that an illegal discharge of “X” has 

been found and reminding them that discharges into the stormwater system are not allowed and that 

residents should photograph anyone in the act of illegal dumping and contact the city immediately. 

City of Gresham also promotes stormdrain marking as a volunteer activity, especially in commercial 

areas where washing or dumping is more likely to occur.  Various streets and parking lots are marked 

with “Dump No Waste, Drains to Drinking Water” stickers in English and Spanish. 

Adaptive Management:  Continue implementation of current activities.  Incorporate messages into 

Spanish whenever resources allow. 

4. Home Care: 

i. Lawns 

Over the past 12 years, Gresham has implemented a variety of ‘lawn’ education campaigns.  Each 

campaign is delivered with the target audience in mind and is tailored to reach those who are most 

likely to use outdoor chemicals.  Such campaigns and behavior interventions are extremely resource 

intensive relative to staffing and financing.  Therefore, Gresham often relies on partnerships and/or 

grant funding with/from other local agencies such Metro and East Multnomah Soil and Water 

Conservation District or local watershed councils to leverage program delivery options.  Also, Gresham 

partners with regional groups such as the Regional Coalition for Clean Rivers and Streams, the Regional 

Water Providers Consortium, and the Adult Educators Conservation (ACE) group to deliver consistent 

regional messages and campaigns.  Gresham measures and evaluates each campaign and program as 



applicable and reports data and analysis and/or adaptive management observations in its annual report 

to DEQ.   

Adaptive Management:  Continue implementation of current activities, if resources allow.  Combine 

with the downspout disconnection program as needed to meet resource constraints.  Incorporate 

messages into Spanish whenever resources allow. 

ii. Septic Tanks 

Gresham does not have many septic systems remaining due to the Mid‐County Sewerage Project 

conducted in the early 90s.  During that time, more than 8,000 homes were connected.  For those 

remaining, they will be required to connect to the City’s system when they fail, if City pipe is within 300 

feet.  The Wastewater Division implements this protocol as part the Bacteria TMDL Nonpoint Source 

Implementation Plan.   

Adaptive Management:  Conduct an evaluation to determine if annual maintenance education efforts 

would be a beneficial use of City resources based on possible pollution contribution size.  Add into the 

updated Stormwater Management Plan (SWMP) for the next permit renewal submittal, if warranted.   

iii. Recreational Vehicles 

City of Gresham publicizes the location of RV disposal options on its website and in mailers to residents 

or on social media, etc.   

Adaptive Management:  Continue implementation of current activities.  Incorporate messages into 

Spanish whenever resources allow. 

iv. Pools and Spas 

City of Gresham publicizes best pool or spa drainage practices on its website and in mailers to residents 

or on social media, etc.   

Adaptive Management:  Continue implementation of current activities.  Incorporate messages into 

Spanish whenever resources allow. 

v. Home Roof Area Management (Volume Reduction for Hydromodification) 

City of Gresham has been combining some of its residential outreach into its downspout disconnection 

program over the past four years because total staffing support for all education and outreach efforts is 

limited.  Information about stream‐friendly programs and practices are offered at the door.  

Adaptive Management:  Continue implementation of current activities.  Incorporate messages into 

Spanish whenever resources allow. 

 

 



C. Adaptive Management and Next Steps 

Aside from the notations made within this evaluation, the City reports any evaluations on program 

effectiveness in its annual report Appendices.  Any proposed changes to education and outreach 

programs as a result of the information are noted in the annual report.  The City plans to utilize this 

report during the process for reviewing and updating its SWMP for the next Permit Renewal Submittal.   

 



 
 
 
February 4, 2014 
 
TO:  Oregon Association of Clean Water Agencies (ACWA) 
FROM: DHM Research 
SUBJ:  Research summary about stormwater behavior 
 
1   |   INTRODUCTION  
 
This summary and observations document is a high-level analysis of public 
attitudes and priorities about stormwater in Oregon. The focus is on residential 
customers and the general population. A few national studies are included to add 
perspective on the issue. The objective of this summary is to provide added context 
and inform and/or validate existing information, especially as the Oregon 
Association of Clean Water Agencies (ACWA) interacts with the public. 
 
Much of the information is developed from recent research conducted by ACWA 
members, related work by DHM Research, and select national studies conducted on 
relevant topics. Attempts were made to include a geographically diverse set of 
research to review.  Where data exists at the state level and at a city level, the 
report provides these for comparisons. Much of the existing research in Oregon has 
been conducted in the state’s population centers and specifically the Portland Metro 
area. Thus, the results in this report have an urban bias, which should be taken into 
account. However, although water resources and quality are highly localized, much 
of the general public’s knowledge and values about water are independent of 
geography. 
 
The summary is grouped into five main areas: 
 

1) Values – what do Oregonians value in general, and how does it relate to 
stormwater 

2) Behaviors – what are the key behaviors of the public that impact 
stormwater; what are the emerging issues  

3) Barriers, motivations, messaging – what are the barriers and 
motivations to behavior change 

4) Media review – how is stormwater covered in the media  
5) Gaps in research – where are the gaps, if any, in existing research 

 
Any observations and recommendations are general guidelines and specific to 
Oregon; while much of the advice may apply outside of the state, it would be wise 
to conduct independent research to test their effectiveness in other areas.  
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Research sources reviewed include the list below. A more detailed listing of 
research provided to DHM by ACWA members and a discussion of methodology is 
found at the end of this summary.  

1. Bend Community Survey (2007) 
2. Bend Environmental Issues Survey (1999) 
3. Clackamas County Water Environment Services Survey (2006) 
4. Clark County Stormwater Research (2012) 
5. Clean Water Services Customer Service Surveys (2002, 2006, 2008, 2010, 

2012) 
6. Clean Water Services Stream Habits Survey (2002) 
7. Clean Water Services Stormwater Survey (2012) 
8. Clean Water Services Customer Values Survey (2013) 
9. Earthfix Survey (2012) 
10. Eugene Stormwater Management Survey (2013) 
11. Gresham Lawn Care Pre and Post Surveys (2007, 2009) 
12. Gresham Stormwater Survey (2008) 
13. Hillsboro Water Supply Residential Customer Focus Groups (2010, 2011) 
14. Keizer Community Survey (2011) 
15. Lake Oswego-Tigard Water Partnership Focus Groups (2010) 
16. Lake Oswego Community Survey (2013) 
17. Metro Household Hazardous Products Survey (2007) 
18. Metro Toxic Reduction Focus Group (2009) 
19. Metro Sustainable Living Survey (2012) 
20. Oak Lodge Satisfaction Survey (2012) 
21. Oregon Department of Environmental Quality Household Hazardous Waste 

Survey (2008) 
22. Oregon Forests Research Institute/Oregon Department of Forestry Forest 

Values and Beliefs Survey (2010) 
23. Oregon Values and Beliefs Study (2013) 
24. Portland Bureau of Environmental Services Surveys (1999, 2005) 
25. Portland City Community Surveys (2011, 2012) 
26. Puget Sound Partnership Survey (2011) 
27. Regional Coalition for Clean Rivers and Streams (2011) 
28. Rogue Valley Sewer Services Public Education Survey (2012, 2013) 
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National Sources used for Reference: 
1. Environmental Protection Agency National Menu of Best Management 

Practices and website 
(http://cfpub.epa.gov/npdes/home.cfm?program_id=6) 

2. American Veterinary Medical Association pet ownership statistics 
(https://www.avma.org/KB/Resources/Statistics/Pages/Market-research-
statistics-US-Pet-Ownership-Demographics-Sourcebook.aspx) 

3. Killmuss, Anja and Angyeman, Julian. 2002. Mind The Gap: Why Do People 
Act Environmentally And What Are The Barriers To Pro-Environmental 
Behavior? Environmental Education Research. 8(3): 240-260 

4. 2012 Value of Water Index: Americans on the U.S. Water Crisis, Xylem Inc. 
(http://www.xyleminc.com/valueofwater/) 

5. Stormwater Pollution Prevention Behavior of Corvallis Residents, Oregon 
State University, 2010 
(http://www.corvallisoregon.gov/modules/showdocument.aspx?documentid=
4617) 

6. Stormwater Knowledge, Attitude and Behaviors: A 2005 Survey of North 
Carolina Residents, Chrystal Barlett 
(http://www.ncstormwater.org/pdfs/stormwater_survey_12506.pdf) 

7. Universities Council on Water Resources Journal survey on public perception 
of stormwater, 2010 (http://ucowr.org/issue-146/survey-says-implications-
of-a-public-perception-survey-on-stormwater-education-programming) 

8. Stormwater Monitoring and Resident Behavior in a Semi-Arid Region, 2011. 
(http://www.joe.org/joe/2011april/a8.php) 

9. Understanding Watershed Behavior, Watershed Protection Techniques, 3(3): 
671-679. 
(http://www.northinlet.sc.edu/training/media/resources/Understanding%20
Watershed%20Behavior.pdf) 

10.Stormwater Runoff: Pierce County Public Attitudes, Awareness and Behavior, 
2009.  
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3   |   SUMMARY AND OBSERVATIONS  
 
Oregonians place a high value on the environment and natural beauty of 
the state, especially as it relates to water. 

 DHM Research’s 2013 Values and Beliefs study found the features that 
Oregonians most value about the state are its beauty and scenery, weather 
and climate, outdoor recreation, and its forest and trees. 

 Other statewide surveys have consistently shown that Oregonians are 
concerned about, and prioritize, protecting water. 

 
Protecting drinking water is the most paramount water issue for 
Oregonians. 

 Other issues are important, but secondary. They include, water as a source 
of fish and wildlife habitat, irrigation for agricultural, and recreational 
opportunities. 

 
Oregonians have limited knowledge and awareness of stormwater. 

 Their low level of awareness means that the average person does not have a 
well-developed understanding of the relationship between drinking, sewer 
and stormwater. 

 Nationally, more than three-fourths do not believe that stormwater runoff is 
the largest source of water pollution. Rather, a majority believe that industry 
is the largest source of water pollution. 

 
Individual perceptions and behaviors related to stormwater are specific to 
the source, and need to be addressed as such. For example: 

 Pet waste: while most pet owners pick up their pet waste when out in the 
community, just one-quarter pick it up on a daily basis at home and one-
third pick it up once a week or less. Many simply don’t believe it is impactful 
on water. 

 Car washing: evidence suggests that most car owners wash their car at 
home rather than at a commercial carwash because they perceive it as 
cheaper, less likely to damage the car, and more effective. 

 Lawn and garden care: decisions about lawn and garden care are strongly 
influenced by cultural values and community standards. There is also a 
common assumption that if a product sold at a local home and garden store, 
than it must be safe to use.  
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Motivations to change stormwater behavior should be connected to other 
important values. For example: 

 Drinking water: draw a connection between stormwater runoff and the 
quality and safety of drinking water. 

 Children and pets: survey and focus group research has consistently shown 
that the safety of children and pets ranks in the top tier of concern for the 
use of chemical products in lawns, gardens, and in the home. This is 
particularly true with women. 

 Saving money and discounts: for a segment of consumers, saving money is 
strong motivator. To change behavior, however, consumers must feel that 
that they are not sacrificing effectiveness or convenience. 

 Natural areas, wildlife habitats, green spaces and outdoor recreation: 
Oregonians place a high value on the environment and enjoying outdoor 
recreational opportunities. When possible, link stormwater projects to these 
key values. 

 
Other considerations for messaging 
 Consider mothers as messengers to target the strongest base of supporters – 

females, Democrats, and people with higher education/income. Other research 
also shows that women are strong messengers, often the most effective 
messengers, around improving the health of families.   

 Partner with community organizations, small businesses, retailers, and 
university experts as spokespeople around preferred stormwater behaviors. 
They are often better messengers than government, environmental groups, and 
utilities that may be viewed by the public with skepticism. 

 Use a positive tone and focus on outcomes. This is more easily understood and 
resonates with the public. It also communicates a message that there is a plan 
for the future. 

 Suggest simple steps to behavior change and be specific.  
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4  |  VALUES  
 
4.1  |  General values in Oregon 
 
Oregonians place high value on the natural beauty of our state, outdoor recreation 
opportunities, and clean air and water. Residents across the state, whether living in 
Bend or Portland, place similar importance to the natural beauty of Oregon. DHM’s 
recent study on Oregonian’s Values & Beliefs (2013) found people value most about 
living in Oregon (in this order): 
 

1. Beauty and scenery 
2. Weather and climate 
3. Sense of community 
4. Outdoors and outdoor activities 
5. Forests and trees 
6. Ocean and easy access 
7. Nature  
8. Mountains and easy access 

 
These values are consistent across all areas of the state. The order may vary 
slightly from one region to another – for instance, people in Central Oregon may 
place greater emphasis on outdoor activities – but the general list is the same 
across the Metro area, Valley, Central, Eastern, or Southern Oregon. 
 
Water can be linked to almost all of these key values. ACWA has the rare 
opportunity to connect to what Oregonians value most about their state. Public 
outreach should include references to how water, particularly stormwater, connects 
people to these key values about Oregon.  
 
During economic downturns, values around water and the environment in general 
can easily get lost with pressing issues facing the state and national concerns.  
 

Most Important Issues in Oregon 
Before recession 
(2007 and earlier) 

During recession 
(2008 to today) 

Public education Jobs / economy 
Healthcare Public education 
Taxes / government spending Healthcare 
Environment Government waste 

 
Environmental issues, including water quality, have taken a back seat to what 
residents consider higher priorities – the economy, unemployment, public 
education, healthcare, and government waste. However, Oregonians clearly value a 
healthy environment. In the Oregon Values and Beliefs Survey, Oregonians mention 
environmental awareness as the number one reason Oregon will be a better 



8 
DHM Research | ACWA, February 2014 

place to live in 10 years (24%), even ahead of a stronger economy and economic 
growth (18%).  
 
The public mood, as framed by whether people believe we are heading in the “right 
direction,” shows that Oregonians continue to be pessimistic about the direction of 
the state, although recent numbers show some improvement.  
 

 
 

Source: DHM Research 
 
When right direction numbers are higher (60%+), the public expresses heightened 
awareness and concern for environmental issues, including water. In other words, 
when the public mood is more optimistic Oregonians care more about issues that 
affect the environment. Current right direction numbers hover around 45% across 
Oregon. As we would expect, then, residents express greater concern about the 
economy and less concern about the environment, and much less concern about 
stormwater issues. In the Portland Metro area, right direction numbers are closer to 
60%. Residents in the Portland area are more likely to have a heightened 
awareness and sensitivity to environmental issues, including issues about 
stormwater. Portland residents are frequently more optimistic than other areas of 
the state, with lower unemployment, more job opportunities, and a larger 
population of younger residents who are generally more upbeat. 
 
Public pessimism creates sensitivities for communications and public outreach. This 
applies particularly to the government or messengers that are linked to 
government. Many national and state surveys show that trust in government is 
declining and is at an all-time low. Thus, any outreach may be viewed with 
skepticism. Public outreach about stormwater would benefit from making the 
connection to what Oregonians value about their state – beauty, nature, outdoors – 
in order to resonate more strongly with the public.   
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4.2  |  Top water values in Oregon 
 
Water is highly valued by Oregonians. The quality of water is of high concern, 
especially in the context of drinking water.  
 
 90%+ are very and somewhat concerned about water quality (ODF, 2013) 

75%+ believe it is very and somewhat important to fund protection of 
water and air quality (Oregon Values and Beliefs, 2013) 
70% worry most about quality of drinking water and the health of rivers 
and streams, compared to 10% for industrial pollution and 5% for 
agricultural pollution (Earthfix, 2012) 
47% value their local rivers most for a source for drinking water, followed 
by 19% who value rivers as a habitat for fish and wildlife (CWS, 2013) 

 
Drinking water. People place a higher value on water issues that impact directly 
household activities, such as access to clean and good tasting tap water or 
sufficient supply of water for home and lawn use, than on overarching concerns for 
the water system or infrastructure. Water is most highly valued as a source for 
drinking water, as seen in a recent Clean Water Services study and across other 
local and national studies. 

Water Values 

Values about rivers and streams Most 
important

Source for drinking water (current and future supply) 47% 

Habitat for fish and wildlife 19%

Indicator of a healthy environment 14%

Natural beauty and open space 7%

Source of water for farming and agriculture 5%

Natural areas for recreation activities (fishing, hiking, swimming, 
paddling, bird watching, etc.)

5% 

Drain away rain water 3%

Other 0%

Don’t know 1%

Source: CWS, 2013 

 
Women in particular have a tendency to rate water quality as a higher priority, 
which ultimately connects them to issues that impact drinking water. In general, 
women are consistently more concerned with environmental issues than men. 
People living near a river or stream also evidence greater connection and 
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awareness about water issues than those who are “non-streamside” residents 
(CWS, 2013).  
 
Habitat for fish and wildlife. Another top-tier water value is the protection of 
habitat for fish and wildlife. Focus groups have shown that residents in the region 
link the well-being of fish and wildlife in rivers and streams to the quality of water – 
if fish and wildlife are thriving then rivers and streams must be clean and healthy. 
Not surprisingly, streamside residents rank the importance of habitat for fish and 
wildlife higher than non-streamside residents (CWS, 2013).  
 

93%+ support improving flow of water to support fish, wildlife and water 
quality (CWS, 2013) 
90%+ agree that native fish are an asset to Portland (Portland BES, 1999) 

70%+ consider the Tualatin River important as a habitat for fish and wildlife 
(CWS, 2013) 
7.9 mean out of 10-point scale on importance of restoring healthy salmon 
runs (Clark County Environmental Issues, 1999) 
 

Many residents have at least a basic understanding of the potential impact they 
have on water quality which impact habitat for fish and wildlife. In a recent survey 
of residents in Clackamas, Clark, Multnomah, and Washington counties, 54% feel 
“somewhat informed” about what they can do to maintain the health and water 
quality of local rivers and streams and 20% feel “very informed” (Regional Coalition 
of Clean Rivers and Streams, 2011). However, over 25% are not informed or report 
that they didn’t know. 
 
Little research examines public awareness about declines in number of fish and 
health of habitats. Residents seem to make a connection to less personal 
behaviors; when asked specifically about reasons for declines in salmon runs, 38% 
said it’s due to overfishing and 36% said from water pollution generally, without 
being able to identify a primary source. This is compared to 6% who specifically 
identify of runoff from homes and other human activities. 
 
Other water values. Second tier water values that are important to residents 
include public health, recreation, and natural areas. Because this summary is 
focused on stormwater, our analysis will not explore these second tier values as 
related to water in general. Instead, these same values are linked to stormwater 
issues and are addressed later in this report under motivations for stormwater 
behavior change.  
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5  |  STORMWATER  
 
5.1  |  Stormwater awareness 
Residents in Oregon believe the greatest source of pollution in rivers and streams 
is: 

a. Stormwater runoff from roads and hard surfaces  
b. Factories and industry dumping waste 
c. Farming and agricultural products from fields 
d. Untreated sewage dumped into waterways  
e. Discharge from sewage treatment plants  

 
An EPA report shows 78% of the American public does not understand that 
stormwater runoff is now the most common source of water pollution and nearly 
half of Americans believe industry is the problem (EPA, 2009). 
 
From a study conducted with residents in Oregon, Idaho, and Washington, at least 
60% believe the most likely causes of water pollution are runoff from roads, 
pollution from industry, and chemicals from farms and agriculture (Earthfix, 2012). 
The perception of pollution from sewage is much higher in Oregon (60%) than in 
Washington (50%) or Idaho (30%). A majority of residents are uncertain or believe 
only a little pollution comes from households through the use of chemicals on lawns 
and gardens or from personal products like laundry detergent or prescription drugs.  
 

Perceived Causes of Water Pollution in Pacific NW 

 
Source: Earthfix, 2012 
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In the Pacific Northwest, a recent Puget Sound study found 67% don’t believe 
fertilizers, oil, and other contaminants running off yards and streets is the greatest 
source of water pollution in the sound. Instead, most cite industrial discharge, 
development, sewage treatment plants or other reasons, and about 25% report 
they don’t know (Puget Sound Partnership, 2011).  
 
People show uncertainty or general lack of knowledge regarding what happens to 
stormwater when it enters storm drains. For example, in Portland metro survey 
about one-third of residents said they aren’t sure of the destination of their 
stormwater runoff. Inconsistent methodology across research studies makes it 
difficult to determine more detailed trends in awareness about stormwater, 
however, in focus group research that DHM has conducted, it has often been the 
case that people make assumptions about their water but when pressed they are 
not confident in their assertions.  
  

Perceived Destination of Stormwater Runoff  
 

 
  

Source: EPA, 2009, various studies 
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5.2   |   Stormwater behaviors 
 
We reviewed multiple regional, statewide, and national studies carried out from 
1999 to 2013 in order to identify personal behavior related to stormwater runoff in 
Oregon. The specific stormwater behaviors can be grouped into four key areas: 

1. Pet care 
2. Car care 
3. Lawn and garden care 
4. Home care  

 
Pet care 
An EPA report in 2009 reported that residents do not recognize the extent to which 
pet waste is a threat to water quality. According to the U.S. Pet Ownership & 
Demographics Sourcebook (2012), Oregon has one of the highest pet ownership 
rates in the country at 64%. While it is difficult to accurately report the local 
percentage, a 2011 Regional Coalition for Clean Rivers and Streams study found 
that 40%+ of respondents in Clackamas, Clark, Multnomah, and Washington 
counties own a dog. In Gresham, dog ownership ranges from 21% of streamside 
renters (Gresham Stormwater Survey, 2008) to 59% of lawn-owning individuals 
(Gresham Lawn Care Behavior Surveys, 2007, 2009). 
 
People are more likely to immediately pick up their pet waste when walking their 
dogs compared to when dogs are let out in a yard. When walking their dog, 
upwards of 90% pick up pet waste immediately. Only 2% of dog owners in 
Gresham who take their dog to the park report not picking up after them (Gresham 
Stormwater Survey, 2008).  
 
The rate of pick up drops when compared to what happens at home: only one 
quarter (26%) pick up pet waste in their yards regularly (daily), another quarter 
pick up every 2-3 days, and a third pick up once a week or a couple times each 
month (Regional Coalition of Clean Rivers and Streams, 2011). Overall, 21% of 
Gresham dog owners report never taking their dog on walks or to the park 
(Gresham Stormwater Survey, 2008).  
 
A study in nearby Pierce County, Washington (2009) showed “proper behavior” 
(picking up droppings, bagging, and placing in the trash) was more common in 
cities than in unincorporated areas (44% vs. 26%).  
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Picking up Pet Waste in Oregon 

 
 
 
Top reasons for not picking up after pets include inconvenience and 
unpleasantness. Incentives for picking up more often were:  

1) free collection device (scoopers or bags) 
2) monetary fine 
3) health of family and pets 

 
In Gresham, 35% of dog owners going to the park use the available dog bag 
dispensers, suggesting that the convenience of city-provided dispensers plays an 
important role in whether pet owners pick up after pets. Usage varies widely across 
demographic groups, however, from over six in ten renters to four in ten non-
streamside homeowners and two in ten streamside homeowners (Gresham 
Stormwater Survey, 2008). 
 
Residents do not automatically make the connection between improved water 
quality or household health and picking up pet waste. General values around water 
are not top of mind for this specific behavior (Regional Coalition of Clean Rivers and 
Streams, 2011). Any public outreach and communications to change behavior will 
require connecting the dots to water values, providing a clear message about 
picking up pet waste and the connection to improved water quality. 
 
Car care 
Most of the research on car care involves hazardous materials on impervious 
surfaces or materials washed directly into storm drains. Common activities that 
contribute to stormwater runoff include vehicle washing and maintenance. We 
discuss how these individual behaviors and general trends in car usage affect 
stormwater issues. 
 

Source: Regional Coalition of Clean Rivers and Streams, 2011 
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Cars are still the most frequent mode of transportation in Oregon with 82% driving 
alone or choosing carpool to get to work or school, and about 12% using alternative 
modes like public transportation. 
 

Modes of Transportation in Oregon 
 

 
 
Transportation patterns are similar across the country and there is evidence that 
use of alternative modes of transportation is increasing. A recent telephone survey 
of Metro area residents conducted for Metro Regional Transportation Options 
showed an increase from 2010 figures in the number of people walking, using 
transit, and biking at least weekly as a form of transportation.  
 

 
 

 
Vehicle washing. According to the EPA, “outdoor car washing has the potential to 
result in high loads of nutrients, metals, and hydrocarbons during dry weather 
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conditions in many watersheds, as the detergent-rich water used to wash the grime 
off our cars flows down the street and into the storm drain” (EPA, 2009). 
Commercial car washes are the preferred alternative, as most capture waste water 
which is subsequently treated before it goes into the sewer system. Another 
alternative option is washing vehicles on pervious surfaces such as a lawn or dirt in 
order to filter residue. 
 
Across Oregon, upwards of three quarters of residents wash their vehicles at home, 
though this number varies depending on geography and demographics. In the 
Portland Metro area, 45% never wash at home while 32% wash their vehicle 1-3 
times per year at home (Regional Coalition for Clean Rivers and Streams, 2011). In 
Eugene, 61% wash their vehicle at a commercial car wash, and 36% at home on a 
paved driveway or street (Eugene Stormwater Management Report, 2013). The 
Gresham Stormwater Survey (2008) found that about one third of home owners 
never wash their car at home, while the rate was about 50% for renters. However, 
one third of those washing their car at home reported a willingness to use a car 
wash. 
 
Further afield, 31% of Puget Sound residents always use a commercial carwash 
facility and 69% wash their vehicles at home (Puget Sound Partnership, 2011). This 
high variability in behavior may be due to a combination of lifestyle factors 
including time of year, urban or rural locations, access to facilities, cost, and 
general knowledge of alternatives.  
 
Those washing vehicles at home are most likely to be homeowners, those with 
children and/or dogs, and those who do not have a college degree (Gresham 
Stormwater Report, 2008; Eugene Stormwater Management Report, 2013). In 
Gresham, these same groups are also less willing to change their behavior and 
begin using a car wash facility (Gresham Stormwater Report, 2008). 
 
The top reasons for washing their vehicle at home rather than a carwash facility 
typically include: 

1) perceived expense or higher cost 
2) perception that hand washing is better for vehicle care  
3) perception that hand washing gets the car cleaner  
 

 
A primary incentive for washing vehicles at a carwash and motivation for changing 
behavior is discounts or coupons (reducing the perception of higher cost). Messages 
about the environmental benefits of commercial car washing, such as facility uses 
recycled water or that it protects water quality or wildlife, can help to supplement 
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motivations but tend not to be primary drivers of behavior change (Regional 
Coalition for Clean Rivers and Streams, 2011).  
 
Vehicle maintenance. Relevant behaviors related to home vehicle maintenance 
include changing oil and antifreeze, addressing leaks in a timely manner, and 
proper disposal of vehicle related chemicals such as oil, solvent, grease, and fuel.  
 
In the Gresham Stormwater Survey (2008), about 25% of residents change their 
own oil or antifreeze. Of those, 86% report using an acceptable disposal1 method. 
Although 7% reporting placing it in the trash, an undesired behavior, none reported 
pouring it on the ground or into a storm drain. In the Puget Sound area, roughly 
one half of residents perform maintenance on their cars at home and most say they 
properly dispose of hazardous materials (Puget Sound Partnership, 2011).  
 
In the Metro Household Hazardous Products Survey (2007), very few people dump 
chemicals in storm drains (<1%) and the vast majority take leftover motor oil to a 
facility or recycle at curbside with their regular pick-up (31%-96% depending on 
product type). The survey also found that even if residents use a less preferred 
method to dispose of other household hazardous materials (throwing in trash, 
pouring down sink, or pouring into a storm drain), they seem to take extra care 
with vehicle materials like motor oil.  
 
Addressing unintentional spills of hazardous materials on driveways or fixing vehicle 
leaks in order to prevent further spills or damage is another car maintenance issue. 
In the Puget Sound (2011), 74% of respondents report fixing oil and fluid leaks 
promptly either always or most of the time, 12% report doing so sometimes or 
rarely/never, and 14% weren’t sure. Existing research does not speak clearly as to 
whether residents link prevention of vehicle leaks and spills to protection of water 
quality. More research may be needed to explore motivations around this behavior 
change.   
 
Vehicle trends. National and local studies highlight changes in travel behavior that 
may ultimately impact the number of vehicles. A 2013 study by the Public Interest 
Research Group showed that “for eight years in a row, Americans have been driving 
less on a per person basis than the year before.” Younger generations are driving 
less and are also less likely to have a driver’s license than any generation before 
them. A study done this year by the Centers for Disease Control and Prevention 
found that the percentage of high school seniors who had a driver's license fell from 
85% in 1996 to 73% in 2012. Furthermore, it appears that this generation is not 

                                       
1 Curbside recycling, take back center, or collection event. 
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merely postponing acquisition of a driver’s license; rather, many of those without a 
license do not ever intend to get one.  
 
Other studies also indicate that Millennials (people born between 1983 and 2000) 
are more multi-modal than previous generations. This group is quickly embracing 
newer alternatives such as car-sharing, bike-sharing and ride-sharing, modes of 
transportation that require less or better vehicle-related care. Another trend is 
foregoing a vehicle altogether, mostly in urban regions. Currently, about 15% of 
Portlanders and 8% of Oregonians do not own a vehicle (U.S. Census), and that 
trend will likely increase as more Millennials choose a no-car lifestyle. 
 

High School Seniors without a Driver’s License Nationally 
 

 
 
 
 
Lawn and garden care 
Roughly 80% of residents have a lawn or garden in the Portland Metro area (Metro 
Sustainable Living, 2012). Lawn ownership increases with incomes greater than 
$75,000 (95%+).  
 
Nationally, upwards of 75% of homeowners use at least some lawn and garden 
chemicals some of the time with roughly 25% classified as “heavy users.” The exact 
rate of usage for each varies by geography and time of year. People in colder 
climates tend to use herbicide application to kill the weeds that arrive with the 
onset of spring whereas people in warmer climates use more pesticides where 
insect-control is a year-round problem (EPA Best Management Practices, 2009).  
 
  

Source: US Census, 2012 
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Lawn and Garden Behavior Nationwide 
 

 
 
 
Similarly, in a statewide DEQ study (DEQ Household Hazardous Waste Survey, 
2008), 70% of residents managing their lawns purchase lawn and garden 
chemicals. Half (52%) report using a spot spray or weed and feed product, another 
quarter (24%) report using both a chemical and a natural type product, and 18% 
report not knowing which type of product they apply (chemical or natural). 
 
Specifically, when asked what products they apply to their entire lawn, the 
responses were as follows: 

 Weed and feed: 43% 
 Weed killer: 31% 
 Fertilizer: 48% 
 Insecticide: 18% 
 Moss controller2: 20% 

 
The DEQ survey (2008) also found that about 40% of Oregonians practice low-
intensity turf management practices (less watering, setting the mowing blades 
higher, and grasscycling), whereas 64% report watering twice or more per week. 
Results also showed that use of lawn care products was lowest among households 
with less than $25,000 and highest among those earning $75,000 or more. The 
majority (51%) of those earning more than $50,000 reported using weed and feed 
and were significantly more likely than those earning less than $50,000 (only 33% 
use) to do so.  
 
Many residents seem to have an awareness of the harmful effects of lawn and 
garden care products. Any resistance toward alternative products or methods stems 
primarily from the perceived inconvenience and cost (common barriers to behavior 

                                       
2 More information on Moss controllers included in the home care and maintenance section. 

Source: Various Surveys Nationwide, EPA 2009 
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change). One of the largest barriers to reducing or eliminating the use of lawn care 
products is the perception that a “lush” green lawn is necessary (EPA Best 
Management Practices). Research shows that this cultural ideal may be more 
difficult to overcome than other barriers.  
 
There is some difference in lawn care between rural and urban areas, with those in 
rural areas using more lawn and garden chemicals that those in urban areas. The 
statewide DEQ Household Hazardous Waste Survey (2008) found that those living 
in rural areas are more likely than urban residents to use high intensity turf 
management (lots of watering, mowing and fertilizing) as well as lawn chemicals. 
Roughly 15-20% more residents in Clackamas and Washington Counties report 
using chemical products in their lawn or garden compared to those in Multnomah 
County (Metro Sustainable Living Survey, 2012). In the Tri-County region, one third 
use chemical products, another third use organic products, and the remaining third 
use a combination or forego products altogether. When asked, close to 80% believe 
it’s important to have a chemical-free lawn or garden.  
 
Focus group research has shown residents are most concerned about the health of 
children and pets when considering the use of lawn and garden products, rather 
than about the impact on our waterways (Coalition for Clean Rivers and Streams, 
2011). Messages around safety of children and pets were highly effective in focus 
group testing. Additionally, the Gresham Lawn Care Behavior Surveys (2007, 2009) 
found that 82% of women (and 74% of men) feel that weed and feed products are 
potentially harmful to children and pets. 
 
Other findings from the statewide DEQ survey (2008) show that 7% of those using 
products on their lawn report using organic products, while 69% of those using 
products on their own lawn report not trying natural products because they do not 
know enough about them. More than 50% believe that chemicals are easier and 
more effective to use than natural products.  
 
Research often shows demographic differences in lawn and garden care behaviors. 
Women, more than men, tend to have a greater awareness of harmful effects of 
lawn chemicals on water systems. Women also have significant influence over 
changing behavior in the household. Of the 80% of respondents who believe having 
a chemical-free lawn is at least somewhat important, the majority were women, 
living in Multnomah and Washington Counties, and under the age of 55. Those who 
use organic or less toxic products were primarily women, residents of Multnomah 
County, and those in the higher income brackets (Metro Sustainable Living Survey, 
2012). In Gresham, a 2009 Lawn Care Survey found that younger residents, 
women, and those with children were more likely to let their lawn go brown during 
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the summer, while those preferring to keep a green lawn were male, older, and in 
households without children.  

 
Demographics for Lawn and Garden Behavior 

Chemical-free Lawn Organic/Less Toxic 
Products 

Let their Lawn “Go 
Brown” 

Women Women Women 
Multnomah County Multnomah & Washington 

Counties 
Households with    
children at home  

Younger Ages Higher incomes Younger ages 
Source: DHM Research, 2012 

 
A smaller segment of the population uses outside companies to manage their lawn 
or have Home Owner Associations (HOA) that dictate the standards for the outward 
appearance of lawns and gardens. In the Gresham Stormwater Survey (2008), 15% 
report hiring a landscape service for all lawn care or just for fertilization. Statewide, 
the rate of landscape service use was 7% (DEQ Household Hazardous Waste 
Survey, 2008). The Gresham survey also found that 20% use organic options, but 
most (78%) do not use an organic option and do not know if their company offers 
that service.  
 
Survey respondents in Gresham who use a landscape service report that they would 
select natural or organic products for their lawns if offered the choice (93%) 
(Gresham Stormwater Report, 2008). While landscape service users comprise a 
small portion of the population, the Gresham findings suggest that education of 
landscape firms or landscape service customers to use and/or request organic 
products could lead to fewer chemicals being used for lawn care. 
 
In the Pacific Northwest, another consideration for lawn and garden care is proper 
application of product during our long rainy season. A recent survey in Clark County 
found that residents are split on whether it is best to water their lawn after applying 
fertilizer: 46% believe it is best to fertilize when rain is forecasted and 33% when 
no rain is forecasted (11% say it doesn’t make a difference, and 10% don’t know; 
Clark County Stormwater Report, 2011). This is an opportunity to further educate 
the public on smart application of lawn products. 
 
Little research has examined the extent to which residents dump extra grass 
clippings in natural areas. The Gresham Stormwater Survey (2008) found that 25% 
of streamside homeowners and 16% of non-streamside homeowners put extra 
grass clippings and pruning in a nearby natural area. Only 5% of streamside renters 
dump extra clippings, but this rises to 20% for non-streamside renters. Groups 
most likely to perform this behavior include women and those with dogs.  
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Home care and maintenance 
Existing research on home care behaviors that impact stormwater is minimal. The 
most relevant studies are from Metro (Sustainable Living 2012 and Household 
Hazardous Products 2007). For this report, home care includes: 

1. Household chemicals and paint 
2. Illegal burning/burying of trash 
3. Septic systems and Recreational Vehicles 
4. Home exterior care 

 
Most research studies have focused on household chemical use, typically in the 
context of impacting treated water supplies. Dumping chemicals into storm drains is 
an extremely uncommon practice across the board; most residents opt to 
completely use the product. At least 20% of residents take products to recycle 
centers, while less than 10% place it in the garbage (Metro Household Hazardous 
Products, 2007). In Metro’s Sustainable Living Survey (2012), when asked how 
they dispose of chemical products from their home such as solvents, cleaning 
supplies, old paint or pesticides, 37% either bring it to Metro or a recycling center. 
While “dumping” was not listed as an option, only 3% or less chose all other 
responses. There may be an opportunity to persuade residents to consider 
alternatives, as close to 80% express apprehension about the chemical products 
they use in their homes (Metro Household Hazardous Products, 2007).   
 
Very few people bury or burn their trash. Nonetheless, like dumping chemicals, this 
is an area of research that could be expanded. In the Gresham Stormwater Survey 
(2008), one of the few surveys which mentions this practice, respondents clearly 
understand that burning garbage is illegal and very few use this method of waste 
management (5-10% depending on streamside location). Even fewer bury their 
garbage; fewer than one in twenty report this behavior.  
 
Use and maintenance of septic tanks is another area under home care that impacts 
water issues. Among those who have septic tanks, regular maintenance appears to 
be uncommon. Most respondents in the Puget Sound (Water Pollution in Puget 
Sound, 2009) report that they would wait for a smell, wet ground, or a back-up to 
“know that they had a problem.” Only half schedule maintenance checks every 2-3 
years. In Gresham, septic tanks are most common among streamside residents, 
although relatively uncommon in the region as a whole (Gresham Stormwater 
Report, 2008). More research needs to be done on this correlation.  
 
Proper disposal of septic waste by Recreational Vehicle (RV) owners also impacts 
water quality. RV ownership in the region is relatively uncommon and the few 
residents who do own RVs are very likely to be disposing of septic waste at a pump 
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station. The Gresham Stormwater Survey (2008) found that about 10% of 
homeowners own an RV and no renters report owning one. When asked about 
disposal practices for RV septic waste, 88% report disposing of the waste using an 
acceptable method, 5% do not know how it was disposed, and 5% report dumping 
waste onto the street or storm drain. 
 
Few research studies address the application of fungicides on roofs to prevent 
moss. Use of fungicides may be more pertinent to regions west of the Cascades. 
Nonetheless, only a small portion of the population reports using fungicides. In a 
Clean Water Services Stream Habits Survey (2002), a majority of respondents 
indicate that they never treat their roofs (62%) and those who do, typically do so 
once a year or less. A similar number in Clark County (Stormwater Report, 2012) 
also report never applying a fungicide to their roof, walkway, or hard surface. A 
statewide DEQ survey (DEQ Household Hazardous Waste Survey, 2008) found that 
20% of respondents apply moss controller on or around their home.  
 
Future research should also consider issues related to downspouts, especially in 
conjunction with roof application of fungicides. Most houses have some sort of 
downspout. Downspouts can release runoff onto hard surfaces such as driveways 
rather than collection containers or pervious surfaces. More research needs to be 
done on local awareness of this issue and alternative approaches.   
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6   |   MOTIVATIONS FOR BEHAVIOR CHANGE 
 
People’s motivations to change behavior around stormwater issues tend to be 
consistent across the nation. Although most of the research evaluated for this 
summary is in urban areas (specifically Portland Metro), there is little indication that 
primary motivations would differ between urban and nonurban residents. One area 
for further research is to examine motivations among communities of color – there 
is little to no research currently available in Oregon on ethnic differences in 
motivations for change.    
 
Top motivations for stormwater behavior change include: 

1) Safety of children and pets 
2) Saving money or discounts 
3) Protection of drinking water and public health  
4) Fish and wildlife 
5) Natural resource and recreation 

 
Safety of children and pets. In both survey and focus group research, the safety 
of children and pets ranks in the top tier of concern for the use of chemical products 
in lawns, gardens, and in the home. Message testing in focus groups often shows 
that the presence of children and pets drives changes in behavior – households with 
these vulnerable groups are also more likely to use organic products or forego 
chemical use altogether in their home. Research also shows women are more likely 
to be concerned about chemical products (and water quality); they are often the 
best drivers of change in households.   

Recommendation: Link stormwater behaviors to the safety of children and 
pets, as appropriate. Consider mothers as messengers to target other 
females. Provide alternatives to chemical products in messaging – direct 
residents to safer and other effective alternatives.   

 
Saving money or discounts. For some, saving money is the biggest motivation to 
change. With regards to car washing, this would be in the form of coupons to 
commercial car washes. For proper pet waste disposal, it could simply be free bags 
or scoopers. Saving money is a nuanced motivator when it comes to stormwater 
behaviors; it can be a key driver for some and not as effective for others. The 
perceived benefit of saving money will reach a cap if individuals feel any particular 
behavior is inconvenient or does not make much of a difference.  

Recommendation: Partner with organizations and businesses in the 
community to offer discounts for preferred behaviors. Communicate that 
saving money is an added benefit and not the first benefit.    
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Protection of drinking water and public health. Studies show that the public is 
more likely to change their behaviors if water conservation and preservation 
outreach includes a reference to the protection of drinking water. The impact is 
greater if residents know the source of their drinking water. Protection of drinking 
water is closely associated with Oregonians’ values. Both focus groups and surveys 
show residents closely associate quality drinking water to good public health.  

Recommendation: Strengthen the connection between stormwater and 
drinking water. Inform the public about how clean rivers and streams equate 
to clean drinking water. Messages that make explicit the connection to 
drinking water will be more effective motivators than ones about general 
water pollution. Water pollution does not necessarily resonate with the public 
because a large portion of the population is unaware of the source of their 
drinking water.   

 
Fish and wildlife. The value and importance of fish and wildlife habitat in Oregon 
remains high. Natural habitat is consistently in the top tier when ranking protection 
of water quality and natural areas across urban, rural, and suburban areas. 
Oregonians connect the health of fish and wildlife to the quality of water.  

Recommendation: Messages about stormwater should connect more 
directly to fish and wildlife habitat – stronger habitat means healthier rivers 
and streams, which are better for all of us.   

 
Natural areas and recreation. Oregonians value the bounty and variety of 
natural areas and open spaces the state has to offer and they actively enjoy the 
outdoors. Natural beauty, scenery, and easy access to recreation and the outdoors 
are some of the strongest values for residents about Oregon. Though these values 
are generally high across the state, some communities may place greater 
importance on natural areas and access to recreation. Residents of Central Oregon 
and Bend, as an example, may emphasize access to recreation more highly than 
other motivators.  

Recommendation: Link stormwater projects to not only improving water 
quality but also creating natural areas and green spaces. As appropriate, 
make the connection to recreation and access to recreation, and how 
stormwater projects help to maintain a key value for Oregonians.  

 
Note: People may mention disincentives as a motivation for behavior change. 
However, people are more likely to suggest disincentives as a way to change other 
peoples’ behavior rather than as an effective method to modify their own behavior. 
As an example, dog owners would like to see fines for other dog owners who do not 
pick up after their pet. Disincentives or additional charges can be effective in some 
contexts but traditionally are not a major motivating factor and should be 
considered a last option.  
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7   |   BARRIERS TO BEHAVIOR CHANGE 
 
Barriers to behavior change related to stormwater can also be grouped into broader 
categories. Top barriers to behavior change include: 

1) Inconvenience 
2) Lack of knowledge  
3) Higher cost 
4) Perceived lack of impact  
5) Perception that product is less effective 
6) Mixed messages 

 
Inconvenience. Behavioral changes that are perceived to be inconvenient or to 
take more time are difficult to effect. Cost savings alone provide insufficient 
motivation; residents report that saving money is not enough to change their 
behavior if the change is less convenient for them. It is worth noting that a portion 
of the population perceives any change in their current behavior to be inconvenient; 
this group is not a good target for behavior change.  

Recommendation: Provide easy resources, such as information on websites 
and through retailers, instruction stickers on recycle bins, and clear and 
simple instructions on products. Inform residents about alternative products 
or services; make it available and easy to find. Message around how simple 
steps can make a difference.    

 
Lack of knowledge and awareness. A general lack of knowledge is a common 
barrier to behavior change, in particular as it relates to stormwater. A majority of 
residents are unaware of the source of their water, where runoff goes once it enters 
storm drains, the toxicity of household products, how pet waste is contributing to 
water pollution, or that carwash facilities are better for our waterways than washing 
vehicles at home. Many residents are simply unaware of the issues stormwater 
runoff poses to local rivers and streams.  

Recommendation: Connect common activities to their direct impact on local 
rivers and streams (and less on general waterways). Mention specific rivers 
and streams as much as possible; highlight rivers and streams as a source 
for drinking water.    

 
Higher cost. A common perception is that alternative products or services cost 
more. Although cost is a key motivation for some, for most people it is not the 
primary driver of behavior change. However, because the perception of higher cost 
can easily prevent people from even considering alternatives, cost should be 
addressed in public outreach. Information and knowledge of resources and 
alternatives can overcome concerns over cost.     
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Recommendation: Do not lead behavior change messages with mentions of 
cost or arguments that some alternatives cost less. Other benefits in tandem 
with saving money are more effective to change behaviors; link to those 
benefits first before addressing perceptions around cost.       

 
Perceived lack of impact. One of the easier barriers to overcome is the 
perception that individuals have little impact on improving water quality. Research 
consistently shows that the public perceives industry and farms to be the biggest 
contributors to water pollution and that they as individuals have less impact or are 
unable to make changes that count. Messages often link stormwater runoff to large 
bodies of water (global issue), and less on specific rivers and streams (local issue). 
In more recent years, a growing segment of the public is connecting runoff from 
roads and household behaviors as significant contributors to water quality.  

Recommendation: Messaging should continue to connect how individual 
behaviors impact local rivers and streams (rather than general bodies of 
water). Name specific rivers or streams as much as possible to connect closer 
to “home.” Be specific about the activity or preferred behavior, like picking 
up pet waste in the yard or reducing soapy water. Sometimes, simple 
suggestions that are easy enough to tackle are usually enough to persuade 
changes in behavior.   

 
Perception that product is less effective. Some people believe that less toxic 
products will not be as effective as chemical products. This is especially the case for 
household products. Similar to perceptions of higher cost, outreach around the 
perception of a less effective product is better addressed with other benefits and 
more emotional motivations.   

Recommendation: Do not lead behavior change messages by persuading 
residents of how alternative products and services are just as effective as 
products or services that use chemicals. Link to other benefits first, in 
particular ones that spark more emotion like the safety of children and pets.  
 

Mixed or too many messages. We commonly hear in focus groups that messages 
around stormwater have too many instructions, aren’t simple, sometimes conflict 
with product labels, or seem too big to tackle by one individual. Another barrier is 
mistrust in the messenger; government messengers are more effective around 
public health and less as a source for preferred behaviors, products, or services.   

Recommendation: Give simple and easy suggestions around behavior 
change. Partner with local community organizations, small businesses, and 
university ‘experts’ as messengers. Save government messengers to 
message around improving the health of the community, or public health.    
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8   |   MESSAGING FRAMEWORK  
 
This framework for messaging is a general guideline for communications about 
stormwater in Oregon. Many of the recommendations are supported by focus group 
and survey research conducted for ACWA members, and the decades of past work 
by DHM Research on stormwater and related issues.  
 
The framework is meant to present broad rules for communications, and may not 
apply uniformly to specific demographic groups such as communities of color or 
younger residents. Additional research is needed to determine if messages resonate 
differently among particular groups.   
 
Messaging recommendations for stormwater communications: 
 Connect to Oregonians’ values, specifically to preserving the natural beauty of 

our state, the outdoors, water, trees, and nature. Water evokes strong emotions 
in people; this is an opportunity to engage Oregonians on something they care 
about.   

 Use a positive tone and focus on outcomes. What are the benefits to 
individuals? How does it connect to their core values? Why change behaviors? 
Keep a focus on maintaining our quality of life, and specifically to improve our 
rivers and streams for future generations. This is more easily understood and 
resonates with the public. It also communicates a message that there is a plan 
for the future. Failed policies or consequences of bad behaviors are weak 
reasons for behavior change. Stick with a positive tone.   

 Link stormwater more to drinking water. Protection of drinking water is one of 
the best motivations for changing behaviors. Mention and include specific 
rivers and streams to make a stronger “local” connection to a drinking water 
source. Relate how individuals’ behaviors impact their community to more 
effectively address how individuals can make a difference in their own 
“backyard.”   

 Another top motivator is protecting the health of children and pets. Link 
stormwater behaviors to the safety of children and pets. This is highly effective 
in both focus groups and surveys, especially among women.  

 Consider mothers as messengers to target the strongest base of supporters – 
females, Democrats, and people with higher education/income. Other research 
also shows that women are strong messengers, often the most effective 
messengers, around improving the health of families.   

 Mention how stormwater projects create natural areas and green spaces  
and, when appropriate, improved recreation and access to recreation. This is 
another key reason why residents value living in Oregon – connect to values 
that resonate with the public. 
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 Suggest simple steps to behavior change. A large number of residents are 
uncertain or confused about what actions they can take. They are also unsure of 
where to find additional resources on alternatives. Provide simple changes and 
link those to outcomes. Be specific. “Use organic lawn and garden products to 
keep children and pets safe from chemicals.”  “Pick up pet waste to minimize 
bacteria in yards and parks, which may drain into our source for drinking water.” 
“Consider carwash facilities to reduce soapy water in our rivers and streams.”  

 Partner with community organizations, small businesses, retailers, and 
university experts as spokespeople around preferred stormwater behaviors. 
They are often better messengers than government, environmental groups, and 
utilities that may be viewed by the public with skepticism. A better angle for 
government and utilities is around public health. Protecting water quality, clean 
drinking water, and maintaining water and sewer systems are seen as good 
public services.  

 
Other considerations for stormwater communications: 
DO NOT lead with saving money as the key motivation for behavior change. 
Instead, lead with other values and include saving money as an added benefit.  
DO NOT get bogged down in too many details and instructions. Keep it simple and 
easy.   
DO NOT start with government messengers. They evoke a high sense of skepticism 
due to increasing distrust in government generally.   
DO NOT talk about water pollution in general terms. It’s too broad and global, and 
leaves people with a sense that their behavior won’t make a difference. Link to local 
rivers and streams. Name them.   
DO NOT persuade residents that alternative products are just as effective as 
chemical ones. Let them come to that conclusion. Instead, move people with other 
values like the safety of children and pets.   
DO NOT use words like infrastructure, sustainable, herbicides, pesticides, etc. Use 
words that express benefits for the individual.   
 
 
Words to use Words to avoid 
Water  Waste water, stormwater 
Quality of life, communities  Sustainability, livability   
Nature, maintain our water source  Infrastructure  
Natural, organic, compost, native plants Sustainable, green  
Kills weeds Herbicides 
Kills insects Pesticides  
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9   |   MEDIA REVIEW  
 
In order to gain a more comprehensive overview of stormwater issues, a simple 
media search was conducted to analyze how media approached stormwater, 
individual contributing behaviors, and related news in Oregon during the past year 
(January 2013 – November 2013). Newspapers with archives available online and 
with an adequate amount of content were searched for stories relating to 
stormwater runoff; this included The Oregonian, Oregon Public Broadcasting, The 
Portland Tribune, and The Bulletin (The Salem Statesman Journal was not included 
due to subscription requirements when viewing archives). A national search for 
stormwater issues during the same time was also conducted to provide additional 
context. This summary is intended to offer a broad overview of how the media is 
approaching stormwater related issues.  
 
National coverage. Nationally, stormwater issues are covered infrequently by 
major news networks. Stories are often a ‘side effect’ of other issues, such as a 
court case or policy change. Two recent national stories exemplify this kind of 
reporting. One involves Senator Tom Udall (D-NM) proposing a bill to reduce 
pollution caused by stormwater runoff. The second story involves a successful 
appeal by a West Virginia chicken farmer who was threatened with fees by the EPA 
if the farm did not comply with stormwater permits. These stories were covered by 
several news agencies. News coverage on stormwater is more often linked to 
conflict versus education or general public knowledge.  
 
Local coverage. Statewide, individual news agencies were searched online for the 
terms “stormwater”, “runoff”, and “stormwater pollution”. Relevant news stories 
were grouped into categories based on their major topic area:  

 Environmental concerns: Pollution 
 Infrastructure construction: Completed or planned projects regarding 

stormwater construction, bioswales, riparian growth, technology 
 Court case: Court rulings, lawsuits, fines, etc. 
 Development details: Master plans, open houses, updates 
 Policy: Proposals, bills, city government decisions 
 Stormwater advocacy: Information on stormwater as primary topic 

 

Topic of Media Coverage No. Stories 
Infrastructure construction 27 
Court case 8 
Development details 7 
Environmental concerns 3 
Stormwater advocacy 3 
Policy 2 
Total 50 

Type of Media 
Coverage 

No. 
Stories 

News 40 
Public announcement 5 
Photo/video feature 3 
Editorial 2 
Total 50 
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More often, local news highlights a local stormwater infrastructure related project, 
lawsuit, or development plan that also involves stormwater systems. Individuals 
relevant to the individual story are cited either as the source of a city project to 
help prevent stormwater runoff (city official) or as a specialist who can provide 
background information on why stormwater runoff is important to address 
(environmental advocacy group, for instance). Infrastructure is a common topic but 
often emphasizes threats of flooding or complying with regulations rather than 
pollution. Generally, detailed descriptions of stormwater pollution are brief unless 
highlighted in a feature article.   
 

 
 
The Oregonian is by far the leading source of stormwater news, followed by OPB.  
Story frequency did not seem to be affected by any significant events. Significant 
stormwater related events occurring in recent months, including a conference on 
the topic, received no news coverage.  
 
The tone of the news stories also varies. Most stories depict straight news in a 
neutral tone, closely followed by stories with a positive tone. Negative stories tend 
to have stormwater as a side issue, and not necessarily as the main story. 
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Frequency of Media Coverage by Month 
(1/1/2013 - 11/20/2013)

# of Stories

Source of Media 
Coverage 

No. 
Stories 

The Oregonian 24 
OPB 17 
Portland Tribune 8 
The Bulletin 1 
Total 50 

Tone of Media 
Coverage 

No. 
Stories 

Neutral 24 

Positive 21 

Negative 5 

Total 50 
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Messengers named in stormwater stories are most frequently city officials. This 
reflects the nature of the stories found: most relate to infrastructure plans and 
projects where stormwater is not the primary issue. A city official related to the 
project or topic is often cited in these cases. At times, larger environmental or 
water related advocacy groups are also cited.  
  

Messengers in Media Coverage Frequency 
City officials (water, BES, environment) 18 
City officials (planner, engineer, council, etc.) 11 
Environment/water advocacy group 8 
Tualatin Riverkeepers 5 
State/regional officials 5 
Attorney 3 
Citizens 3 
Project/construction member 2 
Professor/expert 2 
Water utility management 1 
Other advocacy group 1 
Author 1 
Private stormwater management company 1 
Private investment firm 1 
Company CEO 1 
HOA board member 1 
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10   |   FUTURE RESEARCH  
 
Oregon is fortunate to have a great number of nationally recognized leaders in 
stormwater services. We have also benefited from the depth and breadth of 
research that has been conducted across the state, as demonstrated in this review. 
Yet many opportunities exist to expand on this research to help guide our leaders 
and policy makers. The following are some suggestions for future research, and 
approximate costs to keep in mind for budgeting purposes. 
 
Community research in rural communities 
Unfortunately, much of the existing research has been conducted in Portland Metro 
Area. While there is reason to believe that Oregonians broadly share many values – 
particularly about the state’s natural environment – it should not be assumed that 
knowledge and behaviors about stormwater are the same in every community. Not 
only may values differ across the state, but water issues are also varied. Concerns 
about the impact and causes of stormwater pollution are likely to be different in 
communities in the high desert, Willamette Valley, and along the coast. To learn 
how, and to what degree, it will be necessary to conduct research in those 
communities. 
 
Methods: surveys, focus groups, and in-depth interview 
 
Message testing 
At a high level, this review has provided good guidance on the motivations and 
barriers to stormwater behavior. We know less about what specific messages are 
most effective, with which audiences, and using which communication mediums. 
More refined research that could demonstrate how to target key audiences could be 
an important line of research.  
 
Methods: surveys and focus groups  
  
Benchmark studies 
While values are slow to change, awareness of issues and prioritization of those 
issues can change relatively quickly. The organizations most effective at 
maintaining public opinion in their favor regularly conduct benchmark studies. 
These are studies that are repeated over time, often once every one to three years, 
to measure changes in attitudes, behaviors, and responses to key messages.  
 
Methods: surveys 
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Stakeholder and opinion leader studies 
Key stakeholders and opinion leaders often shape the perspectives of the general 
public and are instrumental in driving public policy. It is advisable to conduct 
research with these individuals to better understand their specific concerns. 
 
Method: in-depth interviews 
 
Costs 
 
The following are cost estimates for telephone surveys, focus groups, and in-depth 
interviews. The high dollar range is assuming a full service project including 
reporting and analysis. The low dollar range would provide less support in the 
research design, implementation and level of analysis.  
 
Telephone surveys 
 

N-size Margin of Error Length Cost 

300 ±5.7% 
5 minutes 

(~15 questions) 
~$9,000 - $11,000 

400 ±4.9% 
10 minutes 

(~30 questions) 
~$15,000 - $18,000 

500 ±4.4% 
15 minutes 

(~45 questions) 
~$23,000 - $28,000 

 
 
Focus groups 
 
Focus groups are structured conversations with 8-10 people who are recruited from 
the population of interest. Often the participants are recruited at random from 
customer and voter registration lists. Quotas are established by key demographics 
(e.g., age, gender, household size) to ensure a representative sample. Multiple 
groups are recommended for group-to-group validation. Full service would include 
topic guide development, participant recruitment and honorariums, facility and 
hosting, moderation, professional videography, transcribed written exercises, and 
full reporting and analysis.  
 
Cost: $6,000 - $8,000 per group 
 
In-depth stakeholder interviews 
 
In-depth stakeholder interviews are one-on-one structured conversations with key 
decision-makers and opinion leaders. They are typically 30-45 minutes in length. 
Full service would include interview guide development, participant recruitment and 
honorariums, interviews, and full reporting and analysis.  
 
Cost: $200 - $400 per interview 
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11   |   RESEARCH PROVIDED BY ACWA MEMBERS  
 
The table below lists research studies provided by ACWA members and referenced in this 
report. DHM reviewed these and other studies to draw conclusions and make 
recommendations. These studies were selected for inclusion based on confidence in the 
methodology (e.g., survey sample size and design), the variety of populations reached 
(e.g., homeowners, community size), and whether they addressed the key topics of 
interest.  
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2013 

Clean Water 
Services 
Customer 
Values Survey 

944 Online  x       

2013 

Eugene 
Stormwater 
Management 
Survey 

400 Phone x   x x  

 

 

2012 
2011 

Portland 
Community 
Surveys 

3,400 
3,731 

Mail x x       

2012 
2010 
2008 
2006 
2002 

Clean Water 
Services 
Customer 
Service 
Surveys 

400-1500 Phone 
Online 

x x x      

2012 

Clean Water 
Services 
Stormwater 
Survey 

1696 Online x x x x     

2012 
Metro/DHM 
Sustainable 
Living Survey 

300 Phone   x x     

2012 

Oak Lodge 
Sanitary 
District 
Satisfaction 
Survey 

907 Phone x        

2011 
Keizer 
Community 
Survey 

838 Mail x        

2011 

Regional 
Coalition for 
Clean Rivers 
and Streams, 
Community 
Survey 

1,090 Online x x x  x x   

2010 
Lake Oswego-
Tigard Water 

20 Focus 
Groups 

 x       
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Partnership 
Focus Groups 

2009 
Metro Toxic 
Reduction 
Focus Group 

31 Focus 
Group 

x   x  x   

2009 
2007 

Gresham Lawn 
Care Pre and 
Post Surveys 

400 Phone    x     

2008 
Gresham 
Stormwater 
Report 

400 Phone  x x x x x x x 

2007 

Metro 
Household 
Hazardous 
Products 
Survey 

412 Phone   x x x  x  

2006 

Clackamas 
County Water 
Environment 
Services 
Survey 

505 Phone x x       

2005
1999 

Portland 
Bureau of 
Environmental 
Services 
Surveys 

500 Phone x x  x x x   

2002 

Clean Water 
Services 
Stream Habits 
Survey 

430 Phone  x x x x x   

1999 
Bend 
Environmental 
Issues Survey 

415 Phone x x x x   x  
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Hydromodification Assessment 
City of Gresham 

November 1, 2014 

1. Introduction 
 
The term hydromodification is used to describe modifications to the natural system of water flow in a 
human-altered landscape, including changes to water conveyance, surface water runoff, sediment 
transport, and water quality. Hydromodification can cause stream erosion and downcutting, habitat and 
water quality degradation, and risks to infrastructure. 
 
The following report is being submitted to DEQ to meet the Hydromodification Assessment requirement 
specified in NPDES MS4 permit Schedule A.5.  
 

Co-permittees must conduct an initial hydromodification assessment and submit a report by 
November 1, 2014 that examines the hydromodification impacts related to the co-permittee’s 
MS4 discharges, including erosion, sedimentation, and/or degradation. The report shall describe 
existing efforts and proposed actions the co-permittees have identified to address the following 
objectives: 
a. Collect and maintain information that will inform future stormwater management decisions 

related to hydromodification based on local conditions and needs; 
b. Identify or develop strategies to address hydromodification information or data gaps related 

to waterbodies within the co-permittee’s jurisdiction; 
c. Identify strategies and priorities for preventing or reducing hydromodification impacts 

related to the permittee’s MS4 discharges; and, 
d. Identify or develop effective tools to reduce hydromodification. 

 
This Hydromodification Assessment includes: 

 Background/Hydromodification Impacts in Gresham (Section 2) 

 Existing City Efforts (Section 3) 

 Strategies, Tools, and Priorities to Address Hydromodification (Section 4) 

 Next Steps/Proposed Actions (Section 5) 

2. Background/Hydromodification Impacts in Gresham 
There are four main watersheds within current City boundaries plus areas slated for annexation: 

Johnson Creek (7,386 acres), Beaver / Kelly / Burlingame Creeks (2,892 acres), Fairview Creek (2,745 

acres) and Columbia Slough (3,780 acres). Approximately 2,713 acres drain to Underground Injection 

Controls (UICs) located largely in the Columbia Slough watershed (48% of the watershed) and Fairview 

Creek watershed (27% of the watershed). Only 2% of the other watersheds drain to UICs. 

Human development (e.g., agriculture, forestry, urbanization) alters natural pre-development hydrology 

by decreasing vegetation (especially forested areas) and increasing impervious area; reducing both 
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evapotranspiration and infiltration and resulting in increased runoff.  Ag and urban land use also lead to 

extensive loss of wetlands, which contributes to lower groundwater recharge and increased delivery of 

runoff to streams.  Part of Gresham’s hydromodification strategy includes protecting existing wetlands 

to prevent export of mitigation to other watersheds, and to implement wetland restoration where 

possible.  

Figure 1 shows the typical example of how urbanization impacts natural hydrology; note that 

urbanization often follows alterations due to forestry and agriculture. The combined effect from these 

landscape changes is an increase in runoff that is conveyed to stream channels rapidly, with 

contemporary flows concentrated where curb and gutter development directs flow to a piped storm 

system that outfalls into the nearest receiving water.  For the area in and around Gresham, the 

extensive historic forests of cedar, doug fir and maple were clear cut for the timber value and to ready 

lands for agricultural use.  Wetlands began to be filled and streams significantly altered by 

homesteaders as early as 1850.Historic aerials show the entire region had been clear cut by 1935, and 

streams were entrenched significantly before Gresham began to urbanize. With today’s mostly urban 

landscaped, impervious area tends to be high, approximately 15-25%, depending on the basin (Table 1). 

The simplified stream systems, wetland and mature forest loss and increase of urban hardscape have all 

contributed to increased quantity and velocity of runoff. As a result, there is ongoing, observable bed 

incision and stream bank erosion occurring throughout the City, as well as in agricultural areas both 

upstream and downstream of the current city limits (Table 1). 

Figure 1. Hydrologic cycle in an undeveloped and urbanized landscape (Puget Sound Partnership 2012). 
Size of arrows represents magnitude of inputs/outputs.  In the Pacific Northwest, average 
evapotranspiration from an undeveloped/natural landscape can account for 40 percent of average 
precipitation (Hanson 1991). 
 

The effects of urban development on flow vary based on factors such as 1) soil type (C soils drain more 

slowly than B soils), 2) slope (steeper slopes accelerate runoff flows), and 3) alterations of the landscape 

from natural conditions (pavement, catch basins, pipes and outfalls).  In South Gresham (primarily 

Johnson Creek tributaries), infiltration capacity is lower and topography is steeper resulting in numerous 

springs, small streams, and slope wetlands. Post-development runoff can increase even in areas that are 
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relatively flat and highly infiltrating. In areas of Gresham that drain to UICs, runoff infiltrates to the 

subsurface, except in some areas of North Gresham where depth to groundwater is shallow due to the 

presence of well-drained sedimentary deposits of the Columbia River.  Here infiltration can be limited 

seasonally by high groundwater.  

 

Urban development also can reduce sediment supply to streams, which has a similar effect to increasing 

the volume of runoff.  In-line dams, stream bank revetments, and increases in impervious surfaces and 

landscaping tend to trap sediments, directly reducing delivery of coarse sediments to streams as well as 

dispersal of these materials throughout the stream system. In response, the stream channels adapt by 

incising then widening; thus, streams affected by hydromodification typically have increased cross 

sectional area (width and depth) to accommodate the increased flows and/or reduced coarse sediment 

input.  
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Table 1. Indicators of hydromodification impairment, current conditions and stressors in Gresham described by watershed. Natural conditions of 

Gresham’s watersheds are described in more detail in the Natural Resource Master Plan (Gresham 2010). 

Indicators of 

Impairment 

Current Conditions and Stressors Based on Available Data 

Columbia Slough Fairview Creek Johnson Creek  Kelly-Burlingame Creek 

Bed erosion  Storm Drain Creek north of 
Sandy Blvd. has severe 
incision, is ditched and has 
channelized banks 

 Use of UICs reduces 
hydromodification impacts 

 Channelization and 
disconnection from the 
floodplain 

 Post-development^ flows are 
flashy, scouring and 
downcutting stream bed 

 Evidence of incision 
throughout the mainstem 
and all tributaries 

 Incision starting at three of 
six CIP sites.  One already 
incised channel 

Bank erosion  Steep, man-made banks on 
a very low gradient system.  
Sediment loading leads to 
periodic dredging by MCDD 

 

 Created system of connected 
ditches to channelize wetland 
flow resulted in steep banks 
throughout most of this low 
gradient system 

 Toe erosion leading to 
channel widening 

 Subsequent bank erosion 
leading to significant 
sedimentation downstream 

 Frequent rotational failures 
on the bank between SW 
Powell and Division  

 Bank erosion noted at four 
out of six CIPs, one of which 
is partially armored, and a 
fifth site is armored 

Lack of 

riparian 

vegetation 

 Riparian area primarily in 
private ownership (except 
for Storm Drain Creek) and 
affected by MCDD flood 
control system and 
management 

 Extensive invasive 
vegetation in riparian areas 

 Low shade cover 

 Contains reaches in private 
ownership with very narrow (10’ 
wide) buffers lacking canopy. 

 Areas of extensive publicly 
owned properties with adjacent 
wetland and open water 
features.  

 Extensive invasive vegetation in 
riparian areas 

 Low shade cover 

 Roughly half of riparian area 
in public ownership, 
particularly small ephemeral 
streams on east buttes and 
north side of the main stem 

 Extensive invasive vegetation 
in riparian areas 

 Riparian area primarily in 
private ownership, generally 
narrow and more developed 

 Extensive invasive 
vegetation in riparian areas 

 Shade over substantial 
length of Kelly mainstem 

Flooding  System of pumping alters 
natural hydrologic regime  

 Extensive levee system limits 
seasonal flooding from 
Columbia River 

 Private stormwater facilities 
small, do not hold water for long 
periods of time; 

 Mitigation site and quarry ponds 
provide flood water capacity 

 Floodplain is developed, 
disconnected, reduced in 
extent, or non-existent due 
to confining valley 
topography throughout most 
of the basin 

 In-line regional facilities (1 
wetland/detention and 1 
flood control)  

 Impervious area ~25%* 
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Indicators of 

Impairment 

Current Conditions and Stressors Based on Available Data 

Columbia Slough Fairview Creek Johnson Creek  Kelly-Burlingame Creek 

 Large regional facility 
provides detention 

 Impervious area ~25%* 

 High density of stormwater 
infrastructure, including regional 
facilities 

 Impervious area ~23%* 

 Impervious area ~15%*  

Turbidity  Sediment filled stream beds 

 Significant water column 
turbidity and algal growth 
 

 Sediment filled stream beds 
 

 Landslides generated at 
buttes 

 Mass wasting of banks 

 Erosion from upstream 
agriculture, timber harvest, 
and development 

 Clay and silt dominated 
banks and streambed 

 Some sediment is trapped in 
inline ponds (colloidal 
particles migrate through) 

 Mass wasting of banks 

 Erosion from upstream 
agriculture 

Unique 

Features  

that will 

inform 

hydromod-

ification 

strategies 

 Extensive industrial 
development in floodplains. 

 Southern portion underlain 
with B soils and stormwater 
managed using UICs; 
Northern portion underlain 
with hydric soils, may limit 
infiltration 

 Less than 10 feet to 
groundwater along the 
Slough and between Slough 
and Columbia River 

 Mostly underlain by B soils and 
has a portion of the UIC area 

 Over half of the stream corridor 
(downstream end) has 
groundwater depths of less than 
10 feet and a significant 
proportion of the basin has 
overall shallow groundwater 

 Critical habitat for Lower 
Columbia River steelhead and 
coho. Essential fish habitat 
for coho and chinook. 
Populations limited. 
Cutthroat also present.  

 Most of the basin has C or D 
soils, thus lower natural 
infiltration rates 

 Lava dome/buttes have high 
slopes and substrates of 
basalt and Sandy River 
mudstone; due to the  
resultant risk of landslide, 
infiltration not suitable 

 Fish barriers associated with 
three inline detention 
facilities on Kelly Creek – 
Kelly Creek regional facility, 
NE Kane, and MHCC pond 

 Native fish habitat upstream 
unsuitable due to 
hydroperiod fluctuations 
(multiple sections of creek 
dry up) and impediments  

 ¾ mile of Burlingame is 
piped between SE Powell 
Valley Road and the 
Gresham Golf Course 

 C and D soils, thus lower 
natural infiltration rates 

^ Post-development includes any land use change from historic conditions. Includes forestry, agriculture and urbanization  

* Impervious areas based on consultant calculations using Gresham LiDAR layer of impervious surfaces featuring building footprints and 
pavement surface (minus driveways and sidewalks) within the City limits.
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In the City, some of the channels have incised, but not yet widened or have not yet incised though are at 

high risk, suggesting that some of the channels are still in the process of adjusting to the altered 

hydrology and sediment supply (Table 1).  Butler Creek is an example of an incised channel (Photo 1) 

whereas the upper segment of Chastain Creek is largely in a natural state (Photo 2). 

 

  

Photo 1. Butler Creek (Johnson tributary), 

downstream of Marpol Pond 

Photo 2. Upper Chastain Creek (Johnson tributary) 

 

In the Columbia Slough, the pump system and levees have disconnected the channel from the coarse 

sediment replenished by the Columbia River prior to development. In Fairview Creek, the primary 

significant sediment contributions come from active quarries, and are typically fine sediment. Coarse 

supply is also limited in Kelly-Burlingame, where Burlingame is piped for ¾ mile, reducing accessibility to 

coarse sediment; inline ponds also trap sediment. In-line ponds and culverts at or near the mouths of 

some tributaries to Johnson Creek create barriers for coarse sediment transfer from tributaries to the 

mainstem. Incision along Johnson Creek also suggests an imbalance between high flows and limited 

sources of coarse sediment being delivered to the streams. 

 

Susceptibility of the receiving waters to erosion varies by the sensitivity of the bed and banks to 

increased flows. High gradient streams in erodible bed materials are very susceptible to geomorphic 

changes initiated by increased flows, such as some sections of Kelly Creek and the tributaries to Johnson 

Creek; while low gradient backwatered systems with more erosion-resistant bed materials, like sections 

of Fairview Creek and the Columbia Slough, are less susceptible.  

 Fairview Creek and Columbia Slough are generally low gradient and largely groundwater fed. 
Restoring lost wetland resources within these basins will restore some of the natural hydrology 
in that watershed, providing flow attenuation and storage.  

 Columbia Slough has been cut off from the Columbia by levees and is managed through a series 
of pumps; therefore, increased discharge from development does not significantly increase 
velocities or erosion in the Slough. For this reason, managing water quality in the Slough is more 
critical than reducing flow volume, however the City continues to implement infiltration and 
wetland restoration projects upstream in the Fairview Creek watershed. 
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 Kelly-Burlingame is low gradient and wetland headwater fed. There are large areas of D soils in 
the watershed which suggest extensive historic wetlands that are now developed. The 
hydrology has also been altered by increased impervious area and stream channelization 
resulting in incision along these streams.  

 Johnson Creek is moderate to low gradient, fed by adjacent wetlands, seeps, and multiple 
tributaries (which are predominantly higher gradient drainages fed by butte springs and 
ephemeral drainages). The steeper tributaries are showing significant incision, leaving sediment 
loads trapped behind culverts instead of reaching the mainstem. The mainstem of Johnson 
Creek exhibits bank erosion for much of its length, including the reaches within current and 
future Gresham jurisdiction. 

 

This process of increased stream erosion can cause impacts to stream biology and habitats, as well as 

threatening stream side infrastructure, crossings and stormwater outfalls. There are multiple native fish 

populations in the City.  Notably, Johnson Creek is critical habitat for multiple federally listed salmonid 

species. A critical component of the salmonid food web includes macroinvertebrates and 

hydromodification impacts the habitat for macroinvertebrates when stream erosion increases the 

amount of fine sediments in streams, leading to embeddedness of gravel riffles.  

 

Further, water quality in streams is dependent upon the land uses of the contributing basin, types and 

percent of area treated within the basin, and condition of the riparian corridor. Traditional development 

increases both the potential sources of pollutants and reduces the ability of the landscape to filter 

pollutants prior to water reaching the stream. 

3. Existing City Efforts 
The City has conducted numerous studies and master planning projects that inform efforts underway 

that help address hydromodification impacts in Gresham.  Efforts can be broken into two general 

categories: 1) those that plan for City-initiated projects and programs to directly mitigate the impacts of 

hydromodification; and 2) those that set development requirements to prevent any further 

hydromodification impacts from additional urbanization throughout the City.  The City projects and 

programs that address hydromodification are included in Gresham’s Stormwater or “Watershed” 

Division and Capital Improvement Program, which also oversees projects and programs that monitor 

and improve water quality (including temperature), prevent flooding, manage stormwater, and improve 

natural resource functions throughout the City.   

City Codes, Development Manuals, and Master Plans 

Portions of the City of Gresham include a Municipal Separate Storm Sewer System (MS4) that falls under 

the Phase I rules established by the U.S. Environmental Protection Agency (EPA) for surface water 

management, which requires the City to develop, implement and update a Stormwater Management 

Plan (SWMP) to reduce, treat, and control stormwater. Currently, Gresham regulates stormwater 

discharge through several different manuals and basin plans, and plans for Capital Improvement 

Projects (CIPs) to improve the health and resilience of its creeks through master plans.  These manuals 

and master plans including the following:  
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 2003 Water Quality Manual (included minor updates in 2010) 

 2005 Erosion Prevention and Sediment Control (EPSC) Manual 

 2006 Public Works Standards 

 2007 Green Development Practices for Stormwater Management 

 2007 Green Street Standards 

 2010 Natural Resources Master Plan (NRMP) 

 Watershed and Basin-specific Master Plans: 

o Pleasant Valley (2004, amended 2007) 

o Springwater (December 2005) 

o Kelly Creek (November 2006) 

o Johnson Creek (January 2006) 

o Fairview Creek (May 2003) 

o West Gresham (April 2005) 

 
The regulations, standards, and projects in these manuals and master plans focus on stream, wetland, 

and riparian restoration, flood control, hydromodification prevention, and pollutant reduction through 

Best Management Practices (BMPs) which include Low Impact Development (LID)/Green Infrastructure 

(GI) practices, such as rain gardens, infiltration planters, swales, porous pavement, green roofs, and tree 

planting.   

2003 Water Quality Manual 

The City’s current Water Quality Manual states that development must attempt to mimic natural 

hydrology and plan stormwater management controls to be as close to the source of the discharge as is 

practical.  The City is working on updating this manual and consolidating it with the Green Development 

Practices Manual to be clearer and consolidate the tools, designs, and decision tools for developers and 

staff to go through the planning and approval process in a manner that consistently results in optimizing 

the reduction of stormwater flow and volume.  

2005 Erosion Prevention and Sediment Control (EPSC) Manual 

This manual includes requirements and best management practices for controlling soil erosion from 

development sites and other construction projects during the construction process. 

2006 Public Works Standards 

These standards specify that development projects must manage stormwater such that the peak 

discharge from the subject property, for all applicable design storms, may not be increased from 

conditions existing prior to the proposed development.  A downstream analysis is required to show that 

adequate drainage capacity exists and that erosion will not occur.  Detention of stormwater to limit 

discharge to pre-development rates for all storm events with a recurrence interval less than or equal to 

25-years is required, and may be further limited by requirements specified in Gresham’s watershed-

specific master plans.  Requirements for outfall design to prevent hydromodification impacts are also 

included. 
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2007 Green Development Practices for Stormwater Management 

This manual has been used by public and private development projects since 2007 to manage 

stormwater runoff on-site in Gresham.  Retention and infiltration of runoff is accomplished with rain 

gardens, infiltration planters, porous pavements, and tree planting, which works particularly well during 

smaller, more frequent rainfall events (2-year event and under).  These techniques address the 

hydromodification gaps in traditional stormwater detention facilities by completely removing the most 

frequent erosive flows from being discharged off-site.  In Pleasant Valley and Springwater Plan Districts, 

the Green Development Practices are required and are coupled with large, regional detention ponds to 

manage small and large storm events to minimize hydromodification impacts. 

2007 Green Street Standards 

These standards have been used since 2007 to transform the streetscape in Gresham to manage 

stormwater runoff within the public street right-of-ways.  Rain gardens, infiltration planters, and porous 

pavement are used to retain and infiltrate stormwater on-site.  Major arterials, such as Powell 

Boulevard, Kane Road, Stark Street, and Hogan Road have all been retrofitted with such green practices, 

improving their runoff characteristics and reducing hydromodification impacts to Gresham’s streams. 

2010 Natural Resource Master Plan (NRMP) 

Since 2002, City staff and consultants have been conducting stream surveys of all main stem and 

accessible tributaries within Gresham city limits to record baseline conditions and identify target 

problem areas. In 2009, stream reaches were revisited to compare 2009 conditions to past survey 

records, and to assign semi-qualitative scores for each reach’s potential for improvement in habitat, 

riparian cover, invasive control, channel morphology, and bank stabilization.  All stream reaches within 

the city were subsequently ranked against each other, resulting in a prioritized list of 170 large- and 

small-scale restoration projects that constitute the City’s 2010 Natural Resources Master Plan (NRMP).  

Some project examples from the NRMP are included in Exhibit B.  The City is currently implementing the 

four highest ranked projects, including a large capital project to remove two in-line quarry ponds from 

Fairview Creek, creating a half mile of discrete Fairview Creek channel, and restoring nearly 40 acres of 

adjacent wetland (see Fujitsu Pond example in Exhibit B1).  The City will continue to update and 

implement this prioritized list of projects with the goal of realizing improved stream resilience and 

habitat, improve flow attenuation, reconnection of floodplains, restoration of wetland resources, and 

improved stream shading and other water quality benefits.   

Pleasant Valley Stormwater Master Plan 

The Pleasant Valley Stormwater Master Plan included a detailed hydrologic and geomorphic analysis of 

Kelley Creek with continuous rainfall data to identify a dominant channel-forming flow event and 

thresholds to reduce the potential for further aggravation of the in-stream erosion problems.  These 

thresholds were then compared with other stormwater release rate requirements in the Pacific 

Northwest to define a project-specific release-rate requirement (both peak flow and flow duration) for 

the planned regional stormwater management facilities and on-site quantity controls throughout the 

basin.  A detailed hydrologic model was developed and several scenarios were analyzed, resulting in 

release rate thresholds for Pleasant Valley to: 
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 Limit the post-develop site peak discharge to pre-developed rates for all storm events with a 

recurrence interval less than or equal to 25 years. 

 Limit the 2-year post-development peak flow to the pre-development channel-forming flow (50 

percent of the 2-year flow).  

These standards were developed to mimic natural hydrologic processes, minimize impacts to local 

natural resources, and be protective of downstream resources, including those in Johnson Creek basin 

below the Kelley Creek confluence.   

Springwater Stormwater Master Plan 

This master planning analysis was performed for existing and future land use conditions to identify 

potential stormwater facilities required for the Springwater area, including portions of Hogan, Botefuhr, 

Brigman, McNutt, Sunshine, Badger, and Johnson Creeks.  The system analysis was guided by several 

design activities, including hydrologic and hydraulic modeling with continuous rainfall data, problem 

identification and system development criteria, and planning and design criteria.  Stormwater master 

planning was accomplished using a number of system analysis evaluation criteria, including the 

following: 

 Post-development runoff from the 2-year event will be limited to 50 percent of the pre-

development rate via impervious area reduction and on-site or regional management facilities to 

meet channel forming (geomorphic) flow criteria. 

 Regional stormwater management facilities will be multiuse; providing storage (limit the post-

development 2-year runoff peak to half of the existing condition rate), flood control (limit the post-

development nuisance storm peak flow to the existing condition rate) and water quality treatment 

(storing and treating the entire contributing water quality volume (1/3rd of the 2-year event). 

In addition to hydrologic analysis, a number of in-stream restoration projects to address the impacts of 

hydromodification were identified in Springwater and included in the Springwater Capital Improvement 

Plan. 

Kelly Creek Master Plan 

In addition to hydrologic/hydraulic modeling, the Kelly Creek Master Plan performed a detailed 

geomorphic assessment of the creek that included extensive field investigation.  The result of this was 

essentially a hydromodification study detailing the causes of channel entrenchment, decreasing channel 

roughness, accelerated flow velocities, loss of channel complexity, capture of available bed load in in-

line detention ponds, and negative effects of past bank hardening measures.  Recommendations were 

developed and detailed stream channel restoration, basin-wide stormwater management, outfall 

rehabilitation, riparian enhancement, and culvert removal projects were scoped and sequenced for 

inclusion in the City’s Capital Improvement Plan (CIP). 
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Johnson Creek Master Plan 

The existing City of Gresham stormwater conveyance system was evaluated using a computer simulation 

model to develop design flows that were routed throughout the system.  Current land uses and City 

zoning classifications were then used to evaluate how the stormwater conveyance system functions 

under existing and future development conditions.  Based on the results and of field reconnaissance of 

natural resource areas, site-specific recommendations were made and CIP projects were developed. 

Fairview Creek Master Plan 

Along with hydraulic modeling of the stormwater system, the Fairview Creek Master Plan studied creek 

velocities, shear stress, and channel erosion to identify problem locations and recommend next steps.   

West Gresham Stormwater Master Plan 

The West Gresham Stormwater Master Plan studied flooding and water quality issues for the northwest 

portion of Gresham, primarily draining to drywells (UICs) or the Columbia Slough. 

Residential Retrofits: Downspout Disconnection Program 

The City began a program in 2009 targeting neighborhoods for downspout disconnection as an 

economical retrofit approach to remove roof area from the storm system. Part of the initial effort on 

this program included development of a GIS layer that shows areas of the City that have high, medium 

and low potential for infiltration, as well as areas where infiltration is inappropriate due to landslide 

potential and other safety factors.  The soil infiltration suitability map created through this effort is 

included as Exhibit A. The cost/benefit of the downspout disconnection program is favorable and as 

such, the City plans to continue disconnection efforts for suitable homes until all eligible homes have 

been considered for participation.  This program directly addresses impacts of hydromodification by 

more closely mimicking pre-development natural hydrology throughout the City. 

Retrofit Strategy 

As part of the reports being submitted to DEQ on November 1, 2014, the City developed a Retrofit 
Strategy and Plan.  This effort included a mapping effort that included factors such as  

 Areas with existing treatment,  

 Areas more suitable for infiltration,  

 Publically owned areas generating higher pollutant loads (e.g. major streets with higher traffic 
volumes and city-owned parking lots), which are considered to be a high priority for retrofitting 
due to the potential for high pollutant loading and ease of implementation in the public right of 
way, and 

 Planned capital improvement projects (CIPs) from all City departments, with the intent of using 
this layer to identify areas where CIPs are currently planned and where additional water quality 
treatment and flow volume reduction could be planned using a stormwater CIP specifically for 
this purpose that utilizes LID techniques.  

The implementation of the Retrofit Strategy will include funding each year in Gresham’s Stormwater 
Capital Improvement Program to design and construct multiple projects.  These projects will not only 
improve water quality, but will also retain and infiltrate stormwater, directly reducing hydrologic 
impacts that can cause hydromodification.  
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Stream Monitoring Program 

In addition to water quality data, the City collects flow information at several stations throughout the 

City.  The City has a joint funding agreement with the USGS to collect flow information at 1) Johnson 

Creek at Regner, 2) Fairview Creek at Glisan, and 3) Kelley Creek at mouth.  The City also collects flow 

information at the 3 regional facilities: 1) Fairview Creek Regional Facility, 2) Columbia Slough Regional 

Facility, and 3) Kelly Creek Regional Facility.  This year, the City is also installing additional temporary 

flow gaging stations at high priority restoration project sites.  Other routine and periodic data collection 

efforts that are  used to help inform projects related to hydromodification include pebble counts, bed 

load measurement, biodiversity surveys and habitat evaluation, and ongoing evaluation of streambank 

stability at higher risk sites. 

Capital Improvement Projects 

Over the past 10 years, several City-initiated Capital Improvement Projects have been completed to help 

address the impacts of hydromodification, including but not limited to: 

 Fairview Creek Regional Water Quality Facility (treatment complex for 959 acres of residential 

and commercial development) 

 Columbia Slough Regional Water Quality Facility (treatment complex for 709 acres of 

commercial and industrial development) 

 Kelly Creek Regional Facility Improvements (converted detention pond to treatment wetland) 

 Holladay Street Green Street (includes rain gardens and pervious pavement) 

 Beech Street Improvement (includes rain gardens and porous pavers) 

 Kane Road Improvement (includes rain gardens and pervious pavement) 

 Powell Blvd Improvement (includes median rain gardens) 

 Hogan Road Improvement (includes rain gardens) 

 Wetland and stream restoration on Fairview Creek at Birdsdale 

 Stream restoration on Kelly Creek at Elliot Drive 

 Streambank stabilization on Johnson Creek at Telford 

 Gresham Woods riparian restoration and wetland restoration on Johnson Creek 

 Butler Creek riparian restoration 

 Hogan Creek confluence riparian restoration 

 Fairview Creek Headwaters wetland restoration 

 Acquisition of private parcels containing main stem reaches of Fairview and Johnson Creeks 

 

The City also has annual funding in a Retrofit CIP that will be utilized to identify projects that will help 

reduce volume and pollutant loads based on the criteria outlined in the City’s Retrofit Strategy, which is 

being submitted to DEQ at the same time as this assessment. 

 

Stream Buffers 

In 2001, 2005, and 2009, Gresham adopted new community plans for Pleasant Valley, Springwater, and 

Kelley Creek Headwaters new community areas outside Gresham City Limits.  A significant component of 

these plans involved adoption of wide riparian buffers that would allow for preservation and restoration 
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of riparian vegetation and re-establishment of historic stream functions as the areas annex into the city 

and transition from agricultural to urban land use.  In 2007, the City also adopted new stream buffer 

standards for areas within the city limits.  These new Habitat Conservation Area buffers increased the 

pre-existing buffer widths roughly by three to four times in most areas. Concurrently, the City partnered 

with other Metro area municipalities in creating a new map of regional streams based on aerial LiDAR 

data.  The resulting map showed nearly three times as many stream miles as the previous city map, 

resulting in over 75 miles of buffered streams (with buffers of 100-200 ft, on average) by 2009 compared 

to just over 25 miles of buffered streams (with buffers of 15-50 feet) in 2004.  The buffers limit or 

preclude development in sensitive areas, and require mitigation for any impacts to buffer areas and 

buffer vegetation. 

4. Strategies, Tools, and Priorities to Address Hydromodification 
The City hired a consultant team to compile and evaluate the work the City has done over the years, and 
assist with evaluating additional strategies that have been implemented in other communities to 
address hydromodification.  Important aspects of controlling hydromodification involve reducing 
stormwater runoff volumes, ensuring that a supply of substrate material is available for the stream, 
making sure outfalls and other infrastructure elements are not causing erosion, and making sure the 
stream channel is not widening or downcutting.  The following section describes a variety of additional 
approaches evaluated by the City of Gresham that have been taken by other jurisdictions to:  

A. control hydrologic changes; 
B. preserve coarse sediment supply; and  
C. improve overall stream resiliency.  

A. Alternative Approaches to Hydrologic Control for New Development 
To determine if current stormwater quality design standards and detention requirements in the City 
adequately address hydromodification, or if other strategies should be considered, the City developed 
an overview of approaches that have been used in other communities.  A variety of approaches to 
hydrologic control were evaluated, including peak flow matching, “over” detention of channel-forming 
flows, percentile storm retention/infiltration, and flow duration curve matching.  
 
The relevance of having a particular design standard for stormwater detention with regard to its impact 
on hydromodification varies widely by watershed in Gresham.  Watersheds that are nearly built-out 
(Fairview Creek, Kelly Creek, Columbia Slough, and Johnson Creek within the existing City) are not likely 
to benefit from more detailed stormwater detention standards, while greenfield areas, such as the 
Pleasant Valley (Kelley Creek) and Springwater (Johnson Creek) Plan Districts, rely heavily on stormwater 
detention standards to drive the degree of hydrologic impacts those areas will have as they develop.   
 

1. Match Storm Peak Release Rates 

Traditional peak flow control standards are generally applied to highly urbanized areas, where there is 
concern for flood control and/or stormwater infrastructure capacity. In some cases, this methodology 
can increase stream erosion impacts by increasing the duration of “effective” (smaller/more frequent 
but still erosive) discharges (Figure 3).  This type of detention reduces the peak of flood flows by 
prolonging the duration of lower flows often in these erosive discharge ranges. Flow controls that fully 
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address hydromodification match or decrease the peak AND duration of erosive discharges. Detention 
facilities designed to address hydromodification are generally larger in volume with smaller orifice 
outlets than flood control facilities and typically also reduce flood flows. In some cases, peak flow 
control facilities can be retrofitted to provide erosive flow duration control by altering the outfall orifices 
where sufficient capacity exists.  
 

 
Figure 3. Peak flow control can increase duration of “effective” discharge 
 
Gresham’s current peak flow control standards: 

 Target a range from 50% of the 2-yr storm to the 100-yr storm depending on whether the Public 
Works Standards or standards in an applicable Basin Master Plan apply, 

 Size detention BMPs based on multiple design storm event modeling (Santa Barbara Urban 
Hydrograph, SBUH, method). 

 Require over-detention to release runoff from the 2-year storm at ½ the pre-development 
runoff rate to address stream hydromodification in the areas with the greatest future 
development potential (Pleasant Valley and Springwater Plan Districts). 

 

2. Percentile Storm Retention 

Rather than focusing on matching pre-project effective discharge hydrology, the Central Coast 

Hydromodification Plan (HMP) focuses on maximizing infiltration. This HMP requires projects creating 

more than 15,000 square feet of impervious surface to capture and, where feasible, infiltrate the runoff 

of one of two design storms: the 85th or the 95th percentile 24 hour rainstorm. The storm event selected 

is based on a determination of what type of Watershed Management Unit (WMU) the project is located 

in. WMUs are classified based on their historic hydrologic and geomorphic function (e.g. alluvial fans 

would have high infiltration characteristics and require a high intensity of LID to reproduce this whereas 

steep headwaters would have higher rainfall-runoff  responses and might require slightly less intense 

LID).  

 

While an event-based retention standard like this is reminiscent of traditional stormwater management 

approaches, a series of continuous simulations have shown that for most conditions this approach 

provides a similar level of stream erosion protection as flow duration curve matching.  This approach is 

significantly easier to comply with as it does not require complex modeling.  It is well suited to areas that 
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can meet the requirement through retention based strategies but may be challenging to implement in 

Oregon where most of the precipitation occurs continuously throughout the winter and spring limiting 

reuse strategies. 

 

The Central Coast Method of using the 85th and 95th percentile storm events is based on determining 

the design volume called the Retention Volume. Using local rainfall statistics, an estimate of rainfall 

depth can be obtained (Figure 4). A runoff coefficient is calculated based on the rainfall, which is then 

used to compute runoff at the percentile of interest. Retention Volume is obtained by multiplying runoff 

by the 48-hour drawdown regression coefficient (1.963). The 85th and 95th percentiles were chosen 

based upon striking a balance between desired on-site treatment (i.e. 100% retention) and what would 

be feasible.  In designated groundwater basins retention must be met by infiltration while in other 

basins it can be met by infiltration, storage, rainwater harvesting or evapotranspiration.  

 

Figure 4. 24-hour Depth Histogram 
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3. Flow Duration Curve Matching 

The goal of flow duration control is to control the range of flows that cumulatively cause the most 

erosion in the receiving water.  This range of flows is termed “effective discharge” and forms the basis of 

flow control thresholds for flow duration curve matching (Figure 5). The effective discharge range of a 

stream system varies in response to climate, geology and soils, topography as well as other watershed 

parameters (Woman et al. 1960).  As a result, determining effective discharge on a watershed scale for 

hydromodification regulations is a challenge with a lot of variability. 

 
A typical methodology for 
determining effective discharge is the 
approach followed by Santa Clara 
which used a small amount of field 
work to extrapolate results 
throughout the basin. The range of 
effective discharge was determined 
in the Santa Clara HMP by conducting 
geomorphic fieldwork on three 
receiving streams to identify whether 
the channels were impacted by 
hydromodification (inferred by their 
degree of channel incision and 
erosion). The study watersheds were 
modeled in a continuous hydrologic 
model (Hydrologic Engineering 
Center Hydrologic Modeling System, 
HEC HMS), with models developed 
for three conditions: pre-European 
land use, existing land use, and future 
build out. The receiving streams were 
modeled in HEC River Analysis System 
(HEC RAS) with the output used to 
drive a sediment transport model 
that calculated Erosion potential (Ep).  

 
Ep was calculated for a series of cross 
sections using the pre-European and 
existing conditions hydrology, and the 
resulting ratios were compared with the condition of the channel (impacted or stable) to identify a 
threshold Ep of 1.2 at which channels have a 15% probability of being unstable. Modeling showed that 
this Ep could be achieved in most cases by matching pre- and post-development flow duration curves 
between 0.1Q2 and Q10 (e.g. Figure 5, which shows a lower threshold of 0.43Q2 selected by ODOT and 
WES). As a result, these upper and lower flow thresholds were adopted in the Santa Clara HMP. The 
Western Washington Hydrology Model (WWHM), on the other hand, uses a range of 0.5Q2 to Q50 based 
on a theoretical analysis of sand bed streams.   
 

Figure 5. Depiction of effective discharge and the 

relationship with frequency of flow and transport rate. 

Based on Wolman and Miller (1960). 
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Flow duration 
control uses 
continuous 
simulation 
hydrologic 
modeling to 
compare pre- and 
post-project runoff 
using historic 
rainfall records.  
Flow control 
facilities are then 
designed using a 
series of orifice 
controls to match 
the pre- and post-
project duration of 
flows within the 
range of effective 
discharge. 
Continuous hydrologic modeling is required to characterize the flow frequencies associated with small 
high-frequency rainfall events. This method has the advantage of being widely accepted and consistent 
with regional approaches. Almost all California HMPs and all of Western Washington require continuous 
hydrologic modeling, either to be conducted by the applicant or as the technical basis for the 
development of simpler sizing tools. Most counties in California have adopted local versions of the 
WWHM model or simplified tools based on it. In addition, the counties in California that allow variations 
of the WWHM also allow Hydrologic Simulation Program Fortran (HSPF) to be used directly, as well as 
HEC HMS in continuous mode. 
 

Hydrologic Control for New Development Conclusions 

The relevance of having a particular design standard for stormwater detention, with regard to its impact 

on hydromodification, is a function of development potential and varies widely by watershed in 

Gresham.   

 

Stormwater detention facility sizing methodologies that utilize continuous rainfall simulation modeling 

and flow duration curve matching may be highly accurate ways of matching pre-development hydrology, 

but can be expensive and cumbersome for most developers to use. To facilitate consistent and simple-

to-use standards, many jurisdictions use continuous rainfall simulation modeling and flow duration 

curve matching to develop simple compliance tools for the development community and municipal 

construction plan reviewers.   

 

Alternatively, the peak matching and percentile storm approaches require a simple rainfall analysis.  

They are easier to implement and calculate, but may not be as accurate as continuous simulation and 

flow curve matching methodologies at mimicking pre-development hydrology. Because the percentile 

storm approach relies on retention, and mostly infiltration, it may not be feasible for many locations 

Q10Q5

Q2

Figure 6.  Flow duration curve matching.  
 



City of Gresham Hydromodification Assessment  Page 18  

throughout the city. A third approach could combine an on-site retention standard with peak flow 

matching to size detention facilities where retention is infeasible. 

 

Gresham’s current approach for managing stormwater in the Pleasant Valley and Springwater Plan 

Districts, where the majority of new development will occur over the next 25 to 50 years, requires on-

site LID combined with detention at downstream regional facilities.  The on-site LID facilities (rain 

gardens, infiltration planters, porous pavements) are designed to capture and retain the first full inch of 

rainfall on-site.  The downstream regional facilities are designed to over-detain smaller, frequent 

channel-forming flows by releasing the post-developed 2-year flow at ½ the pre-developed 2-year flow 

rate.  Larger storms (2 through 25-year events) are managed to release flows at the pre-development 

rates.   

 

This approach is considered to be robust, but the City does plan to study the sizing differences between 

this approach and one that uses continuous rainfall simulation modeling and matches flow duration 

curves.  This study will inform potential future revisions to the Pleasant Valley and Springwater Master 

Plans, and revisions to the stormwater detention standards throughout the existing City, which could 

rely on an existing regional continuous rainfall simulation model adapted for conditions within the City, 

or simple sizing tools developed using continuous simulation and curve matching methodologies.  

B. Preservation of Coarse Sediment Supply 
Part of the balance of keeping stream channels from downcutting or widening is keeping a continued 

source of sediment supplied to the stream. Preservation of sediment supply can be achieved by 

identifying and addressing locations within the watershed where natural sediment transport processes 

are disrupted. For example, the 

Southern Orange County HMP 

requires applicants to identify 

whether a project impacts channels 

that are a significant source of bed 

sediment, and either avoid them, 

relocate them into new source areas, 

or provide additional flow control to 

bring the channel into equilibrium 

between flow and sediment supply, 

using continuous hydrologic 

modeling and sediment transport 

modeling. This may mean adopting 

flow control that is more stringent 

than matching the pre-project flow 

duration curve (i.e. the post-project 

flow duration curve would be below 

the pre-project curve by an amount that matched the change in sediment supply).  

Photo 3. Open channel conveyance 
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Open channel flow can potentially improve sediment supply while also providing benefits of flow 

attenuation and water quality that piped channels cannot provide. Maintaining open channel flow 

rather than piped flow wherever possible is one strategy for preserving sediment supply. Open channels 

would be designed to be dynamically stable, only releasing sediment in higher flows where it is most 

helpful.  Open channels take significantly more area than piped options, so design standards that 

integrate conveyance into landscaping and water quality treatment facilities can make these more 

acceptable.  This is currently a requirement in the Springwater Plan District in Gresham. 

 

One way to provide a source of coarse sediment within an urban setting designed with stormwater 

facilities is to require pea gravel mulch instead of bark dust.  This would allow additional coarse 

sediment to be supplied to the stream during high flow events. Allowing gravels to move from 

stormwater facilities to the stream might prove difficult, since most BMPs are designed to remove fine 

sediments (and the pollutants often associated with fines). It is generally not practical to remove fine 

sediments while maintaining coarse sediments.  Because designing a totally pipe-less storm system is 

difficult, stormwater maintenance crews generally do not want any material (particularly coarse 

materials that can clog pipes and other infrastructure) entering structures they need to maintain.  Water 

quality goals and maintenance concerns make providing sediment supplies in a built environment a 

significant challenge.   

C. Improving Stream Resiliency 
The enhancement of buffers, streams, and floodplains often includes a water quality benefit from 
increased shade, filtration of overland flows, reduced Total Suspended Solids by reducing erosion, and 
deposition of fine sediments on the floodplains. The following sections describe approaches that protect 
wetlands, riparian areas, and floodplains; protecting wetland & natural resources can assist in meeting 
hydromodification goals and improve stream resiliency.  

Wetlands 

Wetlands provide opportunities for infiltration, flow attenuation, as well as water quality benefits; 

therefore, protecting wetland resources can assist in meeting hydromodification goals. Headwater 

wetlands can be especially effective in attenuating storm water runoff.  Wetland restoration especially 

in flood-prone areas can play a significant role in helping to restore natural hydrology. 

Riparian buffers 

Riparian buffers prevent infrastructure development that confines stream processes and would be at 

risk from stream widening due to hydromodification.  Enhancement and preservation of native plant 

communities adjacent to streams can protect sediment sources, improve stream bank stability, and 

provide water quality benefits. Riparian buffers and adjacent natural floodplains play a critical role in a 

stream’s ability to attenuate flows and dissipate energy that affects erosion potential. One way to 

protect sediment supply to the stream is to protect and place buffers on ephemeral streams which are 

often unprotected by existing regulations. Historically, upland areas were critical infiltration areas and 
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the ephemeral flows through uplands 

provided coarse sediment supply to 

the stream system.  To achieve water 

quality benefits, reconnect coarse 

sediment supplies and maximize 

infiltration potential, outfalls typically 

should not be piped through the 

buffer directly to streams. Designs for 

reverse infiltration trenches and 

other flow dispersion techniques can 

be developed to minimize piping 

through buffers where soils allow for 

this type of strategy. Repair and 

retrofit of existing outfalls, as slated 

in Gresham’s master plans will 

provide valuable opportunities for addressing related stream bank stability issues.  Conversion of 

traditional outfall structures to partial open channel conveyance with energy dissipation BMPs, where 

possible, will allow for reduced bank and bed scour at the end of pipe as well as additional intermittent 

and perennial waterway habitat.  Similarly, improving energy dissipation at sites of direct outfall 

discharge, using a combination of vegetation, natural geotextile fabrics, and bed-appropriate rock, can 

improve slope support immediately below outfalls as well as at vulnerable toe of bank areas that, when 

undermined, can lead to large bank slumps and stream widening.   

 

There are examples of incorporating enhancement of riparian buffers into standards and designs. While 

there have been legal challenges for Oregon cities to require buffer enhancement, Clean Water Services 

requires developers to enhance the riparian buffers of streams and wetlands adjacent to development. 

The Central Coast has requirements for applicants to preserve pre-project drainage density and to 

maintain 30 foot buffers around receiving waters. In addition to stormwater benefits, this gives them 

shade credits to offset waste water treatment outfalls. Washington requires buffers on streams that 

range from 25 feet to over 200 feet depending on the stream type, channel migration zone, and 

presence of anadromous fish.  Historically, Gresham has not required developers to enhance buffers and 

this work is instead addressed in the Natural Resource Master Plan.   

 

In areas that will undergo future development, increased setbacks and/or buffer enhancement may 

improve stream resiliency more than detention in areas adjacent to streams.  In areas where additional 

flow would not weaken slopes, buffer enhancement might be considered in lieu of detention. This has 

the added benefit of reducing flood and erosion risk to infrastructure and could improve the aesthetics 

and habitat value of streamside properties.  

 

 

 

Photo 4. Outfalls that daylight in buffers need flow dispersion 
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Floodplains 

Connected and vegetated floodplains also provide significant flow storage and infiltration opportunities. 

Based on research performed in the Pacific Northwest, floodplain overland flow generally occurs at flow 

recurrence intervals of Q1.2-Q1.4 in undisturbed streams (Castro and Jackson 2001). Streams that are 

confined or have floodplain access only at very high events are more susceptible to incision as flows are 

concentrated in the channel and shear stress is directly related to depth of flow. Floodplain connection 

projects are often funded by habitat enhancement and/or flood control projects but also provide 

significant hydromodification benefits by improving stream resilience as well as attenuating flow.  

 

For example, riparian buffers along the tributaries to Johnson Creek and natural adjacent floodplains 

(where they exist) are critical to reducing erosion potential. Preservation and enhancement of these 

buffers and floodplains could be required instead of detention on streamside properties. LID would still 

be required for water quality and other benefits, but no land would be given up for additional detention. 

Detention adjacent to streams and wetlands has minimal benefits whereas streamside vegetation is 

much more critical.  In some cases, detention near streams especially in the lower watershed may 

exacerbate high flows if the detention overflows at the same time as peak flows in the stream. 

 

There are opportunities to combine regulatory objectives by documenting how buffer and floodplain 

regulations contribute to stream resilience as a hydromodification strategy. The recent draft National 

Flood Insurance Program (NFIP) biological opinion (BiOP) issued on impacts of FEMA floodplain 

regulations on ESA-listed salmonids requires analysis of potential impacts to salmonid habitat as part of 

the floodplain permit application process. In Washington, compliance with the Puget Sound NFIP BiOP 

includes required additional buffer protection and LID, among other strategies. Though Oregon’s NFIP 

BiOP is currently in draft format, it is recognized that the final BiOp, which may be completed in 2015, is 

likely to include an expectation for jurisdictions to similarly expand buffer protection and LID, among 

other strategies.    

5. Next Steps/Proposed Actions 
Based on review of existing City plans and data, the City evaluated whether current data collection 
efforts are sufficient to understand hydromodification, or whether additional approaches need to be 
developed to understand and minimize the impacts of hydromodification. Examples of current and/or 
future data that might help better inform project priorities: 

 Rainfall: Determine amount of rainfall around the City that will contribute to stormwater 
quantity 

 Surface and Groundwater Hydrology 
o Surface Water Monitoring: Installation of staff gage plates, stilling wells with pressure 

transducers, and periodic discharge measurements to be used to creating rating curve  
o Groundwater Level Monitoring: Monitoring groundwater levels over time to determine 

if shallow and deeper groundwater changes over time 

 Bank Erosion and Migration 
o Cross Section Surveys: Monument key headcuts or cross sections to determine stream 

channel movement over time 
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o Erosion Pins: Install array of metal pins at key locations to determine rate of lateral bank 
erosion/migration 

 Transport and Recruitment of Bed Material 
o Pebble Count: Determine streambed particle size distribution to understand erosion 

rates and sediment supply/inputs from surrounding land uses 
o Bedload Sampling: Collect sediment samples from within 3” of streambed to determine 

flows at which larger or significant amounts of bedload are transported 
 
Goals that would be considered for any additional future monitoring efforts: 

 Determine patterns and magnitude of flow in Gresham streams, including: 
o Currently ungaged streams (e.g. Kelly Creek) 
o Streams with in-line ponds (e.g. Butler Creek) 
o Streams in new development areas of the City, such as Pleasant Valley and Springwater 

(e.g. Kelley Creek and tributaries) 

 Collect data that can be used in future modeling efforts (e.g. calibration and validation of HEC or 
SWMM models) 

 Inform stormwater management and natural resource projects before and after implementation 

 Determine stability of stream banks and potential for streambank erosion and migration 

 Determine extent and magnitude of hydromodification impacts caused by urbanization of 
Gresham watersheds 

 
As outlined in Section 3, the City already: 1) collects data related to stream erosion, habitat conditions, 

and flow; 2) has a series of watershed plans and the Natural Resources Master Plan that identify and 

prioritize stream and upland stormwater management projects; 3) has a series of manuals and 

standards that provide stormwater volume control for new and redevelopment; and 4) works to 

improve stream resiliency through retrofits and enhancement projects, which are prioritized annually in 

the Natural Resource Master Plan and City’s Capital Improvement Plan for implementation.  The City will 

be using this report to further inform future prioritization of projects.   

For example, the City is currently working on updating stormwater standards, which will include 

reviewing existing sizing tools and other strategies for stormwater quality and quantity control.  The City 

is also considering whether additional data collection might be added to better inform instream 

enhancement/restoration projects, as well as retrofit projects targeting upland stormwater controls in 

areas identified as contributing higher volumes or concentrations of pollutants to Gresham streams. 

The ultimate goal is to ensure that the City is adequately addressing hydromodification impacts through 

development standards, retrofits, upland, wetland, riparian and in-stream protection and enhancement, 

and maintenance of facilities in a way that protects water quality while continuing to provide streams 

with the needed supply of coarse sediment. 
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Exhibit A:  Soil Infiltration Suitability Map 
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Exhibit B: Example Ranking Sheets from Natural Resource Master Plan 

B1. Fujitsu Ponds: Fairview Creek Corridor Improvements 

B2. SE 7th Street: Johnson Creek Corridor Improvements 

B3. SW 14th Street: Johnson Creek Riparian Corridor 

 



Existing Conditions: 
The stream bank has slumped and eroded at the western 
(downstream) end of the project area, where the channel 
takes a northwesterly turn. A swimming pool above the bank 
is at risk of 
being 
undermined 
by further 
bank erosion. 
Several 
hundred feet 
upstream from 
where the 
channel turns 
toward the 
northwest, a 
portion of the 
north bank is also eroding. These eroding areas are a 
significant source of sediment in the Johnson Creek system. 
There are invasive non-native plant species throughout the 
riparian area, and there are areas where the tree canopy does 
not provide adequate shade to meet temperature TMDL 
standards. On the south side of Johnson Creek, which is 
private property, the landowners mow to the edge of the 
channel.   

Design Considerations and  
Potential Constraints:  
The in-water work would require state and federal permits. 
Armoring the slumped banks would be challenging from a 
staging perspective; access to the sites with heavy 
equipment is limited. The project design would ensure that 
no adverse impacts to existing infrastructure or private 
property occur as a result of the project. A portion of the 
project area is in private ownership; work on private 
property would require landowner cooperation. 
Authorizations for work in the stream or existing wetlands 
would need to be obtained from the U.S. Army Corps of 
Engineers and the Oregon Department of State Lands.  
 
Placement of "fill", including large wood or bendway 
weirs, or other work within the regulated floodway would 
require conformance with FEMA floodplain regulations 
for balanced cut and fill, and an engineer would need to be 
consulted for a No-Rise analysis. Depending on the 
findings of the analysis, HEC-RAS modeling may be 
needed. Where HEC-RAS modeling indicates any rise of 
the mapped Base Flood Elevation, project managers would 
need to plan for the costs and time associated with 
submitting a CLOMR to FEMA Region X. 

Conceptual Overview:  
This project would occur in two phases. Phase 1 would 
address the bank slumping and erosion at two locations: 
beneath the swimming pool on the outside bend of the 
stream, and upstream several hundred feet. A 
geotechnical evaluation would be required to determine 
an appropriate design to stabilize the failing banks. 
Design alternatives would include removing some of the 
slumped material, installing a crib wall or boulder 
armoring at the toe of the slopes, installing boulder 
bendway weirs in the channel to direct high flow away 
from the banks, and recontouring and vegetating the 
banks. 
 
A possible project design feature is the excavation of a 
terrace immediately west of where the channel turns 
north. This terrace would be created on the bank adjacent 
to the inside curve of the stream channel and extend north 
for approximately 150 feet. It would be excavated to an 
elevation that floods during 1-year rainfall events. This 
would constitute a reconnection of the creek with its 
floodplain. In addition, the volume of flood water that 
would inundate the terrace would provide a buffer to the 
highly erosive, high-velocity portion of the stream that is 
eroding the outside curve of the channel, just below the 
swimming pool. 
 
In Phase 2, the stream banks would be cleared of 
invasive, non-native plants and replanted with native 
trees and shrubs.  

CIP 913800 (JC-NR07) 
 

SW 14th Street: Johnson Creek  
Riparian Corridor  

Estimated Cost—Phase 2: 

 

Design $1,000 

Earthwork $5,705 

Restoration/Enhancement $41,650 

Env. Education/Recreation $0 

Monitoring $10,000 

Admin (14%) $8,170 

Total $66,525 

Temperature TMDL: 
With the installation of trees and shrubs within the 
functional shade buffer, the site would meet temperature 
TMDL targets. The functional shade buffer would be 
planted with native trees and shrubs appropriate for the 
site-specific soil, moisture and topographic conditions, as 
described in Gresham’s Temperature TMDL 
Implementation Plan.  

Overall Evaluation:  Phase 1—64; 
Phase 2—29; Combined—64 
See Section E of the Natural Resource Master Plan for 
score breakdown and comparison to other projects. 

CREATE FLOODPLAIN 

TERRACE 

REPLANT WITH NATIVE TREES 

AND SHRUBS 

USE BIOENGINEERING TO 

STABILIZE BANKS 

INSTALL BENDWAY WEIRS 

LAY BACK BANK 

Key Design Elements: 

Estimated Cost—Phase 1: 

 

Design $102,500 

Earthwork $381,662 

Restoration/Enhancement $172,650 

Env. Education/Recreation $0 

Monitoring $10,000 

Admin (14%) $93,354 

Total $760,166 

Area of TMDL Buffer and Shade Categories  
under Existing Conditions: 

 

 
Total 

Minus 

Constraints 

Shade Class 1 0.00 ac. 0.00 ac. 

Shade Class 2 2.31 ac. 2.11 ac. 

Shade Class 3 1.62 ac. 1.31 ac. 

Total TMDL Buffer 3.93 ac. 3.42 ac. 



PROJECT EVALUATION FORM

Project Name: SW 14th Street: Johnson CreekCorridor Improvements
Evaluated by: DRS, CET Date: 2/11/2010

Criterion Score
10 5 1

Public Benefit N/A

Widespread public 
benefit resulting directly 

from project and/or 
associated values such 

as educational or 
recreational 

opportunities.

Localized public benefit 
from project and/or 

associated values such 
as educational or 

recreational 
opportunities.

1

Notes:

Safety/Liability
Significant safety hazard.  
Threat to life, limb and/or 

to property.

Moderate safety hazard.  
Precautionary measures 

needed to protect life, 
limb, and/or property.

No safety hazard or 
precautionary measures 

required.
10

Notes:

Infrastructure 
Risk

High potential to protect 
at-risk infrastructure.

Moderate potential to 
protect at-risk 
infrastructure.

Low potential to protect 
at-risk infrastructure, or 
no at-risk infrastructure 

present.

1

Notes:

Environmental 
Impact

Region- and/or basin-
wide effects, with 

significant downstream 
and/or upstream 

impacts.

Affects portion of sub-
basin

Localized effects 
associated with one or 

two individual properties.
10

Notes:

Invasive Species 
/ Riparian 
Enhancement

Native riparian vegetation 
and/or structural 

diversity inadequate. 
Invasive species 

dominant. Aggressive 
native planting effort 

recommended.

Invasive species present. 
Riparian overstory 

inadequate; native shrub 
and herbaceous 

plantings recommended.

Structurally diverse 
riparian vegetation 

community. No riparian 
vegetation corridor 

improvements 
necessary.

5

Notes:

Bank Stability

Project provides 
opportunity to achieve 
major improvement in 

bank stability.

Project provides 
opportunity to achieve 
minor improvements in 

bank stability.

Project does not address 
bank stability.

10

Notes:

Score Definitions



PROJECT EVALUATION FORM

Project Name: SW 14th Street: Johnson CreekCorridor Improvements
Evaluated by: DRS, CET Date: 2/11/2010

Criterion Score
10 5 1

Score Definitions

Channel 
Morphology

Poor hydraulic functions 
that can be significantly 

restored.

Degraded hydraulic 
functions that can be 

partially restored.

Good hydraulic 
functions.

5

Notes:

Floodplain 
Connectivity

Project provides 
opportunity to achieve 
major improvement in 
floodplain functions.

Project provides 
opportunity to achieve 
minor improvements in 

floodplain functions.

Project does not impact 
existing floodplain 

functions.
5

Notes:

Summer Shade

Project provides 
opportunity to achieve 
major improvements in 

shade.

Project provides 
opportunity to achieve 
minor improvements in 

shade.

Project does not impact 
existing shade levels.

1

Notes:

Stormwater 
Quality Retrofit 
Opportunity

Project has potential to 
provide additional 

stormwater treatment.
N/A

Project does not have 
potential to provide 

additional stormwater 
treatment.

1

Notes:

Post-
establishment 
Maintenance 
Needs

Annual or less frequent, 
low-labor maintenance 

needed for project 
benefits to persist

No more than 2 low-labor 
maintenance visits or 
one labor-intensive 

maintenance visit per 
year needed for project 

benefits to persist

Project benefits persist 
only with multiple, labor-

intensive efforts each 
year

5

Notes:

Benefit to 
Sensitive, 
Threatened, or 
Endangered 
Species

Project enhances 
designated habitat for 
state or federally listed 

species.

Project enhances habitat 
for sensitive species.

Project enhances habitat 
for non-vulnerable 

species.
10

Notes:

Total: 64



Existing Conditions: 
Springwater Trail and Johnson Creek run through this 
publicly owned site south of SW Eastman Parkway. The site 
extends along Johnson Creek for approximately 2700 feet 
between SW Overlook Court and SW Walters Road. 
 
The stream 
channel is incised 
several feet below 
the riparian area 
to the extent that it 
is not functionally 
connected to a 
floodplain except 
during major 
flood events. The 
site contains 
several terraces 
that are vegetated with reed canarygrass, blackberry and a mix 
of native and non-native trees and shrubs.  

Design Considerations and  
Potential Constraints:  
Since the excavated terraces would function as floodplains 
during storms, they would be designed so they do not trap 
fish when the water recedes. Excavated areas that link the 
terraces to the creek would be designed to minimize high-
velocity bank erosion during storms. Trails and other 
educational features, such as viewing platforms and 
boardwalks, would be designed to reduce human disturbance 
to wildlife. 
 
Annual mowing before or after the nesting season would be 
necessary to maintain open meadow habitat. Additional 
maintenance may include regular invasive weed removal 
and management of herbivores such as deer, beaver, rabbits 
and mice. Certain critical habitat areas may be temporarily 
restricted to humans until their plant communities are well 
established.   
 
The Portland Water Bureau and Portland General Electric 
have easements through the project area. Coordination with 
the Bureau would be required to construct the project, and 
the project design would ensure that no adverse impacts to 
existing infrastructure or private property occur as a result of 
the project. Authorizations for work in the stream or existing 
wetlands would need to be obtained from the U.S. Army 
Corps of Engineers and the Oregon Department of State 
Lands. Because Johnson Creek is habitat for federally listed 
salmonids, coordination with the National Marine Fisheries 
Service would be required as part of the wetlands permitting 
process. Placement of "fill", including large wood or 
bendway weirs, within the regulated floodway would require 
conformance with FEMA floodplain regulations for 
balanced cut and fill, and an engineer would need to be 
consulted for a No-Rise analysis. Depending on the findings 
of the analysis, HEC-RAS modeling may be needed. Where 
HEC-RAS modeling indicates any rise of the mapped Base 
Flood Elevation, project managers would need to plan for 
the costs and time associated with submitting a CLOMR to 
FEMA Region X. 

 

Conceptual Overview:  
This site’s relatively large size (approximately 
14.7 acres) provides the opportunity to maintain a 
contiguous, unfragmented riparian corridor that will 
increase the wildlife habitat value of Johnson Creek. 
Meadows are a valuable, but increasingly scarce, habitat 
feature in Gresham’s natural areas, and this site is large 
enough to incorporate an open meadow community and 
also allow for the establishment of woody plant 
communities to increase streamside shade. The relatively 
wide riparian shade zone adjacent to Johnson Creek 
would meet temperature TMDL requirements when it is 
fully vegetated with trees. 
 
Currently, the creek is incised such that it is disconnected 
from its floodplain except during major flood events. 
However, the size of the site and the elevation of the 
areas immediately adjacent to the creek offer excellent 
opportunities to create several floodplain terraces and 
reconnect the stream to a functional floodplain. Wetlands 
may be enhanced, restored or created as part of the 
project. 
 
The design approach for the project would investigate the 
feasibility of the following: 1) removing invasive, non-
native plants; 2) planting native trees and shrubs; 
3) installing in-channel velocity reduction structures 
(boulder bendways, shadow rock, etc.); 4) re-contouring 
stream banks to improve channel morphology; 
5) stabilizing stream banks using bioengineering 
techniques; 6) excavating and/or grading areas adjacent 
to the creek to create terraces and wetlands, reconnect the 
creek with its floodplain, and/or create high-water refugia 
for fish; 7) adding large wood to the channel to improve 
habitat; 8) installing general erosion control measures; 
9) constructing trails, boardwalks, viewing platforms/
blinds, and interpretive signs; and 10) installing 
stormwater treatment facilities to retrofit residential 
runoff with water quality treatment. Construction costs 
may be reduced by using some of the excavation spoils to 
create berms along the Springwater Trail rather than 
hauling the material offsite. These berms would be 
planted with native species .  
 

CIP 913200 (JC-NR01) 
 

SE 7th Street: Johnson Creek Corridor  
Improvements 

Estimated Cost: 

 

Design $109,500 

Earthwork $943,807 

Restoration/Enhancement $277,675 

Env. Education/Recreation $105,300 

Monitoring $10,000 

Admin (14%) $202,479 

Total $1,648,761 

Temperature TMDL:  
With the installation of trees and shrubs within the 
functional shade buffer, the site would meet temperature 
TMDL obligations. The functional shade buffer would be 
planted with native trees and shrubs appropriate for the 
site-specific soil, moisture and topographic conditions, as 
described in Gresham’s Temperature TMDL 
Implementation Plan.  

Overall Evaluation:  81 
See Section E of the Natural Resources Master Plan for 
score breakdown and comparison to other projects. 

CREATE FLOODPLAIN 

TERRACE 

REPLANT WITH NATIVE TREES 

AND SHRUBS 

USE BIOENGINEERING TO 

STABILIZE BANKS 

INSTALL BENDWAY WEIRS 

LAY BACK BANK ADD LARGE WOOD TO 

RIPARIAN AREA 

Key Design Elements: 

Area of TMDL Buffer and Shade Categories  
under Existing Conditions: 

 

 
Total 

Minus Hard 

Constraints 

Shade Class 1 4.15 ac. 4.15 ac. 

Shade Class 2 3.08 ac. 2.67 ac. 

Shade Class 3 1.21 ac. 1.11 ac. 

Total TMDL Buffer 8.44 ac. 7.93 ac. 



PROJECT EVALUATION FORM

Project Name: SE 7th Street: Johnson Creek Corridor Improvements
Evaluated by: DRS, CET Date: 2/11/2010

Criterion Score
10 5 1

Public Benefit N/A

Widespread public 
benefit resulting directly 

from project and/or 
associated values such 

as educational or 
recreational 

opportunities.

Localized public benefit 
from project and/or 

associated values such 
as educational or 

recreational 
opportunities.

5

Notes:

Safety/Liability
Significant safety hazard.  
Threat to life, limb and/or 

to property.

Moderate safety hazard.  
Precautionary measures 

needed to protect life, 
limb, and/or property.

No safety hazard or 
precautionary measures 

required.
1

Notes:

Infrastructure 
Risk

High potential to protect 
at-risk infrastructure.

Moderate potential to 
protect at-risk 
infrastructure.

Low potential to protect 
at-risk infrastructure, or 
no at-risk infrastructure 

present.

5

Notes:

Environmental 
Impact

Region- and/or basin-
wide effects, with 

significant downstream 
and/or upstream 

impacts.

Affects portion of sub-
basin

Localized effects 
associated with one or 

two individual properties.
10

Notes:

Invasive Species 
/ Riparian 
Enhancement

Native riparian vegetation 
and/or structural 

diversity inadequate. 
Invasive species 

dominant. Aggressive 
native planting effort 

recommended.

Invasive species present. 
Riparian overstory 

inadequate; native shrub 
and herbaceous 

plantings recommended.

Structurally diverse 
riparian vegetation 

community. No riparian 
vegetation corridor 

improvements 
necessary.

10

Notes:

Bank Stability

Project provides 
opportunity to achieve 
major improvement in 

bank stability.

Project provides 
opportunity to achieve 
minor improvements in 

bank stability.

Project does not address 
bank stability.

5

Notes:

Score Definitions



PROJECT EVALUATION FORM

Project Name: SE 7th Street: Johnson Creek Corridor Improvements
Evaluated by: DRS, CET Date: 2/11/2010

Criterion Score
10 5 1

Score Definitions

Channel 
Morphology

Poor hydraulic functions 
that can be significantly 

restored.

Degraded hydraulic 
functions that can be 

partially restored.

Good hydraulic 
functions.

5

Notes:

Floodplain 
Connectivity

Project provides 
opportunity to achieve 
major improvement in 
floodplain functions.

Project provides 
opportunity to achieve 
minor improvements in 

floodplain functions.

Project does not impact 
existing floodplain 

functions.
10

Notes:

Summer Shade

Project provides 
opportunity to achieve 
major improvements in 

shade.

Project provides 
opportunity to achieve 
minor improvements in 

shade.

Project does not impact 
existing shade levels.

5

Notes:

Stormwater 
Quality Retrofit 
Opportunity

Project has potential to 
provide additional 

stormwater treatment.
N/A

Project does not have 
potential to provide 

additional stormwater 
treatment.

10

Notes:

Post-
establishment 
Maintenance 
Needs

Annual or less frequent, 
low-labor maintenance 

needed for project 
benefits to persist

No more than 2 low-labor 
maintenance visits or 
one labor-intensive 

maintenance visit per 
year needed for project 

benefits to persist

Project benefits persist 
only with multiple, labor-

intensive efforts each 
year

5

Notes:

Benefit to 
Sensitive, 
Threatened, or 
Endangered 
Species

Project enhances 
designated habitat for 
state or federally listed 

species.

Project enhances habitat 
for sensitive species.

Project enhances habitat 
for non-vulnerable 

species.
10

Notes:

Total: 81



Existing Conditions: 
The site, south of NE Glisan Street and east of NE 202nd 
Avenue, contains two large, deep ponds that were created by 
gravel extraction activities. The source of water is 
groundwater and Fairview Creek, which enters the site from 
the south. 
 
The terrain adjacent to the ponds is very rocky and has a long 
history of disturbance. There are several wetland areas 
adjacent to the ponds and Fairview Creek. The vegetation 
community includes mature deciduous trees and a mix of 
shrubs and young trees. Many areas are dominated with 
invasive, non-native species such as Scotch broom and 
Himalayan blackberry. Some of the site is too rocky for 
anything but annual grasses and herbs to survive. 
 
There are very few areas along the edges of the ponds where 
the ground slopes into gradually deepening water. In most 
areas, the edge is severe. The ground is relatively flat right to 
the edge of the water and the pond is very deep within a few 
inches of the edge. Most of the pond surface is open to full 
sun during the summer. 

Design Considerations and  
Potential Constraints:  
The final design should investigate the possibility of 
placing the clean spoils from excavation into the ponds. 
This would significantly lower the cost of the project if 
otherwise the material would need to be hauled off site. 
Permits from the U.S. Army Corps of Engineers and the 
Oregon Department of State Lands would be required for 
work within existing ponds or wetlands. Placement of 
"fill", including large wood or bendway weirs, within the 
regulated floodway would require conformance with 
FEMA floodplain regulations for balanced cut and fill, and 
an engineer would need to be consulted for a No-Rise 
analysis. Depending on the findings of the analysis, HEC-
RAS modeling may be needed. Where HEC-RAS 
modeling indicates any rise of the mapped Base Flood 
Elevation, project managers would need to plan for the 
costs and time associated with submitting a CLOMR to 
FEMA Region X. 

Conceptual Overview:  
This site offers a great opportunity to create wetland and 
to simultaneously create up to 38 acre-feet of additional 
stormwater detention for the Fairview Creek watershed. 
 
Additional detention can be created by removing a rock 
check dam on the north side of the east pond. This rock 
feature is the control that sets the surface elevation of 
both ponds during ordinary weather conditions. 
Removing this rock material would lower the elevation of 
the east pond by approximately two feet. This would 
create approximately 22 acre-feet of detention storage in 
the east pond. 
 
Wetland can be created in two ways: 1) by filling the 
west pond to replace the open water with vegetated 
wetlands, and 2) by excavating areas adjacent to the filled 
pond to create wetland terraces. The west pond would be 
filled so that the new ground surface elevation is 
approximately two feet lower than the existing surface 
water elevation. The new ground surface elevation would 
be within a few inches of the lowered water surface 
elevation of the east pond, thereby creating an emergent 
wetland in the area that is currently open water. Material 
adjacent to the ponds would be cut and used to fill the 
pond. The final ground surface elevation of the excavated 
area would be low enough to meet wetland hydrology 
criteria and support hydrophytic vegetation. Currently, 
the west pond is hydrologically connected to the east 
pond by an 18-inch reinforced concrete pipe culvert. This 
culvert would be removed and replaced by a swale that 
would match the ground surface elevation of the newly 
created wetland and the lowered surface water elevation 
of the east pond. Replacing the culvert with a swale and 
lowering the surface elevation of the west pond would 
create an additional 16 acre-feet of detention. 
 
Currently, Fairview Creek flows into the west pond, goes 
through the connecting culvert to the east pond, and 
discharges through the twin culverts toward NE Glisan 
Street. The final configuration would be a defined 
channel through the wetland that would be created by 
filling the west pond, through the newly created swale, 
and into the east pond. The channel would be shallow, 

9NEW01 
 

Fujitsu Ponds: Fairview Creek 
Corridor Improvements 

Estimated Cost: 

 

Design $146,500 

Earthwork $1,539,951 

Restoration/Enhancement $390,950 

Env. Education/Recreation $54,650 

Monitoring $20,000 

Construction Oversight $7,500 

Admin (14%) $301,287 

Total $2,460,838 

Temperature TMDL:  
With the installation of trees and shrubs within the 
functional shade buffer, the site would meet temperature 
TMDL targets. The functional shade buffer would be 
planted with native trees and shrubs appropriate for the 
site-specific soil, moisture and topographic conditions, as 
described in Gresham’s Temperature TMDL 
Implementation Plan.  

Overall Evaluation:  87 
See Section E of the Natural Resource Master Plan for 
score breakdown and comparison to other projects. 

CREATE FLOODPLAIN 

TERRACE 

REPLANT WITH NATIVE TREES 

AND SHRUBS 

CREATE NEW, MEANDERING 

STREAM CHANNEL 

CONSTRUCT OBSERVATION 

PLATFORMS 

Key Design Elements: 

perhaps only 6 inches deep by 8 to10 feet wide. This 
would be shallow enough to reduce the likelihood of 
dewatering the adjacent wetland area through which it 
would flow. The channel would be designed to have 
naturalistic meanders.The ground elevation of the filled 
west pond will vary slightly to support a diverse range of 
wetland habitats. 
 
The site also provides opportunities for a trail system with 
platforms for viewing wildlife. The trails could be on the 
ground or elevated on boardwalks. They could provide 
access through the wetlands and along the pond, or through 
the scrub/shrub or forested areas. Viewing blinds could be 
constructed to afford views to the open water or wetlands. 
Areas could be designated for outdoor classrooms for 
school programs. 
 
Portions of the east pond could be filled along the edges to 
provide a more diverse aquatic regime. This could be done 
with clean spoils from the wetland terrace excavation 
activities. 
 
Invasive plants would be removed and site-appropriate 
native species would be planted. The stands of mature trees 
would not be disturbed. 

Area of TMDL Buffer and Shade Categories  
under Existing Conditions: 

 

 
Total 

Minus 

Constraints 

Shade Class 1 1.48 ac. 1.44 ac. 

Shade Class 2 7.29 ac. 7.15 ac. 

Shade Class 3 1.25 ac. 1.25 ac. 

Total TMDL Buffer 10.02 ac. 9.84 ac. 



PROJECT EVALUATION FORM

Project Name: Fujitsu Ponds: Fairview Creek Corridor Improvements
Evaluated by: CET/DRS/KM Date: 2/17/2010

Criterion Score
10 5 1

Public Benefit N/A

Widespread public 
benefit resulting directly 

from project and/or 
associated values such 

as educational or 
recreational 

opportunities.

Localized public benefit 
from project and/or 

associated values such 
as educational or 

recreational 
opportunities.

5

Notes:

Safety/Liability
Significant safety 

hazard.  Threat to life, 
limb and/or to property.

Moderate safety hazard.  
Precautionary measures 

needed to protect life, 
limb, and/or property.

No safety hazard or 
precautionary measures 

required.
10

Notes:

Infrastructure 
Risk

High potential to protect 
at-risk infrastructure.

Moderate potential to 
protect at-risk 
infrastructure.

Low potential to protect 
at-risk infrastructure, or 
no at-risk infrastructure 

present.

10

Notes:

Environmental 
Impact

Region- and/or basin-
wide effects, with 

significant downstream 
and/or upstream 

impacts.

Affects portion of sub-
basin

Localized effects 
associated with one or 

two individual properties.
10

Notes:

Invasive Species 
/ Riparian 
Enhancement

Native riparian 
vegetation and/or 
structural diversity 

inadequate. Invasive 
species dominant. 
Aggressive native 

planting effort 
recommended.

Invasive species 
present. Riparian 

overstory inadequate; 
native shrub and 

herbaceous plantings 
recommended.

Structurally diverse 
riparian vegetation 

community. No riparian 
vegetation corridor 

improvements 
necessary.

5

Notes:

Bank Stability

Project provides 
opportunity to achieve 
major improvement in 

bank stability.

Project provides 
opportunity to achieve 
minor improvements in 

bank stability.

Project does not address 
bank stability.

1

Notes:

Score Definitions



PROJECT EVALUATION FORM

Project Name: Fujitsu Ponds: Fairview Creek Corridor Improvements
Evaluated by: CET/DRS/KM Date: 2/17/2010

Criterion Score
10 5 1

Score Definitions

Channel 
Morphology

Poor hydraulic functions 
that can be significantly 

restored.

Degraded hydraulic 
functions that can be 

partially restored.

Good hydraulic 
functions.

10

Notes:

Floodplain 
Connectivity

Project provides 
opportunity to achieve 
major improvement in 
floodplain functions.

Project provides 
opportunity to achieve 
minor improvements in 

floodplain functions.

Project does not impact 
existing floodplain 

functions.
10

Notes:

Summer Shade

Project provides 
opportunity to achieve 
major improvements in 

shade.

Project provides 
opportunity to achieve 
minor improvements in 

shade.

Project does not impact 
existing shade levels.

10

Notes:

Stormwater 
Quality Retrofit 
Opportunity

Project has potential to 
provide additional 

stormwater treatment.
N/A

Project does not have 
potential to provide 

additional stormwater 
treatment.

10

Notes:

Post-
establishment 
Maintenance 
Needs

Annual or less frequent, 
low-labor maintenance 

needed for project 
benefits to persist

No more than 2 low-
labor maintenance visits 

or one labor-intensive 
maintenance visit per 

year needed for project 
benefits to persist

Project benefits persist 
only with multiple, labor-

intensive efforts each 
year

1

Notes:

Benefit to 
Sensitive, 
Threatened, or 
Endangered 
Species

Project enhances 
designated habitat for 
state or federally listed 

species.

Project enhances habitat 
for sensitive species.

Project enhances habitat 
for non-vulnerable 

species.
5

Notes:

Total: 87
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I. Introduction 
 
Purpose 
The City of Gresham manages stormwater runoff to protect Gresham’s residents from flooding and its streams 
and wetlands from water pollution.  The City has a permit from the State of Oregon to operate the City’s 
stormwater system that flows to Gresham’s waterways.  The acreage in Gresham that flows to groundwater is 
regulated under the Water Pollution Control Facility (WPCF) permit for drywells and is not subject to this Plan.  
This document discusses Gresham’s retrofit strategy and plan for future enhancements that meet the permit 
requirements as described below. 
 
Permit Requirements 

The City of Gresham’s National Pollutant Discharge Elimination System (NPDES) MS4 Permit # 
(December 30, 2010) Schedule A.6 states: 

Co-permittees must develop a stormwater retrofit strategy identified in a plan that applies to 
developed areas identified by the co-permittee as impacting water quality and that are underserved 
or lacking stormwater controls. 

a. The stormwater strategy must be based on a co-permittee-defined set of stormwater quality 
retrofit objectives and a comprehensive evaluation of a range of stormwater quality retrofit 
control measures and their appropriate use.  The co-permittee-defined objectives must 
include making progress towards meeting applicable TMDL wasteload allocations.  
Development of the stormwater retrofit strategy must allow for public comment and consider 
public input.   

b. The co-permittee must develop and submit a retrofit plan to the Department by November 1, 
2014 that the co-permittee will use to guide the implementation of its stormwater retrofit 
strategy.  The retrofit plan must describe or reference the following: 

i. Stormwater retrofit strategy statement and summary, including objectives and 
rationale; 

ii. Summary of current stormwater retrofit control measures being implemented, 
and current estimate of annual program resources directed towards stormwater 
retrofits; 

iii. Identification of developed areas or land uses impacting water quality that are 
high priority retrofit areas;  

iv. Consideration of new stormwater control measures; 

v. Preferred retrofit structural control measures, including rationale;  

vi. A retrofit control measure project or approach priority list, including rationale, 
identification and map of potential stormwater retrofit locations where 
appropriate, and an estimated timeline and cost for implementation of each 
project or approach. 
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II. Retrofit Strategy 
 
The City of Gresham established a stormwater utility and capital improvement program (CIP) in 1994.  This 
CIP has grown to average about $1M to $1.5 M per year for projects that include flood prevention and control, 
stream restoration, system rehab and repair, construction of stormwater facilities for water quality 
improvements, and retrofits to existing stormwater detention facilities to add water quality treatment function.  
Table 4 lists examples of the City’s historic retrofit efforts.   Appendix A: includes the current funded and 
unfunded CIP list.  CIPs that are likely to include stormwater facilities for water quality treatment are highlighted 
in brown.   
 
In 2012, the City conducted an analysis of its treated and untreated acreage and current schedule of funded 
CIPs for the city’s utilities and transportation divisions and proposed an additional retrofit strategy to target 
areas of the city with high pollutant sources from heavy vehicle use that are currently untreated.  The factors 
considered for developing the strategy and the process for conducting the analysis is included as Appendix B.   
 
Public Comment 
The strategy was released for public comment in March 2012.  Staff gave presentations to both active 
watershed councils (Columbia Slough and Johnson Creek), the Natural Resource Sustainability Committee, 
and place announcements in the local paper and city electronic publications and website.  The City received no 
comments on the strategy.   
 
Retrofit Strategy Summary, Objectives and Rationale 
 
The City began implementing a water quality manual with standards for new development in 1999.  As such, 
many stormwater treatment and detention facilities have been built primarily for new development, but also for 
redevelopment that are privately and publicly-owned.  Additionally, the City implements master plans for its 
utilities that include water quality elements.  Table 4 lists examples of the City’s historic CIP retrofit efforts. 
 
The City’s land use and BMP treatment area analysis highlighted portions of the city with high pollution sources 
(major arterials shown such as Powell, Division, Stark, Hogan, Sandy, etc.) without current treatment (Figure 
1.).  The total acres of existing arterial/boulevard streets within Gresham equal 310.  The amount of untreated 
arterial/boulevards equals approximately 160 acres (2012 estimate).  Additionally, the City owns 7.4 acres of 
parking lots1, which provide opportunity for demonstration projects. 
 
The City will utilize the LID Retrofit CIP (902800 in Appendix A) to fund additional projects that focus on the 
following: 

(1) Arterial/boulevard streets 48 to 72 feet wide  
(2) City-owned property such as parking lots  
(3) Opportunistically on streets where other City capital improvement projects are taking place   

1 Most of the City-owned lots are in the Historic Downtown Area and is part of a Master Plan for redevelopment and are subject to 
that timeline based upon City Council direction and approval. 
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The City’s objectives include: 

1) Project implementations within the highlighted yellow areas over the next 20 plus years  
2) Reduction of Total Maximum Daily Load (TMDL) and 303(d) Listed Pollutants 
3) Volume reduction that will help reduce stormwater hydromodification impacts on streams 
4) Minimize long-term maintenance costs 

Figure 1.  Map of Gresham Watersheds Showing Stormwater Treated and Untreated Areas  

Areas in yellow are untreated.     Areas in purple drain to groundwater.   

Areas in light brown drain to public facilities.    Areas in dark brown drain to private facilities.    
      

Areas in green are natural areas that will not be developed. 
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5) Maximize cost/benefit ratio of retrofit program 
6) Maximize aesthetic benefits/improve the city’s streetscape 
7) Enhance pedestrian and bicycle access and safety 
8) Educate the public about the connection of the retrofits to water quality 
9) Leverage budgets for retrofits by connecting to multiple objective projects 

 
Table 1:  City of Gresham Watersheds and Associated Total Maximum Daily Load (TMDL) and  
303(d) Listed Pollutants 
Basin Stream TMDL 303(d) 

Willamette (all) Mercury None 

Columbia Slough Bacteria, phosphorus, 
lead, DDT/DDE, 
Dieldrin, dioxins, PCB, 
chlorophyll-a, dissolved 
oxygen, pH, 
temperature* 

Cat 5 (TMDL needed): 
Iron, manganese 

Cat 3 (insufficient data): 
antimony, arsenic, 
barium, beryllium, 
cadmium, chromium, 
copper, nickel, 
selenium, silver, 
thallium, zinc 

Cat 3B (potential 
concern): ammonia 

Johnson Creek Bacteria, DDT/DDE, 
Dieldrin, temperature* 

Cat 5 (TMDL needed): 
PCB, PAHs 

Cat 3 (insufficient data): 
chlorinated benzenes, 
chlorophyll-a, 
halogenated pesticides 

Cat 3B (potential 
concern): chlordane, 
iron, manganese, 
phosphorus 

Fairview Creek Bacteria, temperature* None 

Sandy Kelly/Burlingame/Beaver Bacteria, temperature* None 

*DEQ does not consider stormwater to be a temperature contributor, but it is included for completeness. 

 
Stormwater Retrofit Treatment Best Management Practice Options 
 
The retrofit strategy analysis examined the use of the various stormwater best management (BMP) types in 
order to maximize the reduction in the priority pollutants listed in Table 1.  BMPs reduce pollutant loads by 
decreasing stormwater volume and/or decreasing pollutant concentrations.  BMPs that provide opportunities 
for infiltration, sedimentation, sorption to mulch and soil, sorption to and uptake by vegetation, and microbial 
and UV breakdown of pollutants will be given priority because each of these mechanisms are important for 
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removal of the various classifications of TMDL  and 303(d) listed pollutants.  Factors that influence choice of 
BMP design include, but are not limited to: relative TMDL pollutant removal capability, soil drainage, lifecycle 
costs including upfront construction costs and ongoing maintenance costs, cost per acre treated, stakeholder 
acceptance, location within the watershed and space availability. 
This review is included in Table 2.   
 
Table 2:  Retrofit Strategy Best Management Practice (BMP) Treatment Options 
 

BMP Description Pollutants 
managed5, 8 

Infiltration 
capacity 

Methods of 
pollutant removal9 

BMPs appropriate for retrofit in road Right-of-Way 

Infiltration/Filtr
ation Rain 
Garden or 

Planter 
 

Vegetated depression 
designed for infiltration, 

evapotranspiration and bio-
filtration by mulch, soil and 

plants.  Lining and 
perforated pipes to an outlet 

are included when soils 
cannot be engineered to 

drain safely 

Reduces nutrients, 
bacteria, metals, 

pesticides and organic 
compounds 

High to Low 
(if soils 

cannot be 
engineered to 

drain) 

Sedimentation, sorption 
to soil particles and 
plants, uptake by 
plants, microbial 

activity, UV 

Swale 

Vegetated or grassy linear 
flow-through shallow 

depression that filters runoff, 
reduces flow velocities and 

may provide minimal 
infiltration9 

Reduces nutrients, 
metals, pesticides and 
organic compounds; 

not effective for 
bacteria 

Low to 
Medium 

Sedimentation, sorption 
to soil particles, 

microbial activity, UV 

Porous 
pavement 

Pavement that allows water 
to infiltrate into the soil (with 

or without underdrain) 

Reduces nutrients, 
bacteria, metals, 

pesticides and organic 
compounds 

High 
Sorption to soil 

particles, microbial 
activity 

Underground 
injection 
control  

(UIC)structure 
(drywell or 
soakage 
trench) 

Large concrete lined 
cylindrical hole with 

perforations or a rock gallery 
that provides subsurface 

infiltration 

Reduces nutrients, 
bacteria, metals, 

pesticides and organic 
compounds 

High 
Sedimentation, sorption 

to soil particles, 
microbial activity 

Trees 

Deciduous or evergreen 
street trees that provide 
canopy over impervious 

surfaces or streams 

Prevents temperature 
increases when 
shading streams 

directly, reduces runoff 
volumes when covering 

impervious areas 

Low to 
Medium 

Shading, uptake by 
roots 

Filters 
(proprietary or 

sand) 

Flow-through or infiltration 
device that filters using sand 

or a variety of media 
cartridges (perlite, 

composted leaves, etc.) 

Reduces nutrients, 
bacteria, and metals None Sedimentation, sorption 

to filter media 
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BMP Description Pollutants 
managed5, 8 

Infiltration 
capacity 

Methods of 
pollutant removal9 

Sedimentation 
manhole 

Holds water for sediment to 
fall out of suspension prior to 

discharging water to the 
storm sewer 

Reduces nutrients and 
metals None Sedimentation 

     
BMPs appropriate for vacant land areas outside the road Right-of-Way 

Dry detention 
pond 

Vegetated or grassy 
depression, retains a portion 
of contributing runoff, much 

runoff overflows, dries 
between rain events 

Reduces nutrients, 
pesticides and organic 

compounds.  Not 
effective for bacteria 

and metals 

 
Low to 

Medium 

Sedimentation, sorption 
to soil particles, 

microbial activity, UV 

Wet detention 
pond 

Vegetated or grassy 
depression, retains a portion 
of contributing runoff, much 
runoff overflows, stays wet 

between rain events 

Reduces nutrients, 
bacteria, metals, 

pesticides and organic 
compounds 

None 
Sedimentation, sorption 

to soil particles, 
microbial activity 

Treatment 
Complex 

Designs vary by space and 
function options and may 

include series of dry or wet 
ponds, swales or shallow 

vegetated depressions (<1’) 
that detain stormwater until 
the following storm event 9 

Reduces nutrients, 
bacteria, metals, 

pesticides and organic 
compounds 

None to Low 

Sedimentation, sorption 
to soil particles and 
plants, uptake by 

plants, microbial activity 

 
The City’s analysis demonstrated that infiltration BMPs (e.g., rain gardens) are a highly effective approach to 
help meet the City’s objectives for water quality treatment and volume reduction.  Their flexibility in design and 
potential use in combination with street tree goals means their use is given the highest priority on street retrofit 
projects.2, 5   
 
In the event that site constraints or pre-existing conditions do not allow installation of infiltration rain gardens, 
the design may be altered to become a filtration rain garden by adding lining and perforated pipe with an outlet 
to the City’s stormwater system, or other BMPs from Table 2 will be utilized.   
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Table 3: Current List of Pending Retrofit Projects2 
 
Project Name Description Estimated 

Cost  
Partners Timeline Watershed  

Cleveland Road ADA ramp additions:  
opportunity for 
additional street and 
sidewalk treatment 

$140,0003 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2015-2018 Fairview 

Sandy Blvd and 
185th 

Street widening and 
pedestrian 
accessibility project 

$140,000 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2015-2018 Columbia 
Slough 

190th Street 
Improvements 

Minor improvements: 
examine opportunities 
for water quality 
treatment 

$140,000 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2015-2020 Johnson 

Division Street Bike and pedestrian 
improvements 
planned with ODOT 
grant funds 

$140,000 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2017-2020 Fairview 

Crosswalk 
Safety 
Improvements 

Pedestrian crossing 
enhancements 

$140,000 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2015-2020 All 

Burnside and 
Hogan 

Private property 
acquisition that can be 
used for street 
treatment/pedestrian 
amenity 

$140,000 per 
acre of 
impervious area 
treated 

Transportation/
Stormwater 

2015-2025 Kelly/Burling
ame/Beaver 

City-owned 
Parking Lots 

Retrofit to pilot test 
infiltration and 
treatment options 
such as pervious 
pavement, planter 
boxes, structural 
trees, as master 
planning activities 
allow for opportunities 

$140,000 per 
acre of 
impervious area 
treated 

Stormwater/Pla
nning 

2020-2030 Johnson 

 
Appendix C provides an explanation of how project areas selected will be examined and prioritized.   

2 This list is based on what is known at time of this report writing.  It is considered a living list and will be reviewed and re-ranked as 
new information becomes available.   

3 This value was estimated and used with the City’s Wasteload Allocation Attainment Assessment.  ACWA members evaluated green 
street project costs and determined that a standard project cost was about $12,500 per project to capture an average drainage area 
of about 3,850 sq. ft.   
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Table 4:  Historic City Retrofit Projects that add Water Quality Treatment and/or Volume Reduction 
Year     Project Name Description Cost4 Watershed 

2006 Fairview Creek 
Regional Facility 

Regional water quality treatment facility including 
vegetated swale, ponds, shading, flood control facility 
that treats up to 11 cfs from approx. 800 acres of the 
highly developed Central Core and Red Sunset sub-

basins 

$3.8 M  Fairview Creek 

2007-
2009 

Columbia Slough 
Regional Facility 

Regional water quality treatment facility that provides 
water quality benefits for approximately 900 acres of 

the Columbia Slough basin prior to discharge; property 
was donated by Boeing 

$5 M Columbia 
Slough 

2007 Holladay St. Green 
Street 

Provides water quality treatment for 74,000 square feet 
of impervious area $80,500 Columbia 

Slough 

2013 
Beech Street 

Improvement/Center 
for the Arts 

Installation of pervious pavers, rain gardens and a solar 
powered irrigation system $74,000 Johnson Creek 

2009-
2011 Kane Road Construction of rain gardens, inverted medians and 

pervious pavement $595,000 Kelly Creek 

2007-
2008 Powell Blvd Reduction of road runoff by installing permeable pavers 

and vegetated median swales $14 M Kelly/Johnson/
Fairview Creek 

2010-
2011 

Hogan Road 
Improvement 

Construction of over 12,000 square feet of ROW rain 
gardens in inverted medians and sidewalk areas to 

provide 2.4 acres of stormwater treatment 
$1.4 M Fairview/Kelly 

Creek 

2012-
2013 

Main City Park 
Improvement 

Redesign to meet Master Plan objectives that included 
the addition of porous pavement and rain gardens to 

manage parking lot runoff 
$1.1 M Johnson 

4 Cost may include project expenses for non-water quality related elements such as widening and paving, traffic control, aesthetic 
landscaping, etc. but are included to illustrate the level of expenditures necessary to meet all city objectives related to master plans 
and capital improvements.   
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2011-
13  

Kelly Creek 
Regional Facility 
Improvements 

Retrofit to an existing detention pond to add water 
quality and temperature reduction elements $300,000 Kelly Creek 
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Appendix A:  Stormwater Funded and Unfunded CIPs 

Stormwater Funded Summary 
Project Project Name  2014-15 2015-16 2016-17 2017-18 2018-19
  902400 Minor Drainage Problems  85,500 85,500 85,500 85,500 85,500
  902800 Low Impact Dev Practices Retrofit Program 541,027 100,000 350,000 450,000 400,000
   905200 Burnside to Civic Drive Storm Drain  0 0 0 0 0
  906101 Johnson & Kelly Creek Channel Restorati  133,636 74,100 74,100 74,100 74,100
  908800 Rehab & Repair of Pipe System  239,400 239,400 239,400 239,400 239,400
  908900 UIC Implementation  630,829 100,000 100,000 0 0
  910200 Kelly Creek Water Quality Facility  0 0 0 0 0
  910300 Columbia Slough Regional Water Quality  0 0 0 0 0
  913000 Flood Plain Re-Mapping  0 0 0 0 0
  914100 Stormwater Facility Improvements  0 0 0 0 0
  914600 Development Coordination  35,000 35,000 35,000 35,000 35,000
  915100 Riparian & Wetland Imp Projects  57,000 57,000 57,000 57,000 57,000
  918000 Kane Road - Stormline Improvements  0 0 0 0 0
  919600 Fairview Creek Wetland Mitigation Bank  1,000,000 3,660,832 0 0 0
  919900 Water Quality Manual & Design Standard  0 0 0 0 0
  920000 Segment 1, Fairview Creek Basin Central  0 0 0 754,264 0
  920600 Fairview Creek Flood Reduction and Mas  296,400 0 0 0 0
  920700 Burlingame Creek System Improvements  137,370 0 0 0 0
   

Grand Total 6,849,09
 

2,715,13
 

4,601,83
 

1,041,00
 

1,645,26
 

991,00
 

17,843,32
 Stormwater Unfunded Summary 

Project Project Name 2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 Total 
900300 Linden Avenue Storm Drain 0 0 0 0 0 0 405,069 
901500 NE 5th Street Storm Drain 0 0 0 0 0 0 145,201 
901700 SE Elliott-Regner Outfall 0 0 0 0 0 0 39,900 
903700 Willow Parkway Storm Drain 0 0 0 0 0 0 99,818 
904300 NW 1st St./NW Ava Storm Drain 0 0 0 0 0 0 892,724 
907400 194th Avenue Pipe Enlargement at I-84 0 0 0 0 0 0 307,800 
909200 Hogan Place Storm Drain 0 0 0 0 0 0 741,456 

 



909300 E. Burnside Parallel Pipe 0 0 0 0 0 0 901,056 

909400 Salquist/Barnes Pipe Enlargement 0 0 0 0 0 0 185,452 
909600 Burlingame Cr. South of Powell Valley Road 0 0 0 0 0 0 298,575 
909800 Kelly Creek, South of SE Salquist Road 0 0 0 0 0 0 348,033 
909900 Burnside Diversion to Kelly Creek 0 0 0 0 0 0 1,379,683 
910400 Stark Street Culvert 0 0 0 0 0 0 243,048 
910700 Division to Kelly Stormdrain 0 0 0 0 0 0 272,688 
910800 Division Street Diversion 0 0 0 0 0 0 71,136 
911000 Stark Street (East) Swale 0 0 0 0 0 0 176,586 
911100 Stark Street (West) PRF 0 0 0 0 0 0 66,690 
911200 Burnside (West) PRF 0 0 0 0 0 0 53,352 
911300 Burnside (East) PRF 0 0 0 0 0 0 53,352 
911400 Water Qual Facility @ 194th Ave. 0 0 0 0 0 0 511,020 
911600 Water Qual Facility @ 181st & Halsey 0 0 0 0 0 0 686,679 
911700 Water Qual Facility @ 162nd & Thompson 0 0 0 0 0 0 718,700 
911800 Water Qual Facility @ 162nd & I-84 0 0 0 0 0 0 2,666,619 
911900 Water Qual Facility @ N 162nd Ave. 0 0 0 0 0 0 4,039,880 
912100 Pipe Replacements - East of 194th Ave. 0 0 0 0 0 0 56,400 
912200 Pipe Replacements - Barr Rd & Halsey St 0 0 0 0 0 0 1,281,200 
912300 Pipe Replacements - N. 181st 0 0 0 0 0 0 1,072,500 
912500 Pipe Replacements - S. 181st (50 year fix) 0 0 0 0 0 0 1,068,200 
912600 Pipe Replacements - North 162nd Ave. 0 0 0 0 0 0 445,600 
912700 Pipe Replacements - South 162nd Ave. 0 0 0 0 0 0 82,300 

 

 

 



Appendix B:  City of Gresham Stormwater Quality Retrofit Strategy Development 

Strategy Development Factors 
 
The City examined the following factors to determine the objectives for retrofits including: 

a) Ownership 
b) Pollutant loading 
c) Contribution to stormwater volume 
d) Project coordination  

 
a) Ownership: The first lens applied across the city to identify potential retrofit projects was ownership. Areas of retrofit focus have been 

narrowed to include areas already owned by the City, which tend to be more practical for project implementation.  For example, transportation 
corridors are publicly-owned and have existing right-of-way delineations that allow for the inclusion of stormwater quality retrofit designs.  
Prioritizing retrofits on publicly owned right-of-way and public property such as City-owned parking lots will result in cost efficiencies.    

 
b) Pollutant Loading: Arterials/boulevards represent large areas of untreated impervious surface across the city (160 acres of 310 total).  

Further, arterial/boulevard streets with higher total trips per day are known to contribute TMDL pollutants, such as heavy metals to 
stormwater.1, 3, 4, 6, and 7   

 
c) Contribution to Stormwater Volume: As noted above, Oregon DEQ has requested that the City also conduct an analysis of hydromodification 

impacts to streams.  A key approach to minimizing stormwater hydromodification impacts is to reduce the volume of stormwater runoff 
entering local waterways by maximizing infiltration of runoff.   Projects will be prioritized according to the volume of runoff that can be reduced 
through the retrofit in order to meet both the stormwater quality retrofit and volume reduction objectives.   

 
d) Project coordination:  The City constructs many Capital Improvement Program (CIP) projects each year, many of which trigger the inclusion of 

water quality treatment (e.g., road expansions, parks improvements, sewer/storm/water line replacements).  The treatment requirement is 
described within the City’s Water Quality Manual and is triggered when 1,000 sq. ft. or more of impervious surface is added or replaced.  
However, some projects that fall under the 1,000 sq. ft. threshold may provide opportunities for additional water quality retrofits and are 
included as part of the City’s strategy.  An example is the addition of a traffic calming feature on a residential street.  Thus, coordinating 
stormwater retrofit projects with other City CIP projects will result in cost efficiencies and reduced construction impacts to residents.   

 
Potential BMPs for Stormwater Retrofits 
Infiltration/Filtration Rain Gardens:  As noted above, infiltration rain gardens designs provide stormwater volume reduction, sedimentation, sorption, 
evapotranspiration, and microbial and UV breakdown of pollutants. They also provide habitat, biodiversity and community aesthetics, as well as 

 



opportunities for public education.  Where soils cannot be engineered to allow for safe infiltration, designs can be altered to become filtration rain 
gardens. 
 
Filters (Proprietary filter or sand):  Provide sedimentation and sorption; most are located below ground and are useful at sites where space 
constraints are an issue9 but these do not provide infiltration and are comparatively expensive to maintain over time.  Sand filters are located at the 
surface, do provide infiltration, but do not have the same soil structure or plant uptake benefits as rain gardens and require a specialized 
maintenance regimen. 
 
Dry detention ponds:  Provide sedimentation and sorption to soil and grass/vegetation and expose pollutants to UV light, however they are not 
designed to maximize infiltration. Some national studies have found effluent to contain higher levels of E. coli and nutrient quantities higher than the 
influent.8  As a centralized treatment feature for a contributing area, ponds also require larger sites for installation and are likely to require 
purchasing additional property, making the project more costly and reducing practicality.     
 
Wet detention ponds:  Provide sedimentation, pollution sorption to plants and soil, uptake by plants9, and promote microbial activity.  However, they 
are not designed to maximize infiltration and do not expose pollutants to UV light, which aids in molecular breakdown.  As previously mentioned, 
ponds require larger sites for installation and are likely to require purchasing additional property, making the project more costly and reducing 
practicality.        
 
Swales:  Are designed primarily for sorption of pollutants to grass and soil, and some sedimentation but are not designed to maximize infiltration. 9  
 
Treatment Complexes (including wetlands):  Design and pollutant removal capabilities vary by site size and constraints.  Generally will treat 
pollutants through sedimentation, sorption to soil and plants, uptake by plants, and microbial activity, but it is difficult to find locations for these 
larger, centralized facilities within an existing urbanized environment.  Construction of centralized facilities often requires additional property to be 
purchased and raises project impracticality. This BMP might be utilized in locations where the option exists to send additional untreated runoff to an 
existing facility that is not at capacity.    
 
Sedimentation manholes:  Capture sediment, but do not provide any additional treatment of TMDL pollutants or infiltration. 
 
Porous pavement:  Provides infiltration, sorption to soil, and some microbial treatment, but is costly to install and maintain.  Captures some 
sediment, but has a higher annual maintenance cost due to the need for frequent sweeping.  Where soil drains poorly, under drain systems must be 
engineered which elevate the cost and limits infiltration capacity.  Further, installation may require underground utility location and may create 
underlying roadbed stability issues.  Installation also requires removing existing pavement and re-paving, making it a practical BMP for roadways 
that are scheduled for re-pavement, but impractical for roadways that have recently been repaved.   
 

 



Underground Injection Control (UIC) devices (wells and trenches):  Provide infiltration, sorption to soil and limited microbial activity, and in some 
portions of the city where soil drainage is adequate, UIC installation could benefit volume reduction and TMDL pollutant efforts.  However, a large 
portion of the UIC-suitable areas in Gresham lie within well field/groundwater protection areas (Portland or Gresham), and new UICs could therefore 
require stormwater quality pre-treatment and are subject to a DEQ UIC permit.   
 
Trees:  Provide shade, helping the City reach the temperature TMDL requirements, and may enhance infiltration of stormwater, but do not fully 
perform these functions at significant levels for up to 50 years after installation.  
 
Retrofit Target Area Analysis 
In order to examine the City’s overall progress towards the capture and treatment of TMDL and 303 (d) Listed Pollutants, the City developed an Arc 
Reader tool that uses Geographical Information System (GIS) data to assist with the identification of untreated areas, high pollution contribution 
areas.  
The Arc Reader Map includes information to aid target area selection and assessment of project benefits such as:  

o Land Use 
o Major Arterials (classified as 72 to 48 feet wide) and Right of Way 
o Pipe capacity (master plan classification of pipes that are at or near volume capacity) 
o Publicly-owned land (Open space, parks, municipal buildings and parking lots, schools and includes public right-of-way delineation) 
o Areas of the city treated by public and private stormwater quality facilities that drain to streams 
o Stormwater Infrastructure (catch basins, pipes, and outfalls: to map pipe sheds within watersheds) 
o Outfalls with documented downcutting 
o Capital Improvement Projects by Department (funded and unfunded) 
o Soil infiltration suitability map (delineates well-draining soils from poorly draining soils) 
o Depth to groundwater 

 
 
 

 



Appendix C:  City of Gresham Stormwater Quality Retrofit Project Ranking Criteria 

The following example table includes the proposed elements that will be scored for each retrofit project in order to prioritize the order in which work 
will proceed over time.  Because the retrofit strategy included the consideration and performance of targeted retrofit Best Management Practices to 
address Total Maximum Daily Loads, no additional emphasis is presumed to be needed related to pollutant reduction below.   
Because some of the factors change over time and capital improvement budgets are planned by fiscal year, the projects will be ranked annually and 
updated, if necessary for long term budget planning.   

Example of ranking criteria table 

Project 
Name Watershed Acres 

Treated 
Volume 

Reduction 
Leverage 
Funding Opportunity Asset Mngt 

Enhancement 
Ease Of 

Implementation 

Cost 
per 
acre 

treated 

Stakeholder 
Acceptance 

Multiple 
Objectives 

Location: 
(upper, 
middle, 
lower 

watershed) 

Explanation of Ranking Criteria: 
o Acres Treated:  allows for comparison of projects by projected future treatment area
o Volume Reduction:  a given site’s suitability for infiltration will be prioritized higher than projects that only assist with water quality

objectives. This criteria successfully targets TMDL and 303(d) pollutants

o Leverage Funding:  additional priority will be given to projects where additional funding exists to add value to the rate payer’s
investment

o Opportunity:  allows for consideration within a given year of opportunity driven projects that do not exist in an alternate year
o Asset Management:  e.g., pipe capacity (for pipes that are at or near volume capacity a project might extend the use of the existing

infrastructure, which represents a good value to the rate payer

o Ease of Implementation:  factors such as ownership and site constraints will be considered.  For example, starting with public
property reduces time to completion – reduces needs for easements, title transfers, etc. and projects that include the need to
purchase additional private property are significantly more complex.  Site constraints such as utility conflicts, safety, topography,
depth to groundwater, etc. are factors that increase a project’s complexity and cost

o Cost per Acre Treated:  allows for comparison of projects relative to cost.  Given all other factors, a higher cost project may still be
prioritized over a lower cost project

o Stakeholder Acceptance:  includes willingness to pay, how much visibility and auxiliary public education benefits might exist by
project

o Multiple Objectives: e.g., pedestrian and bike safety, traffic calming, community appearance objectives, flood control, habitat,
greenhouse gas reduction, etc.

o Location:  allows for consideration of benefits relative to a project’s potential to ameliorate hydromodification effects
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1.1   INTRODUCTION 
 
The City of Gresham is submitting the updated 303(d) Listed Pollutant Evaluation to the DEQ to 
meet the requirement specified in the NPDES MS4 permit Schedule D.2.a. 
 
Three receiving water bodies are located within or downstream of Gresham’s NPDES permit 
boundary: Fairview Creek/Columbia Slough, Kelly Creek/Sandy River and Johnson Creek/Lower 
Willamette.  Currently, Columbia Slough and Johnson Creek/Lower Willamette River are the 
only receiving water bodies within Gresham that have water quality parameters listed on 
Oregon’s 2010 303(d) list (DEQ, 2010).  
 
Gresham’s 303(d) Listed Pollutant Evaluation required a review of parameters on the current 
303(d) list for receiving waters within the permit area.  Specifically, the requirements for this 
review consisted of: 
 
Schedule D(2)a: 

i. Review the applicable pollutants that are on the 2004/2006 303(d) list, or the most 
recent USEPA list if approved within three years of the issuance date of this permit, that 
are relevant to the co‐permittee’s MS4 discharge by November 1, 2014. Based on a 
review of the most current 303(d) list, evaluate whether there is a reasonable likelihood 
for stormwater from the MS4 to cause or contribute to water quality degradation of 
receiving waters. 
 

ii. Evaluate whether the BMPs in the existing SWMP are effective in addressing and 
reducing the 303(d) pollutants. If the co‐permittee determines that the BMPs in the 
existing SWMP are ineffective in addressing and reducing the applicable 303(d) 
pollutants, the co‐permittee must describe how the SWMP will be modified or updated 
to address and reduce these pollutants to the MEP. 
 

iii. Submit a report summarizing the results of the review and evaluation, and identifies any 
modifications or updates to the SWMP that are necessary to reduce applicable 303(d) 
pollutants to the MEP by November 1, 2014. 

 
This analysis of the contribution of stormwater to ambient pollutant concentrations by MS4s 
and the effectiveness of stormwater BMPs in treating these pollutants was conducted using 
information from national databases, regional data, draft or existing TMDL documents and 
other studies. BMPs specific to Gresham’s stormwater management programs are evaluated 
with respect to their potential to reduce loads of each of the 303(d) pollutants.  The BMPs 
thought to most significantly contribute to pollutant load reduction are listed after each 
pollutant type.   
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1.2   EVALUATION OF POLLUTANTS 
 
The following text is presented in sections to address the 303(d) evaluation requirement for: 

 Iron (Columbia Slough, Johnson Creek/Lower Willamette River) 

 Manganese (Columbia Slough, Johnson Creek/Lower Willamette) 

 PAHs (Johnson Creek/Lower Willamette River) 

 PCBs (Johnson Creek/Lower Willamette River) 

 DDT/DDE, Aldrin, Dieldrin (Lower Willamette River only*) 
 
*The Lower Willamette River is also listed for chlordane, cyanide, hexachlorobenzene and 
pentachlorophenol.  However, these listing are specifically associated with sediment samples 
from the Portland Harbor rather than with any conditions arising from activities within the City 
of Gresham.  For this reason, the contribution of the MS4 system to these parameters in 
Johnson Creek, tributary to the Lower Willamette River, are not evaluated. 
 
1.2.1  Iron and Manganese 
 
Iron and manganese are fundamental components of soils and the rocks from which soils are 
derived.  Typical concentrations of iron and manganese in surficial geological materials of the 
Willamette River valley are 5 percent iron (i.e., 50,000 mg/kg) and 1,000 mg/kg manganese 
(Shacklette and Boerngen, 1984); these concentrations are high compared to national averages 
due to the prevalence of volcanic or volcanic‐derived geological materials.  Soil concentrations 
of these elements vary by soil horizon (i.e., they are typically concentrated in subsoils) and are 
relatively higher where soils are derived from basalts (e.g., the Columbia River basalts, 
Troutdale gravels, etc.).  Iron concentrations in streambed sediments of the lower and middle 
Willamette River (below Salem) range from 3.5 to 8.5 percent; 7 percent iron is a typical value 
for the lower Willamette River (Rice, 1999).  These sediment concentrations most likely reflect 
the influence of iron (and manganese)‐enriched bedrock1, although there may be some 
anthropogenic contribution as well. 
 
Part 1:  Likelihood of water quality degradation related to stormwater. 

Analysis 

Water quality standards for these chemicals are designed to protect aquatic life as well as 
human health due to water and fish ingestion.  Ambient Oregon chronic freshwater criteria for 
iron is 1.0 mg/L.  Both instream iron and manganese concentrations on which the Columbia 
Slough and the Willamette River listings are based are measured as the total recoverable metal 
fraction.  Therefore, some of the resulting exceedances of water quality criteria could be 
related to elevated suspended sediment concentrations.  Iron and manganese concentrations 
in stormwater have typically not been evaluated by municipalities in the Willamette Valley and 
Gresham does not currently sample for these parameters.   

                                                 
1 Iron enrichment in sediments between Columbia River basalt lava flows was sufficient to support turn of the 
century iron mining in Lake Oswego and Scappoose, for instance (Orr and Orr, 1999). 
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Conclusion 

Stormwater runoff likely contributes to exceedances of water quality criteria for iron and 
manganese in the Columbia Slough and the Willamette River during periods of elevated 
suspended sediment concentrations by either transporting eroded soil to receiving waters, or 
inducing resuspension of streambed sediments.  However, given the lack of measured iron and 
manganese concentrations in urban stormwater in the Portland metropolitan area, the 
relationship between MS4 discharges and these listed pollutants cannot be quantified.   
 
Qualitative relationships are possible based on gross observations of urban runoff processes.  
Stormwater conveyance, whether in a piped system or surface conveyances (e.g., ditches and 
channelized streams), is designed to get stormwater quickly off impervious surfaces in the 
urban environment.  This process provides efficient transport of eroded soil that could be 
deposited on impervious surfaces from air deposition or erosion of bared soil surfaces.  Urban 
runoff can also contribute indirectly to elevated iron and manganese concentrations in the 
water column by quickly elevating stream flow volumes in receiving waters, resulting in either 
resuspension of streambed sediments, or accelerated erosion of streambanks.   
 
Part 2.  Determine whether the BMPs in the existing SWMP are effective to address the 303(d) 
pollutants. 

Analysis 

The goal of stormwater BMPs designed to address iron and manganese should be to reduce the 
suspended sediment load in receiving waters, and to moderate the effects of increased urban 
runoff volumes.  There is a modest amount of structural BMP effectiveness data available with 
respect to iron from the International BMP database (Leisenring, et al., 2012).  Implementing 
low impact development practices (e.g. bioretention, permeable pavement, eco‐roof, and 
swale system) have also been a proven method for reducing metals, such as iron and 
manganese (Ahiablame, et al., 2012).  Based on available information, structural stormwater 
BMPs that would conceptually be most effective at reducing iron and manganese loads would 
include the following characteristics:   

 They collect and/or trap sediment (particularly fine sediment) that is not easily remobilized. 

 They promote reduction in flow volumes such that sediment transport capacity of the 
conveyance system or receiving waters is appropriately reduced.  

 
Iron and manganese can both exist as particulate‐bound and soluble species, however when 
there is an increase in TSS concentrations, there is an increase in their particulate associations, 
especially with particles >20 µm and between 5‐ 20 µm.  Muthukrishnan et al.’s (2006) 
preliminary study results indicate that iron is primarily particulate bound and that manganese is 
soluble in stormwater.  Antecedent conditions and the nature of the rain event, appeared to 
influence heavy metal and TSS loads in stormwater.  Under changeable environmental 
conditions such as pH, redox potential, and temperature, iron and manganese have been 
observed to have the potential to desorb and become mobile. 
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Conclusion 

Surface infiltration through low impact development practices such as pervious pavers and 
ecoroofs, as well as subsurface infiltration via UICs are the preferred BMPs for treatment of iron 
and manganese‐rich stormwater, assuming that concentrations of other stormwater pollutants 
are acceptable for discharge to groundwater.  Wetlands, wet ponds, sand filters, and 
biofilters/swales are all effective structural BMPs for treating TSS‐rich stormwater because they 
both retain sediment and provide some amount of flow modification.  Detention ponds provide 
the best flow attenuation of the structural BMPs but may be prone to sediment resuspension.  
Properly deployed and maintained erosion and sediment control BMPs (and training/education 
that improves effectiveness) are necessary during construction activities.  Maintenance 
activities, which include the collection of sediments, should also be effective (i.e., street 
sweeping and catch basin cleaning).   
 
Gresham’s stormwater management plan is already focused on sediment reduction to the 
maximum extent practicable through the use of all of the types of BMPs described here.  In the 
Columbia Slough watershed, where TMDLs exist for toxics, management practices focus on TSS 
as a surrogate for toxics and Gresham is focused on BMPs that reduce TSS.   
 
It should be noted that while stormwater BMPs can reduce the loads of iron and manganese 
(measured either directly or using TSS as a surrogate), they may not be sufficient to allow 
effluent to consistently meet ambient water quality concentrations due to naturally elevated 
levels in local soils. 
 
BMPs that Gresham currently implements that can be effective for reduction of iron and 
manganese loads include: 
 

 Stormwater System Maintenance Program  

 Maintain Public Streets 

 Industrial Inspection & Monitoring 

 Retrofit & Restore System for Water Quality 

 Illicit Discharge Elimination Program 

 Construction Site Planning & Controls 

 Construction Site Inspection & Enforcement 

 Stormwater Education Program  

 Planning Procedures for Development 

 
1.2.2  PAHs 
 
Polycyclic aromatic hydrocarbons (PAHs) are a group of chemicals that are both naturally 
occurring and anthropogenically derived.  These ringed hydrocarbons are found both within 
and as combustion products of organic material, including petroleum hydrocarbons.  They are 
persistent in the environment, hydrophobic (i.e., partition out of water to sediment), and 
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carcinogenic to wildlife and humans.  They are transported by air and deposited as wet or dry 
deposition on land, resulting in worldwide occurrence at trace levels.  As with many toxics, they 
have been intensively studied in the Great Lakes region.  Detection of PAH’s in stormwater 
significantly increases in developed versus undeveloped watersheds (Stein, et al., 2006). Many 
regional water quality investigations by the USGS have found them widespread in streambed 
sediments.   
 
Water quality standards for these chemicals are designed to protect human health by limiting 
the amount present in the food chain of the Willamette River and tributaries that can 
eventually lodge in human‐consumable fish.  In addition, these chemicals have toxic effects on 
wildlife.  However, there is no longer a single water quality standard for the protection of 
human health in Oregon. Revisions, effective in 2014, included water quality criteria for 
individual species of the more toxic forms of PAH, rather than a single criterion for the chemical 
family.  
 
Part 1:  Likelihood of water quality degradation related to stormwater. 

Analysis 

Both Johnson Creek and the lower Willamette River are on the 303(d) list for PAHs, based on an 
estimated 35‐day average aqueous concentrations during low flows of 42.3 ng/L at river mile 
(RM) 1 on Johnson Creek, and 52.9 ng/L at RM 6 on the Willamette River (DEQ, 2010).  The 

USGS found PAHs in mid‐channel Willamette River sediments at a concentration of 809 g/kg in 
1997 (measured as the sum of 15 PAH compounds; McCarthy and Gale, 1999).  Portland harbor 
contains PAH hot spots associated with industrial sources that are several orders of magnitude 
higher than the USGS values.  In sediments throughout the length of Johnson Creek, PAHs from 

fuels and hydrocarbons spike as high as 2,000 to 6,500 g/kg, with the highest concentrations 
found in the vicinity of RM 15 to 18.2 (Pugh, 2005).   
 
Smith et al. (2000) report differences in PAH loading in urban runoff as a function of 
hydrocarbon residue, with loadings from a gas station site substantially higher than loadings 
from high traffic volume parking lots, which are greater in turn than the loadings from freeway 
onramp sites, which are greater in turn than loadings from low traffic volume parking lots.  
Sampling of stormwater runoff by the City of Portland, found PAH concentrations that exceed 
water quality standards by nearly 2 to 5 orders of magnitude, depending on land use. 

Conclusion 

Stormwater runoff is the primary pathway by which PAHs in the urban environment reach 
aquatic systems, primarily through the transport of contaminated sediment, and PAHs have 
been detected in urban stormwater in the Portland area.  Storm runoff also transports eroded 
soil containing PAHs to the aquatic environment, and some of this runoff occurs via MS4 
systems.  Because water quality degradation occurs as a result of very low concentrations of 
these PAH chemicals, stormwater can contribute to water quality degradation by PAHs in 
Johnson Creek and the Willamette River. 
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Part 2.  Determine whether the BMPs in the existing SWMP are effective to address the 303(d) 
pollutants. 

Analysis 

The goal of stormwater BMPs should be to reduce the load of PAHs to receiving waters by 
controlling hydrocarbons and, to a lesser extent, soil and sediment.  BMP effectiveness data for 
PAHs are limited: only three sites included in the International BMP database appear to have 
been sampled for PAHs in inflow and outflow; a few additional sites analyzed retained sediment 
for PAHs (ASCE, 2005).  Recent sampling of treated municipal stormwater prior to injection into 
the subsurface via dry wells or other underground injection control devices detected no 
benzo(a)pyrene (a PAH) above the detection limit of 100 ng/L (GeoSyntec, 2004).   
 
Because BMP effectiveness data are severely limited, the effectiveness of stormwater BMPs to 
reduce PAH concentrations cannot now be quantitatively assessed.  Stormwater BMP 
effectiveness should be tested using well‐controlled and documented evaluation protocols.  
Furthermore, the goal is to achieve BMP effluent concentrations that are equal to or below 
ambient concentrations, which are already quite low.  Therefore, even if PAH was a continually 
monitored parameter, it is unlikely that BMP effectiveness tests will be conclusive because 
concentration levels are generally near laboratory detection limits; thus, sampling results are 
unlikely to show the BMP significantly reducing PAH concentrations to levels low enough to 
achieve the water quality criteria.  In the absence of data, stormwater BMPs that would 
conceptually be most effective at reducing PAH loads would include the following 
characteristics:   

 They trap sediment (particularly fine sediment) and floating hydrocarbons and ensure that 
they are not easily remobilized. 

 They promote reduction in flow volumes such that PAHs would be incorporated into the soil 
matrix. 

 They promote degradation or sequestration in the soil matrix. 
 
PAHs are generally adsorbed to the suspended sediment and co‐settle in a retention pond.  A 
fraction of the contaminants, however, persist in the dissolved phase.  Hoffman et al. 1984 in 
Boving and Neary, 2007, estimated between 7 percent and 21 percent of PAH in parking lot 
runoff were not contained in the sediment load. Another author estimated that over 90 percent 
of the PAH associated with sediment eventually desorbs and enters the dissolved phase (Ghosh 
et al, 2001 in Boving and Neary, 2007).  Boving and Neary (2007) have experimented with 
hanging a wood curtain—wood fibers in a mesh material that created a filter along the width of 
the pond—in a retention pond and were able to reduce dissolved PAH contaminants on 
average between 18.5 percent and 35.6 percent.  The highest removal rate, 66.5 percent, was 
achieved for chrysene.  Heavier molecular weight PAH compounds, such as chrysene, were 
more effectively removed than lighter weight molecular compounds.  The authors expect that 
simple filter design changes are likely to double the filter effectiveness and alleviate a 
dissociation problem that occurs during intense storms.   
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Conclusion 

Effectiveness of stormwater BMPs in reducing PAH loads cannot be determined quantitatively 
at this time; however, BMPs that reduce inputs of petroleum hydrocarbons or hydrocarbon 
residues to receiving waters will be most effective at reducing PAH loading.  Gresham’s 
stormwater management plan includes BMPs to identify and eliminate illicit discharges and to 
prevent and respond to spills.  In addition, Gresham’s stormwater management plan is focused 
on sediment reduction to the maximum extent practicable through the use of a wide variety of 
BMPs including street sweeping, catch basin cleaning, and structural BMPs.  In the Columbia 
Slough watershed, where TMDLs exist for toxics, TSS is being used as a surrogate for toxics and 
Gresham is focused on BMPs that reduce TSS. 
 
BMPs that Gresham currently implements that can be effective at reducing PAH loads 
include: 

 Stormwater System Maintenance Program  

 Maintain Public Streets 

 Industrial Inspection & Monitoring 

 Retrofit & Restore System for Water Quality 

 Illicit Discharge Elimination Program 

 Construction Site Planning & Controls 

 Construction Site Inspection & Enforcement 

 Stormwater Education Program  

 Planning Procedures for Development 
 
 
1.2.3  PCBs, DDT, DDE, Aldrin, Dieldrin 
 
Polychlorinated biphenyls (PCBs) and organochlorine (OC) pesticides in the aquatic food chain 
are now recognized as a widely distributed problem throughout North America in much the 
same manner as mercury (USGS, 1999).  PCBs are on the 303(d) list for both Johnson Creek and 
the lower Willamette River (DEQ, 2010). 
Dichlorodiphenyltrichloroethane/dichlorodiphenyldichloroethylene (DDT/DDE), aldrin, and 
dieldrin are on the 303(d) list for the lower Willamette River (DEQ, 2010).  Concentrations of 
these compounds are found in excess of ambient water quality standards, and are the sources 
of fish consumption advisories.  All of these organochlorine (OC) compounds have 
anthropogenic sources: 
 

 PCBs are a family of chemicals with widespread industrial uses—for example, as insulators 
in electrical equipment, as hydraulic fluids, and as a component of carbonless copy paper—
until their manufacture was banned in the U.S. in 1977 due to deleterious effects on wildlife 
and human health.  PCB‐containing equipment was aggressively retrofitted throughout the 
1980s and 1990s to remove PCBs, so little equipment containing PCBs remains in use in the 
U.S. (ATSDR, 2005).   
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 DDT was widely used as an insecticide, particularly in agricultural uses and to control 
mosquito outbreaks. DDD and DDE are both contaminants in the primary manufacture of 
DDT and breakdown products of DDT in the environment.  DDT was banned in 1972 after it 
was found to significantly impair eggshell development in birds exposed to DDT through the 
food chain (ATSDR, 2004b). 

 

 Aldrin and dieldrin are pesticides that were commonly used in agriculture (corn, root crops) 
from the 1950s to 1970s.  They were banned in 1974 except for use in termite control; all 
uses were banned in 1987. Both are neurotoxins.  Aldrin breaks down quickly to dieldrin 
(ATSDR, 2004a). 

 
These OC compounds have common properties that govern their fate and transport in the 
environment:  they are highly persistent, they bioaccumulate in the food chain, they are highly 
hydrophobic (i.e., partition out of water to sediment).  Furthermore, they volatilize in sufficient 
quantities so that they are transported by air and deposited as wet or dry deposition on land, 
resulting in worldwide occurrence at trace levels.  Where studied intensively in the Great Lakes 
region, these compounds are transported in air, and deposited as wet or dry deposition, with 
an environmental half‐life of approximately 6 years (Hillery et al., 1997).  National water quality 
investigations by the USGS have found them widespread in streambed sediments (USGS, 1999).  
Because of the common properties of these compounds, their relationship to urban 
stormwater in the Portland metropolitan area will be evaluated as a group.   
 
Water quality standards for these chemicals are designed to protect human health by limiting 
the amount present in the food chain of the Willamette River and tributaries that can 
eventually lodge in human‐consumable fish.  In addition, these chemicals have toxic effects on 
wildlife.  DEQ has recently revised water quality standards for toxic compounds that were 
effective April 18, 2014.  All standards are set at levels that can be exceeded with trace 
amounts of these OC compounds present in the water column.  
 
Ambient water quality criteria that are protective of aquatic life are: 

 PCB:  2,000 and 14 ng/L (acute and chronic criteria, respectively) 

 DDT:  1,100 and 1 ng/L (acute and chronic criteria, respectively) 

 Aldrin:  3,000 ng/L (acute criteria; no chronic criteria)  

 Dieldrin:  240 ng/L and 56 ng/L (acute and chronic criteria, respectively). 
 
The most restrictive of the water quality standards—for consumption of fish and water, with a 
cancer risk of 1 per million exposed individuals are: 

 PCB:  0.006 ng/L 

 DDT:  0.022 ng/L 

 Aldrin:  0.005 ng/L 

 Dieldrin: 0.005 ng/L. 
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Part 1:  Likelihood of water quality degradation related to stormwater. 

Analysis 

Tests of sediment quality conducted along Johnson Creek indicated that PCB sediment 

concentrations exceed the screening level value of 7 g/kg locally in the upper basin and 
regularly below RM 3, with a maximum concentration in recent sampling of 406 g/kg (Pugh, 
2005).  PCBs in Willamette River sediments were measured in 1997 at 15 g/kg (McCarthy and 
Gale, 1999) upstream of Portland Harbor.  
 
The USGS reports that nationally concentrations of dieldrin are typically highest in urban areas, 
presumably as a result of its use to control termites (USGS, 1999).  This indicates the potential 
for exceedances of dieldrin concentrations to result from urban stormwater discharges.  Soil 
represents a major environmental reservoir of DDT and PCBs; therefore, reduction in DDT and 
PCB loads are related to reducing soil erosion.  No soil data for DDT, PCBs, aldrin, or dieldrin 
were found in the vicinity of Portland or Gresham. 

Conclusion 

Stormwater runoff is the primary pathway by which aerially deposited toxics in the urban 
environment reach aquatic systems.  Storm runoff also transports eroded soil to the aquatic 
environment, and some of this runoff occurs via MS4 systems.  Finally, water quality 
degradation occurs at very low concentrations of these OC chemicals.  Based on this analysis, it 
is possible that OC‐enriched sediment resuspended in urban stormwater can contribute to 
water quality degradation in Johnson Creek and the lower Willamette River for PCBs, DDT, 
aldrin, and dieldrin. 
 
Part 2.  Determine whether the BMPs in the existing SWMP are effective to address the 303(d) 
pollutants. 

Analysis 

The goal of stormwater BMPs should be to reduce the load of OC compounds and other 
hydrophobic toxic compounds discharging to receiving waters.  Therefore, sediment‐trapping 
BMPs are expected to be effective at trapping these compounds as well as BMPs that reduce 
runoff volumes in a manner that limits peak flows causing instream erosion.   
 
BMP effectiveness data for OC compounds are essentially non‐existent: only one site included 
in the International BMP database appears to have been sampled for OC compounds for inflow 
and outflow, and for those observations, OC compounds were either not detected or detected 
at low concentrations in both effluent and influent (ASCE, 2005).  Because data are severely 
limited, the effectiveness of stormwater BMPs cannot now be quantitatively assessed.  
Stormwater BMP effectiveness should be tested using well‐controlled and documented 
evaluation protocols.  Furthermore, the goal is to achieve BMP effluent concentrations that are 
equal to or below ambient concentrations, which are already quite low. As discussed 
previously, even if OC compounds were a continually monitored parameter, it is unlikely that 
BMP effectiveness tests will be conclusive because concentration levels are generally near 
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laboratory detection limits; thus, sampling results are unlikely to show the BMP significantly 
reducing OC concentrations to levels low enough to achieve human health based water quality 
criteria.  Based on available information, stormwater BMPs that would conceptually be most 
effective at reducing OC compounds would include the following characteristics:   

 They trap sediment (particularly fine sediment) and ensure that they are not easily re‐
mobilized. 

 They promote reduction in flow volumes such that OC compounds would be incorporated 
into the soil matrix. 

 They promote reduction in flow volumes such that instream sediments are not 
unnecessarily resuspended beyond natural conditions.   

Conclusion 

Effectiveness of stormwater BMPs cannot be determined quantitatively at this time.  However, 
based on available information, BMPs that focus on preventing soil erosion and treating 
stormwater containing eroded soils are expected to be most effective at reducing these OC 
compounds in stormwater.   
 
Gresham BMPs that would be expected to be beneficial at reducing the discharge of PCBs and 
OC compounds include: 

 Stormwater System Maintenance Program  

 Maintain Public Streets 

 Industrial Inspection & Monitoring 

 Retrofit & Restore System for Water Quality 

 Illicit Discharge Elimination Program 

 Construction Site Planning & Controls 

 Construction Site Inspection & Enforcement 

 Stormwater Education Program  

 Planning Procedures for Development 
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303(d) Evaluation 
 

Section 1: Introduction 
This technical memorandum (TM) provides an evaluation of 303(d)-listed pollutant parameters as they relate 
to discharges from the City of Fairview’s (City) municipal separate storm sewer system (MS4), which is 
regulated under the National Pollutant Discharge Elimination System (NPDES) MS4 Permit. This memoran-
dum includes the following information: 
• an evaluation of the likelihood that discharges from the MS4 cause or contribute to water quality 

degradation as related to specific 303(d) parameters 
• an assessment of the effectiveness of the City’s existing stormwater program practices in addressing 

and reducing applicable 303(d)-listed parameters 
• an identification of potential stormwater management program revisions that may be considered to 

address and reduce the 303(d) pollutants to the maximum extent practicable (MEP) 

1.1 Summary of Permit Requirements 
The NPDES MS4 permits for Phase I communities require a qualitative review of the effective 303(d) list 
established for the jurisdiction’s receiving waters. Pollutant parameters included on the 303(d) list are those 
that exceed water quality standards for a water body’s established beneficial or designated use.  

In Oregon, the U.S. Environmental Protection Agency (USEPA) has delegated authority to the Oregon Depart-
ment of Environmental Quality (DEQ) to conduct water quality assessments to determine the status of water 
bodies in the state with respect to established water standards. DEQ conducts the assessments approxi-
mately every 2 years and publishes findings, including the effective 303(d) list.  

Receiving waters that are placed on the 303(d) list do not yet have an established total maximum daily load 
(TMDL), including load or wasteload allocations for the pollutant parameters. TMDLs established for specific 
pollutant parameters in the Lower Willamette River and the Columbia Slough cover the drainage basins in the 
city of Fairview. The City is addressing requirements specific for TMDL parameters through a separate quanti-
tative evaluation of pollutant loads and pollutant load reduction, which is not included in this document.  

Specific permit requirements for the 303(d) evaluation are listed in Schedule D.2 of Fairview’s NPDES MS4 
permit: 

The permittee must: 

i. Review the applicable pollutants that are on the 2004/2006 303(d) list, or the most 
recent USEPA list if approved within three years of the issuance date of this permit, 
that are relevant to the permittee’s MS4 discharges by November 1, 2014. Based on 
a review of the most current 303(d) list, evaluate whether there is a reasonable like-
lihood for stormwater from the MS4 to cause or contribute to water quality degrada-
tion of receiving waters. 

ii. Evaluate whether the BMPs in the existing SWMP are effective in addressing and re-
ducing the 303(d) pollutants. If the permittee determines that the BMPs in the exist-
ing SWMP are ineffective in addressing and reducing the applicable 303(d) pollu-
tants, the permittee must describe how the SWMP will be modified or updated to 
address and reduce these pollutants to the MEP. 

iii. Submit a report summarizing the results of the review and evaluation, and identify 
any modifications or updates to the SWMP that are necessary to reduce applicable 
303(d) pollutants to the MEP by November 1, 2014. 
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The City submitted a 303(d) evaluation with its NPDES MS4 Interim Evaluation Report in 2005, and an 
updated 303(d) evaluation with its permit renewal submittal in 2008. Those 303(d) evaluations were 
completed in conjunction with the City of Gresham, as the cities share several drainage basins. Past 303(d) 
evaluations were referenced in developing this TM. 

1.2 Summary of TM Organization 
The purpose of this TM is to fulfill the NPDES permit requirements for a 303(d) evaluation as listed above.  

Section 2 summarizes the 303(d)-listed parameters applicable to the City. Section 3 discusses each param-
eter or parameter category in additional detail, including:  
• a summary of the relationship between MS4 discharge and the listed parameter(s) 
• an evaluation of the City’s current best management practices (BMPs) to address the listed parame-

ter(s)  
Section 4 discusses potential Stormwater Management Plan (SWMP) adjustments to be considered in order 
to further address 303(d) parameters during the City’s permit renewal effort (in 2015).  

1.3 City of Fairview Stormwater Management Plan 
The City of Fairview’s 2011 SWMP outlines the City’s stormwater program activities with respect to NPDES 
MS4 permit compliance. The SWMP includes BMPs with measurable goals and tracking measures that the 
City currently implements, or plans to implement, to address water quality in MS4 discharges. BMPs are 
generally implemented citywide across the permit area. 

The underlying compliance standard for the NPDES MS4 permit and the SWMP under federal and Oregon 
law is that permittees are required to implement controls to reduce the discharge of the pollutants to the 
MEP. This means that the City is required to implement reasonable and available controls to reduce the 
discharge of pollutants. Neither USEPA nor DEQ provides a precise definition of MEP, acknowledging that 
MEP and the resulting activities will be different for each permittee based on a wide range of factors includ-
ing watershed planning; local concerns; climate; finances; and beneficial uses of receiving water, hydrology, 
and operations capacity of each municipality. 

The City’s 2011 SWMP includes a section documenting the City’s MEP Determination Process that is used to 
ensure that the City’s stormwater program meets the MEP standard. This process was developed in 
conjunction with the City of Gresham, as the two cities are co-permittees on the same MS4 NPDES permit. 
Since the development of the original SWMP in 1993, the two cities have been continuously evaluating and 
adaptively managing their stormwater programs based on new data, technology, and review of BMPs. In this 
way, the current SWMP reflects the City’s best professional judgment regarding resource allocation and 
optimization to reduce or eliminate discharge of stormwater pollutants from the MS4 to the MEP. 
The City’s 2011 SWMP and associated BMPs are organized into eight major program elements, correspond-
ing to the MS4 NPDES permit. SWMP elements and BMPs are listed in Table 1 below. Section 3 of this TM 
identifies BMPs in the 2011 SWMP that are effective in addressing the 303(d)-listed pollutants.  
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Table 1. City of Fairview 2011 SWMP Summary 

Basic SWMP elements BMPs 

Component #1: Illicit Discharge Detection and 
Elimination 

• Illicit Discharge Enforcement 
• Illicit Discharge Field Screening Procedures 
• Illicit Discharge Investigation Procedures 
• Spill Prevention 
• Spill Clean-up 
• Municipal vehicle monitoring and maintenance 
• Water Line Flushing 

Component #2: Industrial and Commercial Facilities • Industrial and Commercial Facility Inspections 
• Screen Industries/Businesses and Track NPDES Stormwater Permits 

Component #3: Construction Site Runoff Control • Erosion Control Activities 
• Erosion Control Program Training 
• Construction Site Inspections 

Component #4: Education and Outreach • Educational Activities 
• Report Illegal Dumping and Illegal Connections 
• Illegal Dumping and Illegal Connections, Public Education 
• Participate in a Public Education Effectiveness Evaluation 
• Staff Education and Training 

Component #5: Public Involvement and Participation • Provide for Public Participation with the Annual Report, SWMP and Benchmark Submittals 

Component #6: Post-Construction Site Runoff • Development Review for Private Projects 
• Review Applicable Code and Development Standards related to Stormwater Management 
• Design Standards for Public Projects 

Component #7: Pollution Prevention for Municipal 
Facilities 

• O&M Plan 
• Right of way – O&M 
• Street Sweeping 
• De-icing and Yard Debris Activities 
• Native Vegetation 
• Integrated Pest Management 
• Chemical Applicator Licensing 
• Track Municipal Facilities 
• Litter Receptacles 
• Sanitary Sewer System Program 
• Consolidated Stormwater Master Plan (CSMP) 

Component #8: Structural Stormwater Controls 
Operations and Maintenance 

• Inspect and Maintain Public Stormwater Facilities 
• Private Water Quality Facilities Inspection and Maintenance 

Section 2: Fairview 303(d) Water Bodies and Parameters 
Per the NPDES MS4 permit, the City must review the 2004/2006 303(d) list unless a more recent list has 
been approved by USEPA within 3 years of the issuance date of the permit. DEQ’s 2010 303(d) list was 
submitted to USEPA in 2011 and finalized and approved by USEPA in December 2012. Therefore, the 2010 
303(d) list is the effective 303(d) list for this evaluation. Applicable 303(d) parameters for Fairview pertain to 
receiving waters within the Lower Willamette watershed. The applicable 303(d) parameters are identified in 
Table 2.  

 
5 

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the beginning of this document. 



303(d) Evaluation 
 

Table 2. 2010 303(d) Parameters (applicable to City of Fairview) 

Water body River mile (RM) Parameter 
Lower Willamette Subbasin 

Columbia Slough 0–8.5 Iron 
Manganese 

Osburn Creek 0–5.8 Biological criteria 

Osburn Creek/Fairview Lake 2–2.8/0.8 Aquatic weeds or algae 

 

In addition to Osburn Creek, the drainage basins within the city include several smaller creeks that are not 
included on the 303(d) list. These include Fairview Creek, No Name Creek, Raintree Creek, and Silent Creek, 
which all drain to Fairview Lake. Fairview Lake discharges to the Columbia Slough. Based on these drainage 
patterns, the 303(d)-listed pollutants for Fairview Lake and the Columbia Slough are applicable to all areas 
of the city. Therefore, the 303(d) evaluation in Section 3 has been conducted on a citywide basis. 

For the purpose of this evaluation, the evaluations of iron and manganese have been combined in Section 3. 

Section 3: 303(d) Evaluation 
This section provides an evaluation of the 303(d) parameters applicable to Fairview. The evaluation includes 
background and source information about each parameter and a description of the association between the 
parameter and MS4 discharges. In preparing the evaluation, the City’s 2011 SWMP was reviewed. Table 3 
summarizes the City’s current BMPs and indicates how each BMP is anticipated to prevent the 303(d) 
parameter from discharging into receiving waters by (1) control of the source of a pollutant entering the 
MS4, (2) control or limitation of the transport of a pollutant through the MS4, or (3) general, assumed 
pollutant reduction through indirect means (e.g., education, behaviors, funding, etc.).  

It should be noted that the SWMP and BMPs are implemented citywide and BMP implementation is not 
targeted at specific areas or watersheds in accordance with defined 303(d)-listed pollutants.  
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Table 3. Relationship between Current BMPs and Pollutants of Concern 

Component BMP Summary of activities Iron and 
manganese 

Aquatic 
weeds/algae 

Biological 
criteria 

Component 1: 
Illicit Discharge 
Detection and 
Elimination 

Illicit Discharge 
Enforcement 

• Identify illicit discharges 
• Follow-up enforcement 
• Track enforcement actions 

 
T I 

Illicit Discharge Field 
Screening Procedures 

• Dry weather screening for illegal dumping and illicit connec-
tions 

• Maintain maps of outfalls and inspections 
I T I 

Illicit Discharge 
Investigation 
Procedures 

• Prioritize follow-up actions 
• Sampling for suspected pollutants 
• Upstream investigations 

I S, T S 

Spill Prevention 

• Wellhead inspections in Columbia South Shore Well Field 
Protection Area* 

• Hazardous materials use, storage, and transport guidelines 
• Inspections at industrial and commercial facilities* 
• Intergovermental agreements and coordination meetings* 
• Code enforcement 

 
S S 

Spill Clean-up 

• Cleanup after firefighting activities* 
• Hazardous spill response* 
• Emergency containment and cleanup of non-hazardous spills 
• Spill investigation and identification of responsible parties 
• Code enforcement 

 
T T 

Municipal vehicle 
monitoring and 
maintenance 

• Inspection and routine maintenance of municipal vehicles 
 

? I 

Water Line Flushing • Dechlorinate waterline flushing with ascorbic acid 
 

? I 

Component #2: 
Industrial and 
Commercial 
Facilities 

Industrial and 
Commercial Facility 
Inspections 

• Industrial and commercial facility inspections 
• Follow-up inspections to facilities in need of correction 

I S, T I 

Screen Industries/ 
Businesses and Track 
NPDES Stormwater 
Permits 

• Review business license inventory 
• Identify facilities subject to NPDES 1200-Z permits 
• Obtain copies of NPDES 1200-Z permits 

I I I 

Component #3: 
Construction Site 
Runoff Control 

Erosion Control 
Activities 

• Erosion control ordinance 
• Erosion control permitting process for sites disturbing 500 ft2 or 

more 
• Technical guidance handbook 
• Requirements for non-stormwater construction wastes 
• Penalties for violations 
• 1200-C permit information for sites greater than 1 acre 

S, T S, T S, T 

Erosion control 
program training 

• Provide Technical Guidance Handbook to all developers and 
contractors I I I 

Construction site 
inspections 

• Plan review and site inspections 
• Prioritization of site inspections 
• Review and update codes 

S, T I S, T 

*Activity conducted by or in conjunction with the City of Gresham. 
S = control of the source of a pollutant entering the MS4 T = control of the transport mechanism of discharge I = indirect pollutant reduction benefits 
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Table 3. Relationship between Current BMPs and Pollutants of Concern 

Component BMP Summary of activities Iron and 
manganese 

Aquatic 
weeds/algae 

Biological 
criteria 

Component #4: 
Education and 
Outreach 

Educational Activities 

• Educational programming regarding stormwater quality and  
alternative garden products and low-volume use of pesticides, 
herbicides, and fertilizers* 

• Programs with local schools and community organizations* 
• Private catch basin cleaning* 
• Metro Hazardous Waste Clean-up 
• Animal waste pick-up stations 
• Stormwater articles in City newsletter 

S S I 

Report Illegal 
Dumping and Illegal 
Connections 

• Facilitate public reporting of illegal dumping, illicit connec-
tions, and other water quality incidents 

• Respond to citizen reports 
I I I 

Illegal Dumping and 
Illegal Connections, 
Public Education 

• Public education regarding dumping of oil, antifreeze, paints, 
solvents, and other chemicals 

• Support recycling programs 
I S S 

Participate in a Public 
Education Effective-
ness Evaluation 

• Annual report on education and outreach 
• Evaluation of public education effectiveness* 

I I I 

Staff Education and 
Training 

• Train new employees and contract employees on stormwater 
requirements 

• Annual training for existing staff 
I I I 

Component #5: 
Public Involve-
ment and 
Participation 

Provide for Public 
Participation with the 
Annual Report, SWMP 
and Benchmark 
Submittals 

• Post stormwater program documents on City’s Web site for 
public comment*    

Component #6: 
Post-
Construction Site 
Runoff 

Development Review 
for Private Projects 

• Require site-drainage systems to address water quality 
• Require private development to minimize total runoff volume 

and peak runoff rates 
• Review development plans 
• Maintain map of private water quality facilities 

T T T 

Review Applicable 
Code and Develop-
ment Standards 
related to Stormwater 
Management 

• Review and revise existing stormwater design standards and 
code provisions 

• Develop inspection and enforcement procedures 
I I I 

Design Standards for 
Public Projects 

• Design public projects with stormwater treatment measures 
• Maintain database of public BMPs 

T T T 

*Activity conducted by or in conjunction with the City of Gresham. 
S = control of the source of a pollutant entering the MS4 T = control of the transport mechanism of discharge I = indirect pollutant reduction benefits 
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Table 3. Relationship between Current BMPs and Pollutants of Concern 

Component BMP Summary of activities Iron and 
manganese 

Aquatic 
weeds/algae 

Biological 
criteria 

Component #7: 
Pollution 
Prevention for 
Municipal 
Facilities 

O&M Plan • Create maintenance guide for public stormwater facilities I I I 

Right of way – O&M • Roadside maintenance performed by Multnomah County T S, T T 

Street Sweeping • Street sweeping performed by Multnomah County S S S 

De-icing and Yard 
Debris Activities 

• Place sand and gravel on roadways during inclement weather 
• Sand and gravel removal and recycling 
• Yard debris pick-up through solid waste provider 

S S I 

Native Vegetation 

• Encourage use of native plantings on public and private 
property and buffer areas 

• Riparian buffer permits for alterations within 50 feet of water 
bodies 

S S I 

Integrated Pest 
Management 

• Encourage use of Portland Parks and Recreation Pest Man-
agement Guide to maximize natural processes and minimize 
chemical usage  

S I 

Chemical Applicator 
Licensing • Staff certification for chemical applicators 

 
S I 

Litter Receptacles • Provide, collect, and maintain litter receptacles in strategic 
public areas I I I 

Sanitary Sewer System 
Program 

• Respond to pump station failures 
• Cleaning problem areas of sanitary sewer system 
• Pipe restoration projects to limit wastewater infiltration 

I S I 

Consolidated 
Stormwater Master 
Plan (CSMP) 

• Water quality capital projects 
• Water quantity capital projects 

T T I 

Component #8: 
Structural 
Stormwater 
Controls O&M 

Inspect and Maintain 
Public Stormwater 
Facilities 

• Inspection of public facilities 
• Maintenance of public facilities 
• Catch basin cleaning 
• Conveyance system cleaning and sediment removal 
• Update maps of structural stormwater facilities 

T T T 

Private Water Quality 
Facilities Inspection 
and Maintenance 

• Require operations and maintenance plans for private facilities 
• Inspect new stormwater facilities 

I I I 

*Activity conducted by or in conjunction with the City of Gresham. 
S = control of the source of a pollutant entering the MS4 T = control of the transport mechanism of discharge I = indirect pollutant reduction benefits 

 
3.1 Iron and Manganese 
Iron and manganese are fundamental components of soils and the rocks from which soils are derived. 
Typical concentrations of iron and manganese in surficial geological materials of the Willamette River valley 
are 5 percent iron (i.e., 50,000 milligrams per 1 kilogram [mg/kg]) and 1,000 mg/kg manganese (Shack-
lette and Boerngen, 1984); these concentrations are high compared to national averages due to the preva-
lence of volcanic or volcanic-derived geological materials. Soil concentrations of these elements vary by soil 
horizon (i.e., they are typically concentrated in subsoils) and are relatively higher where soils are derived 
from basalts (e.g., the Columbia River basalts, Troutdale gravels, etc.). Iron concentrations in streambed 
sediments of the lower and middle Willamette River (below Salem) range from 3.5 to 8.5 percent; 7 percent 
iron is a typical value for the lower Willamette River (Rice, 1999). These sediment concentrations most likely 
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reflect the influence of iron (and manganese)-enriched bedrock1, although there may be some anthropogen-
ic contribution as well. 

Both instream iron and manganese concentrations on which the Columbia Slough listing is based are 
measured as the total recoverable metal fraction. Therefore, some of the resulting exceedances of water 
quality criteria could be related to elevated suspended sediment concentrations. Total suspended sediment 
concentrations as low as 5 milligrams per liter (mg/L) could result in an exceedance of the iron criterion, 
assuming that the iron content of suspended sediment is equivalent to the iron content of streambed 
sediments. Similarly, the manganese criterion would be exceeded when total suspended sediment concen-
trations exceed 50 mg/L. However, average total suspended solids (TSS) concentrations in stormwater 
runoff range from 53 mg/L in open-space settings to 169 mg/L for transportation land uses2 (WCC, 1997), 
suggesting that ambient water quality criteria for iron and manganese are often likely to be exceeded in 
stormwater. 

Oregon’s 2011 water quality standards withdrew the numeric human-health water quality criteria for iron 
and manganese3. The withdrawal of numeric criteria is based on iron and manganese being naturally 
occurring earth elements. In addition, the previous numeric criteria for iron and manganese were based on 
USEPA’s recommendations for taste and laundry staining effects, not on human-health effects. USEPA 
issued a letter of approval for withdrawal of the standards on June 9, 2011, and Oregon’s revised water 
quality standards for human-health criteria were approved in 2011. 

Despite the change in the water quality standard, the Columbia Slough is still listed on the current 303(d) list 
for iron and manganese because the 2010 303(d) list was developed prior to the approval of the revised 
water quality standards. Now that the numeric criteria for iron and manganese have been withdrawn, it is 
anticipated that these two pollutants will be delisted in future publications of the 303(d) list. 

3.1.1 Relationship between MS4 Discharges and Iron and Manganese 
Given the lack of measured iron and manganese concentrations in urban stormwater in the Portland metro-
politan area, the relationship between MS4 discharges and these listed pollutants cannot be quantified. 
However, qualitative relationships are possible based on gross observations of urban runoff processes. 
Stormwater conveyance systems are designed to move stormwater quickly off impervious surfaces in the 
urban environment. This process provides efficient transport of eroded soil that could be deposited on 
impervious surfaces from air deposition or erosion of bared soil surfaces. Urban runoff can also contribute 
indirectly to elevated iron and manganese concentrations in the water column by quickly elevating stream 
flow volumes in receiving waters, resulting in either re-suspension of streambed sediments, or accelerated 
erosion of streambanks.  

As described above, iron and manganese concentrations can be elevated above ambient water quality 
criteria due to natural concentrations of these parameters in soils, due to typical values of suspended 
sediment in stormwater runoff and due to erosion of streambed sediments due to increased runoff volumes. 

3.1.2 Current BMPs to Address Iron and Manganese 
The goal of stormwater BMPs designed to address iron and manganese should be to reduce the suspended 
sediment load in receiving waters and to moderate the effects of increased urban runoff volumes. Structural 
stormwater BMPs that would conceptually be most effective at reducing iron and manganese loads would be 

1 Iron enrichment in sediments between Columbia River basalt lava flows was sufficient to support turn-of-the-century iron mining in 
Lake Oswego and Scappoose, for instance (Orr and Orr, 1999). 
2 Median concentrations of TSS range from 16 mg/L in open-space areas to 120 mg/L in transportation corridors. 
3 Oregon water quality standards still include a saltwater criterion for total manganese. The saltwater criterion does not apply to the 
Columbia Slough or other water bodies applicable to Fairview. 
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those that collect and/or trap sediment and those that reduce flow volumes so that sediment transport 
capacity of the conveyance system is reduced. 

Surface infiltration through green infrastructure facilities such as infiltrating rain gardens and stormwater 
planters, as well as subsurface infiltration via underground injection control (UIC) systems, are the preferred 
BMPs for treatment of iron- and manganese-rich stormwater, assuming that concentrations of other storm-
water pollutants are acceptable for discharge to groundwater. Wetlands, wet ponds, sand filters, and swales 
are all effective structural BMPs for treating TSS-rich stormwater because they retain sediment and provide 
some amount of flow attenuation. Detention ponds provide the best flow attenuation of the typical structural 
BMPs but may be prone to sediment re-suspension. Proper use and maintenance of erosion- and sediment-
control BMPs are necessary during construction activities to reduce sediment entering the stormwater 
system. Maintenance activities, which include the collection of sediments, should also be effective (e.g., 
street sweeping and catch basin cleaning) and reducing transport of sediment from the MS4 into down-
stream water bodies. 

As shown in Table 3, the City’s SWMP is already focused on sediment reduction to the MEP through the use 
of all of the types of structural BMPs under SWMP Component 6: Post Construction Site Runoff. SWMP 
Component 3: Construction Site Runoff Control includes design guidance, permitting requirements, and 
construction site inspections to reduce sediment introduced into the MS4. Maintenance practices under 
SWMP Component 7: Pollution Prevention for Municipal Facilities include recycling of sand and gravel used 
during inclement weather and street sweeping to reduce TSS. Finally, SWMP Component 8: Structural 
Stormwater Controls Operations and Maintenance addresses sediment removal from structural stormwater 
facilities and catch basins. 

It should be noted that while stormwater BMPs can reduce the loads of iron and manganese (measured 
either directly or using TSS as a surrogate), they may not be sufficient to allow effluent to consistently meet 
ambient water quality concentrations due to naturally elevated levels in local soils. 

3.2 Aquatic Weeds and Algae 
Aquatic weeds and algae are a natural component of aquatic ecosystems. In large quantities they can 
produce dense mats that can impede activities like swimming and fishing, and may cause odor problems 
and oxygen depletion. When algae die, they sink to the bottom of lakes and other stagnant water areas and 
decompose in a process that removes oxygen from the water. Fish and other aquatic organisms cannot exist 
in water with low dissolved oxygen (DO) levels. Animal waste and nutrients (e.g., fertilizers containing nitro-
gen and phosphorus) feed aquatic plants and organisms, which in turn require more oxygen for respiration 
and deplete oxygen when decomposing. Elevated temperatures may also result in an increase in biologic 
activity (plant growth, respiration, and decomposition), which depletes oxygen from the system. In Oregon, 
water quality standards for DO are established to ensure that water bodies provide critical habitat for 
salmonids and other aquatic species, particularly for spawning, rearing, and migration activities. 

While algae are a natural part of the ecosystem, large quantities of algae (called “blooms”) can pose a 
significant potential threat to human and ecological health. Harmful algae blooms (HABs) are often com-
posed of microorganisms known as cyanobacteria, which have the potential to produce toxins that can 
cause adverse health effects on humans and animals through the contamination of waterways used for 
recreational purposes and as drinking water supplies. Cyanotoxins can be produced by a wide variety of 
planktonic (i.e., free living in the water column) cyanobacteria. Some of the most commonly identified 
cyanotoxins in U.S. waters are microcystis, cylindrospermopsins, anatoxins, and saxitoxins (USEPA, 2014).  

Oregon’s narrative water quality standard related to aquatic weeds and algae is simply stated in Oregon 
Administrative Rules (OAR) 340-041-0007 as follows: “The development of fungi or other growths having a 
deleterious effect on stream bottoms, fish or other aquatic life, or which are injurious to health, recreation or 
industry may not be allowed.” Currently, there are no numeric criteria for measuring aquatic weeds and 
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algae. The listing for Osburn Creek and Fairview Lake was based on health advisories issued by the Oregon 
Harmful Algae Bloom Surveillance (HABS) program through October 2010 based on cell counts or toxicity 
levels. 

3.2.1 Relationship between MS4 Discharges and Aquatic Weeds/Algae 
Aquatic weeds and algae are generally caused by excess nutrients in water bodies. A direct relationship 
exists between the amount of phosphorus in a lake and the amount of algae growing in the lake. As phos-
phorus levels increase, the amount of algae increases too. At very high levels of phosphorus, other nutrients 
or light may limit the growth of algae (Washington Department of Ecology). Stormwater runoff entering the 
MS4 can be a contributor of nutrients into receiving waters. Potential sources in stormwater runoff include 
landscaping chemicals (pesticides and fertilizers), animal waste, illicit discharges and dumping, and cross-
connections between the sewer and stormwater systems. In addition, landscaping waste such as leaves, 
grass, and other plant materials may be treated with fertilizers that are then transported through the MS4 
and discharged into receiving waters. 

It should be noted that Osburn Creek/Fairview Lake was previously on the 303(d) list for phosphorus, based 
on a faulty assumption that phosphorus in the Columbia Slough was from Fairview Lake. Development of the 
Columbia Slough TMDL established that groundwater is the source of nutrients in the Columbia Slough, not 
Fairview Lake or Fairview Creek. 

3.2.2 Current BMPs to Address Aquatic Weeds/Algae 
As shown in Table 3, the City’s SWMP includes several BMPs that address sources of nutrients to receiving 
waters. The illicit discharge detection and elimination program (SWMP Component 1) aims to reduce non-
stormwater discharges to the MS4. Activities include dry weather screening to identify illicit connections and 
illegal dumping, spill prevention, and spill cleanup. The industrial and commercial facilities program (SWMP 
Component 2) includes procedures to identify businesses that are storing chemicals, including fertilizers, 
and inspect pollution prevention activities at those facilities. The City’s public education and outreach 
activities (SWMP Component 4) are aimed specifically at alternative gardening products and using low-
volume use of pesticides, herbicides, and fertilizers. The education component also includes messaging 
around pet waste pick-up and provides opportunities for citizens to report illegal dumping and non-
stormwater discharges to the MS4. 

Other pollution prevention activities under SWMP Component 7 include right-of-way maintenance practices 
and integrated pest management to limit the use of fertilizers, an emphasis on the use of native vegetation, 
staff certification for chemical applicators, and yard debris pick-up provided citywide by the solid waste 
agency. Maintenance of public and private stormwater facilities and the stormwater conveyance system 
under SWMP Component 8 is a key management practice to remove nutrients from the MS4 before they are 
discharged to downstream water bodies. 

3.3 Biological Criteria 
Oregon’s narrative water quality standard related to biological criteria is simply stated in OAR 340-041-0011 
as follows: “Waters of the State must be of sufficient quality to support aquatic species without detrimental 
changes in the resident biological communities.” Currently, there are no numeric criteria for biocriteria. 
Instead, the Methodology for Oregon’s 2010 Water Quality Report and List of Water Quality Limited Waters 
(DEQ, May 2011) includes a narrative assessment protocol. The protocol is based on USEPA guidance that 
biological community assessments are an indicator of aquatic life beneficial-use support. The protocol uses 
numeric benchmarks to evaluate biological communities (macroinvertebrates), but does not relate those 
benchmarks to specific pollutants.  
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Macroinvertebrates play an important role in maintaining the health of the aquatic ecosystem by processing 
dead and decaying plant and animal life, and converting these in-stream nutrients into higher levels of 
energy in the aquatic food web. Macroinvertebrates are also good indicators of overall watershed health, 
because the overall water and habitat quality determines which types of macroinvertebrates can survive in a 
body of water.  

3.3.1 Relationship between MS4 Discharges and Biological Criteria 
Biological communities have long been impacted from historical land management activities, including land 
clearing, harvesting, mining, and development activities. Current land development activities may impact 
stream and habitat conditions if proper controls are not in place to limit direct impacts to the receiving water 
and riparian corridor. Because biological communities are a function of overall water and habitat quality and 
not one specific pollutant measurement, it is difficult to point to a causative pollutant discharge or specific 
source (activity) that has direct impacts on biological criteria. Rather it is the cumulative impacts (both 
positive and negative) throughout the watershed that may be reflected in macroinvertebrate counts in 
downstream areas. Because biological criteria are an indicator of cumulative water and habitat quality and 
not a specific pollutant, no established relationship exists between MS4 discharges and direct biological 
criteria response. 

In addition, the long-term effects of natural events, such as floods, fires, and landslides, periodically alter 
ecosystems, adding another evaluation variable when trying to determine what might be expected for 
macroinvertebrate communities. 

3.3.2 Current BMPs to Address Biological Criteria 
Without a specific, causative pollutant to target, it is difficult to identify specific BMPs that reduce the 
sources of biological criteria degradation. DEQ’s biocriteria TMDL for the Umpqua Basin states that 
“…implementing the Waste Load Allocations and Load Allocations for other water quality-limiting parameters, 
as well as making improvements in habitat and flow conditions, should recover biological communities to 
expected compositions.”  

As shown in Table 3, each of the City’s stormwater-related BMPs may be seen as a way to indirectly address 
biological criteria. BMPs that specifically address the physical structure of surface water systems include 
design standards to require water quality treatment and flow control in private and public projects (SWMP 
Component 6: Post Construction Site Runoff), maintenance activities to remove trash and sediment (SWMP 
Component 7: Pollution Prevention for Municipal Facilities and SWMP Component 8: Structural Stormwater 
Controls Operations and Maintenance), spill prevention and cleanup and illicit discharge identification, 
investigation, and response (SWMP Component 1: Illicit Discharge Detection and Elimination) to keep direct 
pollutants and trash out of the stream systems. Construction site erosion control standards and project 
reviews (SWMP Component 3: Construction Site Runoff Control) also help to reduce large sediment dis-
charges to the MS4 and downstream areas.  

Section 4: Summary and Conclusions 
In most cases, the City’s current BMPs are using reasonable and available controls to reduce the discharge 
of pollutants to the MEP. Where potential BMP modifications may be made to further address pollutants of 
concern, those potential modifications are listed below by pollutant.  

It is important to note that SWMP updates will be prepared in conjunction with the City’s NPDES MS4 permit 
renewal application, due July 2015. At that time, and based on feedback from DEQ regarding anticipated 
NPDES MS4 permit language changes, the SWMP will be updated to improve functionality, implementation, 
organization, and revised commitments as appropriate. 
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4.1 Potential BMP Modifications to Address Iron and Manganese 
The City’s SWMP has sufficient controls in place to reduce sediment discharges and TSS to the MEP. In 
addition, numeric criteria for iron and manganese have been withdrawn from Oregon’s water quality stand-
ards. Therefore, no modifications are recommended to the SWMP and BMP elements to address these two 
pollutants. 

4.2 Proposed Modifications to Address Aquatic Weeds and Algae 
The City’s SWMP has sufficient controls in place to reduce discharges of nutrients to the MEP. Therefore, 
modifications to existing practices focus on increasing capture rates and improving program efficiencies. 
Modifications for consideration include the following: 
• evaluate street sweeping and catch basin cleaning schedules, coverages, and frequencies to optimize 

pollutant removal activities (specifically organic waste and sediments) during times of highest potential 
discharge 

• refine the private water quality facility inspection and maintenance practices to include regular inspec-
tion of private facilities or owner reporting of maintenance activities 

• refine the City’s operations and maintenance guidelines to provide more specifics related to mainte-
nance procedures for public and private water quality facilities 

4.3 Proposed Modifications to Address Biological Criteria 
The City’s SWMP has sufficient controls in place to address biological criteria to the MEP. Biological criteria 
are an indicator of cumulative water and habitat quality. DEQ’s biocriteria TMDL for the Umpqua Basin states 
that “… implementing the Waste Load Allocations and Load Allocations for other water quality-limiting 
parameters, as well as making improvements in habitat and flow conditions, should recover biological 
communities to expected compositions.” Therefore, no changes to the SWMP are proposed for consideration 
at this time to specifically address biological criteria. 
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TMDL Pollutant Load Reduction Evaluation 
City of Gresham 

October 2014 
 

1 Introduction 
 
The following report is being submitted to DEQ to meet the TMDL Pollutant load Reduction Evaluation 
requirement specified in NPDES MS4 permit Schedule D.3.c.  
 
TMDL Pollutant load Reduction Evaluation: progress towards reducing TMDL pollutant loads must be 
evaluated by the co-permittee through the use of a pollutant load reduction empirical model, water 
quality status and trend analysis, and other appropriate qualitative or quantitative evaluation 
approaches identified by the co-permittee.  The results of the TMDL pollutant load reduction evaluation 
must be described in a report and submitted to the Department by November 1, 2014.  The report must 
contain the following; 

i. The rationale and methodology used to evaluate progress towards reducing TMDL pollutant 
loads. 

ii. An estimate of current pollutant loadings without considering BMP implementation, and an 
estimate of current pollutant loadings considering BMP implementation for each TMDL 
parameter with an established WLA.  The difference between these two is the pollutant load 
reduction. 

iii. A comparison of the estimated pollutant loading with and without BMP implementation to 
the applicable TMDL WLA. 

iv. A comparison of the estimated pollutant load reduction to the estimated TMDL pollutant 
load reduction benchmark established for the permit term, if applicable. 

v. A description of the estimated effectiveness of structural BMPs. 
vi. A description of the estimated effectiveness of non-structural BMPs, if applicable, and the 

rationale for the selected approach. 
vii. A water quality trend analysis, as sufficient data are available, and the relationship to 

stormwater discharges for receiving waterbodies with the permittee’s jurisdictional area 
with an approved TMDL.  If sufficient data to conduct a water quality trend analysis in 
unavailable for a receiving waterbody, the permittee must describe the data limitations.  The 
collection of sufficient data must be prioritized and reflected as part of the monitoring 
project/task proposal required in Schedule B.6.d. 

viii. A narrative summarizing progress towards the applicable TMDL WLAs and existing TMDL 
benchmarks, if applicable. If the co-permittee estimates that an existing TMDL benchmark 
was not achieved during the permit term, the co-permittee must apply their adaptive 
management process to reassess the SWMP and current BMP implementation in order to 
address TMDL pollutant load reduction over the next permit term. The results of this 
reassessment must be submitted with the permit renewal application package described in 
Schedule B.6; and, 

ix. If the co-permittee estimates that TMDL WLAs are achieved with existing BMP 
implementation, the permittee must provide a statement supporting this conclusion. 
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2 Method and Rationale 
 

2.1 Model Use and Comparability 
The spreadsheet model used to calculate the pollutant load reduction benchmarks in 20081 was updated 
and used for this Pollutant Load Reduction Evaluation.  The 2008 benchmark results and documentation 
submitted to DEQ is included with this document as Appendix 1.  The 2008 document estimated 
pollutant load reduction benchmarks that the City committed to making over a five year period (by 
2013).  This document evaluates the pollutant load reduction estimates with and without BMPs being 
implemented within the City of Gresham in 2013 compared to the projected reductions the City 
committed to making by the end of the 5-year permit term (calculated as 2013) in the 2008 benchmark 
document.  For consistency, the 2013 pollutant reduction estimates use the same model assumptions as 
2008, with the exception of changes/updates noted below. 
 

2.2 Land Use 
Table 1 shows the land use acres by watershed within the City.  There are some slight differences in land 
use totals between 2008 and 2013, primarily due to: 
1) Creating a new land use category – natural areas – which had previously been accounted for in the 
parks/open space or undeveloped/vacant land use, and  
2) Including some acres as MS4 area that were previously categorized as draining to Underground 
Injection Control devices (UICs).   
 
Table 1. Land use acres used in 2013 pollutant load calculations.  Acres which drain fully to UICs and 
have no connection to MS4 system are not included in land use values.  

Land Use  Columbia Slough* Fairview Johnson Creek 
Kelly/Beaver 

Creek 

Agriculture 0 209 9 2 

Industrial 673 337 139 29 

Commercial 336 361 395 477 

Open Space 64 89 181 63 

Undeveloped 364 132 714 240 

Residential 458 818 2,421 1,515 

Multi-family Res 181 193 206 311 

Natural Areas 39 133 1,362 227 

MS4 Total 2,116 2,271 5,426 2,864 

          

UIC Total 1,664 474 74 25 

Total Acres 3,780 2,745 5,500 2,889 

*Values shown for Columbia Slough do not included Fairview Creek, however, these acres were included 
in all Columbia Slough pollutant load calculations. 
 

                                                           
1
 The original benchmark document was submitted to DEQ in 2008 with the Permit Renewal Submittal Application, 

but values were revised in 2010 based on more realistic projections of development and BMP implementation 
expected to occur over the 5-year permit term (by 2013).  In this document, that 2010 update is referred to as the 
2008 benchmark document. 
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NATURAL AREAS:  
After evaluating BMP coverage area within some areas of the City following calculation of the 
benchmarks in 2008, Gresham realized that some watersheds, like Johnson Creek, have large parcels of 
protected natural area that function differently than parks and open spaces utilized for recreational 
purposes – the primary difference being that these areas have natural vegetation and no impervious 
area.  In order to more accurately reflect the function of natural areas, these areas were delineated 
separately and given an impervious percentage of 0% (which results in reduced runoff and therefore 
load based on the equation used to calculate runoff coefficients).   
 
UIC/MS4:  
As part of the Systemwide Assessment required by the WPCF permit that DEQ issued to the City of 
Gresham for operation of 1,100 drywells (which are classified as Underground Injection Control devices, 
UICs).  As such, the City delineated several areas that use UICs for stormwater management, but also 
have an overflow that drains to the MS4 system.  As part of this delineation process, 2,236 acres are UIC 
only and 276 acres were identified as having a combination UIC/MS4 system.  The difference between 
the combination system and the rest of the UIC area is that overflow may occur and has the potential to 
enter surface water via the MS4 system.  So these acres were included in the model, and assumed to 
function like other infiltration-based BMPs (e.g. pervious pavement, rain gardens) in that they infiltrate 
100% of the design storm (which is 80% of the annual rainfall) – so there is some additional pollutant 
load generated by these areas for the 20% of the annual rainfall assumed to not be treated by the BMP. 
 

2.3 Best Management Practices 
Since the pollutant load reduction benchmarks were calculated and submitted to DEQ, the City has 
continued to improve the accuracy of the BMP inventory within the City, including corrections and 
updates to facility types contained in GIS compared to what is known about facilities based on public 
and private facility inspections. 
 
2.3.1 Structural BMPs 
In the benchmarks submitted to DEQ in 2008 (revised in 2010, see Appendix 1), only 9 structural BMPs 
were considered: 1) Hydrodynamic Devices, 2) Filters, 3) Dry Pond, 4) Wet Pond, 5) Swale, 6) Wetlands, 
7) Sedimentation Manholes, and the City of Gresham also included two unique BMPs – 8) Regional 
Facilities and 9) the Fujitsu Ponds.  The City also accounted for areas where residential downspouts had 
been disconnected to allow roof runoff to infiltrate into areas deemed suitable for infiltration.  Areas of 
the City draining to drywells (UICs) were omitted from the modeled area, with the exception of the 
UIC/MS4 area mentioned under 2.2 (Land Use). 
 
In addition to the structural BMPs modeled previously, the City also included green infrastructure.  
While some of this had been constructed prior to the 2008 benchmark calculations, the treatment areas 
were not fully delineated in GIS at the time.  Green infrastructure BMPs modeled for 2013 include 
ecoroofs, rain gardens (both lined and infiltration) and pervious pavement.  All infiltration-based BMPs 
(UICs, pervious pavement, rain gardens and downspout disconnection) were lumped together into a 
single category that was assumed to infiltrate all of the 80% annual rainfall design storm.  Planter-style 
rain gardens installed in less porous soils, or those lined due to steep slopes or contamination, were 
assumed to only have a 30% volume reduction, and ecoroofs were assumed to have a 50% volume 
reduction. 
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2.3.2 BMPs in Series 
In preparation for the next permit renewal submittal, the City has embarked upon an extensive QA/QC 
review of its GIS stormwater asset data.  As part of the improvements in accuracy to the GIS data related 
to BMP treatment areas, as-built plans were reviewed and treatment areas were relabeled as 
“combination” whenever the same drainage area is treated by two or more BMPs.  For example, many 
businesses or residential subdivisions install proprietary filters to meet the City’s water quality standard, 
and then install a dry detention pond to meet the detention standard.  In the 2008 benchmark 
calculations, a decision was made to select a single BMP to model for areas treated by multiple BMPs.  
This decision usually resulted in taking credit for BMPs that are effective at either reducing pollutant 
concentrations or reducing volume.  In order to better account for both the concentration and volume 
reduction from some of these BMPs in series, the City decided to create a few hybrid BMPs categories.   
 
Table 2.  Categories used in the 2014 TMDL Benchmark Modeling. 

Category BMP Effluent Volume Reduction 

Filter + Dry Pond Filter Dry Pond (23%) 

Filter + Wet Pond Filter Wet Pond (5%) 

Filter + Swale Filter Swale (29%) 

Regional + Filter Filter for Bacteria only Both (0%) 

Regional + Dry Pond Regional Facility Dry Pond (23%) 

Regional + Wet Pond Regional Facility Wet Pond (5%) 

Regional + Swale Regional Facility Swale (29%) 

 
The main benefit of adding in these hybrid categories is that it provides more accurate pollutant load 
reduction estimates by accounting for volume reduction coming from structural BMPs that do not 
provide the same pollutant concentration reduction associated with filters and regional facilities. 
 
2.3.3 Non-Structural BMPs 
When the 2008 benchmarks were calculated, two non-structural BMPs were accounted for: 1) areas of 
the City receiving weekly street sweeping were assumed to have a 10% reduction in the pollutant 
concentrations, and 2) estimates were made for TSS reductions due to improvements in the City’s 
erosion inspection program using assumptions based on the universal soil loss equation.  The City 
continues to operate a robust erosion prevention and sediment control (EPSC) program, but chose to 
not try to account for those reductions in the current pollutant load calculations.  While the City 
continues to operate a robust EPSC program, the estimated load reductions are negligible and easier to 
consider with other nonstructural BMPs that are likely reducing loads to somewhere between the mean 
and lower value of the ranges displayed in Figures 1 through 9. 
 
The City still continues to sweep all streets in the City ten times per year, but discontinued the weekly 
street sweeping program that used to take place in a few areas of the City – so no credit was taken for 
reductions due to street sweeping. The City also continues to remove sediment from 10 miles of pipe 
and cleans all catch basins in the City 1-2 times per year, but does not take credit for these BMPs, since 
some level of street sweeping, catch basin and pipe cleaning was all taking place prior to 1998 when the 
original ACWA land use event mean concentrations used in the benchmark calculations was collected. 
 

3 Pollutant Load Reduction Results  
The following figures show the pollutant loading estimates with and without BMP implementation to 
the applicable TMDL WLA.  Included on each figure is the 2013 pollutant load reduction benchmark the 
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City of Gresham committed to meeting.   The benchmark was submitted as a range, which was based on 
the difference between the upper and lower 95% confidence intervals calculated for the load estimates 
with and without BMPs.  Each of the following graphs shows the current estimated pollutant reduction 
along with the benchmark range, and also displays the benchmark range on each graph as a reddish box.  
The red “target” box shows the benchmark range subtracted from the upper and lower range of the 
current load with no BMPs; this is provided as a visual way to represent the current load estimate 
compared to the pollutant load reduction commitment made at the beginning of the permit term. 
 

3.1 Columbia Slough Toxics (TSS) 
Figure 1 shows the current pollutant loading estimate for TSS in Columbia Slough.   Pollutant loads and 
benchmark values are shown with the mean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
 
Figure 1. Columbia Slough Toxics (Total Suspended Solids) Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
7,238 – 18,043 lbs/day.  The pollutant load reduction benchmark established for the permit term is 
8,266 – 17,419 lbs/day.  The current pollutant load estimate is within the benchmark reduction target 
for the permit term, and the lower range of the estimated load with BMPs suggests that it could be 
meeting the wasteload allocation (WLA). 
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3.2 Columbia Slough Bacteria 
Figure 2 shows the current pollutant loading estimate for E. coli in Columbia Slough.  Pollutant loads and 
benchmark values are shown with the geomean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
 
Figure 2. Columbia Slough Bacteria Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
1.15 x 1011 – 7.42 x 1011 colonies/day.  The pollutant load reduction benchmark established for the 
permit term is 1.67 x 1011 – 5.14 x 1011 colonies/day.  The current pollutant load estimate is within the 
benchmark reduction target for the permit term, although the estimated load does not indicate that the 
wasteload allocation (WLA) is yet being achieved. 
 

3.3 Columbia Slough Total Phosphorus 
Figure 3 shows the current pollutant loading estimate for total phosphorus in Columbia Slough.   
Pollutant loads and benchmark values are shown with the mean, as well as an upper value range (UVR) 
and lower value range (LVR), which are based on running the model using 95% confidence intervals on 
the land use event mean concentration data.  The load reduction and the benchmark ranges are the 
difference between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 3. Columbia Slough Total Phosphorus Load Estimate. Because the WLA for total phosphorus in 
the Slough is more stringent than the water quality standard, an additional bar is shown for what the 
load would be if stormwater met the phosphorus WQ standard. 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
26.3 – 54.8 lbs/day.  The pollutant load reduction benchmark established for the permit term is 30.2 – 
47.8 lbs/day.  The current pollutant load estimate is within the benchmark reduction target for the 
permit term, although the estimated load does not indicate that the wasteload allocation (WLA) is yet 
being achieved. 
 

3.4 Columbia Slough Dissolved Lead 
Figure 4 shows the current pollutant loading estimate for dissolved lead in Columbia Slough.   Pollutant 
loads and benchmark values are shown with the mean, as well as an upper value range (UVR) and lower 
value range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 4. Columbia Slough Dissolved Lead Load Estimate. Because the WLA for dissolved lead in the 
Slough is more stringent than the water quality standard, an additional bar is shown for what the load 
would be if stormwater met the WQ standard. 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
0.202 – 0.502 lbs/day.  The pollutant load reduction benchmark established for the permit term is 0.203 
– 0.428 lbs/day.  The current pollutant load estimate is within the benchmark reduction target for the 
permit term, although the estimated load does not indicate that the wasteload allocation (WLA) is yet 
being achieved.  The lower end of estimated load with BMPs indicates that the load could be meeting 
the water quality standard. 
 

3.5 Columbia Slough BOD5 
Figure 5 shows the current pollutant loading estimate for BOD5 in Columbia Slough.  Pollutant loads and 
benchmark values are shown with the mean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 5. Columbia Slough BOD5 Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
1,158 – 2,821 lbs/day.  The pollutant load reduction benchmark established for the permit term is 1,569 
– 2,993 lbs/day.  The current pollutant load estimate is within the benchmark reduction target for the 
permit term, although the estimated load does not indicate that the wasteload allocation (WLA) is yet 
being achieved. 
 

3.6 Fairview Creek Bacteria 
Figure 6 shows the current pollutant loading estimate for E. coli in Fairview Creek.  Pollutant loads and 
benchmark values are shown with the geomean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 6. Fairview Creek Bacteria Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
6.89 x 1012 – 4.34 x 1013 colonies/year.  The pollutant load reduction benchmark established for the 
permit term is 1.48 x 1013 – 3.33 x 1013 colonies/year.  The current pollutant load estimate is within the 
benchmark reduction target for the permit term, although the estimated load does not indicate that the 
wasteload allocation (WLA) is yet being achieved. 
 

3.7 Johnson Creek DDT/Dieldrin 
Figure 7 shows the current pollutant loading estimate for DDT in Johnson Creek.   Pollutant loads and 
benchmark values are shown with the mean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 7. Johnson Creek Legacy Pesticide (DDT) Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
0.0010 – 0.0039 lbs/year.  The pollutant load reduction benchmark established for the permit term is 
0.0012 – 0.0043 lbs/year.  The current pollutant load estimate is within the benchmark reduction target 
for the permit term, and the lower range of the estimated load with BMPs suggests that it could be 
meeting the wasteload allocation (WLA). 
 

3.8 Johnson Creek Bacteria 
Figure 8 shows the current pollutant loading estimate for E. coli in Johnson Creek.   Pollutant loads and 
benchmark values are shown with the geomean, as well as an upper value range (UVR) and lower value 
range (LVR), which are based on running the model using 95% confidence intervals on the land use 
event mean concentration data.  The load reduction and the benchmark ranges are the difference 
between the UVR and LVR estimates for loads with and without BMPs. 
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Figure 8. Johnson Creek Bacteria Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
2.87 x 1012 – 1.13 x 1013 colonies/year.  The pollutant load reduction benchmark established for the 
permit term is 1.14 x 1012 – 3.58 x 1012 colonies/year.  The current pollutant load estimate is within the 
benchmark reduction target for the permit term, although the estimated load does not indicate that the 
wasteload allocation (WLA) is yet being achieved. 
 

3.9 Kelly/Burlingame/Beaver Bacteria 
Figure 9 shows the current pollutant loading estimate for E. coli in Kelly/Burlingame/Beaver Creeks.   
Pollutant loads and benchmark values are shown with the geomean, as well as an upper value range 
(UVR) and lower value range (LVR), which are based on running the model using 95% confidence 
intervals on the land use event mean concentration data.  The load reduction and the benchmark ranges 
are the difference between the UVR and LVR estimates for loads with and without BMPs. 
 
 
 
 
 
  

0.0E+00

2.0E+13

4.0E+13

6.0E+13

8.0E+13

1.0E+14

1.2E+14

1.4E+14

1.6E+14

Current - No BMP Current - With BMP WLA

E
st

im
a

te
d

 L
o

a
d

 (
co

u
n

ts
/y

ea
r)

Johnson Creek E. coli Loading Estimate

UVR

LVR

Geomean

Estimated reduction =
2.87 x 1012 - 1.13 x 1013 

colonies/year

2013 Benchmark Range = 
1.14 x 1012 - 3.58 x 1012

colonies/year



City of Gresham Pollutant Load Evaluation  Page 13 

Figure 9. Kelly/Burlingame/Beaver Creek Bacteria Load Estimate 

 
 
The estimated pollutant load reduction under current conditions with and without structural BMPs is 
4.28 x 1012 – 1.82 x 1013 colonies/year.  The pollutant load reduction benchmark established for the 
permit term is 5.02 x 1012 – 5.72 x 1012 colonies/year.  The current pollutant load estimate is within the 
benchmark reduction target for the permit term, although the estimated load does not indicate that the 
wasteload allocation (WLA) is yet being achieved. 
 
 

4 Water Quality Trend Analysis 
This trend analysis fulfills NPDES permit requirement Schedule D.3.c.vii: A water quality trend analysis, 
as sufficient data are available, and the relationship to stormwater discharges for receiving waterbodies 
with the permittee’s jurisdictional area with an approved TMDL.     
 
The City of Gresham used the same trend analysis method submitted to DEQ in 2008 as part of the 
Permit Renewal Submittal package (see Appendix 2).  The analysis used the non-parametric Seasonal 
Kendall-Theil regression method to determine whether data at long-term in-stream monitoring locations 
were showing an increasing or decreasing trend, and whether that trend was statistically significant.  For 
the current analysis, data collected from 1999 through 2014 were evaluated for the upstream and 
downstream monitoring locations in Fairview Creek (Table 2), Johnson Creek (Table 4) and Kelly Creek 
(Table 5), as well as the single location within Fairview Lake (Table 3).   
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Table 2. Trend summary for Fairview Creek.  Gresham has an IGA with Portland for collection of data on 
Slough, so only presenting data for the Fairview Creek portion of that watershed. 

  FCI0 (downstream) FCI1 (upstream) 

Constituent 
Over-

all 
Sum-
mer Winter Rain 

No 
Rain 

Over-
all 

Sum-
mer Winter Rain 

No 
Rain 

Dissolved 
Oxygen 

+++ +++ + +++ +++ +++ +++ +++ +++ +++ 

BOD5 oo o oo o o O o o o o 

Turbidity - + - - - ++ +++ - + ++ 

TSS - + -- - o O +++ - o o 

Total 
Phosphorus 

--- - --- --- - --- - -- --- - 

Ortho-
phosphorus 

- - - - - -- --- + - - 

Nitrate Nitrogen - - o o - --- --- - - --- 

Chlorophyll-a o o NA o o O o NA o o 

Total Mercury --- --- --- --- --- --- o --- --- o 

Total Copper - + --- - - + ++ - - + 

Dissolved 
Copper 

o o ooo ooo o O + - + o 

Total Lead --- - --- --- -- - + --- - - 

Dissolved Lead ooo o ooo ooo o O o oo o o 

Total Zinc --- - --- - --- --- -- --- -- -- 

Dissolved Zinc --- --- --- - --- --- --- --- --- -- 

E. coli  --- - --- --- - - ++ - - + 

o = no slope     Green highlights = TMDL parameter during stormwater  
+ = increasing trend with time   oo/--/++ = sig at p <0.10 
- = decreasing trend with time   ooo/---/+++ = sig at p <0.05 
 
Fairview Creek is generally seeing downward trends.  Dissolved oxygen has a significantly increasing 
trend in Fairview Creek, as well as in all other stream locations presented in Table 4 (Johnson Creek) and 
Table 5 (Kelly Creek).  An increasing trend in dissolve oxygen is good, since fish and aquatic life utilize 
this for respiration. 
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Fairview Creek has a few water quality parameters showing an increasing trend at the upstream site 
(FCI1) during the summer.  While summer is not considered to be a period when stormwater is 
influencing trends, several sediment-related constituents (turbidity, TSS, total metals, and E. coli) are all 
increasing during this period.  In general, elevated solids in upper Fairview Creek are likely due to 
dewatering from the quarry pit at Knife River, which provides a significant source of water to the creek 
in the summer months.  The City has been working with Knife River on not only meeting the discharge 
limits established in their 1200-A permit (e.g. TSS benchmark of 100 mg/L), but they have now installed 
a system utilizing Baker tanks with a sediment flocculant (chitosan) followed by sand filters.  The system 
has the ability to treat water being discharged to Fairview Creek below 10 NTU of turbidity, which 
should result in decreasing future trends. 
 
Figure 10.  Total Suspended Solids (TSS) at upstream Fairview Creek location.  The red dashed line is an 
Ordinary Least Squares (OLS) regression line.  The blue line is the non-parametric Kendall-Theil line. 
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Table 3. Trend summary for Fairview Lake.  The lake is the upstream end of Columbia Slough, so TMDL 
parameters during periods where stormwater might be present are highlighted in green. 

  FVL1 (dock) 

Constituent 
Over-

all 
Sum-
mer Winter Rain 

No 
Rain 

Dissolved 
Oxygen 

+++ +++ ++ ++ +++ 

BOD5 o o o o o 

Turbidity --- --- --- --- --- 

TSS --- --- --- --- --- 

Total 
Phosphorus 

--- --- --- --- --- 

Ortho-
phosphorus 

o o o o o 

Nitrate 
Nitrogen 

o ooo - - o 

Chlorophyll-a --- --- NA -- --- 

Total Mercury --- o --- --- o 

Total Copper --- --- --- --- - 

Dissolved 
Copper 

- - - - - 

Total Lead --- --- --- --- --- 

Dissolved Lead o o o o o 

Total Zinc - - - -- + 

Dissolved Zinc ooo ooo + o ooo 

E. coli  --- o --- o --- 

o = no slope    Green highlights = TMDL parameter during stormwater 
+ = increasing trend with time  oo/--/++ = sig at p <0.10 
- = decreasing trend with time  ooo/---/+++ = sig at p <0.05 
 
Trends in Fairview Lake are nearly all decreasing, and for most constituents, this decrease is statistically 
significant at the 0.05 level. 
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Table 4. Trend summary for Johnson Creek 

  JCI1 (downstream) JCI2 (upstream) 

Constituent 
Over-

all 
Sum-
mer Winter Rain 

No 
Rain 

Over-
all 

Sum-
mer Winter Rain 

No 
Rain 

Dissolved 
Oxygen 

+++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

BOD5 ooo oo ooo ooo o ooo oo ooo ooo oo 

Turbidity - - - - - + + - - + 

TSS* --- - -- - - o o - o o 

Total 
Phosphorus 

--- - --- - - - + - - + 

Ortho-
phosphorus 

o o o o o o ++ ooo o o 

Nitrate 
Nitrogen 

- - - + - - - - o - 

Chlorophyll-a o o NA + o +++ +++ NA + +++ 

Total Mercury --- -- - - o --- --- -- o ooo 

Total Copper --- -- --- --- --- - + -- - - 

Dissolved 
Copper 

- - - - - + +++ - + + 

Total Lead --- --- --- --- --- -- o --- - - 

Dissolved Lead ooo ooo o o ooo o oo o o o 

Total Zinc --- - --- --- - --- - --- - - 

Dissolved Zinc + + + + + + + - - + 

E. coli  - o - - - - + - - + 

o = no slope     Green highlights = TMDL parameter during stormwater 
+ = increasing trend with time   oo/--/++ = sig at p <0.10 
- = decreasing trend with time   ooo/---/+++ = sig at p <0.05 
 
*DDT data in Johnson Creek highly variable due to matrix issues. While sufficiently low analytical 
methods are used to detect DDT below the 1 ng/L water quality standard, samples collected in winter or 
during rainfall have high levels of suspended solids that cause the reporting limits during those events to 
be much higher than the water quality standard (e.g results reported as <10 ng/L).  Due to these matrix 
issues and the fact DDT is correlated with sediment, TSS trends are considered a surrogate for DDT. 
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Johnson Creek is generally showing decreasing trends, with the exception of some summer parameters 
at the upstream sampling location (JCI2). This location is upstream from the City of Gresham, and is 
therefore not related to stormwater entering the creek from the MS4.  Some of these are likely due to 
urbanization (e.g. dissolved copper and zinc), while others could be increasing due to upstream 
agriculture (e.g. turbidity, phosphorus, chlorophyll-a).  The increasing trend in dissolved copper and zinc 
is very gradual, and all detections for these metals have been far below the chronic toxicity standard. 
 
Figure 11.  Dissolved copper at upstream Johnson Creek location.  The chronic toxicity value of 4.2 ug/L 
is an estimate based on the equation from DEQ Table 302 using the average hardness value for this site 
of 29.5 mg/L.  Acute toxicity estimate is 5.6 ug/L.  The red dashed line is an Ordinary Least Squares (OLS) 
regression line.  The blue line is the non-parametric Kendall-Theil line. 
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2
 Water Quality Standards:  Beneficial Uses, Policies, and Criteria for Oregon.  340-041-0033.  Table 30: Aquatic Life 

Water Quality Criteria for Toxic Pollutants. (Effective April 18, 2014). 
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Figure 12. Dissolved zinc at upstream Johnson Creek location.  The estimated toxicity values for zinc are 
based on the equation from DEQ Table 30.  Using the average hardness value for this site of 29.5 mg/L, 
the chronic and acute toxicity values are 41.7 and 42.0 ug/L, respectively.  The red dashed line is an 
Ordinary Least Squares (OLS) regression line.  The blue line is the non-parametric Kendall-Theil line. 
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Table 5. Trend summary for Kelly Creek 

 KCI1 (downstream) KCI4 (upstream) 

Constituent 

Over-
all 

Sum-
mer 

Winter Rain 
No 

Rain 
Over-

all 
Sum-
mer 

Winter Rain 
No 

Rain 

Dissolved 
Oxygen 

+++ +++ +++ +++ +++ +++ +++ +++ +++ +++ 

BOD5 ooo ooo o o oo ooo o oo o ooo 

Turbidity - - - - - --- - --- - - 

TSS --- - --- --- --- --- o --- --- o 

Total 
Phosphorus 

--- - --- - -- --- - --- - --- 

Ortho-
phosphorus 

o o o o o o o ooo ooo o 

Nitrate 
Nitrogen 

+ + o + + + +++ - + + 

Chlorophyll-a --- --- NA - -- ooo ooo NA o ooo 

Total Mercury --- -- - - ooo --- --- -- - ooo 

Total Copper --- - -- - -- --- - --- --- - 

Dissolved 
Copper 

- - + + - o + - + - 

Total Lead --- --- --- --- --- --- --- --- --- --- 

Dissolved Lead o oo o o o o o o o o 

Total Zinc - - - - - - + -- - + 

Dissolved Zinc + + ++ ++ - +++ ++ +++ +++ ++ 

E. coli  - - - - o -- + --- - - 

o = no slope     Green highlights = TMDL parameter during stormwater 
+ = increasing trend with time   oo/--/++ = sig at p <0.10 
- = decreasing trend with time   ooo/---/+++ = sig at p <0.05 
 
Trends for most constituents in Kelly Creek have a downward trend, although nitrate and some of the 
dissolved metals appear to be increasing.  The upstream site (KCI4) is within the City limits, but receives 
drainage from agricultural areas upstream from Gresham. 
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Figure 13. Nitrate during summer at upstream Kelly Creek location.  Summer trends appear to be 
increasing, although levels are far below the water quality standard of 10,000 ug/L (10 mg/L).  The red 
dashed line is an Ordinary Least Squares (OLS) regression line.  The blue line is the non-parametric 
Kendall-Theil line. 
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Figure 14. Dissolved zinc at upstream Kelly Creek location.  The estimated toxicity values for zinc from 
DEQ Table 30 using the average hardness value for this site of 56.9 mg/L the chronic and acute toxicity 
standards are 72.7 and 73.3 ug/L, respectively.  The red dashed line is an Ordinary Least Squares (OLS) 
regression line.  The blue line is the non-parametric Kendall-Theil line. 
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5 Discussion 
 
The data within in this report provides an assessment of the progress towards meeting the TMDL 
pollutant load reductions (benchmarks) established at the beginning of the permit term and an in-
stream trend analysis for water quality parameters.   
 
Figures 1 through 9 show that the City reduced pollutant loads to a level that met or exceeded the 
benchmark established at the beginning of the permit term.  While the structural best management 
practices (BMPs) employed by the City are reducing pollutant loads, few of the TMDL pollutants appear 
to be meeting the established wasteload allocation (WLA) based on the current model’s assumptions.  
However, as noted the City’s numerous nonstructural BMPs are not modeled, so the actual load may be 
closer to the lower value range than the mean load. 
 
In addition to this report, the City is also submitting a Wasteload Allocation Attainment Assessment.  
That report provides an assessment into whether some of the WLAs can be met using the BMPs 
currently available.  For example, the City has made significant investments in adding stormwater quality 
treatment in the Fairview Creek and Columbia Slough watersheds.  Currently, 78% of the Fairview Creek 
watershed is treated by some structural BMP, yet the bacteria reduction achieved from the estimated 
load without BMPs is only a 41% reduction.  While the lower value range (LVR) of the bacteria load 
estimate shown in Figure 6 is getting close to the WLA, the Wasteload Allocation Attainment 
Assessment document suggests that 100% treatment using rain gardens would be required for the mean 
load based to be at or below the WLA.  The stormwater management efforts in Fairview Creek do seem 
to be confirmed by the decreasing overall trend for bacteria (and other pollutants) in Fairview Creek 
(see Table 2). 
 
The trend analysis summary tables (Tables 2 through 5) show that most water quality parameters are 
improving over time.  All TMDL parameters that were assessed during periods when stormwater is most 
likely to be present (Winter and Rain) are highlighted in green.  All of these periods show trends that are 
decreasing or not changing over time.  Often times the trends showing no change that are significant 
(e.g. “oo” or “ooo”) are caused by the data being at or below the detection limit of the analytical 
method, so a trend that is not changing in those parameters often means the levels have been low and 
remain that way. 
 
E. coli is the most frequently occurring TMDL pollutant, occurring in all watersheds within the City.  Due 
to the highly variable nature of biological measurements, showing significant trends for bacteria can be 
difficult at the p<0.10 or p<0.05 level.  Some sites do have a significantly decreasing trend (Fairview 
Creek, Fairview Lake and Kelly Creek), and the trend line for all sites is decreasing during periods of rain 
or during winter months, when rain and stormwater are most likely to occur. 
 
TMDL pollutants appear to have decreasing trends during periods of time when stormwater is expected 
to be present (rain and winter).  These decreasing trends are what would be expected from stormwater 
management efforts, including structural BMPs, as well as nonstructural BMPs (e.g. education) that are 
difficult to take credit for.  This suite of BMPs is likely contributing to the in-stream trends that indicate 
water quality is improving in our local streams. 



 

 

Appendix 1 
 

2008 Stormwater Pollutant Load Estimates and Benchmarks for TMDL 
Parameters 
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4.1   STORMWATER POLLUTANT LOAD ESTIMATES AND BENCHMARKS FOR 
TMDL PARAMETERS  
 
This section of Gresham’s permit renewal submittal fulfills the requirements of the 2005 NPDES 
Permit #101315 as described in the following places: 
Schedule B(2)(c) MS4 Permit Renewal Submittal: 

 
iii) Estimates of the changes of various land use areas within the co-permittees jurisdictional 
boundaries, the storm water runoff from those changed areas for the appropriate design 
storm criteria, and volume and percentage of stormwater from those changed areas that is 
treated using structural and nonstructural controls that have occurred since the previous 
permit renewal submittal. 

 
viii) If TMDL wasteload allocations were established at the time of permit issuance, an 
evaluation of progress towards achieving applicable waste load allocations to the maximum 
extent practicable.  Progress will be measured through the TMDL performance measures 
and benchmarks established in accordance with Schedule D(2)(d). 

 
Schedule C Table C-1 

A cross reference to Schedule B 2) c) iii) and viii) above. 
 
Schedule D(2)(d): 

i) Progress towards reducing TMDL pollutant loads must be evaluated by the co-permittee 
through the use of performance measures and pollutant load reduction benchmarks 
developed and listed in the SWMP.  
 
(2) A benchmark is a total pollutant load reduction estimate for each parameter or 
surrogate, where applicable, for which a [Waste Load Allocation] WLA is established at the 
time of permit issuance. A benchmark is used to measure the overall effectiveness of the 
storm water management plan in making progress toward the wasteload allocation (this 
estimate will be related to the statistical variability of the underlying data and may be stated 
as a range), and is intended to be a tool for guiding adaptive management activities. A 
benchmark is not a numeric effluent limit; rather it is a goal that is subject to the maximum 
extent practicable standard. The co-permittee must provide the rationale for the proposed 
benchmark, which includes an explanation of the relationship between the benchmarks and 
the TMDL wasteload allocations. Any limiting factors related to the development of a 
benchmark, such as data availability and data quality, must also be included in this 
rationale.  
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The purpose of this section of the permit renewal submittal is to provide summaries of the 
following:  

• Overview of the benchmark requirement and evaluation of the TMDL parameters within 
the permit area – Section 4.1.1.  

• The specific pollutant load modeling methods, assumptions, and data used in calculation 
of the pollutant loads and benchmarks – Section 4.1.2.  

• Results of the city’s benchmark evaluation and relationship between the benchmarks and 
the TMDL waste load allocations – Section 4.1.3.  

• Estimate of the annual pollutant loads for the original NPDES pollutants of concern – 
Section 4.1.4 

• Updated Qualitative Assessment – Section 4.1.5. 
• References – Section 4.1.6.  

 
4.1.1  Benchmark Introduction  
 
In the City of Gresham’s National Pollutant Discharge Elimination System (NPDES) Municipal 
Separate Sewer Storm System (MS4) permit issued in 1995, the city and its co-permittees were 
required to implement various categories of stormwater quality best management practices 
(BMPs) in order to reduce pollutants in runoff to the “maximum extent practicable” (MEP). In 
the permit issued in 2005, the MEP requirement still applies. In addition, wherever a total 
maximum daily load (TMDL) has been established, Gresham and its co-permittees are also 
required to establish benchmarks for the applicable TMDL parameters.  Benchmarks are defined 
in the MS4 NPDES permit as “a total pollutant load reduction estimate for each parameter or 
surrogate, where applicable, for which a wasteload allocation (WLA) is established at the time of 
permit issuance.”   
 
If the benchmarks are not achieved, the 2005 permit requires an adaptive management approach 
that will allow the permittees to propose and implement changes to their program in a continual 
effort towards meeting the benchmarks. For the August 2008 permit renewal submittal, Gresham 
and its co-permittees are required to evaluate their progress towards meeting the benchmarks set 
in 2005. They must also project reductions that will occur between 2008 and 2013.  Specific 
requirements from the city’s 2005 NPDES MS4 permit related to the 2008-09 permit renewal are 
as follows:  
 

• Current land use areas are presented in Table 4.1.7, along with 2005 land use percentages 
submitted with the 2006 Interim Evaluation Report; 

• The design storm and annual rainfall used for calculations is discussed in Section 4.1.2.E. 
3. titled “Modeled Rainfall”; 

• Stormwater volumes were calculated using the runoff coefficient and stormwater runoff 
equations in Section 4.1.2, applied to average impervious percentages for various land 
uses within the city (values for each watershed are summarized in Table 4.1.6), and are 
summarized in Section 4.1.2.D; 

• Table 4.1.9 lists the structural BMPs employed within the City of Gresham, along with 
acres and percent of the permit area served by each.  Most of the BMPs employed by the 
city have some flow reduction associated with them, as shown in Table 4.1.3;   



City of Gresham Pollutant Loads and Benchmark Evaluation 3 
 

• The benchmark graphs (Figures 4.1.3 through 4.1.11) and the annual pollutant load 
estimates (Table 4.1.11) show the reductions in stormwater pollutant loads due primarily 
to structural controls.  Reductions in stormwater pollutant loads due to BMPs are 
discussed for each benchmark constituent.  

 
A.  TMDL Parameter Evaluation  
 
As described above, the development of benchmarks is only required for areas where TMDL 
waste load allocations have been established and approved by EPA prior to the time of NPDES 
MS4 permit issuance. Within the permit area, the relevant TMDLs and stormwater waste load 
allocations are those adopted in 1998 for the Columbia Slough; the 2006 Willamette Basin 
TMDL: Lower Willamette Subbasin, which includes Fairview and Johnson Creeks; and the 2005 
Sandy Basin TMDL, which includes Kelly, Burlingame and Beaver Creeks.   
 
TMDLs are generally developed as a way to project the maximum pollutant load capacity of a 
waterbody so as not to exceed water quality standards. They may be developed for pollutants 
with direct links to stormwater runoff (aka: metals, nutrients) and also for pollutants for which 
loads of concern are not typically associated with urban stormwater runoff (temperature). To 
translate the TMDL into guidelines for municipalities and industries, wasteload allocations 
(WLAs) are developed, which allocate a proportion of the total maximum daily load to 
contributing sources (industries, future growth, municipalities, groundwater, CSO, wastewater 
treatment plants, etc). WLAs were originally developed as a means to regulate discharges from 
well-defined point sources (industries and wastewater treatment plants), but with the 
implementation of MS4 NPDES permits, WLAs are now used to regulate discharges from urban 
stormwater runoff, which includes a wide variety of sources that are not well defined. This has 
resulted in inherent difficulties in applying WLAs to MS4 discharges.  
 
Table 4.1.1 summarizes the relevant TMDLs affecting the City of Gresham that were established 
at the time the permit renewal submission was prepared (through May 2008).  The table includes 
the TMDL water body, the parameters for which a TMDL was established, a summary of the 
existing water quality standards for each listed parameter, and the waste load allocation for each 
listed parameter.  
 
Table 4.1.1:  Summary of Water Quality Standards and Waste Load Allocations for TMDL 
Parameters by Waterbody 
 
Waterbody Constituent Water Quality Standard Waste Load Allocation (WLA) 
Willamette Mercury* The toxics water quality criteria 

prohibits exceedance of the 
freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values.  
Chronic, 0.012 µg/L, and acute, 
2.4 µg/L, not hardness dependent. 

Interim allocation is a reduction in total 
mercury loading by 26.4% 

Columbia 
Slough 

DO Cool water criteria= 6.5mg/L 30-
day mean minimum, 5.0 mg/L 
seven-day minimum mean, and 4.0 
mg/L absolute minimum. 

The WLA for DMAs is between 198 
and 2608 kg/day BOD5 depending on 
flow and dissolved oxygen criteria.  
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Phosphorus Water quality standard based upon 
DEQ interim targets of 0.1mg/L 
total phosphorus and 0.02 mg/L 
ortho-phosphate. 

The WLA is only set for the spring 
through the fall months and is 
dependent upon flow. Maximum 
allowable loading concentration to not 
exceed a pH of 8.5 is 0.1549 mg/L 
(based on current load and average 
flow taken from 1996 concentration 
data in the Upper Slough), translating 
to a current maximum loading range 
between 7.7 and 22.1 kg/day for 
stormwater, not normalized for area. 

pH Water quality standard requires pH 
between 6.5 and 8.5 

WLA for total phosphorus set to 
prevent pH from exceeding 8.5.  

Lead The toxics water quality criterion 
prohibits exceedance of the 
freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values. 
Chronic and acute toxicity criteria 
are hardness-dependent. 

WLA were calculated based on flow, 
concentration and estimates of 
dissolved annual loads. Current loads 
are 2/3 of the remaining capacity after 
point sources, CSO, groundwater, and 
air deposition loading is subtracted 
from the loading capacity. For current 
stormwater sources, the loading ranges 
from 0.065 to 0.4397 kg/day dissolved 
lead based on flow and not normalized 
for area. The future growth allocation 
ranges from 0.031 to 0.2199 kg/day.  

Bacteria 30-day log-mean concentration of 
126 E. coli bacteria/100mL based 
on minimum of 5 samples and no 
single sample can exceed 406 E. 
coli/ 100mL 

The loading allocations for stormwater 
inputs range from 1.75 x 1011

 to 7.51 x 
1011, depending on flow and not 
normalized for area. 

Chlorophyll-a Water quality standard is an 
average concentration not to 
exceed 15 µg/L taken over a 3 
month period with a minimum of 3 
samples. 

No WLA identified for chlorophyll a, 
as standard was included in the total 
phosphorus WLA. 

DDT/DDE The toxics water quality criteria 
prohibits exceedance of the 
freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values.  

WLA (not normalized \for area) is 
3.24x10-6 kg/day. This value takes into 
account the representative margin of 
safety for current stormwater 
discharge.  The WLA for future growth 
is 1.63E10-6. A surrogate TSS 
concentration of 50mg/L was applied 
for current and future conditions due to 
lack of data on toxic discharge. 

Dioxin 
(2,3,7,8 
TCDD) 

The toxics water quality criteria 
prohibit exceedance of the 
freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values.  

WLA (not normalized for area) is 
1.31x10-9 kg/day. This value takes into 
account the representative margin of 
safety for current stormwater 
discharge.  The WLA for future growth 
is 1.31x10-9. A surrogate TSS 
concentration of 50mg/L was applied 
for current and future conditions due to 
lack of data on toxic discharge. 

PCBs The toxics water quality criteria 
prohibit exceedance of the 

WLA (not normalized for area) is 5.3 
x10-6 kg/day. This value takes into 
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freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values. 

account the representative margin of 
safety for current stormwater 
discharge. The WLA for future growth 
is 1.06x10-5. A surrogate TSS 
concentration of 50mg/L was applied 
for current and future conditions due to 
lack of data on toxic discharge. 

Dieldrin The toxics water quality criteria 
prohibit exceedance of the 
freshwater chronic criteria in OAR 
Table 20 more than 10% of the 
time with a maximum of 2 values. 

WLA (not normalized for area) is 
9.6x10-6 kg/day. This value takes into 
account the representative margin of 
safety for current stormwater 
discharge. The WLA for future growth 
is 4.8x10-6. A surrogate TSS 
concentration of 50mg/L was applied 
for current and future conditions due to 
lack of data on toxic discharge. 

Fairview Bacteria 30-day log-mean concentration of 
126 E. coli bacteria/100mL based 
on minimum of 5 samples and no 
single sample can exceed 406 E. 
coli/ 100mL 

66% reduction in E. coli 

Bacteria 30-day log-mean concentration of 
126 E. coli bacteria/100mL based 
on minimum of 5 samples and no 
single sample can exceed 406 E. 
coli/ 100mL 

78% reduction in E. coli 

DDT/DDE DDT 0.001 µg/L 77% reduction in DDT 

Johnson 

Dieldrin Dieldrin 0.0019 µg/L 77% reduction in DDT** 
Kelly/ 
Burlingame/ 
Beaver 

Bacteria 30-day log-mean concentration of 
126 E. coli bacteria/100mL based 
on minimum of 5 samples and no 
single sample can exceed 406 E. 
coli/ 100mL 

86% reduction in E. coli 

 
*Even though mercury is a parameter of concern throughout the Willamette Basin, and DEQ’s 
Willamette Basin Mercury TMDL (2006) has an interim allocation recommending a 26.4% 
reduction in total mercury, a benchmark was not calculated for total mercury.  Land use based 
data is lacking for modeling loads, and since the two primary sources of mercury are air 
deposition and soil erosion, load reductions would be related to BMPs reducing TSS.  See the 
303(d) Listed Pollutant Evaluation (Section 1.0) for a full discussion of mercury.  
**DDT and Dieldrin are highly correlated in the TMDL data and ensuing studies; therefore the 
TMDL considers that BMPs which address DDT will also address Dieldrin. 
 
The following sections describe the process and methods used to develop benchmarks for the 
watershed for the relevant TMDL parameters.  
 
B.  Benchmark Model Development  
 
For the benchmarks submitted with the August 2008 permit renewal application, URS prepared a 
pollutant loadings model for the City of Gresham in April 2007.  The spreadsheet model utilizes 



City of Gresham Pollutant Loads and Benchmark Evaluation 6 
 

land use conditions and BMP implementation to calculate pollutant loadings for various 
parameters on a drainage basin basis.   
 
The goals for benchmark modeling: 

1. Use a model to estimate pollutant loads from MS4 discharges for the time period when 
the TMDL was developed (i.e., model base conditions). 

2. Model pollutant loads associated with current MS4 discharges that account for current 
land uses and the various types of BMPs that have been implemented since the TMDL 
was developed.  

3. Compare current loading estimates with TMDL waste load allocations to estimate how 
close the existing program is to meeting waste load allocations.  

4. Determine whether additional BMPs are necessary to meet waste load allocations and if 
so, what BMP types would be appropriate.  

5. Develop a plan for implementing BMPs to reduce TMDL pollutants to the maximum 
extent practicable and establish benchmarks that represent progress towards meeting the 
waste load allocations.  

 
Unfortunately, there are several difficulties with the above steps that complicate the process to 
develop benchmarks. These issues include but are not limited to the following:  

• Obtaining sufficient and statistically robust stormwater quality monitoring data to 
represent the base and current conditions for all TMDL parameters for each land use in 
the permit area is very costly, and the data does not exist for all parameters.  

• Estimating the effectiveness of increased frequency and alternative types of equipment 
for BMPs that were already being implemented during base case conditions is difficult 
because the initial implementation details are not always known. For example, street 
sweeping was already being conducted when the TMDL was established, but it is not 
clear how the effectiveness of this program due to technological enhancements may have 
changed over time.  

• Needing to rely on the existence of data regarding the effectiveness of each of the BMPs 
that are being implemented by the city for each of the TMDL parameters. Many of the 
BMPs implemented in the permit area focus on pollution prevention rather than pollutant 
removal. While considered to be effective, these BMPs are very difficult and sometimes 
impossible to evaluate in terms of quantitative pollutant reductions. Examples of such 
BMPs include public education, waste management programs, spill response, illicit 
discharge elimination, business license review, permits & code implementation, etc.  

• Continually changing land uses over time make it difficult to get an accurate portrayal of 
land use conditions from previous years.  

• Missing data regarding the cumulative effects of applying several BMPs in succession 
within the same drainage area. 

• Variations in the effectiveness of a BMP due to other factors such as weather conditions, 
topography, zoning and other watershed characteristics.  For example, for a given BMP 
that is 10% effective, the effects may be difficult to observe considering the wide range in 
typical concentrations that exist without the BMP in place.  
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4.1.2  Pollutant Load Modeling Methods and Assumptions 
 
The spreadsheet model for estimating pollutant loads is based on the EPA Simple Method 
(Schueler 1987), which is commonly used for estimating pollutant loads for urban land uses.  
The two equations required to calculate pollutant loads for each specified pollutant are: 
 
1.  Runoff coefficient equation: 

Rvu = 0.05 + (0.009 × Iu)  
where, 

Rvu  =  Runoff coefficient for land use type u (fraction of rainfall becoming runoff)  
Iu  =  Percent Imperviousness for land type u 

 
The percent imperviousness values used for each watershed are listed in Table 4.1.6.   
 
2.  Pollutant load equation: 

L = Σ u (P × Pj × Ru × Cu × Au × [2.72/12])  
where, 

L  =  Total pollutant load for all land use types in watershed, u (pounds/year) 
P  =  Precipitation (inches/day or year) 
Pj  =  Ratio of storms producing runoff (assume 0.9, since this accounts for 

evaporation and other losses)  
Ru  =  Runoff coefficient for land use type u (fraction of rainfall becoming runoff) 
Cu  =  Event Mean Concentration for land use type u (milligrams/liter)  
Au  =  Area of land use type u (acres) 
12  =  conversion factor to convert inches to feet  
2.72  =  conversion factor from mg/L and acre-feet to pounds  

 
3.  Stormwater runoff volume equation: 

V = Σ u (P × Pj × Rvu × Au × [43560/12])  
where, 

V  =  Stormwater volume for all land use types in watershed, (ft3/year) 
P  =  Precipitation (inches/year) 
Pj  =  Ratio of storms producing runoff (assume 0.9, since this accounts for 

evaporation and other losses)  
Ru  =  Runoff coefficient for land use type u (fraction of rainfall becoming runoff)  
Au  =  Area of land use type u (acres) 
12  =  conversion factor to convert inches to feet  
43560  =  conversion factor from acre-feet 

 
The model was used to estimate current and future pollutant loads under two scenarios: 1) 
assuming no structural BMPs in place and 2) with structural BMPs in place.  Quantitative data is 
not currently available to assess the effectiveness of most non-structural BMPs, but estimates of 
the relative effectiveness of non-structural BMPs are discussed in Section 4.1.3. The following 
subsections describe some of the assumptions and methods associated with developing the 
model. The subsections below include information regarding the following: modeled areas, 
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model scenarios, model assumptions related to land use and BMP effectiveness, and methods for 
comparing model results to waste load allocations.  
 
A.  Jurisdictional Coordination 
 
In light of the difficulties summarized in section 4.1.1 titled “Benchmark Model Development”, 
the City of Gresham and other Phase I permittees worked to develop a process that would 
account for these issues.  As there are many jurisdictions covered by the six Oregon Phase I 
NPDES MS4 permit requirements, DEQ requested that these jurisdictions work together to 
maintain consistency with respect to interpretation and implementation of the permit 
requirements.  Jurisdictions also worked together to minimize duplication of efforts, share ideas 
and information, and maximize the effectiveness of investments in research. The coordination 
process was facilitated through the Oregon Association of Clean Water Agencies (ACWA). 
Specifically, ACWA decided to coordinate on the following three items:  
 

1. Benchmark Presentation and Modeling Scenarios – Bar graphs will show the range of 
total estimated loads for each applicable TMDL parameter, along with the estimated 
load reduction.  The modeled period will include 2 points in time, current conditions 
(2008) and future conditions (2013), so that expected changes over the 5-year permit 
period are represented. 

2. Structural BMP Effectiveness - Local and national data on what is currently known 
regarding the effectiveness of BMPs was compiled and evaluated.  Effluent 
concentrations were used as input data for the pollutant loading model, rather than 
percent reductions due to the lower variability of the former data when compared to 
the latter.  

3. Land Use based Event Mean Concentrations (EMCs) - Typical local land use runoff 
concentrations were compiled and means and ranges were calculated.  The 
statistically “bootstrapped1” land use concentrations were used as input data for the 
pollutant loading model.  

 
A group of Phase I representatives from the ACWA members volunteered to form a monitoring 
subcommittee to compile input data for the model in terms of statistically supported land use 
event mean concentrations (EMC) concentrations. This subcommittee was referred to as the 
“Rangers” and consisted of members from the cities of Portland, Gresham, Eugene, and Salem, 
and Clean Water Services of Washington County. The group compiled relevant information in 
addition to the ACWA BMP database and met several times to prepare tables of land use and 
BMP effluent concentrations for use in the pollutant loading model.  
 
B.  Land Use Event Mean Concentrations (EMCs) and BMP Effluent Data 
 
The initial source of land use concentration data was the ACWA report titled Analysis of Oregon 
Urban Runoff Water Quality Monitoring Data Collected from 1990 to 1996 (ACWA 1997).  
This report included a compilation and summary of all of the land use stormwater runoff data 
collected by the Oregon Phase I NPDES MS4 permittees under the original permit.  
                                                 
1 Bootstrapping is a statistical method which randomly and repeatedly draws data points from a non-normal dataset, 
with replacement, to create a new, normally distributed set of data. 
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Several sources of data were used to compile the BMP effluent concentrations. The main source 
of information was a memo from Geosyntec Consultants (Strecker and Hesse 2005) that 
provided a statistical summary of the BMP effluent concentrations and BMP flow reductions 
from the national EPA/ASCE BMP database (EPA/ASCE 2003). To supplement this information 
the Rangers used the BMP database prepared by CH2MHill (ACWA 2005) and BMP effluent 
data collected by Clean Water Services and the City of Portland.  
 
Mean concentrations, instead of medians, were used to compute the pollutant loads in 
stormwater since they do not ignore the very high concentrations, which could generate a high 
percentage of the annual pollutant load.  For bacteria data, the geomean2 was calculated from the 
bootstrapped data set and used in pollutant load calculations.  
 
The model input data developed by the ACWA “Rangers” is in Table 4.1.2 (the mean land use 
concentrations) and Table 4.1.3 (the BMP effluent concentrations and flow reduction estimates). 
The values in Table 4.1.2 are from the original 1997 ACWA study, with augmentation to the 
parks/open space sites using Portland data, and re-processed by the City of Portland.  Re-
processing involved: 

• Omitting open channel sites for all but Open Space land uses; 
• Omitting flagged data from 1997 ACWA study (two atypical or problem sites in Unified 

Sewerage Agency district); 
• Converting non-detects to minimum reporting level (MRL), rather than eliminating the 

points as was done the last time benchmarks were calculated.  This results in a slightly 
overestimated mean; 

• Applying bootstrap statistical method to data so it could be expanded to find 95% 
confidence intervals for upper and lower range on means.   

 
It should be noted that there were significant gaps in the available data.  When available, data 
gathered and analyzed by the City of Portland was used to augment the data provided by the 
ACWA “Rangers” for use in the model. Specifically, the City of Portland provided additional 
information on sedimentation manhole effluent concentrations and more localized values for 
swale and wet pond effluent concentrations.  Sources of BMP effluent data values are noted in 
Table 4.1.3 along with the BMP effluent concentrations. 
 
Preliminary analysis of Gresham’s stormwater data indicates that more recent concentrations 
may be lower than the 1997 ACWA land use EMCs used in the pollutant load modeling process.  
For example, the E. coli EMC for residential land use as listed in Table 4.1.2, 1656 bacteria/100 
mL (n=41), is significantly higher than the geomean of 786 (n=10) calculated from Gresham’s 
mixed use outfall (primarily residential with some commercial) at 14th/Riverview from 2002-06, 
and the geomean of 599 (n=8) calculated from 2006-08 data collected at 14th/Riverview plus the 
residential outfall in Fairview.  The apparent decrease in stormwater concentrations suggests that 
the calculated pollutant loads presented here are very conservative, with the actual loads likely at 
the lower end of the pollutant load range, in other words, the modeling results are the probable 
worst case scenario.  For the residential E. coli example illustrated here, the lower 95% 
                                                 
2 A geomean is a mean calculated after log-transforming the data points, and then converting the result back to the 
normal scale by exponentiation. 
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confidence interval is 970, which is greater than the geomean from both groups of recent 
stormwater monitoring data analyzed within the permit area.  Based on these preliminary 
findings, the city intends to do additional analysis to see whether future modeling efforts might 
incorporate data that more accurately reflects pollutant loads. 
 
Table 4.1.2:  Summary of ACWA Land Use Event Mean Concentrations (EMCs) 
   Bootstrapped MEAN 

Parameter Land Use3 Count 
95% L-

CI Mean 
95% U-

CI 
Cd,T C 53 0.75 1.11 1.56 
µg/L I 23 2.27 3.47 5.00 
 BC-OP 131 0.101 0.114 0.130 
 R 48 0.52 0.80 1.15 
 T 22 1.02 1.55 2.27 
Cr,T C 39 5.64 6.96 8.31 
µg/L I 16 20.1 35.2 51.9 
 BC-OP 16 1.50 2.50 4.13 
 R 35 4.9 7.0 9.5 
 T 8 8.00 10.6 13.8 
Cu, T C 63 20.8 28.6 38.2 
µg/L I 26 33.8 45.5 58.0 
 BC-OP 93 2.0 2.5 3.0 
 R 53 10.5 13.4 17.1 
 T 23 25.4 34.6 45.7 
Pb,d C 48 3.2 4.97 7.38 
µg/L I 21 1.52 2.58 3.77 
 BC-OP 76 0.109 0.118 0.128 
 R 27 1.23 1.80 2.53 
 T 23 1.26 3.59 7.71 
Pb,T C 55 37.8 54.0 72.7 
µg/L I 22 32.7 48.3 67.0 
 BC-OP 93 0.6 0.82 1.08 
 R 48 11 17.7 27.6 
 T 22 37.1 63.1 98.8 
Zn,T C 58 130 170 217 
µg/L I 24 283 674 1353 
 BC-OP 93 6.3 7.8 9.5 
 R 54 77 104 134 
 T 27 146 203 265 
BOD C 57 8.5 11.9 16.6 
mg/L I 23 26.1 39.6 56.1 
 BC-OP 57 2.0 2.0 2 
 R 46 5.9 8.1 10.8 
 T 16 10.0 17.9 29.1 
COD C 65 51.8 65.1 81.5 
mg/L I 25 76.8 102.6 134.1 
 OP 9 11.1 19.6 27.6 
 R 52 37.4 50.9 66 
 T 11 40.6 100 190.8 
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   Bootstrapped MEAN 

Parameter Land Use3 Count 
95% L-

CI Mean 
95% U-

CI 
NH3 C 51 0.29 0.43 0.63 
mg/L I 18 0.28 0.46 0.68 
 BC-OP 263 0.024 0.027 0.030 
 R 37 0.24 0.47 0.81 
 T 20 0.40 0.55 0.72 
NO3 C 46 0.27 0.38 0.53 
mg/L I 22 0.18 0.24 0.31 
 BC-OP 263 1.36 1.51 1.66 
 R 32 0.60 0.91 1.33 
 T 22 0.28 0.42 0.58 
TKN C 65 1.18 1.54 1.91 
mg/L I 25 1.58 2.05 2.56 
 BC-OP 23 0.35 0.48 0.70 
 R 53 0.93 1.34 1.90 
 T 21 1.37 1.81 2.26 
Ortho-P C 46 0.085 0.108 0.137 
mg/L I 21 0.101 0.173 0.265 
 BC-OP 261 0.037 0.040 0.042 
 R 30 0.079 0.112 0.148 
 T 22 0.043 0.088 0.177 
TP C 65 0.28 0.38 0.50 
mg/L I 31 0.40 0.51 0.64 
 BC-OP 263 0.095 0.12 0.15 
 R 53 0.23 0.34 0.48 
 T 21 0.29 0.37 0.46 
TDS C 64 124 216 339 
mg/L I 25 60 76 93 
 BC-OP 10 73 97 115 
 R 52 50 60 70 
 T 12 49 85 135 
TSS C 65 64 82 103 
mg/L I 25 117 184 284 
 BC-OP 263 16 31 50 
 R 54 44 66 99 
 T 23 124 169 227 
E. coli C 50 573 1247 2409 
CFU/100 mL I 28 154 438 1004 
Geomean BC-OP 65 57 87 124 
 R 41 970 1656 2651 
 T 23 686 1507 2962 
DDT All (2008) 21 1.17 2.95 4.73 
ng/L All (2013) 21 0.83 2.08 3.34 
3 Land Uses:     
C = Commercial R = Residential OP = Open Space 
I = Industrial T = Transportation BC-OP = data from Balch Creek and Portland streams 
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Table 4.1.3:  Structural BMP Mean Effluent Concentrations and Flow Reductions 

 
NOTES: 
Values in BLACK are from the ACWA Rangers memo (2005) 
Values in RED are from the City of Portland (2008) reanalysis of BMP effectiveness 

1. Dry pond BOD values based on wet pond BOD values 
2. Dry pond E. coli numbers values on wet pond E. coli values 
3. Sediment manhole BOD values based on hydrodynamic devices BOD values 

Values in BLUE are City of Portland values for BMPs/parameters where there is a large discrepancy between the city values and Ranger values 
Values in PURPLE are from International Stormwater BMP database, Overview of Performance by BMP Category and Common Pollutant Type, 
1997-2007, Geosyntec, Oct 2007 
Values in GREEN are spacers for N/A values (aka: the BMP does not achieve removal for these parameters) and are entered only for 
computational purposes so that the model defaults to using the EMC values in the Summary worksheets

Parameter Units 

Centrifugal 
Separator 

Hydrodyna-
mic Devices 

Filters  
(Leaf/Sand/ 

Other) 

Ponds, Dry 
Vegetated 
Detention 

Pond* 

Ponds, Wet 
Retention 

Basin 

Swales, 
Vegetated 

Filter Strips 

Wetlands, 
Constructed
Surface Flow 

Sedimenta-
tion  

Manhole 
TSS mg/L 115 43 43 29 24 25 67 
TDS mg/L 77 73 158 97.5 88 216 10000 
TP mg/L 0.22 0.15 0.35 0.16 0.21 0.16 0.22 
ortho-P mg/L 0.06 0.09 0.12 0.04 0.09 0.09 0.06 
E. coli MPN/100mL 3634 79 1922 321 1820 499 5587 
Cd, T mg/L 0.0017 0.0008 0.0012 0.0017 0.0004 0.0011 1000 
Cu, d mg/L 0.014 0.0037 0.014 0.0032 0.0059 0.0032 0.0062 
Cu, T mg/L 0.015 0.0057 0.0225 0.0077 0.0125 0.0076 0.0147 
Pb,d mg/L 0.0021 0.00013 0.0024 0.0001 0.0005 0.0013 0.00026 
Pb,T mg/L 0.014 0.0076 0.032 0.0025 0.0078 0.0033 0.0091 
Zn,d mg/L 0.035 0.0083 0.059 0.03 0.0206 0.014 0.038 
Zn,T mg/L 0.103 0.015 0.123 0.074 0.055 0.032 0.092 
BOD mg/L 6 3.4 6.1 6.1 5.4 6.1 6 
COD mg/L 66.21 31.61 25.99 30.72 48.12 36.14 1000 
TKN mg/L 0.96 2.18 1.94 1.07 1.75 1.29 0.96 
N, T mg/L 2.81 3.12 1.86 1.01 1.02 1.96 2.81 
Flow 
Reduction % 0% 0% 23% 5% 29% 5% 0% 
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*Based on monitoring data collected by the city over the past 4 years on regional water quality 
treatment facilities constructed in the city, regional facilities were modeled using mean effluent 
concentrations observed to date.  For the relevant Columbia Slough/Fairview Creek TMDL 
constituents, the effluent concentrations used in the model are: 

• E. coli = 576 CFU/100 mL 
• TSS = 11 mg/L 
• Total Phosphorus = 0.09 mg/L 
• Dissolved Lead = 0.226 µg/L 
• BOD5 = 3 mg/L 
• Flow Reduction = 5% (assumed same as Wet Retention Basins) 

 
C.  Data Availability 
The parameters required by the Columbia Slough TMDL for which data exists to conduct 
pollutant load calculations include: total phosphorus, dissolved lead, E. coli, and BOD.  EMC 
and effluent concentration information was available for these constituents and they were 
modeled and compared with the WLA and are reported in Section 4.1.3.A. Organic pollutants 
including dioxin, Dieldrin, PCBs, and DDT/DDE are also included in the TMDL and have 
defined WLAs, but there is no available EMC or BMP effluent concentration data for these 
parameters. Per the industrial permit guidelines, TSS is often used as a surrogate parameter for 
these constituents, so a load comparison was conducted assuming that a TSS concentration of 50 
mg/L is synonymous with the wasteload allocation for the organics. The assumption is based on 
the TSS concentration limit of 50 mg/L referenced in the 1200-COLS permit.  
 
The bacteria TMDLs in place for Fairview, Johnson and Kelly/Burlingame/Beaver Creek are 
based on percent reductions.  In order to provide a wasteload allocation to compare pollutant 
load reduction estimates against, the respective target reductions of 66%, 78% and 86% were 
applied to the existing (2008) estimated loads without BMPs.  Without estimating what the 
actual basecase conditions were at the time the TMDL reduction targets were set, using the 
current conditions at least provides some reference point for estimating a load from these percent 
reduction based WLAs.   
 
The Johnson Creek TMDL for DDT/Dieldrin is based on a 77% reduction.  Most stormwater 
DDT data comes from two studies – one conducted by USGS and another conducted by the 
Johnson Creek Interjurisdictional Committee through an EPA 319 grant, with samples collected 
at the same two outfalls monitored in the USGS study, one in the City of Portland and the other 
in the City of Gresham.  In addition to this data, the Cities of Gresham and Portland have 
continued monitoring their outfalls for DDT.  However, Gresham’s samples were tested using 
detection limits higher than the two studies.  Therefore, monitoring at lower detection levels is 
needed in order to build a dataset that will allow pollutant load reduction estimates to be 
calculated for DDT.  Gresham has been collecting DDT concentrations from various land uses 
(commercial, residential and industrial) using a lab with lower detection limits since 2008.   The 
current body of data on DDT is still too limited to confidently calculate loads, or to estimate the 
reduction by the various structural and nonstructural BMPs that the city employs, therefore, the 
benchmark evaluation focuses on reductions in TSS.  The Johnson Creek Toxics TMDL (DEQ 
2006) shows a strong correlation between DDT and TSS, and many of the city’s BMPs are 
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targeted at reducing movement of sediment into streams, thus TSS was used to estimate the 
effectiveness of DDT removal. 
 
D.  Modeled Areas and Land Use  
 
As stated in section 4.1.1.A, “TMDL Parameter Evaluation,” TMDLs are in place for the 
Columbia Slough, Fairview Creek, Johnson Creek and Kelly/Burlingame/Beaver Creek.  The 
city’s GIS layers were used to calculate the area within Gresham’s permit boundary that was in 
each watershed. A significant portion of the Columbia Slough and Fairview Creek watersheds 
are drained by drywells (also called underground injection controls (UICs)). A relatively small 
area within the Kelly/Burlingame/Beaver and Johnson Creek watersheds also drains to drywells.  
Because areas drained by drywells do not contribute surface runoff, these areas were excluded 
from the modeled watershed areas. Figure 4.1.1 illustrates the relative watershed boundaries, 
excluding the drywell (UIC) service area for the City of Gresham. Table 4.1.4 depicts the 
relative breakdown in acres of watershed areas both with and without the drywell (UIC) service 
area.  
 
Table 4.1.4:  Watershed Areas 

Watershed 
Watershed Area in acres 
(including area drained by 

drywells (UICs))  

Watershed Area in acres 
(excluding area drained by 

drywells (UICs))  
Columbia Slough1 3780 1960 
Fairview Creek 2745 2014 
Johnson Creek 5476 5361 
Kelly/Burlingame/Beaver Creek 2887 2840 

1 Watershed area for Columbia Slough excludes I-84 and area within Columbia River because they are not part of 
the city’s MS4 permit area. 
 
The method used to obtain a representative drainage area for the City of Gresham was very 
conservative, yielding probable worst case scenario. Specifically, there are a number of areas 
where the pollutant load is either the responsibility of another jurisdiction or not the direct 
responsibility of the city. For example, areas that drain directly to surface waters are included in 
the estimates, even though the runoff never enters the city’s piped system. These areas should 
not technically be included in the loadings model because they are not part of the city’s permitted 
MS4 system. Currently, due to the limited staff time and existing resources necessary to field 
verify and delineate these areas, it is not realistic to segregate these areas from the model. 
Therefore, the pollutant load results and runoff volumes overestimate the total load to the city’s 
system. 
 
Two small areas within the permit boundary were not included in the modeled results. I-84 was 
removed because state highways are the responsibility of the Oregon Department of 
Transportation (ODOT). The area with floating homes on the Columbia River was also excluded 
because stormwater running off the roofs and docks goes directly to the river without entering 
the city’s permitted MS4 system. 
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Land Use Categories  
The City of Gresham’s land use GIS layer (“LUIS_2008”) contained more land use categories 
than exists for land use based EMC data.  Land use categories were condensed into categories 
with available EMC and associated impervious values. Table 4.1.5 shows the breakdown of 
Gresham land use categories, modeled land use categories, and the categories from which the 
EMC and associated impervious values are taken (if the modeled land use category does not 
have specific EMC and imperviousness). Land use categories were consistent for both the 
current and future scenario model runs.  
 
Table 4.1.5:  City of Gresham Land Use/Zoning Categories1  

Gresham Land Use 
Category  

Modeled Land Use 
Category 

ACWA Ranger 
EMC Land Use 

Category  

Land Use category 
for Imperviousness 

<blank>  Zoning + surrounding 
land use used to define 

Per zoning-land use Per zoning-land use  

Agriculture  AGR  AGR  AGR  
Single Family 

Residential 
RES  RES  RES  

Civic  COM  COM  COM  
Commercial  COM  COM  COM  

Community Service  COM  COM  COM  
Construction  IND  IND  IND  

Fin/Ins/Real Estate  COM  COM  COM  
Lodging  COM  COM  COM  

Manufacturing IND IND IND 
Medical Service  COM  COM  COM  

MFR  MRES  RES  MRES  
Mining  IND  IND  IND  

Misc. Open Space  OSP  OSP  OSP  
Multi-family  MRES  RES  MRES  

Office  COM  COM  COM  
Parking  COM  COM  COM  
Parks  OSP  OSP  OSP  
Retail  COM  COM  COM  

Sanitary Service  IND  IND  IND  
Service  COM  COM  COM  

SFR  RES  RES  RES  
Single Family  RES  RES  RES  

Sliver  OSP  OSP  OSP  
Transportation2 IND  IND  IND  

Utility  OSP  OSP  OSP  
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VAC  VAC  OSP  OSP  
Vacant  VAC  OSP  OSP  

Vacant Structure  VAC  OSP  OSP  
Warehousing  IND  IND  IND  

Note 1 = Key to land use abbreviations appears below.  
Note 2 = Larger, segregated transportation corridors were modeled as industrial land use, with the exception of I-84 
which was excluded because state highways are the responsibility of the Oregon Department of Transportation 
(ODOT).  However, most transportation areas were allocated the land use of the adjacent parcels because land use 
EMC data is collected from stations that include runoff from the streets.  

Land Use Category  Referenced Abbreviation   Land Use Category  Referenced Abbreviation 
RES  Residential (Single Family)   OSP  Open Space  
COM  Commercial   AGR  Agricultural  
MRES  Multi-family Residential   VAC  Vacant  
IND  Industrial   <blank>  Unknown land-use  

 
Although there were a large number of land use categories, most were representative of more 
general land uses types and the categories were easily consolidated. Land uses for parcels 
without a specified land use, are defined as <blank>. Land use categories were assigned based 
upon the zoning classification of the parcels. If zoning information was not provided for the 
<blank> parcels, the area was assumed to be vacant and classified as VAC (per Table 4.1.5).  
 
Impervious Values  
Impervious percentages for select land use categories were taken from recent stormwater master 
plans: West Gresham Master Plan (URS 2005) for Columbia Slough; Fairview Creek 
Stormwater Master Plan for Fairview Creek (HDR 2003); Johnson Creek Basin Stormwater 
Master Plan for Johnson Creek (CH2MHill 2006; Pacific Water Resources 2005); and Kelly 
Creek Stormwater Master Plan for Kelly Creek (HDR 2007). Table 4.1.6 shows the associated 
impervious values used for select land use types.  
 
Table 4.1.6:  Imperviousness Values Used in Model  

Land Use 
Category  

Columbia 
Slough  

Fairview 
Creek 

Johnson 
Creek 

Kelly/Burlin
game/Beaver 

Creek 
City-wide 
Average 

AGR  2%  NA 5% 10% 5.7% 
RES  35%  35% 35% 35% 35.0% 

MRES  60%  60% 55% 60% 58.8% 
COM  85%  90% 90% 90% 88.8% 
IND  75%  70% 90% 70% 76.3% 
VAC  2%  10% 5% 10% 6.8% 
OSP  2%  10% 5% 10% 6.8% 
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E.  Model Scenarios  
 
In order to show loadings based on current and future development and BMP application, it is 
necessary to model various scenarios to depict how pollutant load generation and wasteload 
allocation comparisons will change with time.  Initial load simulations (no BMPs) and treatment 
load simulations (with structural BMPs and weekly street sweeping) were conducted given the 
impervious percentages summarized in Table 4.1.6.  Watershed-based reductions due to one 
additional nonstructural BMP (enhanced erosion control program efforts) was applied after the 
current and future model results were calculated.  Assumptions and details related to the current 
and future scenarios are described below.  
 
1.  Current Scenario  
 
The current condition (2008) model scenario uses Gresham’s land use information 
(“LUIS_2008” GIS layer) and land use runoff concentrations summarized in Table 4.1.2. 
Structural and non-structural BMP (street sweeping and enhanced erosion control) systems were 
considered in this modeled scenario. Structural BMP drainage areas were delineated by City of 
Gresham GIS, engineering and development engineer staff based on as-builts and field 
verification. Structural BMP systems modeled included both public and private facilities. Only 
areas of the city receiving weekly street sweeping were included in the model, since street 
sweeping was occurring monthly during at least a portion of the year prior to collection of the 
data used in the land use based EMC concentrations (ACWA 1997) and is therefore already 
represented in the data.  
 
As stated previously, the modeled area excludes the acreage drained by drywells (UICs) and the 
I-84 transportation corridor.  An initial load scenario (no BMPs) and a treatment load scenario 
(with structural and nonstructural BMPs) were simulated based on the characteristics 
summarized in Table 4.1.7 for current (2008) conditions.  
 
Table 4.1.7 also shows the land use values used in the 2006 Interim Evaluation Report.  The 
permit area is larger in 2008 than 2005, so direct comparison of percentages does not necessarily 
represent development (e.g. vacant land developed into residential or commercial).  In addition 
to added acreage, Gresham planners have refined the land use data to better reflect actual uses 
versus zoning for larger parcels.  For example, some larger parcels that were assumed to be 
entirely commercial or industrial in 2005 have been reclassified at a higher resolution so that 
undeveloped portions are classified as vacant instead of based on their zoning, hence the increase 
from 1,395 acres in 2005 to 1,945 in 2008. 
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Table 4.1.7:  Summary of Current (2008) Land Use Conditions Input to Model 

*Areas excludes drywell (UIC) service area and I-84 corridor 
**Acres listed for Columbia Slough do not include Fairview Creek acreage within this table.  However, all of the 
Columbia Slough pollutant loads were calculated using the total of both because Fairview Creek is a tributary to the 
Slough.  
***Since Fairview Creek has its own separate TMDL for bacteria, pollutant loads were calculated using only the 
acreage listed in this table for Fairview Creek, not including the Columbia Slough. 
+Totals and percent of areas within each land use are listed for 2005 so that the change in land use submitted in the 
2006 IER can be compared to current land use.    
 
2.  Future Scenario 
 
For the 2006 Interim Evaluation Report, the City of Gresham used future zoning (2025), 
estimated to be the year of full build out for the city to determine future conditions.  DEQ 
requested that pollutant reduction estimates be projected at the end of the next permit cycle 
(2013). Because zoning is longer term than the 5-year permit term, approximating future 
conditions 5 years out, versus 30, requires several assumptions for predicting how development 
will occur. 
 
The future conditions model for the City of Gresham assumes the land use information used in 
the current condition model is still accurate and remains the same for previously developed 
parcels (assumes no redevelopment).  Like the current condition model, the I-84 corridor is still 
excluded from the pollutant load calculation.   
 
To approximate future development conditions, staff reviewed a draft of the City of Gresham’s 
Updated 2007 Housing Capacity Analysis to determine how much land city planners felt would 
likely develop in the next 10 years.  The assumptions in this report were used to determine the 

Land Use Breakdown  Total 
Area* 
(acres) AGR COM IND OPS RES MRES VAC 

Columbia 
Slough** 1,960 0 293 609 103 399 109 446 
Fairview 
Creek*** 2,014 0 292 388 229 626 159 321 

Johnson Creek 5,361 153 318 134 1,273 2,360 221 903 
Kelly/Burlin-
game/Beaver 2,840 0 333 31 399 1,504 300 275 

TOTAL (2008) 12,176 153 1,235 1,161 2,004 4,889 789 1,945 

Percent of Total for 2008 1.3% 10.1% 9.5% 16.5% 40.2% 6.5% 16% 
Comparison to values used in IER 

TOTAL (2005) 11,464 340 1,519 1,137 1,370 4,748 955 1,395 

Percent of Total from 2005+ 3.0% 13.3% 9.9% 12.0% 41.4% 8.3% 12.2% 
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proportion of various land uses developed (e.g., residential, commercial, parks), and the amount 
of available land within each watershed was used to determine how to distribute the future 
development.  Based on the lack of development since 2008, the benchmarks were modified in 
August 2010 using the following assumptions: 

• Five percent of the entire City will be redeveloped through 2013.  The assumption made 
here is that land use doesn’t change, but that areas redeveloped are required to implement 
stormwater management according to the city’s 1000 sf trigger; 

• New development will occur on 5% of currently vacant land not served by drywells 
through 2013; 

• Since industrial land was not included in the Housing Capacity Analysis, an estimate 
from Gresham Economic Development Department that 20 acres of industrial land would 
be redeveloped in the Fairview Creek watershed and that 20 acres of new industrial 
development could occur was assumed for future land use; 

• All redevelopment and new development was assumed to take place outside the drywell 
(UIC) area.   

 
BMPs from the current scenario are assumed to still be functioning in the future scenario.  In 
addition to those treatment areas, all new development requires stormwater treatment.  Detention 
ponds, swales, and structural filter systems are currently the most commonly used to address the 
water quality standards for new development. Because the type of BMP selected for future 
development is unknown, new and re-development was assumed to utilize swales.  The majority 
of new development has been interested in the city’s Green Development Practices Manual, 
which focuses on the use of impervious pavement and rain gardens, which would have similar 
effluent concentrations, but higher volume reductions (making the assumed future BMP 
assumption conservative).   
 
An initial load scenario (no BMPs) and a treatment load scenario (with structural and 
nonstructural BMPs) were simulated based on the characteristics summarized in Table 4.1.8 for 
future conditions. 
 
Table 4.1.8:  Summary of Future (2013) Land Use Conditions Input to Model 

*Areas excludes drywell (UIC) service area and I-84 corridor 

Land Use Breakdown  Total 
Area* 
(acres) AGR COM IND OPS RES MRES 

UND 
(VAC) 

Columbia 
Slough** 1,960 0 294 609 103 400 110 443 
Fairview*** 

Creek 2,014 0 297 408 229 627 160 294 
Johnson 
Creek 5,361 153 319 134 1274 2373 221 887 
Kelly/Burlin-
game/Beaver 2840 0 334 31 399 1509 303 264 

TOTAL 12,176 153 1,245 1,181 2,006 4,908 794 1,888 
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**Acres listed for Columbia Slough do not include Fairview Creek acreage within this table.  However, all of the 
Columbia Slough pollutant loads were calculated using the total of both because Fairview Creek is a tributary to the 
Slough.  
***Since Fairview Creek has its own separate TMDL for bacteria, pollutant loads were calculated using only the 
acreage listed in this table for Fairview Creek, not including the Columbia Slough. 
 
In order to calculate future condition (2013) concentration of DDT for the Johnson Creek toxics 
benchmark, the natural attenuation formula was applied to the current (2008) mean value of 2.96 
ng/L as listed in Table 4.1.2: 
 

Nt = Noe-(0.693t/T
½

) 

 
Where, 
t  =  (ln(Nt/No) * T½)/-0.693 
No  =  initial activity,  
t  =  time elapsed since the initial measurement 
T½  =  half-life 

 
Based on the 2008 mean value of (No=2.96 ng/L), a half-life (T½) of 10 years, and a time (t) of 5 
years elapsed, the natural attenuation equation gave a concentration of 2.09 ng/L for DDT in 
2013. 
 
3.  Modeled Rainfall 
 
An annual rainfall value of 45.48” was used in the pollutant load model for both current and 
future conditions.  This value was used in the pollutant load calculation produced by URS for the 
2006 Interim Evaluation Report, and was reused in order to maintain some comparability 
between the pollutant load estimates calculated in 2005.   
 
This value causes the model to predict higher loads (probable worst case) than are likely 
occurring since a 13-year rainfall average from the rain gauge at Gresham City Hall between 
1995-2007 showed an average of 42.34 inches.  Because the design storm used for structural 
BMPs was selected to treat 80% of annual runoff, the model was adjusted to account for 80% of 
runoff from treated areas having the lower effluent concentrations and flow reductions applied, 
while the other 20% was assumed to remain at the land use based EMC. 
 
Since the Columbia Slough has flow-based waste load allocations, benchmarks for the Slough 
are based on a 24-hour design storm of 0.51” as opposed to the pollutant load estimates which 
are based on the 45.48” annual rainfall (See Section 4.1.4).  The 0.51” design storm was selected 
because it was used in the original 1995 Part I NPDES permit application, where it was listed as 
the average annual 24-hour storm event.  An analysis of rainfall data collected at Gresham City 
Hall from 1998-2008 showed that for days on which any measurable rainfall occurred, the mean 
was 0.24”, median of 0.15” and 0.51” was at the 86th percentile.  Even when rainfall events for 
the same period were summarized with a minimum storm size of 0.10” the mean was 0.37”, 
median of 0.26” and 0.51” was at the 78th percentile.  Thus, the selected model storm should 
provide load estimates that are representative of the majority of 24-hour events occurring in the 
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city.  Since the Gresham water quality design storm is 1.2 inches/24 hours, no bypass was 
assumed for structural BMPs in the Columbia Slough modeling. 
 
The annual and daily rainfall values were multiplied by a factor of 0.9 to account for the 
percentage of rainfall that does not produce runoff – this 0.9 factor comes from the EPA Simple 
Method (Schueler 1987), and is used to account for the 10% loss due to evapotranspiration and 
other variables that prevent some precipitation from becoming runoff. 
 
Thus, calculations of stormwater volume based on land use and not accounting for any flow 
reduction due to BMPs, yield volumes of: 

• 2008: 683,024,306 ft3/year 
• 2005: 706,164,870 ft3/year 

 
Even though the permit area increased from 2005 to 2008 (see Table 4.1.7), enhanced land use 
accuracy and re-zoning results in a stormwater volume that is lower for 2008 than 2005.   
 
F.  Best Management Practices (BMPs) 
 
Per Gresham’s SWMP and national databases, all existing and potential structural and 
nonstructural best management practices (BMPs) were considered in the evaluation of 
benchmark load reductions.  However, only the structural BMPs listed in the following 
“Structural BMPs” section were modeled based on availability of data.  Limitations in 
quantifying nonstructural controls are discussed in 4.1.2.F.3 “Nonstructural BMPs” section.  
 
1.  Structural BMPs 
 
Gresham staff developed GIS layers that delineated drainage areas for select structural BMP 
systems (see Figure 4.1.2). Because the ACWA Rangers found limited effectiveness information 
for certain structural BMP types, the BMP categories had to be further categorized and classified 
according to the appropriate modeled BMP types.  In addition, some City BMP categories 
(ponds, vaults) needed to be further broken out because more detailed effectiveness information 
existed. Certain structural systems that achieve flow control rather than pollutant removal were 
not included as a simulated BMP category.  Table 4.1.9 shows the breakdown of Gresham BMP 
categories and the representative modeled BMP categories.  
 
One unique facility for the City of Gresham is the Fujitsu Pond system in the Fairview Creek 
watershed. These ponds were acquired by the city and are not currently considered a water 
quality facility. However, based on limited monitoring information, the ponds appear to provide 
extended residence time for sedimentation, and continually maintain a standing water elevation. 
No pollutant removal effectiveness study has been conducted on the ponds; therefore, it is 
difficult to project what type of BMP facility these ponds represent. For the pollutant load model, 
these ponds were modeled as a separate BMP type given a 5% flow reduction similar to a wet 
pond facility, but no credit was given for water quality effectiveness. The city is currently 
studying how the ponds might be modified so that they function as wetlands; these changes are 
scheduled to be implemented by 2013, so the future scenario assumes the area currently treated 
by the Fujitsu Ponds will have treatment by constructed wetlands. 
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Table 4.1.9:  Structural BMPs Included in Model (Current/2008 Scenario) 
Modeled BMP Category  Gresham Structural 

BMP Category1  
Area Treated by 
BMP Category 

(acres) 

Percent of City 
Treated by 

BMP 
Centrifugal Separator  
Hydrodynamic Device  

CDS Manhole; SC 
(Stormceptor) Manhole 

5 0.04% 

Filters (Leaf/Sand/Other)  SMI (Stormwater 
Management Inc) 
Manhole; Vaults2 

28 0.23% 

Pond, Dry Vegetated 
Detention Pond 

Dry Detention Pond 313 2.57% 

Regional Facility* Regional Facility 1,657 13.61% 
Swales - Vegetated Filter 

Strips  
Swales  176 1.45% 

Wetlands, Constructed 
Surface Flow 

Wetland 22 0.18% 

Sedimentation Manhole  Sedimentation/Flow 
Manhole 

19 0.15% 

Soakage Trench Soakage Trench 4 0.04% 
Fujitsu Ponds Fujitsu Ponds3 658 5.41% 
Not Modeled Catch Basin4 NA NA 

Notes:  
*The Fairview Creek and Columbia Slough regional water quality facilities are shown as detention ponds in Figure 
4.1.2, but as sufficient BMP effluent data became available by August 2010, the City distinguished between the area 
treated by regional facilities versus other detention ponds throughout the city as noted under Table 4.1.3. 

1. BMPs used primarily for flow control and conveyance are not included as a modeled BMP type.  These include: 
Bypass Manhole, Control Release Manhole, CRM Manhole, Detention Pipe, Detention Manhole, and Flow 
Manholes. 

2. Vault systems are classified as either a StormFilter vault or detention vault.  StormFilter vaults were included in 
the model as Filters. Detention vaults were not included in the model due to the lack of BMP effectiveness data and 
the fact that they are primarily used for flow control.  
3. Area draining to the Fujitsu Ponds was assumed to have 5% flow reduction, but no water quality improvement in 
effluent concentrations. 
4. Catch basins are extremely effective at removing sediment when cleaned and maintained, but since some level of 
catch basin cleaning was occurring prior to collection of the data used to calculate the land use EMCs, catch basin 
cleaning was not included in the model. 
 
 
2.  Modeling BMPs in Series  
 
Drainage areas for the structural BMPs were delineated as polygon files, in order to provide a 
geographic reference to the land use both inside and outside the area of BMP influence. BMP 
data on BMPs in a series is lacking.  For BMPs that were in series and the drainage areas 
overlapped, the BMP effectiveness (effluent concentrations and flow reductions) for the most 
effective of the overlapping BMP was selected.  This means that no credit is given for BMPs in 
series, which results in probable worst case load reduction estimates.  This probable worst case 
estimate is at the watershed scale.   
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Many sites have as-builts that reflect multiple BMPs in place on a given site, yet the polygon 
delineates the entire area so that only a single BMP can be applied.  Typically, swales or dry 
detention ponds were modeled, even if sedimentation manholes or filters were used in the 
upstream drainage area of these sites.  Even though filters can be more effective (e.g. lower 
effluent concentrations for E. coli, sediment and total phase metals), ponds were selected because 
they also have some flow reduction.  This probable worst case estimate is at the site scale. 
 
The reason both of these individual accountings is worst case is because in cases where the 
upstream BMP is less effective, the fact that the upstream BMP drainage area is actually treated 
again by the downstream BMP is not accounted for.  Therefore, the resulting pollutant loading 
estimates are higher than the potential actual performance of the BMPs in series. 
 
3.  Nonstructural BMPs 

Nonstructural BMPs focus on prevention and removal of stormwater volumes and constituent 
loads at their source. There are no physical structures associated with nonstructural BMPs. 
Characteristics of nonstructural BMPs include:  

1. Limiting the amount of pollutants that have potential to be in stormwater runoff  
2. Reducing the need for the more expensive structural BMPs  
3. Improving overall BMP efficiency and helping to reduce maintenance requirement  
4. Implementing non-structural BMPs through education, management, planning, and 

infrastructure maintenance  

Examples of common nonstructural BMPs include but are not limited to: 

• Materials management practices that prevent either rainfall or stormwater from collecting 
and transporting water pollutants 

• Storm drain maintenance practices such as street sweeping and catch basin cleaning 
• Equipment maintenance 
• Spill prevention, control, and cleanup 
• Eliminating non-stormwater discharges 
• Employee training 
• Implementation of development standards, etc.  

The only nonstructural BMP category simulated in the spreadsheet model is street sweeping.  
Because monthly street sweeping was assumed to be occurring prior to collection of the original 
land use EMC data, only the increased sweeping frequency performed weekly was included in 
the model. To simulate this activity in the model, the land use areas where weekly street 
sweeping occurs was determined using GIS and the EMCs for these weekly swept areas were 
reduced by 10%. The 10% reduction was not based on any individual effectiveness study but 
rather was a best professional estimate of general overall additional removal expected with 
increased sweeping frequency (URS 2004), as well as enhanced sweeping technology since the 
1995 permit.  
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After the model had been used to account for pollutant load removal by street sweeping and 
structural BMPs, a reduction in total suspended solids (TSS) was made based on the 
enhancements to Gresham’s Erosion Prevention and Sediment Control (EPSC) program.  The 
city has had an EPSC Manual and commercial and industrial site EPSC inspections in place 
since 1992.  However, a year ago, one of the EPSC positions was upgraded from 0.75 FTE to 1.0 
FTE, which resulted in program enhancements that significantly contribute to increased 
effectiveness, primarily at single-family residential sites.   
 
To estimate the program’s effectiveness for the pollutant load calculation, a determination of 
predicted soil loss from construction sites without BMPs was made using the Revised Universal 
Soil Loss Equation (RUSLE2; Pitt 2004).   
 

A = R * K * L-S * C * P 
 
Where,  
A = average annual soil loss (tons/acre/year) 
R = rainfall intensity/runoff factor 
K  = soil erodibility factor 
L-S =  length-slope gradient factor,  
C = cropping/vegetation and management factor, and  
P = conservation/support practices factor 

 
The following RUSLE2 input assumptions were made:  

1. Weighted averages were made for soil erosivity, K, values for percent of area covered by 
various soil types within four Gresham watersheds from the Natural Resource 
Conservation Service (NRCS 2008) on-line maps.  Average K values by watershed: 

a. Johnson = 0.352, 
b. Fairview Creek = 0.316, 
c. Kelly Creek = 0.291, 
d. Columbia Slough = 0.297; 

2. Rainfall intensity, R, value of 60 was used based on an isoerodent map of Oregon and 
Washington from EPA (2001); 

3. Length-slope, L-S, factor was based on 50-foot length and a 1% slope in the Columbia 
Slough, Fairview and Kelly (L-S = 0.13) and 50-foot length and 3% slope in Johnson 
Creek (L-S = 0.3); 

4. Cropping/vegetation factor, C, and conservation practice factor, P, were both assumed to 
be 1 to simulate bare soil, or a lack of BMPs. 

 
The RUSLE2-predicted annual soil loss, A (tons/acre/year), was then multiplied by the number 
of acres within the city being developed as residential in a year, as well as multiplying the results 
by a BMP effectiveness factor and a compliance factor.  The following assumptions and values 
were used:  

1. The soil loss area was based on the number of acres of residential and multifamily 
residential zone assumed to be developed or redeveloped in the 5-year permit term.  This 
area was then divided by 5 to estimate an area disturbed annually. 
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2. A 90% total effectiveness was assumed for the wide-variety of sediment control BMPs 
that might be employed at any given construction site, based on a probable worst case 
estimate from Gresham’s EPSC Inspector and literature review (CWP 2000); 

3. Compliance with EPSC Manual was assumed to be 40% before current program was 
implemented; 

4. Current compliance (2008) is assumed to be at 70% based on reported tracking measures 
from inspection forms; 

5. Maximum future compliance is assumed to be 80%.  Improvements being initiated in the 
current program suggest we will reach this level of compliance by 2013. 

 
Calculations based on those assumptions resulted in TSS reductions of 2.5% (current) and 3.4% 
(future) for Johnson Creek and 0.14% (current) and 0.24% (future) for Columbia Slough.  
Reductions in TSS were applied to the annual reductions in DDT attributed to BMPs in the 
Johnson Creek watershed.  In the Columbia Slough, annual erosion control reductions were 
converted to daily load reductions by using a ratio of the 24-hour design storm to modeled 
annual rainfall (0.51" / 45.48"). 
 
Based on a national and local level BMP literature review, including an analysis of Portland’s 
nonstructural BMPs conducted by Herrera (2006), other non-structural BMP categories such as 
public education and illicit discharge investigations, did not yield quantitative information in the 
literature and therefore, were not included in the model.  To this end, as noted in Table 4.1.9, the 
benefits of catch basin cleaning is also not quantified. Thus, the model predicts probable worst 
case scenario, as none of the additional benefits of the city’s numerous nonstructural BMPs are 
modeled at this time.   
 
G.  Methods for Comparing Model Results to Waste Load Allocations (WLAs)  
 
Johnson, Fairview and Kelly/Burlingame/Beaver Creek Wasteload Allocations 
The Lower Willamette TMDL, which includes bacteria for Fairview Creek and bacteria and 
toxics for Johnson Creek, as well as the Sandy TMDL, which includes bacteria in 
Kelly/Burlingame/Beaver Creeks, all express wasteload allocations as percent reductions.  The 
use of wasteload allocations represented as percent reductions was established based on load 
duration curves, which are an analysis of contaminant concentrations plotted against flow 
exceedence probabilities.  Since the percent reduction WLAs account for changes in flow, the 
wasteload allocations represented in the benchmarks assume percent reductions from the 
pollutant load estimates with no BMPs in place.  The wasteload allocations for all of the bacteria 
TMDLs increase from the current to the future scenario since the flow increases as more land 
within the permit area is developed.   
 
The wasteload allocation for the Johnson Creek toxics TMDL is based on a 77% reduction in 
DDT from the time the TMDL was established using 2002 data.  Thus, the wasteload allocations 
are assumed to be the annual load calculated when the mean DDT concentration (4.13 ng/L) was 
input into the model.  A 77% reduction from the load calculated using this concentration, 
assuming no BMPs in place, was used for both the current and future conditions. (See Figure 
4.1.9). 
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Columbia Slough Wasteload Allocations 
The Columbia Slough TMDL reports wasteload allocations in terms of load per volume of 
instream flow.  The TMDL assumes a total groundwater contribution of 1.98 m3/second (70 cfs) 
for all parameters investigated. Therefore, to translate the TMDL into a load per stormwater flow 
rate, the groundwater flow contribution of 70 cfs was subtracted from the instream flow. The 
resulting relationship yielded a wasteload allocation per stormwater flow rate. The subtraction 
means that for some parameters in the TMDL, there appears to be a wasteload allocation at zero 
stormwater flow. This was assumed to be a mistake, as there should not be a wasteload allocation 
if no stormwater runoff is occurring.  
 
With some parameters having a wasteload allocation at zero stormwater flow in the TMDL, the 
resulting relationship between load and flow is not a constant one. A smaller jurisdiction 
contributing a relatively small amount of stormwater flow would be granted a wasteload 
allocation per unit flow volume that is proportionally far greater than a larger jurisdiction 
contributing greater flows. This discrepancy is believed to be a flaw in the TMDL, as the 
relationship between load and flow should be proportional so that regardless of the size of a 
jurisdiction, they are held to the same standards. To compensate, the regression plot between the 
TMDL wasteload and stormwater flow was forced through the origin such that at zero 
stormwater flow, there is always zero wasteload allocation. This results in consistent wasteload 
allocations per unit flow volumes for all jurisdictions, regardless of size.  
 
Determination of Stormwater Volume for Comparison to WLAs 
The model simulates land use and impervious conditions to generate a pollutant load and 
associated runoff volume. To estimate a current condition stormwater runoff volume that could 
be used to determine the current condition WLA, an initial model was run using current 
condition land uses and no BMPs for the 0.51” (average annual 24-hour rainfall event) for 
Columbia Slough and 45.48” (average annual rainfall) for Johnson, Fairview and 
Kelly/Burlingame/Beaver Creeks. Because land use and impervious proportions change with 
development and growth, future condition stormwater runoff volumes were also generated based 
on a pre-BMP future conditions model simulation using the 24-hour event or annual rainfall to 
determine the future condition WLA.  The pre-BMP runoff volume for the average annual storm 
event was applied to the equation representing wasteload per volume of stormwater runoff.  The 
result is a current and future condition wasteload for the 0.51” storm event that can be compared 
to the load results with BMPs in place.  
 
Comparison of Modeled Load Results with the Wasteload Allocation  
The pollutant loads for all TMDL parameters (total phosphorus, dissolved lead, bacteria, BOD, 
and TSS in Columbia Slough; bacteria in Fairview Creek; bacteria and toxics in Johnson Creek; 
and bacteria in Kelly/Burlingame/Beaver Creeks) were calculated under current and future 
conditions.  The current condition simulation consists of an initial model run (no BMPs) and a 
BMP model run (assuming implementation of structural BMPs, weekly street sweeping and post 
processing for enhanced EPSC program).  The future condition simulation consists of an initial 
model run (no BMPs) and a BMP model run (assuming implementation of current and proposed 
structural BMPs, continued weekly street sweeping and enhanced EPSC program).  In the future 
condition scenario, initial model simulation was conducted not only to determine projected 
loading, assuming development and no structural BMP systems in place, but also to generate 
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revised pre-BMP runoff volumes for use in the wasteload allocation equation. Loading results for 
all simulations are shown in Section 4.1.3 in Figures 4.1.3 through 4.1.11.  A summary is also 
provided in Table 4.1.10. 
 
For each parameter, modeled load results for current (2008) conditions without BMPs, current 
conditions with BMPs, future (2013) conditions without BMPs, and future conditions with 
BMPs are compared to the wasteload allocations.  An additional bar was added to Columbia 
Slough charts to represent the projected future load from when benchmarks were calculated for 
the 2006 Interim Evaluation Report (IER).  Since the City of Gresham used 30-year zoning in the 
IER for the future scenario (2025) and the land use EMCs and BMP effluent concentrations used 
in 2008 were slightly different than those submitted within the IER, direct comparison between 
the current calculations and the projected load for 2025 should not be made.  The current (2008) 
and future (2013) wasteload allocations were plotted on the same graph in order to directly 
compare current differences and future projected differences between the estimated load being 
generated and the wasteload allocation. The difference between the loading assuming no BMPs 
and the loading with BMPs indicates the modeled estimated amount of load reduction achieved 
for a given date.  
 
Application of a Loading Range to the Modeled Results 
Due to the significant variability observed with the land use concentration data and the BMP 
effluent data (see Tables 4.1.2 and 4.1.3), a data range was applied to the modeled load results. 
Using the City of Portland’s statistical analysis of land use based concentration information, 
upper and lower data ranges were estimated for each parameter and land use type. The City of 
Portland used a statistical method called bootstrapping to estimate upper and lower confidence 
intervals for the land use data. Then, the percentage difference between the upper and lower 
confidence intervals and the mean land use concentration value was calculated for each land use 
type and each parameter. The percentage difference between the confidence intervals and the 
means were averaged across land uses, and the loads using the upper value range (UVR) and 
lower value range (LVR) was then applied to the modeled current and future loads with BMP 
values and plotted along with the WLA and modeled load results. The overall data ranges are 
intended to represent the city’s best modeled estimate of the general range of variability. 
 
Calculation of Pollutant Load Reduction/Benchmark Ranges 
The variability in loading ranges described above necessitated a method for evaluating the 
current (2008) and future (2013) pollutant load reductions (the benchmarks) as a range.  In an 
effort to report a reasonable pollutant load reduction range that isn’t just based on the absolute 
upper and lower value ranges described on the graphs, the ranges were calculated using the 
following procedure: 
 
1. Subtract the mean of the pollutant load with BMPs in place from the mean of the pollutant 

load with no BMPs in place.  This is the benchmark mean. 
2. Calculate the percent difference from the mean of the pollutant load with and without BMPs 

to the LVR with and without BMPs, respectively.  Percent difference =ABS((mean-
LVR)/((mean+LVR)/2)) 

3. Calculate the percent difference from the mean of the pollutant load with and without BMPs 
to the UVR with and without BMPs, respectively. 
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4. Average the percent differences between the pollutant loads with and without BMPS and the 
respective LVRs.  This is the lower percent difference. 

5. Average the percent differences between the pollutant loads with and without BMPS and the 
respective UVRs.  This is the upper percent difference. 

6. Subtract the average lower percent difference from the benchmark mean to calculate the 
lower value of the benchmark range. 

7. Add the average upper percent difference from the benchmark mean to calculate the upper 
value of the benchmark range. 

 
The estimated pollutant loads and benchmarks for each TMDL are shown in the following 
graphs and summarized in Table 4.1.10. 
 
4.1.3  Benchmark Results and Discussion 
 
Limitations of Benchmarks:  Prior to summarizing results, it is important to emphasize that the 
input values and assumptions of the model result in a probable worst case scenario for pollutant 
reduction estimates.  This is true for a number of reasons, most of which are discussed in 
previous subsections of this chapter.  The reasons include, but are not limited to:   

• lack of detail in the land-use data;  
• use of means, which are significantly higher than medians, in the calculations; 
• use of older, regional data characterizing runoff quality.  Data from Gresham was 

averaged with data from other jurisdictions implementing various levels of BMPs at the 
time the ACWA data was collected, likely resulting in higher concentrations being 
assumed for the city; 

• modeling of the entire city without excluding areas draining directly to receiving waters 
without entering the MS4; 

• exclusion of BMPs being used within the city when the land use concentration data was 
collected (e.g., monthly street sweeping, annual catch basin cleaning).  Because Gresham 
was already employing some BMPs at the time the data was collected, those BMPs were 
not included, even though street sweeping technology has improved in the past 15 years 
and catch basin cleaning sediment removal is now being documented; 

• lack of data quantifying the benefits of BMPs in series; and  
• lack of effectiveness data for many BMPs, including some structural and numerous 

nonstructural BMPs being employed by the city.  This is described in more detail below.   
 
BMP effectiveness data exists mainly for structural BMPs.  For the City of Gresham, structural 
BMPs that are modeled cover 4.4% (Johnson) to 72.6% (Fairview) of land area in the basin 
under current conditions; and 7.2% (Johnson) to 76.5% (Fairview) under future conditions 
(2013).  An important structural BMP is missed by the model because of the difficulty of 
quantifying its effectiveness:  restoration of stream banks and riparian areas.  This activity is a 
focus especially within the Johnson Creek basin, where tight soils and steep slopes preclude 
large treatment facilities such as those constructed in the Fairview/Columbia Slough basin as 
retrofits for existing developed areas.  The city also implements a significant number of non-
structural BMPs that are not reflected in the results, including public education, illicit discharge 
elimination, spill prevention, catch basin cleaning, etc. These BMPs have associated 
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performance measures, which are qualitatively evaluated as described in Section 4.1.2.F.3 
“Nonstructural BMPs.”     
 
One limitation of structural BMPs is that data for certain constituents, particularly E. coli and 
BOD5, are not commonly monitored water quality parameters with respect to BMP effectiveness.  
Both of these parameters are extremely influenced by site-specific conditions, thus trying to 
develop baseline BMP effectiveness information when looking at studies from across the country 
is very difficult. BMP effectiveness information for BOD5 is limited, and land use EMC and 
BMP effectiveness information found for bacteria was also limited. During the next permit cycle 
the city will monitor BOD5, E. coli and other TMDL constituents and conduct BMP 
effectiveness studies as described in the Monitoring Plan (Section 3.0).  
 
Reality of Benchmarks:  Since the pollutant load reduction estimates result from a modeling 
effort based on probable worst case assumptions, the findings from the Trend Analysis (Section 
2.0) provide a real measure of what is actually happening in-stream over time.  With regard to 
the TMDL parameters addressed in these benchmarks, the following are some highlights from 
the Trend Analysis section: 

• Columbia Slough analysis was performed by Portland (Appendix 2-A). Gresham staff 
analyzed trends for Fairview Creek and Fairview Lake, which comprise the Columbia 
Slough headwaters; 

• Fairview Lake turbidity and total suspended solids (TSS) decrease significantly; 
• Fairview Lake E. coli decreases or does not change with time, with most values below 

the 126 bacteria/100 mL standard without rain and below the 406 standard with rain; 
• Fairview Lake BOD5 significantly decreases or does not change over time; 
• Fairview Lake dissolved lead does not change, and total lead decreases significantly 

during all periods evaluated (with and without rain and during the winter and summer 
months); 

• Fairview Lake total phosphorus decreases significantly; 
• Fairview Creek bacteria decreases during periods associated with stormwater (winter and 

events with rain the preceding 24 hours).  A downward step-trend appears to be evident 
after the Fairview Creek Water Quality Facility was constructed in 2006;  

• Johnson Creek bacteria levels decrease over time for most periods assessed, with rain and 
winter periods demonstrating decreasing trends at both sites;  

• Johnson Creek TSS decreases during all periods at the downstream site, and does not 
change significantly at the upstream site; 

• Kelly Creek bacteria decreases during all periods at the downstream site, significantly for 
most periods. 

 
The instream data demonstrate changes in the desired direction that are projected by the 
benchmarks, thus, confirming that the modeling results presented here are validated even though 
using conservative/worst case assumptions.   
 
Context:  The benchmarks must be viewed in the context of preexisting urbanization that 
occurred decades prior to the implementation of the Clean Water Act and the Phase I NPDES 
MS4 permits.  These preexisting impacts based on land use planning and development standards 
occurring prior to awareness of water quality dramatically affect the rate at which change can 
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occur.  For example, historic development occurred without water quality treatment.  Given that 
a city typically redevelops approximately every forty years, these changes will be incremental 
and will require input of resources and persistence over time.  Additionally, public attitudes and 
behaviors regarding the importance of water quality protection relative to a variety of community 
needs such as safety, transportation, education, etc. will need to be improved. Furthermore, both 
the Willamette and Sandy TMDLs include similar language describing the timeframe over which 
attainment of water quality standards is expected.  Page 14-6 of the Willamette TMDL states,  
 

The types of water quality problems addressed through this TMDL are not 
amenable to quick fixes.  Depending on the pollutant and source of that pollutant, 
it may take several TMDL iterations, decades of habitat restoration, or years of 
implementing a specific management strategy before measurable water quality 
improvements are achieved. 

 
Staff expect that eventually, rain gardens, eco-roofs, porous pavement, and other retrofit options 
that reduce runoff through surface infiltration and/or evapotranspiration will significantly reduce 
pollutant loads below those illustrated and discussed within this document.  However, this 
process will be iterative and will occur over time.  The city does not have the resources to reach 
every goal within the next permit cycle, especially given the many competing community needs.   
 
General Findings: The mean current and future condition modeled loads with no BMPs were 
higher than the wasteload allocations (WLAs) for every parameter modeled, although the lower 
end of the projected range for several pollutants could potentially meet the relevant WLA if all 
BMPs were modeled.  The WLA is considered an ultimate discharge goal; however the legal 
standard that must be met is to reduce pollutants to the “maximum extent practicable” (MEP).   
 
Implementation of current and future conditions with BMPs led to pollutant reductions for every 
parameter, with greater absolute reductions in the future than in the current scenario.  However, 
net reductions in the future are affected by changes in impervious area.  Increased impervious 
area means that BMPs must work to outweigh the effects of new development; specifically the 
transition from vacant impervious (~2%) to a developed impervious (~35-80%), which generates 
significantly more stormwater runoff and, in turn, more load.  Even if highly effective BMPs are 
in place to remove load, it takes a significant effort to proportionally counteract the increase in 
volume resulting from the transition of vacant area to a developed land use.   
 
This finding from the benchmark calculations indicates the need to focus on BMPs that reduce 
flow.  Since this finding was first made during development of the benchmarks submitted in the 
2006 Interim Evaluation Report, finding ways to infiltrate more stormwater, promote low impact 
development, and mimic the natural hydrograph has been a main priority for the city.   
 
Specific results for each of the TMDL parameters are provided below.  
 
A.  Columbia Slough Toxics  
 
Modeled Results and Discussion:  Figure 4.1.3 contains the toxics pollutant load estimate for 
Columbia Slough, assuming a WLA synonymous with a surrogate TSS concentration of 50 
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mg/L.  Calculated pollutant load reduction ranges (benchmarks) are 6,065 - 13,449 lbs/day 
(44.7% reduction) for 2008, and 8,266 - 17,419 lbs/day (58.1% reduction) for 2013. 
 
Recommendations and Observations:  Over the past few years, the city has spent millions of 
dollars implementing programs and capital improvement projects within the Columbia 
Slough/Fairview Creek watershed.  The Fairview Creek Water Quality Facility (FCWQF) 
provides stormwater treatment for a drainage area of approximately 959 acres of residential, 
commercial, and industrial land uses.  The recently constructed Columbia Slough Water Quality 
Facility (CSWQF) provides stormwater treatment for a drainage area of approximately 709 acres 
of primarily commercial and industrial land use.  Within the Columbia Slough watershed, these 
two facilities treat 1,668 acres, which is 42% of the 3,974 acres in the Columbia Slough/Fairview 
Creek watershed.  (See Table 4.19 and Figure 4.1.2). The results of the Trend Analysis (Section 
2.0 of the Permit Renewal Submittal) suggest that in-stream water quality in Fairview Creek 
(headwaters to Columbia Slough) has improved since the FCWQF went into operation in 2006.   
    
Figure 4.1.3:  Columbia Slough – Toxics (Total Suspended Solids) Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 
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2. Mean pollutant loads for 2008 are 21,121 lbs/day without BMPs and 12,052 lbs/day with 
BMPs.  Mean pollutant loads for 2013 are 21,797 lbs/day without BMPs and 9,265 lbs/day 
with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 6,065 - 13,449 lbs/day (44.7% reduction) for 2008, and 8,266 - 17,419 
lbs/day (58.1% reduction) for 2013. 

4. Loading results primarily reflect structural BMPs.  Reductions from one nonstructural BMP 
were included for TSS – reductions resulting from enhancements to the city’s erosion 
prevention source control (EPSC) program.  Other nonstructural BMPs are not accounted for 
in the calculations. 

5. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003).  

6. Existing condition loadings reflect approximately 19.3% of the watershed being undeveloped 
while future condition loadings (2013) reflect approximately 18.6% of the watershed being 
undeveloped.   

7. Existing condition loadings reflect approximately 60.6% of watershed being served by 
structural BMPs (44.1% if the Fujitsu Ponds are not considered) while future (2013) 
condition loadings reflect approximately 62.4% of the watershed being served by structural 
BMPs.  The loads calculated in 2005 for the IER assumed 12% of the watershed was 
serviced by structural BMPs. 

 
B.  Columbia Slough Bacteria  
 
Results and Discussion:  Figure 4.1.4 shows the bacteria loading estimate for Columbia Slough.  
Calculated pollutant load reduction ranges (benchmark) are 1.24 x 1011 - 4.11 x 1011 colonies/day 
(30.7% reduction) for 2008, and 1.67 x 1011 - 5.14 x 1011 colonies/day (38.6% reduction) for 
2013.  The Trend Analysis for Fairview Creek (headwaters to Columbia Slough) (See Section 
2.0) suggests that bacteria levels are decreasing at both sites during winter (Nov-May) and 
periods associated with rainfall.  Consistent with this decreasing trend, BMP monitoring data 
currently being collected from the city’s regional facility on Fairview Creek is showing effluent 
meeting DEQ’s 406 E. coli/100mL single sample exceedance criterion.   
 
Local and regional bacteria source tracking studies have shown that sources in urban 
environments are not predominantly human.  The predominant sources of bacteria include 
wildlife (particularly avian and rodent) and/or domestic pets.  The average from five regional 
studies shows the following bacteria sources and contribution levels: 33% avian, 18% canine, 
15% feline, 10% rodent, 5% human (human sources were only found/reported in the Boise, ID 
study; CH2MHill 2003).  Since humans and canines are the principal sources that the city can 
realistically control, these studies indicate that only a range of 5-25% of total bacteria are likely 
addressable through structural and nonstructural controls. Because the overall controllable 
sources of bacteria are a tiny fraction of the total, such controls are unlikely to achieve 
significant reductions necessary to meet WLAs.  See the 303(d) Listed Pollutant Evaluation 
(Section 1.0) of the Permit Renewal Submittal for a full review.   
 
Recommendations and Observations:    
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Structural and non-structural BMPs have not been shown to be very effective at reducing 
bacteria loads and in some cases, even increase loads if they result in increased habitat for 
wildlife. It is presumed that BMPs that achieve stormwater volume reductions (e.g., infiltration, 
low impact development practices, reduced effective impervious areas, etc.) are effective in 
reducing loads.  Over time, as the city’s low impact development (LID) focus is more widely 
implemented, greater reductions should occur with respect to bacteria. 
 
In addition, municipal BMPs focus on eliminating sanitary sewer cross connections and failing 
septic tanks, working with businesses to address waste containment (source of rodent waste), 
addressing domestic pet waste, as well as education programs targeted at wildlife feeding.  For 
this reason, the city reviewed its point and nonpoint source efforts to address these potential 
sources in its TMDL Implementation Plan.  
 
As noted previously, the city has spent millions of dollars implementing programs and capital 
improvement projects within the Columbia Slough/Fairview Creek watershed.  The Fairview 
Creek Water Quality Facility (FCWQF) provides stormwater treatment for a drainage area of 
approximately 959 acres of residential, commercial, and industrial land uses.  The recently 
constructed Columbia Slough Water Quality Facility (CSWQF) will provide stormwater 
treatment for a drainage area of approximately 709 acres of primarily commercial and industrial 
land use.  Within the Columbia Slough watershed, these two facilities treat 1,668 acres, which is 
42% of the 3,974 acres in the Columbia Slough/Fairview Creek watershed.  (See Table 4.19 and 
Figure 4.1.2). The results of the Trend Analysis (Section 2.0) suggest that in-stream water 
quality in Fairview Creek (headwaters to Columbia Slough) has improved since the FCWQF 
went into operation in 2006.  Continued monitoring of bacteria from land use based MS4 
stormwater sampling and influent and effluent concentrations from the city’s regional facilities 
may provide lower, and more accurate, values to input to future benchmark models for the 
Slough.   
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Figure 4.1.4:  Columbia Slough – Bacteria Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 8.49 x 1011 colonies/day without BMPs and 5.89 x 1011 
colonies/day with BMPs.  Mean pollutant loads for 2013 are 8.56 x 1011 colonies/day without 
BMPs and 5.26 x 1011 colonies/day with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 1.24 x 1011 - 4.11 x 1011 colonies/day (30.7% reduction) for 2008, and 
1.67 x 1011 - 5.14 x 1011 colonies/day (38.6% reduction) for 2013. 

4. Loading results do not reflect application of nonstructural BMPs. 
5. Future condition loading with BMP reflects the application of development standards listed 

in the city’s Water Quality Manual (2003).  
6. Existing condition loadings reflect approximately 19.3% of the watershed being undeveloped 

while future condition loadings (2013) reflect approximately 18.6% of the watershed being 
undeveloped.   

7. Existing condition loadings reflect approximately 60.6% of watershed being served by 
structural BMPs (44.1% if the Fujitsu Ponds are not considered) while future (2013) 
condition loadings reflect approximately 62.4% of the watershed being served by structural 
BMPs.  The loads calculated in 2005 for the IER assumed 12% of the watershed was 
serviced by structural BMPs. 
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C.  Columbia Slough Total Phosphorus  
 
Results and Discussion:  Figure 4.1.5 shows the total phosphorus pollutant load estimate for 
Columbia Slough. The chart shows that the calculated wasteload allocations are lower (i.e., more 
stringent) than they would be if wasteload allocations for stormwater discharges were based on 
the water quality standard of 0.1 mg/L. This is due to the fact that for this parameter, other 
sources of discharge to the Slough were given wasteload allocations based on concentrations 
exceeding the water quality standard. The TMDL was structured so that the combined influences 
of all sources yield an in-stream pollutant concentration representative of the water quality 
standard.  
 
Calculated pollutant load reduction ranges (benchmarks) are 23.0 - 38.4 lbs/day (39.8% 
reduction) for 2008, and 30.2 - 47.8 lbs/day (49.8% reduction) for 2013.  The Trend Analysis for 
Fairview Creek (headwaters to Columbia Slough) (See Section 2.0 of the Permit Renewal 
Submittal) suggests that total phosphorus levels are either not changing or decreasing during 
winter (Nov-May) and periods associated with rainfall.   
 
Recommendations and Observations:  Certain structural BMPs may provide better removal of 
total phosphorus than others. Based on BMP effectiveness data used in the model, BMPs such as 
wet ponds, wetlands and filters appear to more effectively remove total phosphorus, as compared 
to other structural BMPs such as swales and dry ponds.  However, BMPs that achieve 
stormwater volume reductions (e.g., infiltration, low-impact development practices, reduced 
effective impervious areas etc.) are the most effective in reducing loads at the magnitudes 
required to make progress towards meeting WLAs.  Therefore, the city is emphasizing these 
practices, especially for its own public works projects and the annexed areas of Pleasant Valley 
and Springwater.  
 
As noted previously, the city has spent millions of dollars implementing programs and capital 
improvement projects within the Columbia Slough/Fairview Creek watershed.  The Fairview 
Creek Water Quality Facility (FCWQF) provides stormwater treatment for a drainage area of 
approximately 959 acres of residential, commercial, and industrial land uses.  The recently 
constructed Columbia Slough Water Quality Facility (CSWQF) will provide stormwater 
treatment for a drainage area of approximately 709 acres of primarily commercial and industrial 
land use.  Within the Columbia Slough watershed, these two facilities treat 1,668 acres, which is 
42% of the 3,974 acres in the Columbia Slough/Fairview Creek watershed.  (See Table 4.19 and 
Figure 4.1.2). The results of the Trend Analysis (Section 2.0 of the Permit Renewal 
Submittal) suggest that in-stream water quality in Fairview Creek (headwaters to Columbia 
Slough) has improved since the FCWQF went into operation in 2006.  Continued monitoring of 
total phosphorus from land use based MS4 stormwater sampling and influent and effluent 
concentrations from the city’s regional facilities may provide lower, and more accurate, values to 
input to future benchmark models for the Slough.   
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Figure 4.1.5:  Columbia Slough – Total Phosphorus Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 77 lbs/day without BMPs and 46 lbs/day with BMPs.  
Mean pollutant loads for 2013 are 78 lbs/day without BMPs and 39 lbs/day with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 23.0 - 38.4 lbs/day (39.8% reduction) for 2008, and 30.2 - 47.8 lbs/day 
(49.8% reduction) for 2013.   

4. Total phosphorus TMDL based on chlorophyll-a reduction during May through October.  
Modeled phosphorus load associated with stormwater will primarily occur during the wet 
season (October through April); therefore, much of the phosphorus load will move through 
the receiving water body outside the algal growing season and applicable period of the 
wasteload allocation. 

5. WLA for Columbia Slough is more stringent than recommended concentration/water quality 
standard.  

6. Loading results do not reflect the application of nonstructural BMPs.  However, the 
additional reductions in the TSS benchmarks from the EPSC program are also likely to 
reduce total phosphorus, since phosphorus binds to soils, but the exact mathematical 
relationship has not been explored for this basin.   
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7. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003). 

8. Existing condition loadings reflect approximately 19.3% of the watershed being undeveloped 
while future condition loadings (2013) reflect approximately 18.6% of the watershed being 
undeveloped.   

9. Existing condition loadings reflect approximately 60.6% of watershed being served by 
structural BMPs (44.1% if the Fujitsu Ponds are not considered) while future (2013) 
condition loadings reflect approximately 62.4% of the watershed being served by structural 
BMPs.  The loads calculated in 2005 for the IER assumed 12% of the watershed was 
serviced by structural BMPs. 

 
D. Columbia Slough Dissolved Lead  
 
Results and Discussion:  Figure 4.1.6 shows the dissolved lead pollutant load estimate for 
Columbia Slough. As with total phosphorus, the chart indicates that the calculated wasteload 
allocation is less (i.e., more stringent) than it would be if it was based on the chronic water 
quality standard of 0.0012 mg/L.  Again, this is due to other sources of discharge to the Slough 
being given WLAs based on dissolved lead at concentrations exceeding the water quality 
standard.  
 
Calculated pollutant load reduction ranges (benchmark) are 0.166 - 0.373 lbs/day (48.1% 
reduction) for 2008, and 0.203 - 0.428 lbs/day (55.9% reduction) for 2013.  The Trend Analysis 
for Fairview Creek (headwaters to Columbia Slough) (See Section 2.0 of the Permit Renewal 
Submittal) suggests that dissolved lead levels are not changing at either sampling location 
during all periods, and total lead levels are decreasing during winter (Nov-May) and periods 
associated with rainfall.   
 
Recommendations and Observations: Dissolved constituents are generally difficult to remove 
with structural controls. The most effective removal of dissolved constituents is achieved with 
structural controls that work by filtration or by achieving flow reduction.  BMPs that achieve 
stormwater volume reductions (e.g., infiltration, low impact development practices, reduced 
effective impervious areas, etc.) are assumed to be highly effective in reducing loads at the 
magnitudes required to make progress towards meeting WLAs.  Over time, as the city’s low 
impact development (LID) focus is more widely implemented, greater reductions should occur 
with respect to dissolved pollutants. 
 
As noted previously, the city has spent millions of dollars implementing programs and capital 
improvement projects within the Columbia Slough/Fairview Creek watershed.  The Fairview 
Creek Water Quality Facility (FCWQF) provides stormwater treatment for a drainage area of 
approximately 959 acres of residential, commercial, and industrial land uses.  The recently 
constructed Columbia Slough Water Quality Facility (CSWQF) will provide stormwater 
treatment for a drainage area of approximately 709 acres of primarily commercial and industrial 
land use.  Within the Columbia Slough watershed, these two facilities treat 1,668 acres, which is 
42% of the 3,974 acres in the Columbia Slough/Fairview Creek watershed.  (See Table 4.19 and 
Figure 4.1.2). The results of the Trend Analysis (Section 2.0 of the Permit Renewal 
Submittal) suggest that in-stream water quality in Fairview Creek (headwaters to Columbia 
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Slough) has improved since the FCWQF went into operation in 2006.  Continued monitoring of 
bacteria from land use based MS4 stormwater sampling and influent and effluent concentrations 
from the city’s regional facilities may provide lower, and more accurate, values to input to future 
benchmark models for the Slough.   
 
Figure 4.1.6:  Columbia Slough – Dissolved Lead Benchmark  
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 0.54 lbs/day without BMPs and 0.28 lbs/day with BMPs.  
Mean pollutant loads for 2013 are 0.55 lbs/day without BMPs and 0.24 lbs/day with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 0.166 - 0.373 lbs/day (48.1% reduction) for 2008, and 0.203 - 0.428 
lbs/day (55.9% reduction) for 2013. 

4. Columbia Slough WLA is flow-based, so daily loads were calculated based on average daily 
storm size (0.51”).   

5. Loading results do not reflect the application of nonstructural BMPs.  However, the 
additional reductions in the TSS benchmarks from the EPSC program are also likely to 
reduce lead, since it binds to soils, but the exact mathematical relationship has not been 
explored for this basin.   
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6. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003).  

7. Existing condition loadings reflect approximately 19.3% of the watershed being undeveloped 
while future condition loadings (2013) reflect approximately 18.6% of the watershed being 
undeveloped.   

8. Existing condition loadings reflect approximately 60.6% of watershed being served by 
structural BMPs (44.1% if the Fujitsu Ponds are not considered) while future (2013) 
condition loadings reflect approximately 62.4% of the watershed being served by structural 
BMPs.  The loads calculated in 2005 for the IER assumed 12% of the watershed was 
serviced by structural BMPs. 

 
E.  Columbia Slough BOD5  
 
Results and Discussion:  Figure 4.1.7 shows the BOD5 pollutant load estimate for Columbia 
Slough. Calculated pollutant load reduction ranges are 1,150 - 2,296 lbs/day (41.9% reduction) 
for 2008, and 1,569 - 2,993 lbs/day (54.7% reduction) for 2013.  The Trend Analysis for 
Fairview Creek (headwaters to Columbia Slough) (See Section 2.0) suggests that BOD5 is not 
changing and dissolved oxygen levels are increasing significantly. 
 
Recommendations and Observations:  Dissolved constituents are generally difficult to remove 
with structural controls.  Based on BMP effectiveness data used in the model, filters are the most 
effective BMP at BOD5 removal, with wet ponds, wetlands and swales providing some level of 
reduction for certain land uses.  BMPs that achieve stormwater volume reductions (e.g., 
infiltration, low impact development practices, reduced effective impervious areas, etc.) are 
assumed to be highly effective in reducing loads at the magnitudes required to make progress 
towards meeting WLAs. Over time, as the city’s low impact development (LID) focus is more 
widely implemented, greater reductions should occur with respect to BOD5. 
 
As noted previously, the city has spent millions of dollars implementing programs and capital 
improvement projects within the Columbia Slough/Fairview Creek watershed.  The Fairview 
Creek Water Quality Facility (FCWQF) provides stormwater treatment for a drainage area of 
approximately 959 acres of residential, commercial, and industrial land uses.  The recently 
constructed Columbia Slough Water Quality Facility (CSWQF) will provide stormwater 
treatment for a drainage area of approximately 709 acres of primarily commercial and industrial 
land use.  Within the Columbia Slough watershed, these two facilities treat 1,668 acres, which is 
42% of the 3,974 acres in the Columbia Slough/Fairview Creek watershed.  (See Table 4.19 and 
Figure 4.1.2). The results of the Trend Analysis (Section 2.0 of the Permit Renewal 
Submittal) suggest that in-stream water quality in Fairview Creek (headwaters to Columbia 
Slough) has improved since the FCWQF went into operation in 2006.  Continued monitoring of 
BOD5 from land use based MS4 stormwater sampling and influent and effluent concentrations 
from the city’s regional facilities may provide lower, and more accurate, values to input to future 
benchmark models for the Slough.   
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Figure 4.1.7:  Columbia Slough – BOD5 Benchmark 

0

1000

2000

3000

4000

5000

6000

Existing (2008) -
No BMP

Existing (2008) -
With BMP

WLA (2008) Future (2013) - No 
BMP

Future (2013) -
With BMP

WLA (2013)

E
st

im
at

ed
 L

oa
d 

(lb
s/d

ay
)

Columbia Slough BOD5 Loading Estimate

2008 Benchmark Range = 
1,150 ‐ 2,296 lbs/day

2013 Benchmark Range = 
1,569 ‐ 2,993 lbs/day

UVR

LVR

Mean

 
 
Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 4,032 lbs/day without BMPs and 2,344 lbs/day with 
BMPs.  Mean pollutant loads for 2013 are 4,099 lbs/day without BMPs and 1,856 lbs/day 
with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 1,150 - 2,296 lbs/day (41.9% reduction) for 2008, and 1,569 - 2,993 
lbs/day (54.7% reduction) for 2013. 

4. Loading results do not reflect application of nonstructural BMPs. 
5. Future condition loading with BMP reflects the application of development standards listed 

in the city’s Water Quality Manual (2003). 
6. Existing condition loadings reflect approximately 19.3% of the watershed being undeveloped 

while future condition loadings (2013) reflect approximately 18.6% of the watershed being 
undeveloped.   

7. Existing condition loadings reflect approximately 60.6% of watershed being served by 
structural BMPs (44.1% if the Fujitsu Ponds are not considered) while future (2013) 
condition loadings reflect approximately 62.4% of the watershed being served by structural 
BMPs.  The loads calculated in 2005 for the IER assumed 12% of the watershed was 
serviced by structural BMPs. 
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F.  Fairview Creek Bacteria  
 
Results and Discussion:  Figure 4.1.8 shows the bacteria loading estimate for Fairview Creek.  
Calculated pollutant load reduction ranges (benchmark) are 9.03 x 1012 - 2.58 x 1013 
colonies/year (42.5% reduction) for 2008, and 1.48 x 1013 - 3.33 x 1013 colonies/year (57.0% 
reduction) for 2013.  The Trend Analysis for Fairview Creek (See Section 2.0 of the Permit 
Renewal Submittal) suggests that bacteria levels are decreasing at both sites during winter 
(Nov-May) and periods associated with rainfall.  Consistent with this decreasing trend, BMP 
monitoring data currently being collected from the city’s regional facility on Fairview Creek is 
showing effluent meeting DEQ’s 406 E. coli/100mL single sample exceedance criterion.   
 
As stated in the Columbia Slough Bacteria results and discussion, bacteria source tracking 
studies have shown that bacterial sources in urban environments are not predominantly human. 
(See Section 4.1.3.B).   
 
Recommendations and Observations: The recommendations for reducing the bacteria in 
Fairview Creek are the same as for Columbia Slough.  Structural and non-structural BMPs have 
not been shown to be very effective at reducing bacteria loads and in some cases, even increase 
loads if they result in increased habitat for wildlife. It is presumed that BMPs that achieve 
stormwater volume reductions (e.g., infiltration, low impact development practices, reduced 
effective impervious areas, etc.) are effective in reducing loads.  Over time, as the city’s low 
impact development (LID) focus is more widely implemented, greater reductions should occur 
with respect to bacteria. 
 
In addition, municipal BMPs focus on eliminating sanitary sewer cross connections and failing 
septic tanks, working with businesses to address waste containment (source of rodent waste), 
addressing domestic pet waste, as well as education programs targeted at wildlife feeding.  For 
this reason, the city reviewed its point and nonpoint source efforts to address these potential 
sources in its TMDL Implementation Plan.  
 
As noted previously, the city has spent millions of dollars implementing programs and capital 
improvement projects within the Columbia Slough/Fairview Creek watershed.  The Fairview 
Creek Water Quality Facility (FCWQF) provides stormwater treatment for a drainage area of 
approximately 900 acres of residential, commercial, and industrial land uses.  The recently 
constructed Columbia Slough Water Quality Facility (CSWQF) will provide stormwater 
treatment for a drainage area of approximately 700 acres of primarily commercial and industrial 
land use.  Within the Columbia Slough watershed, these two facilities treat 1,668 acres, which is 
42% of the 3,974 acres in the Columbia Slough/Fairview Creek watershed.  (See Table 4.19 and 
Figure 4.1.2). The results of the Trend Analysis (Section 2.0 of the Permit Renewal 
Submittal) suggest that in-stream water quality in Fairview Creek (headwaters to Columbia 
Slough) has improved since the FCWQF went into operation in 2006.  Continued monitoring of 
bacteria from land use based MS4 stormwater sampling and influent and effluent concentrations 
from the city’s regional facilities may provide lower, and more accurate, values to input to future 
benchmark models for the Slough.   
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Figure 4.1.8:  Fairview Creek – Bacteria Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 4.08 x 1013 colonies/year without BMPs and 2.34 x 1013 
colonies/year with BMPs.  Mean pollutant loads for 2013 are 4.13 x 1013 colonies/year 
without BMPs and 1.78 x 1013 colonies/year with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) resulting from structural BMP 
implementation are 9.03 x 1012 - 2.58 x 1013 colonies/year (42.5% reduction) for 2008, and 
1.48 x 1013 - 3.33 x 1013 colonies/year (57.0% reduction) for 2013. 

4. Fairview Creek WLA is based on 66% reduction, which was assumed to be a reduction from 
calculated load without BMPs.   

5. Loading results only reflect structural BMPs.  Programmatic measures and non-structural 
BMPs are considered to be effective at removing bacteria, but the reduction is difficult to 
quantify.   

6. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003). 

7. Existing condition loadings reflect approximately 15.9% of watershed being undeveloped 
while future condition loadings reflect approximately 14.6% of the watershed being 
undeveloped.   
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8. Existing condition loadings reflect approximately 79.9% of watershed being served by 
structural BMPs (47.3% if the Fujitsu Ponds are not considered) while future condition 
loadings reflect approximately 82.9% of the watershed being served by structural BMPs. 

 
 
G.  Johnson Creek Toxics  
 
Results and Discussion:  Figure 4.1.9 contains the toxics pollutant load estimate for Johnson 
Creek.  The high level of correlation between DDT and TSS shown by USGS (Tanner and Lee 
2004) allowed the calculated DDT loads to be reduced based upon the reductions for TSS.  The 
current reduction in DDT due to BMP implementation controlling TSS is 6.0% (22,582 lbs/year), 
and future reductions (2013) improve by an additional 1.5% (TSS reduction of 30,109 lbs/year).   
 
Since DDT is no longer used and has a 10-year half-life, the natural attenuation equation was 
used to estimate the future concentration based on the current conditions.  (See Section 4.1.2.E.2 
“Future Conditions”)  This resulted in the future load with and without BMPs being lower than 
the current (2008) loads with and without BMPs.  Even without considering BMP reductions due 
to TSS, natural attenuation calculations a 77% reduction from 2002 levels appear attainable by 
2024. 
 
Recommendations and Observations:  Since DDT is no longer being used, the load is expected to 
decrease over time due to decreasing concentrations based on natural attenuation, as well as 
decreased flows and movement of sediment related to BMPs targeting TSS.  Preventing erosion 
in the Johnson Creek watershed will continue to be a high priority for the city’s Erosion 
Prevention and Sediment Control program, and additional benefits will be gained by the 
application of the Riparian Restoration BMP listed in the SWMP (see Section 3.3), as well as the 
city’s implementation of capital improvement projects and the TMDL plan for temperature.   
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Figure 4.1.9:  Johnson Creek – Legacy Pesticides (DDT, Dieldrin) Benchmark 
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Notes: 
1. Mean pollutant loads for 2008 are 0.044 lbs/year without BMPs and 0.041 lbs/year with 

BMPs.  Mean pollutant loads for 2013 are 0.031 lbs/year without BMPs and 0.029 lbs/year 
with BMPs. 

2. Limited DDT data are available, but based on evaluation of local stormwater data, all land 
uses were assumed to contribute the same concentration (2.95 ng/L).  This is a probable 
worst case mean value calculated using USGS’ method of adding detections + ½ * sum of 
Minimum Reporting Levels (4,4-DDX species only).  

3. Existing data demonstrates natural attenuation similar to that predicted in literature (half-life 
of 10 years); so future concentrations were calculated using value predicted by natural 
attenuation equation (See Section 4.1.2.E.2) of 2.08 ng/L for 2013. 

4. Due to variability in stormwater concentrations, calculations show mean as well as the upper 
and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

5. Johnson Creek WLA is based on 77% reduction in DDT, which was assumed to be a 
reduction from calculated load from time data was collected for TMDL (2002) without 
BMPs (load calculated using concentration of 4.13 ng/L yields load of 0.061 lbs/year minus 
77% = wasteload allocation of 0.014 lbs/yr). 

6. No BMP data exists for DDT, but based on strong correlation between DDT and TSS, the 
percent load reductions predicted for TSS by structural and nonstructural BMPs was assumed 
to apply for DDT.  Assumed reductions were 6.0% for current conditions (2008) and 7.4% 
for future (2013). 
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7. Loading results primarily reflect structural BMPs.  Reductions from one nonstructural BMP 
were included for TSS – reductions resulting from enhancements to the city’s erosion 
prevention source control (EPSC) program.  Other nonstructural BMPs, such as catch basin 
cleaning, street sweeping and education, are not accounted for in the calculations. 

8. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003).  

9. Existing condition loadings reflect approximately 16.8% of watershed being undeveloped 
while future condition loadings reflect approximately 16.5% of the watershed being 
undeveloped.   

10. Existing condition loadings reflect approximately 4.4% of watershed being served by 
structural BMPs while future condition loadings reflect approximately 5.1% of the watershed 
being served by structural BMPs. 

11. Natural attenuation alone shows that DDT should meet the wasteload allocation of 77% 
reduction from the 2002 concentrations by 2024. 

 
 
H.  Johnson Creek Bacteria  
 
Results and Discussion:  Figure 4.1.10 shows the bacteria loading estimate for Johnson Creek.  
Calculated pollutant load reduction ranges (benchmark) are 7.20 x 1011 - 2.26 x 1012 

bacteria/year (1.7% reduction) for 2008, and 1.14 x 1012 - 3.58 x 1012 bacteria/year (2.6% 
reduction) for 2013.  The Trend Analysis for Johnson Creek (See Section 2.0 of the Permit 
Renewal Submittal) suggests that bacteria levels are not changing or decreasing at both sites 
during winter (Nov-May) and periods associated with rainfall.   
 
As stated in the Columbia Slough Bacteria results and discussion, bacteria source tracking 
studies have shown that bacterial sources in urban environments are not predominantly human. 
(See Section 4.1.3.B).   
 
Recommendations and Observations: The recommendations for reducing the bacteria in Johnson 
Creek are similar to those for Columbia Slough. Structural and non-structural BMPs have not 
been shown to be very effective at reducing bacteria loads and in some cases, even increase loads 
if they result in increased habitat for wildlife. It is presumed that BMPs that achieve stormwater 
volume reductions (e.g., infiltration, low impact development practices, reduced effective 
impervious areas, etc.) are effective in reducing loads.  Over time, as the city’s low impact 
development (LID) focus is more widely implemented, greater reductions should occur with 
respect to bacteria. 
 
In addition, municipal BMPs focus on eliminating sanitary sewer cross connections and failing 
septic tanks, working with businesses to address waste containment (source of rodent waste), 
addressing domestic pet waste, as well as education programs targeted at wildlife feeding.  For 
this reason, the city reviewed its point and nonpoint source efforts to address these potential 
sources in its TMDL Implementation Plan.  
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Figure 4.1.10:  Johnson Creek – Bacteria Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 8.64 x 1013 colonies/year without BMPs and 8.50 x 1013 
colonies/year with BMPs.  Mean pollutant loads for 2013 are 8.68 x 1013 colonies/year 
without BMPs and 8.45 x 1013 colonies/year with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) are 7.20 x 1011 - 2.26 x 1012 

bacteria/year (1.7% reduction) for 2008, and 1.14 x 1012 - 3.58 x 1012 bacteria/year (2.6% 
reduction) for 2013. 

4. Johnson Creek WLA is based on 78% reduction, which was assumed to be a reduction from 
estimated load without BMPs.   

5. Loading results only reflect structural BMPs.  Non-structural BMPs are considered to be 
effective at removing bacteria, but the reduction is difficult to quantify and is therefore not 
currently estimated.   

6. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003). 

7. Existing condition loadings reflect approximately 16.8% of watershed being undeveloped 
while future condition loadings reflect approximately 16.5% of the watershed being 
undeveloped.   
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8. Existing condition loadings reflect approximately 4.4% of watershed being served by 
structural BMPs while future condition loadings reflect approximately 5.1% of the watershed 
being served by structural BMPs.   

 
 
I.  Kelly/Burlingame/Beaver Creek Bacteria  
 
Results and Discussion: Figure 4.1.11 shows the bacteria loading estimate for 
Kelly/Burlingame/Beaver Creeks.  Calculated pollutant load reduction ranges (benchmark) are 
7.16 x 1011 - 8.33 x 1011 bacteria/year (2.5% reduction) for 2008, and 5.02 x 1012 - 5.72 x 1012 

bacteria/year (16.8% reduction) for 2013.  The trend analysis for Kelly Creek (see Section 2.0 of 
the Permit Renewal Submittal) suggests that bacteria levels are decreasing at both sites during 
winter (Nov-May) and periods associated with rainfall.   
 
As stated in the Columbia Slough bacteria results and discussion, bacteria source tracking studies 
have shown that bacterial sources in urban environments are not predominantly human.  The 
predominant sources of bacteria include wildlife (particularly avian and rodent) and/or domestic 
pets.  The average from five regional studies shows the following bacteria sources and 
contribution levels: 33% avian, 18% canine, 15% feline, 10% rodent, 5% human (human sources 
were only found/reported in the Boise, ID study; CH2MHill 2003).  See the 303(d) Listed 
Pollutant Evaluation (Section 1.0 of the Permit Renewal Submittal) for a full review.  With 
human and canine being the primary sources of bacteria the city’s program can control, these 
studies indicate that only 5-25% of bacteria are likely be addressed through structural and 
nonstructural controls. 
 
Potential human sources of bacteria include infiltration from the sanitary system, illicit 
connections, illegal dumping, and faulty septic systems.  Nonstructural controls to address 
human sources of bacteria loading are important, even though human sources are minimal, 
because human fecal matter is the most likely to contain human-specific pathogens.  However, 
such controls are unlikely to achieve significant reductions necessary to meet WLAs, given the 
relatively small contribution from human sources.  Even when program aspects related to the 
control of domestic pet waste are considered, the bacteria which can potentially be addressed are 
relatively low in comparison to the levels needed to meet the WLAs.   
 
Recommendations and Observations: The recommendations for reducing the bacteria in 
Kelly/Burlingame/Beaver Creek are similar to those for Columbia Slough.  Structural and non-
structural BMPs have not been shown to be very effective at reducing bacteria loads and in some 
cases, even increase loads if they result in increased habitat for wildlife. It is presumed that 
BMPs that achieve stormwater volume reductions (e.g., infiltration, low impact development 
practices, reduced effective impervious areas, etc.) are effective in reducing loads.  Over time, as 
the city’s low impact development (LID) focus is more widely implemented, greater reductions 
should occur with respect to bacteria. 
 
In addition, municipal BMPs focus on eliminating sanitary sewer cross connections and failing 
septic tanks, working with businesses to address waste containment (source of rodent waste), 
addressing domestic pet waste, as well as education programs targeted at wildlife feeding.  For 
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this reason, the city reviewed its point and nonpoint source efforts to address these potential 
sources in its TMDL Implementation Plan.  
 
 
Figure 4.1.11:  Kelly/Burlingame/Beaver Creek – Bacteria Benchmark 
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Notes: 
1. Due to variability in stormwater concentrations, calculations show mean as well as the upper 

and lower value range (UVR and LVR), which are based on running the model using 95% 
confidence intervals. 

2. Mean pollutant loads for 2008 are 6.63 x 1013 colonies/year without BMPs and 6.46 x 1013 
colonies/year with BMPs.  Mean pollutant loads for 2013 are 6.67 x 1013 colonies/year 
without BMPs and 5.54 x 1013 colonies/year with BMPs. 

3. Calculated pollutant load reduction ranges (benchmark) are 7.16 x 1011 - 8.33 x 1011 

bacteria/year (2.5% reduction) for 2008, and 5.02 x 1012 - 5.72 x 1012 bacteria/year (16.8% 
reduction) for 2013. 

4. Kelly/Burlingame/Beaver Creek WLA is based on 86% reduction, which was assumed to be 
a reduction from calculated load without BMPs.   

5. Loading results only reflect structural BMPs.  Non-structural BMPs are considered to be 
effective at removing bacteria, but the reduction is difficult to quantify and is therefore not 
currently estimated.  

6. Future condition loading with BMP reflects the application of development standards listed 
in the city’s Water Quality Manual (2003).  
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7. Existing condition loadings reflect approximately 9.6% of watershed being undeveloped 
while future condition loadings reflect approximately 9.1% of the watershed being 
undeveloped.   

8. Existing condition loadings reflect approximately 8.3% of watershed being served by 
structural BMPs while future condition loadings reflect approximately 8.6% of the watershed 
being served by structural BMPs.   

 
Recommendations and Observations: The recommendations for reducing the bacteria in 
Kelly/Burlingame/Beaver Creeks are the same as described previously for Columbia Slough. 
 
 
J.  Benchmark Summary  
 
The net differences between the future condition no-BMP mean loads and the future condition 
with-BMP loading range, illustrated on the graphs in Figures 4.1.3 through 4.1.11, are the 
benchmarks.  The 2013 benchmarks are expressed as a range, summarized in Table 4.1.10.  
 
Table 4.1.10: Summary of 2013 Annual Load Reduction Benchmarks 
TMDL Parameter or Surrogate Lower Value of Range Upper Value of Range 
Columbia Slough*   
Total Suspended Solids  737,079 lbs. 1,553,252 lbs. 
E. coli  1.49 x 1013 colonies 4.58 x 1013 colonies  
Total Phosphorus 2,260 lbs. 4,925 lbs. 
Dissolved Lead 15.6 lbs. 42.3 lbs. 
Biochemical Oxygen Demand 122,476 lbs. 296,594 lbs. 
Fairview Creek   
E. coli 1.48 x 1013 colonies  3.33 x 1013 colonies  
Johnson Creek   
E. coli 1.14 x 1012 colonies  3.58 x 1012 colonies  
DDT 0.0012 lbs. 0.0043 lbs. 
Kelly/Burlingame/Beaver Creek   
E. coli 5.02 x 1012 colonies  5.72 x 1012 colonies  
*Since Columbia Slough loads and reductions were calculated based on a 0.51”/24-hour storm, 
annual loads were estimated by multiplying by the ratio of the annual rainfall to storm 
(45.48”/0.51”=89.17). 
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4.1.4  Annual Pollutant Load Estimates 
 
For the August 1, 2008 permit renewal submittal, Gresham and its co-permittees are required to 
estimate total annual pollutant loads in storm water.  
 
Specific requirement from Schedule B(2)(c) of the NPDES MS4 Permit: 

ii) An updated estimate of total annual storm water pollutants of concern listed in Part 2 of 
the original application, or other storm water pollutants on the 303(d) list as directed by the 
Department.  The co-permittee will be notified of such a requirement no later than two (2) 
years prior to the expiration of the permit. 

 
The original Part 2 application included the loads for the following twelve pollutants:  

• total suspended solids (TSS),  
• total dissolved solids (TDS),  
• biochemical oxygen demand (BOD),  
• chemical oxygen demand (COD),  
• total phosphorus,  
• ortho-phosphorus,  
• total kjeldahl nitrogen (TKN),  
• total nitrogen,  
• total zinc, 
• total lead,  
• total copper, and  
• total cadmium 

 
Since a request was not made to calculate loads for additional pollutants, loads were calculated 
for these original twelve pollutants of concern and are represented in Table 4.1.11.  The original 
permit stated “total ammonia plus organic nitrogen,” which is determined using the Kjeldahl 
method, and is commonly referred to as TKN.  Total nitrogen was calculated by adding TKN and 
total nitrate. 
 
The same model inputs and conditions were used for these calculations as were used in the 
benchmark calculations for current (2008) conditions (See Section 4.1.2.E.1).  The one 
exception is that the benchmarks for Columbia Slough were based on a design storm of 0.51”, so 
calculation of annual loads required running the model using the annual rainfall value used in the 
other watersheds, 45.48” per year.  As noted in some of the Columbia Slough benchmarks (for 
an example, see total phosphorus, Section 4.1.3.C), daily loads can be converted to annual loads 
by multiplying by the ratio of annual to daily rainfall (45.48”/0.51”). 
 
Table 4.1.11 also includes the revised pollutant loads that were submitted to DEQ in a letter 
dated May 1, 2005.  The revised load values were submitted because the original 1995 loads 
were miscalculated using an area larger than the actual permit boundary.  The actual permit area 
was corrected and the same land use percentages submitted in 1995, based on land use zoning 
from 1994, were used in the recalculation.  Land use based concentrations in the 2006 Interim 
Evaluation Report used the 2005 ACWA Rangers EMCs instead of the original National Urban 
Runoff Program (NURP) dataset that was used in 1995.  Even though the same annual rainfall 
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was used, it should be noted that the ACWA Rangers values were re-evaluated for the 
calculations presented here (as noted in “Land Use EMC and BMP Effluent Data” in Section 
4.1.2), so the 2008 loads are not directly comparable to the 2005 revisions to the 1995 permitted 
load estimates.  Both sets of values are provided for reference.  
 
In the revised calculations submitted in 2005, pollutant loads for two areas which will eventually 
be annexed (Pleasant Valley, PV, and Springwater, SW) were added to the load estimate.  Since 
2005, a portion of those areas have been annexed into the city and the loads for those areas are 
estimated for the current permit term, 2009-2013; it is assumed that no additional area will be 
annexed. 
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Table 4.1.11: City of Gresham Annual Pollutant Load Estimates for Constituents of Concern 

  TSS TDS BOD COD 
Total 
Phos 

Ortho-
Phos TKN 

Nitro-
gen Zinc Lead Copper 

Cad-
mium 

Total Load (lbs) no BMPs (2008) 
Columbia Slough/ 
Fairview Creek 1,937,305  1,817,948 358,680 1,235,725     6,830     2,208    27,378   36,143     5,779        648        498         32 

Johnson 1,020,708  1,293,347    142,734    750,455     4,703     1,511    18,686   30,297     2,000        342        239         13 

Kelly/Burlingame/ 
Beaver    701,644  1,004,209      93,458    535,895     3,401     1,078    13,522   21,296     1,270        265        173           9 

Total Load from 
Gresham 3,659,657  4,115,504    594,873 2,522,075   14,934     4,798    59,586   87,737     9,049     1,256        909         54 

Total Load (lbs) with nonstructural and structural BMPs (2008) 
Columbia Slough/ 
Fairview Creek 1,340,767  1,630,984    260,304    850,652     5,725     1,974    24,278   30,533     3,916 95        399          24 

Johnson    977,575  1,272,917    135,815    723,782     4,582     1,486    18,313   29,455     1,896       330        231          13 

Kelly/Burlingame/ 
Beaver    668,666     984,758      89,730     512,045     3,292     1,058  13,234 20,598 1,227 254 168 9 

Total Load from 
Gresham 2,987,008  3,888,659 485,849 2,086,479 13,599 4,518  55,825 80,587 7,039 1,079 798         46 

Revisions to 1995 Permit Application Submitted in a letter to DEQ dated May 1, 2005 
Total Load from 
Gresham+Fairview 7,128,520  NA 1,447,965 5,690,152   33,829 NA NA NA   18,522     2,097     1,885 NA 

Total Load from 
Gresham   6,149,250  NA 1,249,053 4,908,476   29,182 NA NA NA   15,978     1,809     1,626 NA 

Total Load from 
Gresham, PV and 
SW 

6,940,240  NA 1,415,648 5,509,065   32,778 NA NA NA   18,101     2,051     1,833 NA 

Total Load from 
Gresham, Fairview, 
PV and SW 

7,919,510  NA 1,614,560 6,290,741   37,425 NA NA NA   20,645     2,339     2,092 NA 

*Units for all pollutants loads is pounds per year.
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4.1.5  Updated Qualitative Assessment 
 
Background:  In a letter to the City of Gresham from DEQ dated January 11, 2008, the 
department requested “…an updated assessment comparing pollutant loads permitted in 2004 
with expected pollutant loads during the 2009 permit cycle.”  This section serves as an update for 
the City of Gresham to the memo submitted to DEQ in July 2005, titled “Qualitative Assessment 
of the Change in Pollutant Loads Associated with MS4 Discharges in the Portland Metropolitan 
Area,” by Eric Strecker and Lisa Austen of GeoSyntec Consultants.  The memo concluded that 
actual pollutant loads as of 2005 were likely lower than loads allowed under the 1995 permit.  
 
Permitted Area:  The area covered by the existing permit includes the incorporated areas of the 
cities of Gresham and Fairview and the unincorporated areas of Multnomah County within the 
urban service boundaries of the two cities. Gresham’s jurisdiction includes the area within the 
city limits.  Two main annexations to Gresham have occurred since July 2005.  Approximately 
541 acres in Pleasant Valley were annexed into Gresham in June 2006 and 157 acres in 
Springwater were annexed in November 2007.  There has been no significant development of 
these areas since annexation.  Economic circumstances will affect the rate at which development 
spurs further annexations of these areas.  Gresham’s jurisdictional responsibility will be 
expanded to include newly incorporated areas and the existing Stormwater Management Plan 
will be applied to the area, as appropriate.   
 
Land Uses:  In the late 1990’s, Gresham zoning evolved to reflect regional density goals.  The 
main change was to increase density along major transportation corridors and around regional 
centers.  Actual changes in land use that implement these planning goals will occur over time 
with new and redevelopment, and will be reported in each pollutant load reduction assessment 
required for permit renewal.  A chart comparing land uses in 2005, versus those in 2008 is 
included in Section 4.1.2.E.1 Current Scenario in Table 4.1.7. 
 
Best Management Practices (BMPs):  The city has implemented numerous policies and practices 
over time to reduce pollution.  The BMPs are described in detail in the Stormwater Management 
Plan, and summarized in Table 4.1.12.  Important examples include:  Since 1999, new 
development has been required to provide water quality treatment; during the next permit term, 
redevelopment will be required to do likewise.  The city has also created incentives for low 
impact development, and acted to remove barriers to these practices--thereby encouraging 
installation of treatment facilities that reduce peak flows and volume as well as pollutants.  In 
addition, the water quality treatment standards adopted for areas that will be annexed into the 
city prohibit development from increasing pollutant loads, flow intensity and volume.  
 
Pollutant Loads:  The 1995 and 2005 municipal stormwater permits cover “All Existing and New 
Discharges of Storm Water from the Municipal Separate Storm Sewer System within the 
incorporated areas of the cities of Gresham and Fairview, and the small areas of unincorporated 
Multnomah County within the urban service boundaries of the two cities.”  The permitted 
pollutant loads reflect full build out, in much the same way that wastewater treatment permits 
allow loads based on plant design capacity.    
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Based on the information provided above, loads over the next permit term are expected to be 
lower than the permitted loads, considering actual land uses, and the city’s extensive application 
of best management practices.  This finding is consistent with the conclusions of the GeoSyntec 
report.  
 
 
Table 4.1.12:  City of Gresham’s Summary of Stormwater Best Management Practices 
(BMPs) 
BMP General Category3 New or Improved BMPs Since 1995 
Public Involvement and Education 
 

There has been a significant increase in public involvement and education 
regarding stormwater management since 1995.  Specific examples include:  
Slough School Watershed field sites expanded to include five Gresham 
schools. 
Four Fish-Friendly Car Wash sites identified throughout Gresham and two 
high schools certified.  Two Car Wash kits available for loan at no charge.   
Doggie Don’t Boxes installed in eight Gresham Park sites.   
City Newsletters: City of Gresham and News to Reuse quarterly and 
biannual newsletters distributed to all Gresham households contain a variety 
of watershed management education topics.   
Newspaper Advertisements:  Gresham Outlook and the Oregonian have 
been utilized regularly since 2003 to run editorials and earned media related 
to a variety of watershed management education topics and programs.   
Website Enhancement:  Created in 1998.  Added content related to 
individual behavior changes related to home owner practices.  Created a 
native plant information guide for gardening in 2003.  Naturescape garden, 
eco-lawn and rain garden demonstration site information and technical 
assistance manual added in 2007. 
Healthy Lawns Program and Streamside Property Owner Program 
focusing on pesticide and fertilizer reduction and riparian buffer management 
launched in 2007. 
Participation in the annual Regional Coalition for Clean Rivers and 
Streams advertising campaigns targeting home owner best management 
practices.   
 

Operation and Maintenance of the 
Storm System 

Since 1995, there have been steady improvements to the O&M activities, 
frequencies, and effectiveness. 
Decant Facility Constructed in 1997 to control releases from City-owned 
vehicles and equipment.   
Catch Basin Cleaning:  Current City inventory over 6,000.  Annual cleaning 
since 1981.  Amount of debris collected has increased due to increased 
inventory and improved cleaning methodology, i.e., shovel vs. Vactor 
machine.  Change in methodology has lead to over 51% increase in debris 
captured. 
Sedimentation Manhole Cleaning:  Current inventory 159.  Began 
systematic inventory and cleaning in 2004.  This activity is new since 1995, 
as no sedimentation manholes existed prior to 1995. 
Storm Sewer Line Cleaning:  Current inventory 210 miles.  Currently in a 
10-year cleaning cycle. The miles of sewer line cleaning has increased by 
66% since 1995. 
Storm Detention Pipe Cleaning/Control Release Manhole Cleaning:  
Current inventory 121 underground detention pipes. This activity represents 

                                                 
3 More detail about the information included in this table can be found in annual reports submitted to DEQ in 
compliance with NPDES Stormwater Discharge Permit. 
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BMP General Category3 New or Improved BMPs Since 1995 
new BMP, as no detention facilities existed prior to 1995. 
“Black Box” Maintenance: Annual inspection of all facilities; current 
inventory: 100.  Cartridges replaced as needed.  This activity is new since 
1995, as no proprietary facilities existed prior to 1995. 
Public Water Quality Facility maintenance:  current inventory over 120 
including ponds, swales, wetland-like complexes.  These facilities are 
inventoried and prioritized for maintenance on an annual basis.  Full scale 
cleaning of these facilities began in 2004.   
 

Operation and Maintenance of 
Roadways 

Since 1995, there has been over 23% increase in the miles of street swept 
on an annual basis. Between the County and City, in most areas of the city, all 
streets are swept at least 9 times per year, with the downtown business area 
and civic center areas being swept weekly.  In addition, over 60% of all de-
icing material are collected and recycled after hazard weather usage.  No salt 
has been used on the roadways within the Permit area since 1999. 
Water Quality Related Standard Operating Procedures for Road 
Maintenance:  The City is finalizing a Gresham-specific manual in 2008.  
Since 2005 the city has used standards adopted and used by ODOT. . 
 

Industrial/Commercial Controls  In Gresham, DEQ issues and administers industrial permits. The City’s role 
has been to coordinate and cooperate with these activities.  Since 1995, the 
City has implemented the following additional efforts: 
GREAT Business Program to target businesses with potential 
environmental impacts and recommend “green” practices.  Since the 
inception, over 200 businesses have been audited and over 70 have been 
certified as “green.” 
Business License Review: began reviewing all new business permit 
applications in 2002.  
Gresham and Fairview implement the City of Portland’s Wellhead 
Protection Program aimed at eliminating pollutants discharge to surface & 
ground water from industrial users.  
Stormdrain Cleaning Assistance Program:  launched in 2005, this is an 
incentive program that cleans privately-owned catch basins. 
Restaurant Inspection Program launched in 2008 by the Wastewater 
Division focuses upon stormwater best management practices.   
Business Inspection Program:  the Watershed Management Division added 
an FTE in 2007 to develop and implement a Business Inspection Program that 
focuses exclusively on stormwater contaminants.  This program is anticipated 
to be launched in 2009.  

Illicit Discharges Elimination Prior to 1995, this activity was essentially compliance-based.  Since 1995, 
Gresham uses TV inspections and other “investigative” methods to identify 
and eliminate illicit discharges.  In addition, legal authority to inspect was 
improved in 1996 and additional code enforcement staff was hired in 1997.  
Gresham has appropriate ordinances that prohibit illicit discharges, requires 
compliance, and allows the City to carry out monitoring when necessary. 
Since 2004, the City has been proactively CCTV’ing newly installed 
stormwater pipes to ensure no cross connections occur during new 
development pipe installation.   

Water Quality Standards for New 
Development and Re-Development 

This is a new BMP since 1995, as no stormwater quality standards existed 
prior to 1995.  New standards were adopted in 1999 to address water quality 
component with new and development re-development projects.  New 
standards are currently being put forward for public comment and pending 
approval in late 2008/early 2009.   
Green Street Standards:  Adopted in 2007. 
Green Development Practices Manual for Pleasant Valley and 
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BMP General Category3 New or Improved BMPs Since 1995 
Springwater:  Adopted in 2007 and is applicable for all development within 
the City—augments the BMPs in the 2003 Water Quality Manual.   
The City also actively began collecting maintenance agreements for 
privately-owned water quality facilities in 2000.  Since 1995, approximately 
4% of the city’s total acreage is treated by constructed on-site private water 
quality facilities.  Over the next permit cycle, the city will implement an 
inspection program of private facilities to further ensure proper maintenance.   
  

Erosion Control Standards for 
Construction and Inspection & 
Enforcement 

The original EPSC Manual has been modified and enhanced since it was 
originally adopted in 1991, the last update was in 2005.  Standards and 
inspection protocols have been improved to include new technology and 
practices.   
Public Works Inspectors focus upon all commercial & industrial 
development. 
A .75 FTE inspection staff was hired in 1996 to focus upon single family 
residential construction and this position was converted to an FTE in 2006.  
Additionally, the city has treated sites less than one acre with the same 
standards as 1200-C permitted sites since the program’s inception.   
Erosion Inspections are now a part of the mandatory call-in process before 
any grading can take place on site.  A pending enforcement process that 
includes a fine structure is in process for 2009.   
 

Structural Controls  
 

This is a new BMP since 1995.  The major structural facilities are listed 
below.  Approximately 20% of the city’s total acreage is treated by major and 
minor publicly-owned water quality facilities.   
Columbia Slough Water Quality Treatment Facility: completed in 2008, 
approximate drainage area is over 700 acres.   
Regional Fairview Creek Constructed Wetland: Completion date – fall of 
2005, approximate drainage area is 965 acres. 
Kelly Creek Regional Detention Pond: completed in 1998, approximate 
drainage area is 800 acres. 
 

Other These are examples of “other” activities new since 1995:  
Fujitsu Wetland Mitigation – created approximately 4.5 acres of wetland 
adjacent of the Fairview Creek 
Gresham Woods Restoration – multi-year wetlands/wet meadow restoration 
project in 55 acres of open space adjacent to the Johnson Creek 
High School Stewardship Program – 3 sites totaling about 8.5 acres to 
replace with native vegetations 
Incorporated IPM in 2001 for all City activities.  
Yamhill Green Street Project in 2004 – converted to pervious pavement, 
approximately 8,000 sq ft of neighborhood collector street 
Division and Stark Street Project – used pervious pavers on sidewalk, 
approximately (1 mile) 
Master Plans:  updated each Gresham Watershed master plan during the 
years of 2002-2005 to include natural resource and water quality 
considerations.  Over the next ten years (2009-2019) a variety capital 
improvement projects will be implemented that include elements to enhance 
stream function, riparian conditions, fish passage and some water quality 
benefits.  
New Communities Planning: Stormwater management for Springwater and 
Pleasant Valley areas will utilize green sustainable development practices. 
TMDL Plan Implementation (2008):  To address the temperature TMDL, 
major riparian shading efforts will take place over the next ten to twenty 
years.  While stormwater is not a contributor to temperature exceedances, the 
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BMP General Category3 New or Improved BMPs Since 1995 
riparian enhancements will serve to have some beneficial effect upon water 
quality due to canopy and infiltration augmentation.   
Title 13 Compliance:  In 2004, the city applied a water quality resource area 
overlay (WQRA) to its code that required protective buffers.  By 2009, the 
city will apply the more stringent Title 13 protective buffer requirements to 
all riparian corridors in lieu of its existing WQRA.   
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2.1   INTRODUCTION 
 
In the 2005 National Pollutant Discharge Elimination System (NPDES) Municipal Separate 
Sewer Storm System (MS4) permit issued to the City of Gresham, City of Fairview and 
Multnomah County, the co-permittees were required to analyze their in-stream ambient 
monitoring data to evaluate trends in water quality. 
 
Specific requirement from Schedule B(2)(c) of the MS4 permit Renewal Submittal: 
 

vi) An evaluation of the overall program effectiveness, including non-structural BMP 
activities.  This analysis will include an analysis of monitoring and other data, including a 
water quality trend analysis and a discussion of likely or potential factors for the presence of 
observed trends in water quality. 

 
Based on discussions between NPDES Phase I permittees and DEQ, the decision was made to 
evaluate trends in the receiving water bodies (ambient monitoring) rather than trying to detect 
trends in stormwater data.  Environmental data is highly variable (van Belle and Hughes 1984), 
and stormwater data may demonstrate even more variability than ambient, in-stream data.   Some 
of the characteristics that complicate the analysis of water quality time series are non-normal 
distributions, seasonality, flow relatedness, missing values, and values at or below the detection 
limit (Hirsch et al. 1982). 
 
The ACWA Stormwater subcommittee developed a recommended list of parameters for 
analyzing trends.  In addition to those recommended constituents, several other parameters were 
assessed to see whether they exhibited any trends since data collection began in early 2002.  Due 
to the skewed, non-normal nature of environmental data, trends were assessed using 
nonparametric statistics1.   
 
The primary goal of the trend analysis was to determine whether concentrations change over 
time at a given location.  Each water quality parameter was plotted versus time with a line fit to 
the points, using both simple ordinary least squares (OLS) regression lines (a parametric test, 
therefore affected by outliers) and the nonparametric Kendall-Theil robust line.  The OLS line is 
displayed for reference only; since the data was not normally distributed, the slope of the Theil 
line was evaluated and the associated Kendall’s rank coefficient tau statistic was used to 
determine whether observed trends over time were significant.  It should be noted that the 
Kendall’s tau statistic provides a measure of significance for how well the Theil trendline fits the 
data points, and doesn’t necessarily mean that the magnitude of the slope is large.  In fact, some 
trendlines summarized in the Results and Conclusions (Section 2.3) demonstrate a flat line 
(slope = 0) which is significant (see Section 2.2.3 for more on statistical tests used and 
significance level evaluated).  Due to the number of graphs generated and data evaluated, trends 
for all constituents are summarized in Tables 2.1 through 2.4, with some supporting graphs 
highlighting observed trends. 
 

                                                 
1 A non-parametric statistic refers to a statistic (a function on a sample) whose interpretation does not depend on the 
population fitting a normal distribution. 

1 



2.2 METHODS 
 
2.2.1   Monitoring Locations 
The City of Gresham began conducting ambient, instream monitoring on behalf of the Co-
permittees in late 1999/early 2000.  Two sites, an upstream and downstream monitoring location, 
were selected on the 3 major streams that either flow through the permit area (Johnson Creek and 
Kelly Creek) or originate in the permit area and flow out of it (Fairview Creek).  Monitoring on 
these 6 instream sites was conducted monthly for the first 2 years, before shifting to a bi-monthly 
monitoring regime in the fall of 2002.  In the spring of 2002, monthly monitoring at a site on 
Fairview Lake was initiated.  The City of Portland monitors Columbia Slough for the Co-
permittees, and since they have recently conducted trend and other data analyses on the entire 
Slough (Opila 2007; City of Portland 2005), analysis of that waterbody was not included in this 
trend analysis.  See Appendix 2-A. 
 
Columbia Slough 
The Columbia Slough flows east to west from the north end of the City of Gresham and Fairview 
toward Portland.  The Slough proper begins at the outlet from Fairview Lake, so most of this 
narrow and shallow channel flows within the City of Portland.  See Figure 2.1 for monitoring 
site locations.  Instream Columbia Slough NPDES MS4 monitoring is being conducted through 
an inter-governmental agreement (IGA) with the City of Portland Bureau of Environmental 
Services (BES).   
 
Fairview Creek and Fairview Lake 
The headwaters of Fairview Creek are within the City of Gresham’s boundary.  The creek flows 
through Gresham and Fairview and discharges to Fairview Lake.  Fairview Lake discharges to 
the Columbia Slough. The City will conduct instream monitoring at two locations on Fairview 
Creek and one in Fairview Lake. Currently, the instream locations include one site just north of 
Stark Street (FCI1), upstream of the Gresham-Fairview boundary and the other site is located 
within the City of Fairview just upstream of the discharge to Fairview Lake (FCI0).  The 
Fairview Lake monitoring site (FVL1) is located at the Lake Shore Park – see Stations 3, 4, and 
5 on Figure 2.1).   
 
Kelly Creek 
Kelly Creek enters and exits the City of Gresham on its eastern boundary.  Two instream 
monitoring locations are located on this creek, one on the upstream section of the creek at the 
City boundary (KCI4) and the other on the downstream section of the creek near Mount Hood 
Community College (KCI1) - see Stations 6 and 7 on Figure 2.1. 
 
Johnson Creek 
Johnson Creek flows from east to west across the southern part of the city.  Two instream 
monitoring locations are established on this creek, one on the upstream section of the creek near 
the city’s eastern boundary (JCI2), and a second on the downstream section near the city’s 
boundary with Portland (JCI1) - see Stations 8 and 9 on Figure 2.1. During the next permit 
cycle, the City is considering the addition of a sampling location in the Johnson Creek basin with 
the goal of tracking effects of development that is slated for the future in the Springwater area. 
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Kelley Creek 
In fall 2006, bi-monthly monitoring was started on Kelley Creek (Johnson Creek watershed) to 
begin establishing a baseline in anticipation of future annexation and development in Pleasant 
Valley; the two years of data from these two monitoring sites was not analyzed in this trend 
analysis due to the limited number of data points.  Kelley Creek flows from east to west across 
the southwestern part of the city, primarily within the Pleasant Valley area which will be 
annexed in the future.  Two instream monitoring locations are established on this creek, one on 
the upstream section of the creek outside the City’s current boundary (KI2), and a second on the 
downstream section near the city’s boundary with Portland (KI1) – see Stations 10 and 11 on 
Figure 2.1.  
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2.2.2   Water Quality Constituents Monitored 
 
Water quality constituents which have been collected bi-monthly at each monitoring site are: 
 
Dissolved Oxygen (DO) 
pH*

Temperature*

Conductivity*

Turbidity 
Total Suspended Solids (TSS) 
Biochemical Oxygen Demand (BOD5) 
Chloride*

Total Phosphorus 
Ortho-phosphorus (O-PO4) 
Ammonia Nitrogen (NH3-N)*

Nitrate Nitrogen (NO3-N) 
Total Kjeldahl Nitrogen (TKN)*

Chlorophyll-a 
Hardness*

Total Mercury (Hg,T) 
Total Copper (Cu,T  
Dissolved Copper (Cu,d) 
Total Lead (Pb,T) 
Dissolved Lead (Pb,d) 
Total Nickel (Ni,T)*

Dissolved Nickel (Ni, d)*

Total Zinc (Zn,T) 
Dissolved Zinc (Zn,d) 
E. coli 

 
*Trends for these parameters were not evaluated as part of this analysis because the parameter is 
either unrelated to stormwater, already addressed through another parameter, or not a parameter 
that has routinely failed to meet water quality standards.  pH was evaluated for Fairview Creek 
and Fairview Lake, since it is a TMDL parameter in the Columbia Slough. 
 
2.2.3   Statistical Tests Used 
 
Because water quality data is known to not follow a normal parametric distribution (van Belle 
and Hughes 1984; Hirsch et al 1982), which was also confirmed through exploratory data 
analysis of the Gresham/Fairview area streams, nonparametric statistics were used for 
evaluation.  To account for some of the annual variability, data were evaluated to see whether 
grouping by period/season or rainfall would remove some of the variability. 
 
Data Processing 
While the overall data set for some parameters showed trends with time, analyzing the data based 
on some seasonal or other grouping was desired.  Two seasons were defined by the ACWA 
Trend Analysis Subcommittee as Wet/Winter (November to April) and Dry/Summer (May to 
October).  Exploratory data analysis showed that for some sites, rain was a better predictor for 
differences than season.  Since limited flow monitoring data exists, rainfall was used as a 
surrogate measurement for when flows might be elevated over baseflow conditions, and 
stormwater is most likely to also be affecting the water quality of the receiving body.   
 
Since the decision was made to evaluate data based on rainfall, as well as season, the “seasons” 
are referred to as “Summer” and “Winter,” so they wouldn’t be confused with the “Rain” and 
“No Rain” categories.  Data was flagged as “Rain” if any measurable rainfall (>0.01”) was 
reported at the Gresham City Hall rain gauge within the 24-hours preceding monitoring.  Tables 
2.1 through 2.4 show data for entire year (Overall); Summer/dry season (May – Oct); 
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Winter/wet season (Nov – Apr); for dates preceded by a Rain event (≥0.01 inches w/in 24 
hours); and for date with No Rain during the preceding 24 hours.  
 
Constituents with data which was at or below the detection limit were set at the detection limit 
for statistical analyses conducted in this study.  The detection limit reported by the lab changed 
for some constituents; namely, chlorophyll-a and TSS both moved from a detection limit of 1 
mg/L to 2 mg/L, so the detection limits for all samples reported as “below detection limit” were 
changed to the higher detection.  This change was made to avoid having data sets with numerous 
non-detects suggesting an increasing trend based primarily on an increase in the minimum 
reported concentrations.    
 
Trend Analysis 
Analysis of trends over time were determined using the nonparametric Seasonal Kendall test, 
which includes the Kendall-Theil Robust Line and Kendall’s tau, as described by Helsel and 
Hirsch (2002).  Figures in the Results and Conclusions (Section 2.3), display ordinary least 
squares (OLS) regression lines in addition to the Kendall-Theil robust line.  Regression shows 
the relationship of one element to another and derives a best-fit line, with the strength of the 
relation identified by an r-squared value.  Use of the standard regression line (OLS) and 
correlation coefficient (r) was avoided, since they assume a normal (parametric) distribution of 
the data and are therefore sensitive to extreme values or outliers in the dataset (Helsel and Hirsch 
2002).   
 
In addition to graphically showing trends, the Seasonal Kendall test also computes Kendall’s tau 
rank correlation coefficient.  Kendall’s tau measures the correlation, the degree to which two 
variables are related, between ranked pairs of data – in this case time and some water quality 
constituent.  Values of Kendall’s tau range from -1 to +1, with the sign indicating the direction of 
relationship, and the magnitude from zero indicating the strength of the trend.  Since tau is a 
rank-based procedure, it is resistant to the effect of a few extreme values and can be used on 
untransformed datasets that have values at or below the detection limit. 
 
Calculation of the Seasonal Kendall test, which includes computation of the Kendall tau statistic 
and graphs containing Kendall-Theil (solid blue lines) and OLS (dashed red lines), were 
performed using a macro built for Minitab (version 14.2) by Helsel.  A second macro to correct 
for ties is also necessary in order for this rank-based test to deal with values which are the same 
and an increasing or decreasing trend cannot be determined by the Seasonal Kendall macro.  For 
many graphs, reference lines were added in green to represent water quality standards or other 
appropriate criterion for comparison. 
 
Matched Pair Tests 
When trend analysis suggested a difference might exist between upstream and downstream 
monitoring locations, some analysis of the differences between these sites was conducted using a 
paired t-test.  In order for the assumptions of this parametric statistic to be met before use, values 
were normalized using log-transformation.  This test requires paired observations, and in-stream 
data collected on the same day and within the same time period (+/- 2 hours) was assumed to be 
paired.  
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Significance Level 
For all statistical tests, two significance levels (α) were evaluated: 0.05 and 0.10.  For the trend 
analysis summaries in Tables 2.1 through 2.4, the slope direction is reported as either 
positive/increasing (+) or negative/decreasing (-), and significance is indicated when Kendall’s 
tau gave a p-value less than the α level of 0.05 or 0.1.  Both levels of significance were 
considered, since determination of whether a trend was evident with 90 to 95% confidence that 
the trend was real (a 5% or 10% chance of the trend having occurred by chance) was acceptable 
to the Co-permittees. 
 
 
2.3 RESULTS AND CONCLUSIONS 
 
The following sections summarize the results and major findings from each of the four 
waterbodies assessed:  

• Johnson Creek in Section 2.3.1, 
• Fairview Creek in Section 2.3.2, 
• Fairview Lake in Section 2.3.3, and 
• Kelly Creek in Section 2.3.4 

 
Overall, the trends within the permit boundary are improving, with some constituents we would 
like to see trending in an increasing direction, like dissolved oxygen, while others we would like 
to see decreasing demonstrating a downward trend.  Some of the best management practices for 
the respective agencies that contribute to positive outcomes include, but are not limited to: 

• Maintenance of the public system (sediment and leaf removal and associated adsorbed 
pollutants such as phosphorus, bacteria, metals and organic compounds), 

• Implementation of capital improvement & stream restoration projects that promote water 
quality treatment and healthy stream function, 

• Implementation of development standards that require water quality treatment and 
promote low impact development techniques to infiltrate water, 

• Street sweeping, 
• Efforts to reduce the use of fertilizers and pesticides (by public employees, as well as 

education programs for the public), and 
• Implementation and enhancement of Erosion Prevention & Sediment Control programs. 

 
2.3.1   Johnson Creek 
Table 2.1 summarizes the trends for the two monitoring sites on Johnson Creek.  Some of the 
trends observed are significant at the 90 and 95% level, with some significant trends increasing 
and some decreasing.  Increasing trends are not always undesirable, since dissolved oxygen is 
one of those constituents trending in that direction at both sites, which means that DO 
concentrations, a critical water quality constituent for fish, are increasing with time.  Other trends 
are discussed in the following sections. 
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Table 2.1: Johnson Creek Trend Analysis Summary   
 JCI1 (downstream) JCI2 (upstream) 

Constituent Overall 
Sum-
mer Winter Rain 

No 
Rain Overall 

Sum-
mer Winter Rain 

No 
Rain 

DO +++ + +++ +++ + ++ + +++ +++ + 
BOD5 oo oo o oo o ooo o oo o o 
Turbidity - - - - - o + - - + 
TSS - - - - - o ooo o - ooo 
Total Phos - + - - + + + - - ++ 
Ortho-phos o ++ o o ++ o +++ o o +++ 
Nitrate  + + + +++ - + + + +++ o 
Chlorophyll-a o o  NA o o o o NA o o 
Total Mercury - -- - - -- - --- - - - 
Total Copper -- - - --- - - + - - + 
Diss Copper - - o - o + +++ - - + 
Total Lead --- --- - -- --- -- - - - --- 
Diss Lead o oo o o o o o o o o 
Total Zinc -- --- - - - --- -- - - --- 
Diss Zinc - --- +++ + - - - - o - 
E. coli  - - o - - - - - - + 

o = no slope 
+ = increasing trend with time 
- = decreasing trend with time 
--/++/oo = trend significant at p<0.1 
---/+++/ooo = trend significant at p<0.05  
 
A.  Johnson Creek Dissolved Oxygen and Biochemical Oxygen Demand 
Dissolved oxygen and biochemical oxygen demand (BOD) appear to be demonstrating desirable 
trends at both the upstream and downstream sites on Johnson Creek.  Dissolved oxygen is 
trending in an increasing direction, while BOD is not changing.  The zero slope for BOD is due 
to >90% of the samples at each site being below the detection limit of 2 mg/L. 
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Figure 2.2: Johnson Creek Dissolved Oxygen 
Figure 2.2 shows 
dissolved oxygen 
at the downstream 

monitoring 
location (JCI1) 
demonstrating a 

significantly 
increasing trend 
with time (Slope = 
0.00079; p = 
0.017).  DEQ’s 7-
day minimum for 
cold water 
fisheries standard 
of 6.5 mg/L is 
shown for 
reference.  The 
data reported here 
are grabs, so the 

7-day minimum standard isn’t necessarily being violated; because this particular site is always 
the first site sampled in the ambient run, the DO concentrations may be at their absolute diel 
minimum after a night of in-stream respiration and prior to photosynthetic production of oxygen.  
A number of values have been measured below this level, but the frequency of detects below 6.5 
mg/L appears to be decreasing with time.  Similar trends were observed at the upstream location, 
with the overall trend likely increasing in significance due to the winter and rainfall trends also 
increasing significantly.  Summer DO concentrations exhibit an increasing trend, but were not 
significant at either monitoring location.  While summer DO concentrations are the most critical 
for fish, winter/wet season and values associated with rainfall/high flows are those values related 
to stormwater from the MS4. 
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B.  Johnson Creek Turbidity, Total Suspended Solids, and Toxics 
Johnson Creek currently has a TMDL established for DDT/DDE and Dieldrin.  These legacy 
pesticides are no longer in use, but have been shown to be correlated with total suspended solids 
(ODEQ 2006).  PAHs and PCBs are two other groups of toxics listed on the 303(d) list for 
Johnson Creek.  The City of Gresham has been monitoring DDT, PAHs and PCBs in stormwater 
and in-stream for the past two years, but the detection limit for all analyses was likely too high to 
detect any of these toxics at levels that may be present in the creek.  An evaluation of detection 
limits (also discussed in the Stormwater Monitoring Plan; Section 3.0) revealed that changing 
labs could result in possible detections of DDT, but water quality targets for PCBs and PAHs are 
much lower than existing analytical methods are capable of reliably detecting.   
 
Since the current data on toxics reveals values below the detection limits used, total suspended 
solids (TSS) and turbidity are a useful surrogate for extrapolating what might be happening with 
toxics.  As indicated in the Johnson Creek Trend Analysis Summary (Table 2.1), TSS and 
turbidity have no change or generally decreasing slopes, although not significant at either site or 
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for any season or with/without rain (p values > 0.1).  Both turbidity and TSS exhibit downward 
slopes at the JCI1 (downstream) monitoring site during all periods evaluated. 
 
Figure 2.3: Johnson Creek (JCI1) Total Suspended Solids 

t 

r 

.  Johnson Creek Nutrients and Chlorophyll-a 
hlorophyll-a does not appear to be changing with time, which suggests algal growth is not 
sponding to changes in nutrient concentrations.  Chlorophyll-a at both sites for all groups 

mg/L).  Nitrate and ortho-phosphorus both 

e and ortho-phosphorus appear to be 
creasing with time, these two constituents were evaluated at the upstream and downstream 

Figure 2.3 shows 
how the overall 
trend observed a
the downstream 
Johnson Creek site 
(JCI1) is in a 
slightly downward 
direction (Slope =  
-0.0008, p=0.19), 
but the p-value is 
greater than eithe
of the α values 
selected to 
determine whether 
the trend is 
significant. 
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C
C
re
assessed was a flat line at the detection limit (2 
appear to be exhibiting increasing trends, but algal growth does not appear to be responding to 
fluctuations in these two nutrients.  Correlations between chlorophyll-a and total phosphorus, 
ortho-phosphorus and nitrate, individually, failed to suggest that one single nutrient was 
correlated to fluctuations in chlorophyll-a.   
 
The location of the two monitoring sites on Johnson Creek provide a snapshot of water quality as 
it enters and leaves the City of Gresham.  Since nitrat
in
monitoring locations, and the upstream location was significantly higher than the downstream 
location, as suggested by the results displayed in Figures 2.4 and 2.5. 
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Figure 2.4: Johnson Creek Nitrate 
Figure 2.4 suggests 
that nitrate is lower 
at the downstream 
monitoring location 
than at the upstream 
site.  For the 61 data 
points at both sites, 
the median down 
stream  concentra-
tion of 1600 ug/L is 
significantly lower 
than the upstream 
median of 2300 
ug/L, based on 
Mann Whitney test 
(p=0.0002).  The 
Mann Whitney test 
is a nonparametric 

test that assumes independent groups, so has less power than a paired analysis.  But the 
difference was still significant (p<0.01) when log-transformed data (to normalize the dataset so 
that it would fit the t-test assumption of normality) was evaluated using a paired t-test.   
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Figure 2.5: Johnson Creek Ortho-phosphorus 

The ortho-phospho-
rus data summar-
ized in Figure 2.5 
indicates what may 
be a future trend 
between up and 
downstream sites. 
However, many of 
the values are at or 
below the detection 
limit of 20 µg/L.  
Since the Mann 
Whitney analysis 

evaluates 
differences between 
medians, and the 
median for both the 
upstream and down 

stream sites is at the 20 µg/L detection limit, this test fails to demonstrate a significant difference 
between the upstream and downstream monitoring locations.  The paired t-test results on log-
transformed ortho-phosphorus values did show a significant difference between upstream and 
downstream data (p<0.05). 
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D.  Johnson Creek Dissolved and Total Metals 
Based on the summary in Table 2.1, most total and dissolved metals appear to be decreasing 
over time.  At the downstream monitoring site (JCI1), the decreasing trends are significant for all 
total phase metals (mercury, copper, lead and zinc).  A downward trend or lack of slope (no 
change over time) is observed in most dissolved phase metals as well.  The exceptions to the 
downward trends for metals are: 

• Dissolved zinc at the downstream site during winter (significantly increasing), and  
• Dissolved copper at the upstream site during summer and no rain (significantly 

increasing). 
 
Dissolved metals are difficult to remove using most structural controls.  While these two metals 
appear to be increasing with time, Figures 2.6 and 2.7 illustrate that neither metal appears to be 
anywhere near the chronic toxicity criteria for aquatic life. 
 
Figure 2.6: Johnson Creek (JCI1) Dissolved Zinc 

Figure 2.6 shows 
the increasing trend 
in dissolved zinc 
(Slope = 0.0005, p = 
0.046) observed at 
the downstream 
monitoring site. 
Since toxicity is 

toxicity must be 
determined indepen-
dently for each 
sample.  To provide 
a general reference 
for this data, the 
average hardness 
for winter at this 
site (31 mg/L) 

yields toxicity cri-teria of 39 µg/L chronic and 43 µg/L acute. Even with the gradually increasing 
trend in dissolved zinc, the average concentrations are an order of magnitude less than the 
chronic toxicity standard for zinc specified by DEQ in Oregon Administrative Rules Table 20. 
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Figure 2.7: Johnson Creek (JCI2) Dissolved Copper 
Figure 2.7 shows 
dissolved copper at 
the upstream John-
son Creek sampling 
site, JCI2.  Based on 
the slope, dissolved 
copper appears to be 
increasing during 
summer months 
(Slope = 0.00013, p 
= 0.023). Using the 
average summer 
hardness at this site 
(34 mg/L) to 
calculate the acute 
and chronic toxicity 
criteria specified by 
DEQ (OAR Table 

20), the chronic and acute criteria  for dissolved copper are 4.5 and 6.2 µg/L, respectively.  All 
values are less than the average calculated toxicity criteria.  Since summer and dry weather are 
not associated with stormwater, the cause of the observed increasing trend is unknown, but may 
only be related to variability in the data.    
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F.  Johnson Creek Bacteria 
As indicated in Table 2.1, bacteria at both sites on Johnson generally have decreasing slopes, 
although none of the groups assessed (by season or rainfall) exhibited a statistically significant 
trend.  The highly variable nature of bacteria data is likely a factor in the slope not being deemed 
significant, since the individual points are further from the trend lines (ordinary least square, 
OLS, regression and the Theil robust line) than other water quality parameters.   
 
Figure 2.8 shows an example of the E. coli trends observed in Johnson Creek.  The overall trend 
at the downstream Johnson Creek monitoring site has a decreasing slope that is not significant 
(slope = -0.018, p = 0.54).  The lack of significance may be due to the variability in biological 
data, but bacteria levels appear to be moving in the direction of the 30-day log mean standard of 
126 bacteria/100 mL). 
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Figure 2.8: Johnson Creek E. coli 
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G.  Johnson Creek Conclusions 
Most trends observed in Johnson Creek appear to be holding steady or decreasing, particularly 
those which are most critical within the watershed – E. coli and solids (as a surrogate for toxics), 
since bacteria and DDT/DDE and Dieldrin have current TMDLs.  The downward slope in TSS 
may not presently be significant, but enhancements to the City of Gresham’s erosion prevention 
and sediment control program (EPSC) in the past year will hopefully cause a step trend between 
in-stream data collected before and after having a dedicated EPSC inspector targeting residential 
development in this rapidly urbanizing watershed.  See also:  Section 4.1 Stormwater Pollutant 
Load Estimates and Benchmarks for TMDL Parameters for a discussion of TSS and 
Gresham’s EPSC program.   
 
The sources of E. coli most often associated with in-stream counts can be difficult to control 
using structural and nonstructural controls.  Dry weather screening and CCTVing pipes to detect 
cross connections, and the provision of pet waste scooping bags in parks and educational 
campaigns, such as Gresham’s “Doggie Don’t” program, may be helping reduce the controllable 
sources of bacteria not related to wildlife and waterfowl.  Some local studies, such as Clean 
Water Services’ 2005 study on Bacteria DNA Fingerprinting, have shown that 50% of in-stream 
bacteria may be from avian sources. This study, as well as a study near Puyallup, WA, further 
indicate that only about 10% of bacteria are associated with dogs and 5% with humans.  This 
suggests that additional reductions in some sources of E. coli may be possible, but the overall 
target population is small.   To this end, a continued downward trend in E. coli will be difficult to 
sustain if it is due to educational programs and structural BMPs associated with new 
development, since these sources are apparently small contributors to bacteria loads. 
 
 

Trend Analysis for Gresham, Fairview and Multnomah County 14 



2.3.2 Fairview Creek 
Table 2.2 summarizes the trends for the two monitoring sites on Fairview Creek.  Trends at both 
of these sites would reflect the effectiveness of programs implemented by all of the co-
permittees, since the upstream site is within Gresham, and the downstream site is below much of 
Fairview.  Very few of the trends at either site are significant at the p<0.1 or 0.05 level, but for 
the majority of periods that would be associated with stormwater (winter and rain) most trends 
are decreasing or neutral.  A somewhat greater percentage of observations are increasing at the 
upstream site than the downstream site.  The upstream site may be affected by commercial 
development occurring in the upper basin, and/or by pumping from a 1200-Z-permitted gravel 
mining operation that has been observed to periodically discharge water into the creek.  Gresham 
and DEQ staff are discussing options with company representatives to reduce turbidity 
associated with that permitted discharge.  Observations at both sites are downstream of and 
likely benefit from the Fairview Creek Water Quality Facility.  
 
Table 2.2: Fairview Creek Trend Analysis Summary   

  FCI0 (downstream) FCI1 (upstream) 

Constituent Overall 
Sum-
mer Winter Rain 

No 
Rain Overall 

Sum-
mer Winter Rain 

No 
Rain 

DO +++ +++ + +++ + +++ +++ +++ +++ +++ 
BOD5 o o o o o o o o o o 
Turbidity + + o - o +++ +++ + + +++ 
TSS + + - - + o ++ o + o 
Total Phos - + - - + o o o o - 
Ortho-phos + + o + + o - + + - 
Nitrate o - + + - -- -- - + --- 
Chlorophyll-a o o NA o o o o NA o o 
pH - - + - + o - + - o 
Total Mercury - - - - - o o o o o 
Total Copper o o - - + ++ ++ + + +++ 
Diss Copper - - - - - + + + + ++ 
Total Lead - + - - o + +++ - - + 
Diss Lead o o o o o o o o o o 
Total Zinc - - - - -- -- - - - - 
Diss Zinc --- --- -- - --- --- --- - - --- 
E. coli  o + - - o o ++ - - + 

o = no slope 
+ = increasing trend with time 
- = decreasing trend with time 
--/++/oo = trend significant at p<0.1 
---/+++/ooo = trend significant at p<0.05 
 
Since Fairview Creek is within the Columbia Slough watershed, the TMDLs in place for the 
Slough, as well as the bacteria TMDL for Fairview Creek, both affect how stormwater is dealt 
within these watersheds.  In the Columbia Slough, TMDLs have been established for dissolved 
oxygen (DO), phosphorus, pH, chlorophyll-a, lead, toxics (DDT/DDE, Dieldrin, Dioxin and 
PCBs), and bacteria.  For the pollutant loading and benchmark calculations, total suspended 
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solids (TSS) are used as a surrogate measurement for toxics.  The City of Portland monitors 
these toxics within the Slough, but toxics are not monitored in Fairview Creek.    
 
A.  Fairview Creek Dissolved Oxygen and Biochemical Oxygen Demand 
Dissolved oxygen and biochemical oxygen demand (BOD) appear to be demonstrating desirable 
trends at both the upstream and downstream sites on Fairview Creek.  Dissolved oxygen is 
trending in an increasing direction, while BOD is not changing.  The zero slope for BOD is due 
to nearly 90% of the samples at each site being below the detection limit of 2 mg/L, which 
means the load of organic matter in the creek that might cause DO to decrease as it is 
decomposed is low and does not appear to be increasing. 
 
B.  Fairview Creek Turbidity, Total Suspended Solids, and Toxics 
Solids and turbidity appear to be increasing primarily during periods of dry/summer or no rain.  
These two periods are not associated with stormwater, and the gradual slope of the statistically 
significant increasing slopes is lower than levels that are of concern. 
 
Figure 2.9: Fairview Creek (Upstream) Turbidity 

Figure 2.9 
illustrates turbidity 
at the upstream 
Fairview Creek site 
has a significant 
positive slope 
during the summer, 
(Slope = 0.0012, p = 
0.015), which is 
very gradual.  The 
slope during periods 
of no rain is also 
significant (Slope = 
0.0009, p = 0.043) 
but even more 
gradual.  Even 
though these slopes 
indicate increasing 

trends, the median turbidity value for all periods is 4 NTUs, and most values are under 10 NTUs.  
TSS does not demonstrate significant trends since many of the values are at the 2 mg/L detection 
limit, while turbidity will yield values less than 1 NTU.  

Date

Tu
rb

id
it

y 
(N

TU
)

1/1/20081/1/20061/1/20041/1/20021/1/2000

60

50

40

30

20

10

0

10 NTU

Data
Theil
OLS

Fairview Creek (FCI1) Turbidity
GROUP = Summer

 
C.  Fairview Creek Nutrients, pH and Chlorophyll-a 
As noted in the Lower Willamette Basin TMDL (DEQ 2006), some of the low pH values in 
Fairview Creek collected over the monitoring period may have some meter calibration issues.  
As these points are included in the pH trends, some of the periods assessed appear to increase, 
while others decrease, but none of the values collected in the past two years have approached the 
lower limit of the pH 6.5-8.5 range.   
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Figure 2.10: Fairview Creek (Downstream) pH 
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lgal growth, as measured by chlorophyll-a, does not appear to be an issue at either Fairview 

igure 2.11: Fairview Creek (Downstream) Ortho-phosphorus 

phosphorus at the 

Figure 2.10 
illustrates that pH in
Fairview Creek 
does not exhibit 
significant trends 
(overall trend for 
downstream, FCI0, 
site Slope =  
-0.0000195, p = 
0.75), but 
apparent issues with 
meter calibration 
suspected of caus-
ing values <6.5 
have not reoccurred 
within the past 2 
years of ambient 
monitoring.   
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A
Creek site.  Although some of the nutrients (nitrate, ortho-phosphorus and total phosphorus) have 
slopes that appear to increase or decrease, the slopes on these lines are gradual and the points are 
variable enough around the trendline that there is less than 50% confidence in any of the reported 
slopes. For example, see Figure 2.11: ortho-phosphorus at the downstream Fairview Creek 
monitoring location, which is displayed since this site appears to be increasing during most 
periods assessed. 
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view Creek site 
(FCI0) is positive 
(Slope = 0.0016, p = 
0.49), the OLS 
regression line 
shows a trend in the 
decreasing direc-
tion.  It should be 
noted that all but 
one point are below 
the EPA recom-
mended level for 
phosphorus (100 
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µg/L), and nutrients do not appear to be causing excessive algal growth in the creek since the 
majority of chlorophyll-a samples were at or below the detection limit of 2 mg/L. 
 
D.  Fairview Creek Dissolved and Total Metals 

tal phase metals appear to be decreasing with 

igure 2.12: Fairview Creek (Upstream) Total Lead 
Total lead at the 

.  Fairview Creek Bacteria 
r for Fairview Creek, with a wasteload allocation that calls for a 

Apart from copper and lead, most dissolved and to
time.  Total copper and total lead show significant increasing trends during periods not 
associated with stormwater – summer and no rain.  Mean summer hardness for FCI1 = 72.2 
mg/L.  Based on this mean hardness, the acute and chronic toxicity criteria for total copper are 
13 and 9 µg/L, respectively.  For total lead, acute and chronic toxicity criteria are 54 and 2 µg/L, 
respectively.  None of the total copper readings for periods that are increasing (summer and no 
rain) have values that are even half of the chronic toxicity criteria, but a couple of the lead 
readings (See Figure 2.12) have been above this general reference line. 
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upstream Fairview 
Creek site (FCI1) 
appears to be 
increasing over time 
during the summer 
(Slope 0.00017, p = 
0.015).  The slope is 
small, and only a 
few values appear to 
exceed the reference 
line (based on 
average hardness).  
Summer values are 
generally not assoc-
iated with storm 
water. 
 

 
E
Bacteria is a TMDL paramete
66% reduction from all sources, including MS4 stormwater, in order to reach the in-stream water 
quality standard of 126 bacteria/100 mL.  The trendline slopes for data collected during the two 
periods of time when stormwater is likely contributing to in-stream water quality (winter and 
rain) are decreasing, but not significant at the selected α-levels of 0.1 and 0.05. 
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Figure 2.13: Fairview Creek (FCI1) E. coli  
Figure 2.13 
illustrates that the E. 
coli data  appear to 
show a step-wise 
decrease once the 
City of Gresham’s 
Fairview Creek 
Water Quality 
Facility (FCWQF) 
was constructed and 
put into operation 
(spring 2006).  The 
FCWQF is a 
structural BMP that 
treats roughly 700 
acres of commercial 
and residential area 
in the Fairview 

Creek watershed.  The facility was assumed to be on-line and functioning as of May 2006, so 
data from the monitoring location a mile downstream were sorted into pre- and post-FCWQF and 
assessed to see if bacteria levels were being reduced as well as the BMP monitoring data at that 
facility suggests.  Based on preliminary analysis (See Figure 2.14), in-stream data collected after 
the facility was built indicate that it appears to be improving bacteria levels in the stream.  
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Figure 2.14: Fairview Creek E. coli Pre and Post Fairview Creek Water Quality Facility 
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Fairview Creek (FCI1) E. coli Mann Whitney 
analysis of the pre- 
and post-FCWQF 
bacteria data 
indicates that there 
is a significant 
difference (p=0.10) 
between the median 
of data collected 
before the facility 
was built (median = 
235) versus after it 
was in operation 
(median = 140).  
The Mann Whitney 
test was selected, 
since it is a 
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nonparametric test of two independent groups, in this case the pre- versus post-FCWQF data.  
All values collected in the two years following construction have been below the 406 E. coli/100 
mL standard, and the median count is just slightly higher than the 126 E. coli/100 mL standard. 
 
F.  Fairview Creek Conclusions 
As discussed in the introduction, a list of constituents of concern was selected based on the 
Columbia Slough because Fairview Creek is recognized as the headwaters of the Slough. 
Bacteria, dissolved oxygen (DO), phosphorus, pH, chlorophyll-a, lead, and toxics (TSS used as a 
surrogate) all have TMDLs established for them.  Numerous structural and nonstructural BMPs 
have been employed in this watershed by the co-permittees. 
 
The limited data collected after the Fairview Creek Water Quality Facility was built in 2006 
suggests that the large scale regional facility is making improvements in some water quality 
constituents, as suggested by the evaluation performed for bacteria.  This is a significant finding, 
since the City of Gresham has recently completed construction of a larger, more complex facility 
– the Columbia Slough Water Quality Facility, which will provide similar treatment to 900 acres 
in the Columbia Slough watershed.  The mechanism for this reduction is unknown, but could be 
related to settling of solids, infiltration/flow reduction, or biological degradation due to sunlight 
or residence time. 
 
2.3.3 Fairview Lake 
Despite the limited data set for Fairview Lake, for which monitoring began in 2002 (monthly 
monitoring for 6 years, ~68 data points), the majority of constituents appear to be trending in a 
decreasing direction.  Many of the trends summarized in Table 2.3 are statistically significant. 
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Table 2.3: Fairview Lake Trend Analysis Summary   
  FVL1 (Fairview Lake) 
Constituent Overall Summer Winter Rain No Rain 
DO - - - ++ - 
BOD5 o o o --- ooo 
Turbidity --- --- -- - --- 
TSS --- --- --- --- --- 
Total Phos --- --- --- --- - 
Ortho-phos o - o o ooo 
Nitrate  o o - + ooo 
Chlorophyll-a --- --- NA - --- 
pH --- -- - - - 
Total Mercury - o -- --- - 
Total Copper o + - - + 
Diss Copper + + ++ + + 
Total Lead --- --- --- --- --- 
Diss Lead o o o o ooo 
Total Zinc o - - + + 
Diss Zinc + ooo + + ooo 
E. coli  - - o o -- 

o = no slope 
+ = increasing trend with time 
- = decreasing trend with time 
--/++/oo = trend significant at p<0.1 
---/+++/ooo = trend significant at p<0.05 
 
Many of the downward trends are especially important given the current TMDLs in place for the 
Columbia Slough, which is the receiving water for Fairview Lake.  As mentioned in the Fairview 
Creek analysis for the Columbia Slough, TMDLs have been established for dissolved oxygen 
(DO), phosphorus, pH, chlorophyll-a, lead, toxics (DDT/DDE, Dieldrin, Dioxin and PCBs), and 
bacteria.  For the pollutant loading and benchmark calculations, total suspended solids (TSS) is 
used as a surrogate measurement for toxics.  The City of Portland monitors these toxics within 
the Slough, but data on these parameters is not collected within Fairview Lake.    
 
A.  Fairview Lake Dissolved Oxygen and Biochemical Oxygen Demand 
Dissolved oxygen (DO) and biochemical oxygen demand (BOD) are both important in the 
Columbia Slough, since this water body is slow moving, tidally influenced, and receives winter 
inputs of airport de-icing fluids, which deplete in-stream oxygen when bacteria decompose under 
aerobic conditions.  The significant trends observed in DO and BOD both occurred for the data 
associated with rainfall.  Since rainfall is being used as a surrogate for periods of higher flow, 
when stormwater is most likely present, it is interesting that an increasing trend in DO and a 
decreasing trend in BOD were observed. 
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Figure 2.15: Fairview Lake BOD5  
.15 

s that 

appears

Figure 2
illustrate
Biochemical oxygen 
demand (BOD5) 

 to be higher 
in the summer 

(May-October), 
when decomposi-
tion of algae and 
other organic matter 
is also assumed to 
be higher due to 
increased tempera-
tures and daylight.  
To display some 
reference level, the 
most stringent BOD 
criteria (16 mg/L) 

from the Columbia Slough TMDL was added, which is based on the lowest flow (2.83 m3/sec) to 
meet the 30-day mean minimum DO > 6.5 mg/L (ODEQ 1998).  Even though BOD is higher in 
the summer months, the majority of BOD measurements are substantially less than the 16 mg/L 
criterion. 
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Figure 2.16: 
Fairview Lake 
Dissolved Oxygen  
Dissolved oxygen 
concentrations in 
Fairview Lake 
appear to decrease 
during rain events.  
The median for 
summer (May-Oct) 
DO levels during 
rain events is 
between DEQ’s 30-
day cool water 
fisheries standard of 
6.5 mg/L and the 7-
day minimum of 5 
mg/L; and all 
samples are above 

the absolute minimum 4 mg/L standard.  
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B.  Fairview Lake Turbidity, Total Suspended Solids, and Toxics 
Turbidity and total suspended solids (TSS) both exhibit a significant decreasing trend in 
Fairview Lake.  The decreasing trend in solids suggests that upstream BMPs in the Fairview 
Creek watershed are effectively addressing sediment and are assumed to be decreasing the 
related toxics which have been shown to be correlated to TSS. 
 
Figure 2.17: Fairview Lake Total Suspended Solids   

The overall trend 
for Fairview Lake 
TSS as shown in 
Figure 2.17 has a 
significant decreas-
ing trend.  As 
summarized in 
Table 2.3, TSS and 
turbidity in 
Fairview Lake dec-
reased significantly 
under all conditions 
analyzed – overall, 
summer, winter, 
rain and no rain. 
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C.  Fairview Lake Nutrients, pH and Chlorophyll-a 
Columbia Slough has a TMDL for phosphorus, chlorophyll-a and pH, which are all related to 
algal growth.  The summary in Table 2.3 shows that all three of these water quality 
measurements are demonstrating statistically significant decreasing trends with time.  The 
growth of algae, measured by chl-a, and the changes in pH associated with photosynthetic 
activity, are likely decreasing along with the decreasing trend in total phosphorus. Trends in 
soluble reactive phosphorus (ortho-phosphorus) are not apparent, since roughly half of the data 
points are below the 20 µg/L detection limit for the ortho-phosphorus analysis.  Since nitrate did 
not appear to demonstrate an increasing or decreasing trend, phosphorus is assumed to be the 
limiting nutrient controlling algal growth, as measured by chlorophyll-a, in the Fairview Lake 
ecosystem. 
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Figure 2.18: Fairview Lake Total Phosphorus  
Figure 2.18 
illustrates that total 
phosphorus levels in 
Fairview Lake 
during periods with 
rain show a similar 
slope and 
decreasing trend for 
all seasons and for 
periods with rain 
during previous 24 
hours.  EPA’s 
recommended total 
phosphorus concen-
tration of 0.1 mg/L 
(100 µg/L) was 
adopted by DEQ as 
the interim target 

for phosphorus.  Total phosphorus in Fairview Lake appears to be trending towards meeting the 
target maximum concentration. 
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Figure 2.19: Chlorophyll-a in Fairview Lake 

Figure 2.19 
illustrates that 
chlorophyll-a in 
Fairview Lake 
exhibits a 
significant decreas-
ing trend.  Data 
displayed is for 
summer (May-
October), which is 
the same as the 
overall trend since 
chlorophyll-a is not 
monitored during 
the winter months.  
Most values in 
Fairview Lake fall 
below 150 µg/L 

water quality standard. 
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Figure 2.20: Correlation between Chlorophyll-a and Total Phosphorus 
Figure 
displays ordinary 

 

 

 

.  Fairview Lake Dissolved and Total Metals 
d copper) only a few of the metals exhibit 

he majority of measurements for dissolved phase metals are below the method reporting limits.  

he metals which do demonstrate significant trends are total lead (decreasing trend with p<0.05 

2.20 

least squares 
regression and
nonparametric Theil 
robust line 
comparison of 
chlorophyll-a and 
total phosphorus.  
Pearson correlation 
values (not shown) 
for both untrans-
formed and ln-
transformed values, 
0.844 and 0.768, 
respectively, are 
significant (p<0.01). 
A perfect correla-

tion would have a value of 1.000, so algal growth in Fairview Lake appears to be related to the 
amount of phosphorus present.  Regression analysis suggests that 60-70% of the change in 
chlorophyll-a is likely explained by the total phosphorus concentration.  For untransformed data 
r2 = 71.3%; for ln-transformed data (performed to normalize the distribution) r2 = 59.0%. 
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D
For the metals monitored (lead, zinc, nickel an
significant trends in either direction.  The slopes for many of the metals are represented as 
increasing or decreasing in Table 2.3, but no significant trends were noted for many metals.  
Some apparent trends (based on line slope) appear to change from no slope to increasing to 
decreasing depending upon how the trend was assessed, but for those, like total copper, the slope 
was only slightly different than zero.  
 
T
Dissolved lead is a good example of a metal that does not appear to be trending in either 
direction; based on the summary in Table 2.3, dissolved lead is listed with a statistically 
significant zero slope because 90% of the samples are below the 0.10 µg/L detection limit. 
 
T
for all seasons evaluated), total mercury (decreasing for periods associated with stormwater, 
winter and rain), and dissolved copper (slightly significant, p<0.1, increasing trend during winter 
only).   
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Figure 2.21: Fairview Lake Total Lead 

at total 

etal 

Figure 2.21 
illustrates th
lead in Fairview 
Lake appears to be 
decreasing over 
time.  (Slope =  
-0.0005528, p = 
0.0000081).  M
toxicity is hardness-
dependent; the 
chronic criterion 
value was added for 
reference based on 
the average hard-
ness (71.1 mg/L) 
measured in 
Fairview Lake for 
the sampling period. 

At a hardness of 70 mg/L, the chronic and acute toxicity levels for lead are 2.02 and 51.95 µg/L, 
respectively.   
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E.  Fairview Lake Bacteria 
E. coli is a TMDL constituent for the Columbia Slough, and the goal is to have waterways in the 
Columbia Slough drainage meet the water quality standards.  The two standards which are 
related to E. coli are the grab sample standard of 406 E. coli/100 mL and the 30-day, 5 sample 
minimum, log mean standard of 126 E. coli/100 mL.  Since the current Fairview Lake 
monitoring consists of monthly grab samples, the 406 standard is the most applicable, but both 
standards are considered when assessing bacteria levels. 
 
Figure 2.22: E. coli Trend in Fairview Lake  

Even though the 
overall trend in 
Figure 2.22 appears 
to have a decreasing 
slope, the slope is 
not significant and 
no significant trends 
are observed in E. 
coli data when 
assessed overall, by 
season (winter vs 
summer) or when 
preceded by rainfall. 
(Slope = -0.008, p = 
0.16) E. coli levels 
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show a significantly decreasing (p<0.1) slope with no rain in the preceding 24-hours.  When 
current data is evaluated against the grab sample standard of 406 E. coli/100 mL, bacteria do not 
appear to be a serious water quality issue or health risk within Fairview Lake.  And even when 
the 30-day log mean standard of 126 E. coli/100 mL is considered, trends suggest that most 
samples are below this concentration. 
 
Figure 2.23: Boxplot of Fairview Lake E. coli by Season and Rainfall 
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coli does not appear to be a serious water quality issue within Fairview Lake, since most values 
collected during periods of no rain are below the 126 standard, and values collected with rain are 
below the 406 standard; suggesting that E. coli levels are not likely to pose a health risk. 
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F
Trends for Fairview Lake are enc
to internal processes within the lake or external sources such as solar radiation and nonpoint 
sources from surrounding land uses directly around the lake or within the two watersheds 
flowing into the lake.  Portland’s Columbia Slough analysis (see Appendix 2-A) suggests that the 
lake and the Fairview Creek watershed may be sources for some parameters, but all TMDL 
constituents investigated in the lake appear to be significantly decreasing with time. 
Additionally, flow from Fairview Lake to the Slough during summer is nominal, so the Lake is 
unlikely to significantly exacerbate problems in the Slough during that time period.  That said, 
the most critical reduction occurring in Fairview Lake may be in total suspended solids, as this 
may be the driver for reducing phosphorus.  This, in turn, reduces the algal growth and related 
pH fluctuations in the lake, all four of which have established TMDLs within the Slough. 
 
S
responsible for reducing solids include, among others: erosion control inspection programs; 
swales, detention ponds, catch basin cleaning, street sweeping, education and other elements of 
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Gresham, Fairview and Multnomah County’s programs.  Development directly around Fairview 
Lake is essentially complete. Permanent erosion control (i.e. landscaping) is in place, possibly 
improving non-point source water quality and established bioswales treat the majority of point 
source flow from streets in the area.  
 
Bacteria does not appear to be a  primary concern during the entire period for which data exists, 

.3.4 Kelly Creek 

able 2.4 summarizes the trends for the upstream and downstream monitoring sites on Kelly 

able 2.4: Kelly Creek Trend Analysis Summary   

with nearly all samples falling under the single grab sample standard of 406 bacteria/100 mL, 
and most being under the 30-day 126 bacteria/100 mL standard.  The bacteria-reduction 
effectiveness reported for the Fairview Creek Water Quality Facility may be related to the 
absence of any samples being above 406 after 2006, therefore the trend may change in the future 
with additional data.  However, it is encouraging that both the lake and the lower portion of the 
creek flowing into the lake are showing decreasing trends.  Furthermore, the fact that the lake is 
meeting the water quality criteria reinforces that both the City of Gresham’s upstream efforts and 
the City of Fairview’s efforts to reduce stormwater pollutant sources is working.    
 
2
 
T
Creek.  The majority of trends summarized in the table appear to have favorable slopes over 
time, whether it is statistically significant increases in dissolved oxygen, or significant decreases 
in total suspended solids and bacteria – particularly at the downstream monitoring location 
(KCI1), which is downstream of two in-stream detention ponds constructed to capture sediment. 
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Figure 2.25: Kelly Creek (KCI1) Total Suspended Solids 
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Figure 2.26: Comparison of Upstream versus Downstream TSS in Kelly
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the difference that the box plot is illustrating.  When log-transformed values collected when 24-
hour rainfall was 0.1” or greater (n=21) were compared using the paired t-test, the difference was 
significant at p = 0.05.  This difference suggests that the series of detention ponds in Kelly Creek 
is reducing sediment loads, particularly during higher flows.   
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Data were collected at a couple other locations on Kelly Creek to determine the effectiveness of 
the two ponds.  These two sampling sites, FCI2 – just upstream from the Mt Hood Community 
College detention pond, and FCI3 – just downstream of the Kelly Creek detention pond, were 
monitored on the same days as the other two sites until 2006.  Total suspended solids data from 
all four sites during wet weather (24-hour rainfall 0.1” or greater) is shown in Figure 2.27. 
 
Figure 2.27: Comparison of TSS in Kelly Creek During Wet Weather 
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C.  Kelly Creek Nutrients and Chlorophyll-a 
Total phosphorus significantly decreased during the two periods associated with stormwater (rain 
and winter).  The decreasing trend in total phosphorus appears to be correlated with the observed 
decrease in TSS.  A regression of the log transformed values gives a regression with an r-squared 
of 71%, so most of the decrease in phosphorus is likely related to the decrease in TSS.  The 
soluble, biologically available form of phosphorus (ortho-phosphorus) shows no significant 
changes at either site.  Chlorophyll-a does not appear to change or is potentially decreasing at 
both sites.  The only nutrient that appears to increase with time is nitrate, particularly at the 
upstream site during summer and no rain periods. 
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Figure 2.28: Comparison of Upstream versus Downstream Nitrate in Kelly Creek 
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D.  Kelly Creek Dissolved and Total Metals 
Most total phase metals appear to be decreasing or not changing with time at both sites.  Total 
lead is significantly decreasing during all periods at the downstream site (KCI1), as shown in 
Figure 2.29, and for most periods at the upstream site (KCI4).  Two of the dissolved phase 
metals (dissolved copper and dissolved zinc) both have non-significant increasing slopes.  The 
slopes on both of these are small, and the lack of significance is primarily due to the scatter of 
data around the line.  None of the dissolved phase metals at any site in Kelly Creek are close to 
the chronic toxicity criteria established by DEQ (OAR Table 20). 
 
Figure 2.29: Kelly Creek Total Lead 
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100 mg/L, and the “chronic (mean hard)” line is based on the mean hardness of 47 mg/L 
measured at this site over the entire monitoring period. 
 
E.  Kelly Creek Bacteria 
E. coli is the only stormwater-related TMDL constituent in Kelly Creek, so meeting this water 
quality standard is an important goal.  The two standards which are related to E. coli are the grab 
sample standard of 406 E. coli/100 mL and the 30-day, 5 sample minimum, log mean standard of 
126 E. coli/100 mL.  As summarized in Table 2.4, E. coli exhibits a significantly decreasing 
overall trend, especially at the downstream site during summer and no rain periods.  Negative 
slopes are also observed for winter and rain groups at both sites, which are the two groups most 
likely to be associated with MS4 stormwater. 
 
Figure 2.30: Kelly Creek E. coli 
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linear trend lines 
appear to be curved. 
 
 
 
 
 
 
 

 
F.  Kelly Cr
The primary constituent of con
has a TMDL established for bacteria.  Based on analysis of bacteria trends in Kelly Creek, 
bacteria appear to be trending in the right direction with regard to meeting the water quality 
standard.   
 
S
boundary from the upstream agricultural areas than what was leaving.  Maintenance of these in-
stream retention ponds (Kelly Creek and Mt Hood Community College) appears to be an 
important BMP for reducing solids and related pollutants in this watershed.  The other factor 
which may be helping reduce TSS is the enhancement to the City of Gresham’s erosion 
prevention and sediment control program (EPSC) in the past year.  Similar to Johnson Creek, 
this watershed is still rapidly urbanizing, so having a dedicated EPSC inspector focused on 
residential development will likely help reduce erosion from disturbed construction sites.  See 
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also: Section 4.1 Stormwater Pollutant Load Estimates and Benchmarks for TMDL 
Parameters for a discussion of TSS and the EPSC program.   
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1 Introduction 
 
The goals of this study were to examine the Columbia Slough water quality data to 
investigate: 

o Whether ambient water quality monitoring can be reduced, given what is 
already known about water quality in the Columbia Slough. 

o Whether there are sufficient data to generally predict what we might find in any 
given month for the parameters measured. 

o Patterns or trends that exist for the measured parameters. 
o Cases where water quality standards are not met.  If the causes of not meeting 

the standards are not known, recommendations are needed for further 
investigation. 

 
This report builds upon a previous report, the Columbia Slough Watershed Water Quality 
Report 2005.  The 2005 report was based on data collected from January 1995 to October 
2004.  The 2005 report provides a good overall view of water quality in the Columbia 
Slough.  It examines results where water quality standards were not met, correlations 
with precipitation and upstream sites, and load duration curves for E. Coli and Total 
Suspended Solids (BES 2005). 
 
The study presented here is primarily based on data collected from January 1995 to 
September 2006.  Water quality monitoring of the Columbia Slough dates back to at least 
1971.  Much of the historic monitoring has consisted of short-term problem 
characterization, de-icing events, modeling studies, development of TMDLs, and 
stormwater monitoring.  The City of Portland BES has been consistently monitoring the 
water quality since about 1995. 
 
The percentages of results not meeting the standards were calculated based on the data 
through September 2006.  This report used precipitation data from Portland International 
Airport (PDX). 
 
The occurrences of measurements below the reporting limit were examined in greater 
detail.  Some analytes, such as dissolved lead, have a high percentage of nondetects.  
These results were graphed with detects and nondetects in different colors. 
 
Statistical tests (see Appendix on Statistics) were run using data through September 2006.  
Depending on the data distribution and variance, Pearson’s and Spearman’s correlations 
were run.  Seasonal Kendall tau tests were run to determine any increasing or decreasing 
trends by season and overall trends. 
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The seasonality of the data was investigated in the following ways: 

• Data were graphed and examined by months of the year.   The graphs show 10th 

percentiles, 90th percentiles, and medians of the data for each month.  The area 
between the 10th and 90th percentiles represents 80% of the results.  The monthly 
maximums and minimums are represented as symbols in the graphs. 

• Data were investigated by wet and dry seasons.  The statistical Seasonal Kendall 
tau tests were run using these seasons: 

o Wet season (Oct.-May) 
o Dry season (Jun.-Sep.) 

• Dissolved oxygen data were investigated based on eutrophication and airport 
deicing seasons: 

o Winter (Dec.–Feb.) when deicing events have occurred 
o Spring (Mar.-May) 
o Summer/Autumn (Jun.-Nov.) when decomposition of algae and 

macrophytes is predominant 
 
1.1 Monitoring Requirements and Guidelines 
 
Water Quality monitoring is necessary to meet the requirements specified by the 
following: 

• Oregon DEQ Columbia Slough Total Maximum Daily Loads (TMDLs) for: 
Chlorophyll a, Dissolved Oxygen, pH, Phosphorus, Bacteria, DDE/DDT, PCBs, 
Pb, Dieldrin and 2,3,7,8 TCDD. 1998. 

• Oregon DEQ Willamette Basin Total Maximum Daily Load (TMDL). 2006. 
Chapter 4: Temperature-Mainstem TMDL and Subbasin Summary and Chapter 5: 
Lower Willamette Subbasin. 

• NPDES Municipal Separate Storm Sewer System (MS4) Discharge Permit 
 
TMDLs identify the load capacity, which is the maximum amount of a compound that the 
water body can assimilate without violating the water quality standard.  In 1998, DEQ 
established TMDLs for all 303(d) listed parameters in the Columbia Slough, except 
temperature.  In 2006, DEQ established a TMDL for temperature in the Columbia Slough 
in the Willamette Basin TMDL document.  
 
Additionally, monitoring is required for the National Pollutant Discharge Elimination 
System (NPDES) Municipal Separate Storm Sewer System (MS4) Discharge Permit. The 
DEQ issued the original permit in September 1995, renewed the permit in March 
2004, then released a revised permit in July 2005.  The MS4 permit requires monitoring 
in the Columbia Slough at a minimum of 3 locations with a minimum frequency of 3 
times per year.  The locations are not defined by the permit but are determined in 
coordination with watershed managers. 
 
The following documents provide additional guidelines for evaluating water quality 
results: 

• Oregon Administrative Rule 340 Division 41 Table 20 
• NPDES Storm Water Discharge Permit: 1200-COLS 
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1.2 Sampling Sites and Analytes 
There are 9 grab sample sites along the Slough.  Below is a list of those sites and their 
respective street address or general location with respect to landmarks. 
 

Reach Sample Site Site Address 
GRF Culvert/Bridge approximately 500 ft west of Fairview Lake weir 
AWB NE Airport Way Bridge (bridge B, the middle of 3 bridges) 

Upper Slough 

158 NE 158th Avenue Bridge  
92B NE 92nd Avenue Bridge Middle Slough 
21B NE 21st Avenue Bridge 

Whitaker Slough 47S NE 47th Avenue Bridge 
VNB N Vancouver Avenue Bridge 
PED Columbia Boulevard Wastewater Treatment Plant Pedestrian 

Bridge 

Lower Slough 

SJB St. John’s Landfill Bridge 

Table 1  Grab sample monitoring sites. 

 
Figure 1  Columbia Slough water quality monitoring sites. 
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The following table shows the analytes measured during the sampling period. 

Analyte Standards that apply Required by MS4 
permit? 

BOD5 TMDL yes 

Chlorophyll a TMDL 
OAR-340-41-150(1)(b) no 

Conductivity - specific  yes 
Copper OAR 340 Table20 yes 
Copper, dissolved OAR 340 Table20 yes 

Dissolved oxygen TMDL 
OAR 340-41-445 no 

E. coli TMDL yes 
Hardness  yes 
Lead TMDL yes 
Lead, dissolved TMDL yes 
Mercury  ** OAR 340 Table20 no 
Nickel  ** OAR 340 Table20 no 
Nickel, dissolved  ** OAR 340 Table20 no 
Nitrogen - ammonia  no 
Nitrogen - nitrate OAR 340 Table20 yes 
Nitrogen – nitrite  *  no 
Nitrogen - total kjeldahl  no 
pH TMDL, OAR 340-41 yes 
Phosphorus - ortho phosphate (dissolved) EPA Criteria 1986 no 
Phosphorus - total TMDL, OAR 340-41 yes 

Solids - total suspended (TSS) NPDES 1200-COLS 
TMDL surrogate for organics yes 

Temperature TMDL 2006 Willamette Basin 
Chapters 4 and 5: Temperature yes 

Zinc OAR 340 Table20 yes 
Zinc, dissolved OAR 340 Table20 yes 

Table 2  Summary of Analytes that have been analyzed and the standards that apply. 

* stopped sampling in 2001 
** started sampling in Sep. 2006 (required by agreement with the City of Gresham) 
 
Additionally, for most of the sampling period, there have been 6 continuous monitoring 
sites, which are listed below.  Continuous monitoring consisted of measuring ambient 
temperature, pH, dissolved oxygen, and specific conductance every 30 minutes. 
 

Monitoring Site Location Continuous Monitoring Period 

FVL * Fairview Lake (on the lake side of the 
outlet weir) Aug 1996 – Jul 2005 

158 NE 158th Avenue Bridge Aug 1995 – present 
92B NE 92nd Avenue Bridge (main arm) Aug 1995 – present 
21B NE 21st Avenue Bridge (main arm) Dec 1996 – present 
VNB N Vancouver Avenue Bridge Jul 1999 – present 
SJB * St. John’s Landfill Bridge Jan 1995 – Jul 2005 

Table 3  Continuous monitoring sites. 

* Monitoring at sites FVL and SJB was discontinued on 8/2/2005. 
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The continuous monitoring site in Fairview Lake is not part of the Columbia Slough and 
is not subject to the TMDL standards for the Slough.  The data from Fairview Lake 
provide supporting information for evaluating the water quality of the Slough. 
 
1.3 Sampling Period and Frequency 
 
For this report, water quality data were analyzed for the period from January 1995 
through September 2006.  During this period, grab samples were collected once per 
month with some exceptions.  During spring and summer of 1995-1996 (months May – 
Oct) samples were collected twice per month.  From Nov-1997 through Feb-1998, no 
sampling was done.  Additionally, some sampling (e.g. E. Coli) was carried out multiple 
times per month as part of a special study. 
 
In general, for most constituents, the number of samples collected during this period = 

= 9 sites * (11 years + 9 months + months with two samples – months with no sampling) 
=  9 sites * 141 samples/site 
= 1269 

 
Additionally, continuous monitoring data were collected at 6 sites during the period from 
January 1995 through July 2005, after which time monitoring was performed at 4 sites.   
Continuous monitoring consisted of measuring ambient temperature, pH, dissolved 
oxygen, and specific conductance every 30 minutes. This changed to every 15 minutes 
starting in August 2005 to support revised QA/QC procedures. 
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2 Climate 
 
Daily precipitation and air temperature data were obtained for Portland International 
Airport (PDX) (COOP-ID 356751), which is located in the Columbia Slough watershed.  
Precipitation and temperature data are needed for interpreting water quality results, 
including seasonal and year-to-year variations. 
 
2.1 Precipitation 
 
Precipitation has varied during the monitoring period (January 1995 - September 2006).  
The first five water years∗ (through Sep. 1999) had above average precipitation.  In 
particular, several years had very high precipitation: water years 1996, 1997, and 1999 
were 18.1", 22.0" and 9.3" above average, respectively.   During the next 6 years 
precipitation was below average. The lowest water year was 2001 (13.6" below average).  
One year during this period, water year 2002, was about average (0.7" above average).  
The last water year 2006 was 3.1" above average. 
 

Portland PDX Precipitation by Month
  Jan-1995 to Oct-2006
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Figure 2  Monthly precipitation at Portland PDX 

 
 
 
 
 

                                                 
∗   The water year is the 12-month period from October through September. The water year is 
designated by the calendar year in which it ends and which includes 9 of the 12 months. For 
example, the year ending September 30, 1992 is called the "1992 water year". 
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2.2 Air Temperature 
 
Air temperature has varied somewhat during the monitoring period (January 1995 - 
September 2006).  When compared to the monthly averages at PDX from 1961-2006, all 
years in the monitoring period had warmer summers except 1999, 2000, and 2001.   The 
winters were more varied with some years having below average minimums and some 
above average.  Seasonal trend tests show no trends in maximum daily air temperature 
during the monitoring period. 
 

Portland PDX Air Temperature by Month
  Jan-1995 to Oct-2006
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Figure 3  Monthly averages of air temperature.  Shaded area is between average maximums and 
minimums. 
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3 Tidal Influence of Willamette River Water in the Columbia Slough 
 
This section presents a preliminary investigation on how far Willamette River water goes 
up the Columbia Slough.   
 
3.1 Specific Conductance as a Tracer 
 
Specific conductance is used as a conservative tracer for Willamette River water.  Water 
from the Willamette River generally has lower specific conductance than water in the 
Columbia Slough.  The Willamette River has specific conductance close to 100 µS/cm; 
the Slough has specific conductance close to 200 µS/cm.  As can be seen in Figure 4, 
when the tide comes up the slough (Lombard gage height increases), the specific 
conductance of the water at N. Lombard Bridge decreases.  Conversely, when the tide 
goes out (gage height decreases), the specific conductance of the water at N. Lombard 
Bridge increases. 
 

Specific Conductance  Oct-2004 to Nov-2004
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Figure 4  N. Lombard Bridge shows Willamette River water at high tides. 

 
The flow of Willamette River water in the Slough may have changed when a water 
control structure was installed between the North Slough and Bybee Lake.  Construction 
was completed in November 2003.   The structure replaced an earthen dam that was built 
in 1982 to maintain a higher water level in the lakes.  Using the water control structure, 
Metro manages the flow of water between the North Slough and Bybee Lake. 
 
Table 4 describes the water years used for the investigation of Willamette River water in 
the Slough.  Table 5 describes the monitoring sites and the agencies that provided the 
data.
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Water Year Dates Characteristics 
2002 Oct. 1, 2001 – Sep. 30, 2002 Rainfall: Close to normal. 

Previous to installation of Water Control Structure. 
2004 Oct. 1, 2003 – Sep. 30, 2004 Rainfall: winter normal; spring below average. 

After installation of Water Control Structure. 
2005 Oct. 1, 2004 – Sep. 30, 2005 Rainfall: below average 

After installation of Water Control Structure. 
St. Johns Landfill Bridge monitoring discontinued 
8/2/2005. 

Table 4  Water years evaluated for Willamette River water in the Slough 

 
Site Abbreviation Notes 

N. Lombard Bridge Gage - USGS gage. Datum of gage is 1.53 ft above 
NGVD-1929. 

N. Lombard Bridge NLB Metro monitoring site. 
North Slough NS Metro.  Many data gaps due to equipment or 

other problems. 
St. Johns Landfill Bridge SJB BES.  Monitoring discontinued 8/2/2005. 
N. Portland Ave. Bridge NPB Metro.  Metro moved this monitoring site to St. 

Johns Landfill Bridge sometime near 2006. 
N. Vancouver Ave. Bridge VNB BES. 
NE 21st Ave. Bridge 21B BES.   Used to examine the general variation of 

noise in data. 

Table 5  Montoring sites evaluated for Willamette River water in the Slough 
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3.2 Representative Graphs 
 
This section contains graphs of specific conductance for multiple sites for different time 
periods.  The graphs present general conditions and some special cases.  
 
 

Specific Conductance   Oct-2003 to May-2004
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Figure 5  Winter and Spring Water Year 2004.  The graph shows the general trends in specific 
conductance. 

Specific Conductance   Jun-2004 to Sep-2004
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Figure 6  Summer 2004.  Note that Willamette River water is generally observed at St. Johns Landfill 
Bridge and periodically at N. Portland Ave. Bridge.   
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Specific Conductance   July-2004
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Figure 7  July 2004.  Note that Willamette River water is observed at St. Johns Landfill Bridge.  
Willamette River water reached N. Portland Ave. Bridge in late July.   

Specific Conductance  July-2005
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Figure 8  July 2005.  Note that Willamette River water is observed at St. Johns Landfill Bridge.  
There is some effect at N. Portland Ave. Bridge. 

 
 
 



Columbia Slough Watershed – Water Quality Findings and Recommendations 

17 

Specific Conductance  July-2005
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Figure 9  N. Vancouver Bridge, July 2005.  Willamette River water appears to have some influence at 
N. Vancouver Ave. Bridge, although there is a lot of noise in the signal. 
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Figure 10  N. Vancouver Bridge, September 2005.  Willamette River water goes up to N. Vancouver 
Ave. Bridge during this period. 
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3.3 Results and Trends – General Observations 
 
Following are general observations based primarily on visual inspection of graphs.  These 
observations should be regarded as preliminary and further investigation is 
recommended. 
 

o Willamette River water generally reaches the St. Johns Landfill Bridge.  A strong 
oscillating signal is present in the specific conductance data and this signal 
matches the oscillations in the gage data at N. Lombard St. Bridge.  This 
condition is observed approximately 80% of the time throughout the year.  During 
some periods of high water (gage height > 6 feet), the signal is dampened or not 
present.  

o Willamette River water periodically reaches the N. Portland Rd. Bridge. 
o Willamette River water may occasionally reach N. Vancouver Ave. Bridge, but 

there is a lot of noise in the data.  A noticeable signal in the specific conductance 
occurred in Sep. 2005, indicating the presence of Willamette River water. 

o For the periods investigated, there are insufficient monitoring data for the North 
Slough to drawn conclusions.  However, there seems to be a much weaker signal 
at the North Slough than the St. Johns Landfill Bridge.  There are some periods at 
the North Slough where the specific conductance shows steadily increasing 
measurements; this may be due to sediment accumulating in or around the 
conductivity probe. 

o There were no apparent differences in observations before and after the 
installation of the water control structure between the N. Slough and Bybee Lake.  

 
3.4 Recommendations 

 
Following are recommendations for further investigation: 
 

o Investigate further using more years of data. 
o Examine periods of high water.  In water year 2004 during periods of high water, 

there were drops in specific conductance at N. Vancouver Ave. Bridge, but not at 
other sites. 

o Further examine whether there are differences before and after the installation of 
the water control structure.  Examine more years prior to and after the installation 
of the water control structure between the North Slough and Bybee Lake. 

o Investigate how much mixing of Willamette River and Columbia Slough water 
occurs at different locations.  Does the water remain stratified under certain 
conditions? 
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4 Water Temperature 
 
4.1 Water Quality Standard 
 
The TMDL for the Lower Willamette Basin specifies the temperature TMDL for the 
Columbia Slough.  The biological criterion for the entire Columbia Slough is 18°C 
(64.4°F) as measured using the seven-day average of the daily maximum stream 
temperature.  This criterion applies during times and at locations of salmon and trout 
rearing and migration (DEQ 2006 TMDL). 
 
Percent effective shade is used as a surrogate measure for nonpoint source pollutant 
loading since it is easily translated into quantifiable water management objectives. The 
TMDL established site-specific shade targets for the Columbia Slough.  Modeling results 
indicate that a combination of improved shading and hydrologic improvements will result 
in significantly cooler water temperatures within the Columbia Slough. 
 
In the Lower Slough increased shading is expected to provide only modest improvements 
because the channel is quite wide.  Salmonid use of the lower portion of Columbia 
Slough has been documented and system potential riparian vegetation, though unlikely to 
significantly improve summertime stream temperature, may be very important in 
providing suitable habitat conditions for salmonids.  Portions of the Middle and Upper 
Sloughs, where channel widths are much narrower and riparian vegetation has been 
removed due to development, would show greatly increased stream shading conditions 
with the establishment of system potential riparian vegetation. Buffalo Slough is also 
quite wide and riparian vegetation improvements are unlikely to significantly improve 
overall shade conditions as they relate to water temperature. 
 
System potential effective shade occurs when near stream vegetation is at a climax life 
stage.  The climax life stage is defined by various conditions, including the vegetation 
being mature, undisturbed, and at or near its peak height and density.  System potential 
considers current land uses as temporary; therefore buildings near stream could be 
planted at some time in the future.  Stream temperatures that result from the system 
potential conditions represent attainment of the temperature standard.  In other words, the 
system potential temperature becomes the new temperature standard (for reaches where 
the system potential temperature exceeds the biological criterion). 
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4.2 Results and Trends 
 
The City of Portland has measured water temperature in the Columbia Slough for many 
years.  The water temperature data presented here are based primarily on the continuous 
monitoring sites on the Slough.  These data provide an understanding of the temperature 
issues in the Slough.  The Columbia Slough experiences warming starting in late spring 
and extending into the fall.  For all sites except NE 92nd Ave., the 7-day average of daily 
maximum temperature usually does not meet the 18ºC standard from June through 
August (see Figure 11). 
 
Figure 12 shows the water temperature range for the continuous monitoring sites for 
every other month of the year.  The monthly range shown is a broad range: from the 10th 
percentile of the daily minimums through the 90th percentile of the daily maximums.  The 
temperatures are warmest in July throughout the Slough.  Note that the sites in the Middle 
Slough, particularly NE 92nd Ave., where groundwater inflow occurs, are warmer in 
winter and cooler in the summer than the other sites. 
 
Figure 13 shows seasonal trend graphs for maximum daily temperature at the continuous 
monitoring sites for the summer months Jun.-Sep.  Note that all sites except N. 
Vancouver Ave. and Fairview Lake show increasing temperature trends.  Also note that 
summer 2006 does not fit the increasing trend ─ summer temperatures at all sites 
monitored in 2006 decreased that year.  (Fairview Lake and St. Johns Landfill Bridge 
were not monitored in 2006.)  Pumping, carried out by MCDD in the summers of 1994-
1996, may have resulted in shorter residence times and cooler temperatures during the 
early years of this study period. 
 
It is expected that water temperature can be explained in part by air temperature.  
Therefore, in addition to performing trend analysis on the “raw” temperature data, trend 
analysis was also performed on maximum water temperature “adjusted” for maximum air 
temperature (See Appendix on Statistics).   The trend tests on the adjusted data show the 
same increasing trends, which means that air temperature does not fully explain the trend. 
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St. Johns Landfill Bridge

7-Day Average of Daily Maximum Temperature
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Figure 11  7-day average of daily maximum temperature at selected sites. 
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Figure 12  Water temperature range at continuous monitoring sites during different months.  Each 
shaded area represents the range of temperature measurements at that site.  The top of each shaded 
area is the 90th percentile of the maximums; the bottom is the 10th percentile of the minimums. The 
temperatures are warmest in July throughout the Slough.   The 18˚C standard for the seven-day 
average of daily maximum temperature is shown as a dashed line on the graphs.  The temperature 
ranges shown are not seven-day averages and are not directly comparable to the 18˚C standard.   
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p-value = 0.000000   slope = 0.187 °C / year No trend in data 

p-value = 0.000002   slope = 0.107 °C / year  p-value = 0.000000   slope = 0.158 °C / year  

p-value = 0.000000   slope = 0.296 °C / year  No trend in data  

Figure 13  Seasonal scatterplots with trend lines for maximum daily temperature at the continuous 
monitoring sites for the summer months Jun.-Sep.  Note that all sites except N. Vancouver Ave. and 
Fairview Lake show increasing temperature trends.   The slope values shown are based on linear 
regression lines and should be considered only as indicators of trends and not necessarily as actual 
rates of increase in temperature. 
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4.3 Recommendations 
 
The Temperature TMDL Implementation Plan will establish strategies for planting 
functional shade buffers along the Slough.  Temperature monitoring should continue.  
Temperature monitoring is easily accomplished with the continuous monitoring 
multiprobes that are currently being used.  If the use of continuous monitoring 
multiprobes is discontinued, cheaper temperature dataloggers could be deployed. 
 
Further investigations of water temperature trends are recommended.   Statistical 
modeling using multivariate analysis may provide a better understanding of which factors 
explain changes in water temperature.  The effects of seasonality and air temperature can 
be further examined.  For example, a statistical model could use a sine/cosine function to 
deal with seasonality.  Another approach consists of transforming water temperatures to 
units of degree-days above an arbitrary threshold to evaluate a trend over time.  Monthly, 
seasonal or annual heating degree-days could be regressed over time to indicate a 
warming or cooling trend for a given month, season, or annually over time. 
 
The following factors should be considered in further investigations of temperature: 

o The residence time of water in the Slough has an effect on water temperature.  
Residence time is affected by MCDD pumping rates, drainage rates, and head 
resulting from hydraulic resistance of submerged macrophytes. 

o Army Corps of Engineers completed a Section 1135 Ecosystem Restoration 
Project in the Slough between NE 18th Ave. and NE 158th Ave.  This project 
consisted of dredging the middle of the channel and creating wetland benches on 
the banks and islands.  This project was completed about 2005. 

o Low flow water level management was carried out in the summers 2005 and 2006 
to increase groundwater flow into Slough.  This was done in conjunction with the 
Section 1135 improvements to increase flow in the Slough. 

o Temperature probe depth differs at different monitoring sites and has changed 
over monitoring period. 
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5 Dissolved Oxygen and Biochemical Oxygen Demand 
 
5.1 Water Quality Standard 
 
The dissolved oxygen (DO) water quality criteria (DEQ 1998 TMDL) have three tiers: 
 

TMDL term Explanation TMDL 
absolute minimum daily minimum of all measurements 4.0 mg/L 
7-day minimum mean 7-day average of daily minimums 5.0 mg/L 
30-day mean minimum 30-day average of daily means 6.5 mg/L 

 
The 30-day mean minimum is based on “30 consecutive-day floating averages of the 
calculated daily mean dissolved oxygen concentration.”  DEQ requires that for the 
purpose of calculating the daily mean, “concentrations in excess of 100 percent of 
saturation are valued at the saturation concentration.”  The daily mean also requires “an 
adequate number of data to describe the variation in dissolved oxygen concentration 
throughout a day, including daily maximums and minimums.” (DEQ OAR 340-041-
0002). 
 
The 5-day Biochemical Oxygen Demand (BOD) Loading Capacity criteria (DEQ 1998 
TMDL) are defined to meet the dissolved oxygen TMDL.  The BOD TMDL is a matrix 
of flows, DO criteria, and maximum BOD5 to meet the DO criteria (Oregon DEQ, 1998, 
page 12, Table 1).  The BOD5 criteria depend on flow.  The most stringent BOD5 
criterion (16 mg/L) is for the lowest flow (2.83 m3/sec) to meet 30-day mean minimum 
DO > 6.5 mg/L. 
 
5.2 Quality Control of Dissolved Oxygen Data 
 
The multiparameter probes used for continuous monitoring are deployed for two-week to 
one-month periods.  At the end of a monitoring period, the probes are removed for 
cleaning and calibration.  Hydrolab probes were deployed for two-week periods.  The 
Hydrolabs were replaced with In-Situ Trolls in July 2005, at which time the monitoring 
periods were extended to one month.  Before cleaning the sensors, measurements are 
taken in each calibration standard to show the impact of sensor fouling and drift over the 
course of the monitoring period.  The % difference between the measured and expected 
values is calculated and recorded.  The QA/QC procedures have evolved and improved 
over time. 
 
Prior to cleaning, the DO probes are tested in water that is 100% saturated with oxygen.  
QA/QC procedures define the acceptable range as 90% - 110%.  If a measurement is out 
of this acceptance range, this is noted in the QA/QC report.  For measuring DO, the 
Hydrolabs employed a technology where oxygen molecules diffuse through a membrane 
covering an electrolyte solution and electrodes.  These membranes can be problematic.  
One type of problem occurs when the membrane is damaged and electrolyte leaks out, 
resulting in very low and incorrect DO measurements.  The older membrane technology 
is now being replaced by new technology that uses optical DO sensors. The In-Situ Trolls 
use optical DO sensors. 
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As an example, consider the case where at the end of a monitoring period, DO is out of 
acceptance, reading 85% in water that is 100% saturated with oxygen.  The DO probe is 
reading 15% lower than the standard.  How do we deal with measurements that were 3.8 
mg/L (slightly less than the 4 mg/L standard) for two days before the probe was removed 
for cleaning and calibration?  These results should probably not be considered violations 
of the absolute minimum TMDL standard of 4 mg/L. 
 
There are several options for handling DO data when the probe is out of the acceptance 
range: 

1) Discard the data for the entire previous monitoring period. 
2) Discard the data for a portion of the previous monitoring period, using best 

professional judgment. 
3) Use the data as is.  When low DO measurements are found, check the QA/QC 

reports for out of acceptance range.  If the out of acceptance condition is found, 
then using best professional judgment, consider whether the DO measurements 
that are less than the TMDL standard should be retained or not. 

4) Shift the data based on the drift and fouling check records.  This is what USGS 
Water Resources of Oregon does, though not everyone in the industry (including 
DEQ) accepts this as a valid representation of the data.  For the above example, 
the shift would be applied linearly over time for the monitoring period, assuming 
no correction at the start of the period and a 15% correction at the end of the 
period.  A measurement of 3.8 mg/L at the end of the period would give a 
corrected measurement of 3.8 + (3.8 * 0.15) = 4.37 mg/L. 

 
Although option 4) may be a good option, given the quantity of data and the changes to 
the QA/QC procedures over the years, option 3) was used for this report. 
 
5.3 Periods of Depressed Dissolved Oxygen 
 
In a eutrophic system, such as the Columbia Slough, excessive aquatic plant and algal 
growth may occur during the spring and summer.  The photosynthesis of aquatic plants 
and algae in the water occurs when sunlight acts on the chlorophyll in the plants.  During 
photosynthesis plants consume dissolved CO2 and produce dissolved oxygen.  Lower 
CO2 results in increased pH.  In addition, cellular respiration occurs in plants and algae 
during day and night, consuming DO.  When photosynthesis occurs, we can expect both 
dissolved oxygen and pH to increase during the daylight hours. During the non-daylight 
hours, these parameters decrease.  When plants and algae die in the water, decomposition 
occurs as microbes, such as bacteria, fungi and protozoa, break down the organic matter. 
During aerobic decomposition microbes consume dissolved oxygen. 
 
Dissolved oxygen levels throughout the Slough are usually above the 4 mg/L minimum. 
However, all sites in the Columbia Slough have DO measurements that are below the 
standards during some periods of the year. 
 
The primary causes of depressed dissolved oxygen in the Columbia Slough are: 

1) Aerobic decomposition by microbes of decaying algae and aquatic plants due to 
eutrophic conditions.   

2) Aerobic decomposition by microbes of deicing materials used by the airport or 
transportation departments. 



Columbia Slough Watershed – Water Quality Findings and Recommendations 

27 

 
These causes tend to result in periods of days where dissolved oxygen is depressed.  In 
addition to looking at the percentage of days where DO standards are not met, the length 
and severity of periods where dissolved oxygen was depressed were examined.  In the 
Columbia Slough there are isolated days where the minimum DO results do not meet the 
TMDL absolute minimum, but this often occurs over a period of multiple days.  
Generally, but not always, when the DO results do not meet the absolute minimum 
criterion for more than one consecutive day, the 7-day minimum mean criterion is not 
met within the same or subsequent week.  This situation may or may not be followed by a 
period during which 30-day mean minimum criterion is not met. 
 
For this report, a period of depressed DO is defined as a period of consecutive days 
during which any of the three DO TMDL criteria are not met, allowing gaps of up to 2 
consecutive days where all criteria are met.  A period of one day in which the DO 
dropped to 3.9 mg/L is less severe than a period of two weeks where the DO dropped to 
less than 3 mg/L.  For this report, the severity of a period is the shortage of DO based on 
the 4 mg/L standard.  The severity of each period can be determined by graphing 
dissolved oxygen over time and estimating the area below the line of the minimum DO 
standard (4.0 mg/L).  Severity is in units of mg/L-days, where 1 mg/L-day means that all 
discrete measurements for 1 day averaged 1 mg/L less than the 4 mg/L standard (the 
daily average was 3 mg/L). 
 
For example, to calculate the severity of a 2-day period where DO is constantly at 2.5 
mg/L: 

Severity = 2 days * (4 mg/L – 2.5 mg/L) = 3 mg/L-days 
 
Salmonid mortality begins to occur when dissolved oxygen concentrations are below 3 
mg/L for periods longer than 3.5 days (US EPA 1986b)∗.   For this report, periods of 
depressed DO with severity greater than 0.5 mg/L-days are considered of concern.   
Periods greater than 3.5 mg/L-days are considered major DO depressions. 

                                                 
∗ In more recent literature reviews on the effects of low DO on salmonids, it was reported that significant 
mortality occurs in natural waters when dissolved oxygen concentrations fluctuate in the range of 2.5 - 3 
mg/L (Washington State Department of Ecology 2002). 
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Here are some examples of periods of depressed dissolved oxygen at NE 21st Ave. Bridge 
site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14  Example showing a period of depressed dissolved oxygen in October 1999.  Severity = area 
beneath 4 mg/L line = 0.49 mg/L-days.  Also note the diurnal cycle indicating photosynthesis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15  Example showing a major period of depressed dissolved oxygen in January 2005.  Severity 
= area beneath 4 mg/L line = 8.84 mg/L-days. 
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5.4 Results and Trends – General Observations 
 
The results of dissolved oxygen measurements at the continuous monitoring sites are 
summarized in Table 6.  Note that the number of periods of noteworthy DO depressions 
(> 0.5 mg/L-days) and major DO depressions (> 3.5 mg/L-days) provide another way of 
viewing DO issues, in addition to the percentage of days where the TMDL standards are 
not met. 
 
Data are presented by season as follows: 

o Winter (Dec.–Feb.) plus events in Nov. where air temperatures were ≤ 0º C.  
Many DO depressions during this period can be explained by decomposition of 
airport deicing materials. 

o Summer/Autumn (Jun.-Nov.)  Most DO depressions during this period can be 
explained by decomposition of algae and plants. 

o Spring (Mar.-May)  DO depressions are generally not expected during this 
period.  Occurrences of DO depressions may have a variety underlying causes. 

 
The sites at Fairview Lake and the NE 158th Ave. Bridge had periods of major DO 
depressions in Jul.–Oct., likely due to decomposition of algae and aquatic plants.  The 
92nd Ave. Bridge site had significantly fewer days below the standards.  Fairview Lake, 
NE 158th Ave. Bridge, and 92nd Ave. Bridge consistently met the standards during the 
period Dec.-Apr. 
 
The other sites in the Middle and Lower Sloughs (NE 21st Ave. Bridge, N. Vancouver 
Ave. Bridge, and St. Johns Landfill Bridge) had measurements that were similar to one 
another.  These sites had some results below the standards in the winter period Nov.–Jan., 
likely due to airport deicing discharges.  These sites consistently met the standards during 
the period Mar.-Jul. 
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 FVL 158 92B 21B VNB SJB 

Monitoring Period Aug 1996 – 
Jul 2005 

Aug 1995 – 
Sep 2006 

Aug 1995 – 
Sep 2006 

Dec 1996 – 
Sep 2006 

Jul 1999 – 
Sep 2006 

Jan 1995 – 
Jul 2005 

# years monitoring 10 12 11 11 8 11  

 
% days < 4 mg/L absolute min 0 0 0 4.4 % 4.3 % 2.3 % 
% days < 7-day minimum mean 0 0 0 5.8 % 7.4 % 4.7 % 
% days < 30-day mean minimum 0 0 2.2 % 5.9 % 4.0 % 7.3 % 
# periods of depressed DO 0 0 1 13 8 12 
Sum (mg/L-days) 0 0 0 28.52 22.14 20.63 
Periods > 0.5 mg/L-days 0 0 0 9 3 4 

Winter 
(Dec - Feb) 
plus freeze 

events  
in Nov 

Periods > 3.5 mg/L-days 0 0 0 3 2 2 
 

% days < 4 mg/L absolute min 1.2 % 1.3 % 1.2 % 0 0.2 % 0.1 % 
% days < 7-day minimum mean 2.2 % 3.5 % 0.8 % 0 0 0 
% days < 30-day mean minimum 0.7 % 1.2 % 0 0 0 0 
# periods of depressed DO 1 7 4 0 1 3 
Sum (mg/L-days) 0.63 0.61 5.45 0 0.00 29.31 * 
Periods > 0.5 mg/L-days 1 0 2 0 0 1 

Spring 
(Mar - May) 

Periods > 3.5 mg/L-days 0 0 1 0 0 1 * 
 

% days < 4 mg/L absolute min 21.4 % 7.5 % 3.2 % 2.0 % 2.8 % 1.4 % 
% days < 7-day minimum mean 35.4 % 11.9 % 3.4 % 3.7 % 3.3 % 1.7 % 
% days < 30-day mean minimum 34.2 % 11.6 % 1.8 % 1.3 % 0.9 % 0 
# periods of depressed DO 26 31 28 15 13 9 
Sum (mg/L-days) 208.71 58.38 35.45 ** 3.73 11.28 0.82 
Periods > 0.5 mg/L-days 10 10 6 2 3 0 

Summer /  
Autumn 

(Jun - Nov) 

Periods > 3.5 mg/L-days 6 3 2 ** 0 2 0 
 

% days < 4 mg/L absolute min 10.5 % 4.1 % 1.9 % 2.1 % 2.6 % 2.0 % 
% days < 7-day minimum mean 17.6 % 7.0 % 2.2 % 3.4 % 3.5 % 3.1 % 
% days < 30-day mean minimum 16.1 6.2 1.5 1.9 1.3 2.0 
# periods of depressed DO 27 38 33 28 22 24 
Sum (mg/L-days) 209.34 58.99 40.90 32.25 33.42 50.77 
Periods > 0.5 mg/L-days 11 10 8 11 6 5 

Totals 

Periods > 3.5 mg/L-days 6 3 3 3 4 3 

Table 6  Summary of Periods of Depressed DO in Columbia Slough.  Shaded results indicate points 
of concern. 

 
* Data at SJB are skewed by a single period in Apr-May 1995 with a severity of 29.29 mg/L-days.  Such a 

severe period of depressed DO in spring is difficult to explain.  No quality control (QC) information or 
supporting on-site sampling results are available for this period. 

 
** Data at 92B are skewed by two major periods of depressed DO in Sep. 1998 and Sep. 2000 (17.8 and 

11.2 mg/L-days, respectively).  No quality control (QC) information or supporting on-site sampling results 
are available for the Sep. 1998 period.  These DO depressions are likely due to decomposition of algae 
and aquatic plants, but are noted here since 92B is generally regarded as less eutrophic than other sites. 
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Figure 16  Periods of depressed dissolved oxygen at continuous monitoring sites.  The hatched areas 
represent periods where no monitoring was preformed. 
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5.5 Results and Trends – Middle and Lower Slough 
 
It is useful to examine dissolved oxygen in the 3 lower continuous monitoring sites 
together:  NE 21st Ave. Bridge, N. Vancouver Ave. Bridge, and St. Johns Landfill Bridge.  
NE 21st Ave. Bridge and N. Vancouver Ave. Bridge had similar results with major 
periods of depressed DO in the winter (three major periods at NE 21st and two at N. 
Vancouver since 2002).  At St. Johns Landfill Bridge, major depressions were seen in the 
winter in earlier years (1995 and 1997).  The major depressions seen at NE 21st and N. 
Vancouver since 2002 were not observed at the St. Johns Landfill Bridge site.  Some 
periods of depressed dissolved oxygen appear to correspond with time periods when the 
Port of Portland was unable to achieve effluent limits set forth in their NPDES deicing 
permit.  These events were related to a lack of flow in the Slough at the time of discharge 
(BES 2006).  The primary geographical area of airport deicing discharges is shown in 
Figure 17. 
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Figure 17  Map showing primary area of airport deicing discharges. 

 
Over the sampling period during the winter months, the 3 lower continuous monitoring 
sites failed to meet the DO standards about 5% of the days (see Table 6).  There were 
very few results that did not meet the standards during the spring and summer months, 
though N. Vancouver Ave. Bridge had periods of major depressions (> 3.5 mg/L-days) in 
Sep. 2005 and Sep. 2006. 
 
The major periods of depressed DO in the winter are summarized in Table 7 and in 
Figure 18.  Note that all winters since 1995 except two (Nov. 1998–Feb.1999 and Nov. 
2002–Feb. 2003) had depressed DO periods with severity of at least 0.5 mg/L-days.  Note 
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that the primary locations of the depressed DO periods in winter have changed over time, 
from St. Johns Landfill Bridge (1995-1997) to N. Vancouver Ave. Bridge (2000-2004) to 
NE 21st Ave. Bridge (1997-2006).  The changes in location are most likely due to 
changes in the Port of Portland’s deicing management.  The pumping regime changed so 
that, after a deicing event, water is initially held back to increase the volume, allowing 
greater discharge when pumping commences. 
 

Site Start Date End Date Days 
Minimum 

DO 
(mg/L) 

Severity 
(mg/L-
days) 

Dates of 
BOD5 

Samples 
BOD5 
(mg/L) 

St. Johns Landfill  2/19/1995 2/27/1995 9 0.23 9.57 12/5/1995 All sites <2 

NE 21st Ave.  12/28/1996 1/11/1997 15 0.32 1.56 12/30/1996 
– 1/2/1997 

9, 3.2, 2.3, 2, 
2.3, 2 

St. Johns Landfill  1/2/1997 1/13/1997 12 0.95 3.28 12/30/1996 
– 1/2/1997 

34, 18, 52, 
46, 15 

St. Johns Landfill  2/2/1997 2/10/1997 9 0.37 6.26 1/6/1997 21B: <2 
N. Vancouver Ave.  1/28/2002 2/7/2002 11 0.60 7.73 1/15/2002 All sites <2 
NE 21st Ave 1/25/2002 2/5/2002 Possible low DO, but no data due to power loss 

N. Vancouver Ave.  1/12/2004 1/31/2004 20 0.26 13.04 1/13/2004 
VNB: 18 
PED: 13 
SJB: 14 

NE 21st Ave 1/19/2004 1/31/2004 13 0.46 8.97 1/13/2004 21B: 3 
NE 21st Ave 1/22/2005 1/27/2005 6 0.51 6.84 1/11/2005 All sites <2 

NE 21st Ave 11/18/2005 11/25/2005 8 0.38 5.54 11/8/2005 
21B: 2 
VNB: 2 
PED: 3 

Table 7  Major Periods of Depressed DO in Winter on Middle and Lower Slough.  Adjacent shaded 
rows represent the same event. 
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Figure 18  Periods of depressed dissolved oxygen during winter in Middle and Lower Sloughs. 
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Figure 19  BOD5 results at selected sites in the Slough. 
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Generally a period of depressed DO is expected to be preceded by low BOD.  However, 
BOD5 results show very few cases where the standard was not met, using the most 
stringent BOD5 criterion (16 mg/L) (see Figure 19).  Sediment Oxygen Demand (SOD) 
may be a contributing factor to the periods of depressed DO, but SOD is not captured by 
BOD5 measurements from the water column. 
 
The known cases where BOD5 did not meet the standard in the Lower Slough are 
attributable to airport deicing events and are shown in Table 7.    When BOD5 levels did 
not meet the criterion (16 mg/L), this always preceded or was concurrent with a period of 
depressed DO.  Slightly lower BOD5 levels (10 – 14 mg/L) were not necessarily followed 
by periods depressed DO. 
 
The 92nd Ave. Bridge site had relatively few DO results below the standards, though there 
were two major periods of depressed DO that occurred in Sep. 1998 and Sep. 2000 (17.8 
and 11.2 mg/L-days, respectively). 
 
5.6 Recommendations relative to Airport Deicing 
 
Most of the deicing incidents between November 2003 and March 2005 occurred when 
slough flows were below the assumed minimum wintertime flow of 1.7 m3/sec used to 
calculate their wasteload allocation (BES 2006).  Wintertime flow is difficult to estimate 
in the Lower Slough, which has complex hydrology due to its tidal nature.  Wintertime 
minimum flow assumptions should be revisited for future deicing permit cycles (BES 
2006).  The Port of Portland has implemented some aggressive deicing procedures 
designed to minimize BOD in the Slough.  However, incidents of airport deicing 
discharges are apparent in the depressed dissolved oxygen data from continuous 
monitoring sites in the Lower Slough.  Continued monitoring of DO is recommended 
both upstream and downstream of the primary area of airport discharges. 
 
After an airport deicing event, there is a lag time of several days to two weeks before 
elevated BOD5 levels are seen in the Lower Slough.  Since BOD5 is sampled only once 
per month, elevated BOD5 measurements only coincidently match with deicing events. 
Continuous monitoring of DO is a better way to track airport deicing events. 
 
Metro maintains two continuous monitoring sites on the Lower Slough, one at the St. 
Johns Landfill Bridge (previously at the Columbia Boulevard Wastewater Treatment 
Plant) and another at the North Lombard St. Bridge.  It would be worth investigating 
whether periods of depressed DO are seen at Metro’s sites after airport deicing events.  
Understanding Metro’s plans for continued monitoring at these sites would be useful. 
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5.7 Upper Slough 
 
The continuous monitoring site in Fairview Lake is not part of the Columbia Slough and 
is not subject to the TMDL standards for the Slough.  The data from Fairview Lake 
provide supporting information for evaluating the water quality of the Slough.  
 
The sites in Fairview Lake and at the NE 158th Ave. Bridge site had major DO 
depressions in Jul.–Oct.  The major periods of DO depression are summarized in Table 8.  
Note that many periods of depressed DO are greater than 1 month.  This can be attributed 
to aerobic decomposition of algae/aquatic plants in a eutrophic system.  Note also that 
neither site had a major DO depression prior to the year 2000. 
 
NE 158th Ave. Bridge had high percentages of results that did not meet the standards (the 
7-day minimum mean was not met on average 13%, 21%, 23% of the days during the 
months of Jul., Aug., and Sep., respectively).   The Upper Slough consistently met the 
standards during the winter/spring period Dec.-Apr. 
 
Using the most stringent BOD5 criterion (16 mg/L), there were very few results not 
meeting the BOD5 standard.   Both results not meeting the standard at Fairview Lake 
Outlet occurred in July; each occurred before or during a period of depressed DO. 
 
 

Site Start Date End Date Days 
Minimum 

DO 
(mg/L) 

Severity 
(mg/L-
days) 

Dates of 
BOD5 

Samples 
BOD5 
(mg/L) 

Fairview Lake 7/5/2000 8/15/2000 42 0.84 36.50 6/6/2000 GRF: 4 
Fairview Lake 7/16/2001 8/5/2001 21 0.34 9.61 7/17/2001 GRF: 8 

NE 158th Ave. 8/15/2001 10/29/2001 76 1.37 13.94 8/21/2001 AWB: 7 
158: <2 

NE 158th Ave. 6/22/2002 8/8/2002 48 0.22 27.35 6/18/2002 AWB: 4 
158: 3 

Fairview Lake 7/14/2002 9/29/2002 78 0.40 44.92 7/23/2002 
GRF: 31 
AWB: 3 
158: 3 

Fairview Lake 6/4/2003 9/22/2003 111 0.26 60.97 7/15/2003 GRF: 7 
NE 158th Ave. 7/18/2004 9/25/2004 70 1.72 8.47 8/17/2004 158: 5 
Fairview Lake 7/23/2004 8/12/2004 21 0.31 27.04 7/13/2004 GRF: 18 
Fairview Lake 7/19/2005 8/2/2005 15 0.03 23.82 8/9/2005 GRF: 5 

Table 8  Major Periods of Depressed DO in Fairview Lake and Upper Slough 
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6 Eutrophication:  pH, Chlorophyll a, and Nutrients 
 
Eutrophication is the increased primary productivity that occurs in an aquatic system as a 
result of nutrient input. Nutrients increase primary production and photosynthesis rates.  
The Columbia Slough is a eutrophic system.   
 
Eutrophication is a natural process by which nutrients and organic substances enter an 
aquatic ecosystem and increase the biological productivity.  As the waterway eutrophies, 
the increased nutrients lead to excessive algal and plant growth and decay, resulting in 
more silt and organic debris.  These eutrophic conditions can interfere with the health and 
diversity of indigenous fish, aquatic plants, and animal populations and make recreational 
use of the waterway difficult.  Excessive algal and plant growth and decay can also lead 
to violations of other water quality standards such as temperature, dissolved oxygen, and 
pH. 
 
Human activities can greatly accelerate eutrophication by increasing the rate at which 
nutrients and organic substances enter the water.  Sources include agricultural runoff, 
urban runoff, leaking septic systems, sewage discharge, eroded stream banks, and similar 
sources. 
 
 
6.1 pH 

6.1.1 Water Quality Standard 
According to the DEQ 1998 TMDL the pH should not fall outside the range of 6.5 – 8.5.  
The pH of water is influenced by photosynthesis.  Plant growth increases pH during the 
day as plants consume carbon dioxide in the water during photosynthesis. At night, plants 
respire and produce carbon dioxide, resulting in a decrease in pH.  In a eutrophic system, 
such as the Columbia Slough, excessive aquatic plant and algal growth can cause large 
daily fluctuations in pH. 

6.1.2 Quality Control of pH Data 
The multiparameter probes used for continuous monitoring have been deployed for two-
week to one-month periods.  At the end of a monitoring period, the probes were removed 
for cleaning and calibration.  Hydrolab probes were used until July 2005, after which they 
were replaced with In-Situ Trolls.   The In-Situ Trolls were cleaned and calibrated once 
per month. 
 
The pH measurements have been noticeably lower since the In-Situ Trolls have been 
used.  The difference may be as much as 0.5 pH units.  There have been noticeably more 
pH measurements below the 6.5 target.  The In-Situ Trolls were selected primarily for 
their optical DO probes.  During the first month that the In-Situ Trolls were deployed 
(July 2005), Hydrolabs were run concurrently as a test.  During this month, 4 of the 6 
sites (all sites except FVL and VNB) showed a noticeable drift in pH between 
instruments. The difference between the Hydrolab and Trolls measurements increased 
over the month, with lower measurements reported by the Trolls.  At the time of this 
report, BES Field Operations have been notified of this issue, but it has not yet been 
resolved.  Data for this report have not been adjusted to account for this discrepancy.  A 
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recommendation for future evaluation of pH measurements is to adjust the pH values to 
account for this discrepancy. 

6.1.3 Results and Trends 
The continuous monitoring site in Fairview Lake is not part of the Columbia Slough and 
is not subject to the TMDL standards for the Slough.  However, the data from Fairview 
Lake provide supporting information for evaluating the water quality of the Slough.  
Fairview Lake generally has high pH through most of the year with the exception of Dec. 
and Jan.   
 
Sites in the Upper and particularly the Lower Slough have high pH during the spring and 
summer, likely due to eutrophication.  In the Middle Slough, the NE 92nd Ave. Bridge 
site has relatively low pH year round, with 9.6% of the days below the minimum criterion 
of 6.5. 
 

Site General Results 
% days not 

meeting 
maximum 8.5 

standard 

% days not 
meeting 

minimum 6.5 
standard 

Fairview Lake Very high pH.  pH generally high in all 
months except Dec. and Jan. 54.2 0.0 

NE 158th Ave. Bridge High pH primarily May – Aug. 
Low pH primarily since July 2005 5.3 3.3 

NE 92nd Ave. Bridge Low pH year round 0.4 9.6 
NE 21st Ave. Bridge Very few periods not meeting 

standard 1.7 1.8 

N Vancouver Ave. 
Bridge 

More high results than low. 
High pH primarily Apr. – Jul. 17.0 1.5 

St. Johns Landfill 
Bridge High pH primarily Mar. – Sep. 23.1 0.0 

Table 9  Summary of pH results. 
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N. Vancouver Ave. Bridge    Daily Minimum and Maximum pH
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NE 92nd Ave. Bridge    Daily Minimum and Maximum pH
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NE 158th Ave. Bridge    Daily Minimum and Maximum pH
 Jan-1995 to Oct-2006
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Figure 20  Time series graphs of pH at selected continuous monitoring sites. 
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6.2 Chlorophyll a 

6.2.1 Water Quality Standard 
Elevated nutrient levels promote plant and algal growth.  Chlorophyll a is an indirect 
measurement of the biomass of phytoplankton in the water.  Phytoplankton are minute, 
free-floating, photosynthetic organisms in aquatic systems.  Oregon rules (OAR-340-41-
150(1)(b)) cite an action level for average chlorophyll a concentrations of 15 µg/L (for a 
3 month average based on a minimum of 3 samples) to control growth of nuisance 
phytoplankton.  

6.2.2 Results and Trends 
In July 2000, the sample collection method was changed from a surface grab sample to a 
depth-integrated sample.  The samples are integrated from the surface to a depth equal to 
twice the secchi depth or the bottom (the lesser of the two depths). 
 
In the Columbia Slough, many sample results do not meet the criterion (49% in Upper 
Slough, 50% in Middle Slough, 66% in Lower Slough).   Some sites (Fairview Lake 
Outlet and St. Johns Landfill Bridge) show a noticeable increase in chlorophyll a 
concentrations beginning in summer 2000 when the sample collection method was 
changed.  Several more sites (158, 47S, 21B, VNB, PED) show a noticeable increase 
beginning in 2003 (See Figure 21). 
 
Seasonal Kendall tau tests confirm increasing trends in the Middle and Lower Sloughs 
over the sample period beginning in January 1995.  The trends have slopes from 1 – 3.5 
µg/L per year.  However, the Seasonal Kendall tau tests starting in July-2000 show no 
seasonal trends.  It’s not clear why many sites show noticeable increases beginning in 
2003.  The increases may be somehow related to the change in sample collection method 
that occurred in July 2000, but that has not been verified. 
  
Seasonally, chlorophyll a concentrations are expected to be low in the winter and high in 
spring through autumn.  In particular, the Lower Slough has consistently high 
measurements from April through September (median values by month range from 22 - 
60 µg/L).  Fairview Lake Outlet shows consistently high measurements in July (median = 
43 µg/L, 90th percentile = 276 for 12 samples).  Moderately higher measurements are 
seen in the Middle (and Whitaker) slough in April. 
 
Chlorophyll a had statistically significant positive correlations with BOD5 at all sites on 
the Slough (except 92B).  Also, chlorophyll a had negative correlations with 
orthophosphate at all sites except GRF and AWB.  This is likely due to the uptake of the 
orthophosphate by phytoplankton (and plants) in the water. 
 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Sample Count 147 140 141 428 81 152 152 385 150 148 151 449 1262
3-month Avg Count 141 132 134 407 74 141 141 356 141 135 142 418 1181
Not meeting standard 87 61 50 198 15 93 69 177 86 93 98 277 652 
% not meeting std 61.7% 46.2% 37.3% 48.6% 20.3% 66.0% 48.9% 49.7% 61.0% 68.9% 69.0% 66.3% 55.2%

Table 10  Chlorophyll a results not meeting the standard. 
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Chlorophyll a  3-month Running Average 
 St. Johns Landfill Bridge  Jan-1995 to Aug-2006
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Chlorophyll a  3-month Running Average 
 N Vancouver Ave. Bridge  Jan-1995 to Aug-2006
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Chlorophyll a  3-month Running Average 
 NE 21st Ave. Bridge  Jan-1995 to Aug-2006
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Chlorophyll a  3-month Running Average 
 NE 47th Ave. Bridge  Jan-1995 to Aug-2006
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Chlorophyll a  3-month Running Average 
 NE 158th Ave. Bridge  Jan-1995 to Aug-2006
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Chlorophyll a  3-month Running Average 
Fairview Lake Outlet  Jan-1995 to Aug-2006
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Figure 21  Chlorophyll a  3-month running average at selected sites.  Note the increase at some sites 
in summer 2000 and other sites in summer 2003. 
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Chlorophyll a
Lower Columbia Slough

Percentiles by Month (Jan 1996 - Aug 2006)
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Chlorophyll a

Middle Columbia Slough
Monthly percentiles (Jan 1996 - Aug 2006)
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Chlorophyll a

Upper Columbia Slough
Monthly percentiles (Jan 1996 - Aug 2006)
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Figure 22  Chlorophyll a   Percentiles by month in the 3 main reaches of the Slough. 
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6.3 Nitrogen 

6.3.1 Water Quality Standard 
No criteria are specified for nitrogen-nitrite, nitrogen-total kjeldahl, or nitrogen-ammonia.  
For nitrogen-nitrate, OAR 340 Table 20 specifies a criterion for protection of human 
health (10 mg/L), which is the EPA standard for drinking water.  OAR 340 Table 20 does 
not specify any criteria for protection of aquatic life.  Oregon DEQ has not specified a 
standard for nitrogen-nitrate.  A previous study used a value of 0.3 mg/L of nitrate “to 
indicate excessive values for plant growth”, based on an internal DEQ document 
(CH2MHill 1995).  The discussion draft was never finalized. 

6.3.2 Results and Trends 
Sampling of the Slough for nitrogen-nitrate has been carried out throughout the almost 
12-year sampling period.  Analyses for nitrogen-nitrite were discontinued in 2001.  
During the sampling period, all nitrogen-nitrate results have been less than the 10 mg/L 
drinking water standard.  Results were generally greater than the 0.3 mg/L value except at 
Fairview Lake Outlet during summer months. 
 
The nitrogen-nitrate results are generally between 0.1 – 2 mg/L in the Upper Slough.  The 
Middle and Lower Sloughs show higher concentrations (up to 4 mg/L), but have a 
marked downward trend.  The Seasonal Kendall tau tests show decreasing trends at all 
sites except the 92nd Ave. Bridge.  The Whitaker Slough site (NE 47th Ave.) has the 
largest nitrogen-nitrate concentrations (some > 4 mg/L), but this site also shows a strong 
downward trend (-0.22 mg/L per year).  The decreasing trends at all sites may be 
flattening out over the last 2-3 years (Seasonal Kendall tau tests show no trends since 
January 2004, but the number of samples is relatively small over this period).  Although 
nitrogen-nitrate results in the Upper Slough sites appear relatively constant, the Seasonal 
Kendall tau tests show overall decreasing trends, with very small decreases of less than 
0.1 mg/L per year. 
 
About 15-20 years ago, the old septic fields in east Multnomah County were detached 
and users changed over to the sewer system.  As a result, nitrogen concentrations in 
groundwater are expected to decrease over time.  Since pumping in the Middle Slough 
brings in groundwater, it is expected that the abandonment of the septic fields may 
eventually lead to lower nitrate concentrations in the Slough.  This depends on the rate of 
transfer of nutrients through the aquifer (nitrate is much more mobile in groundwater than 
phosphorus).  Another possible cause of the decreasing trend in nitrogen-nitrate is the 
conversion of agricultural land to other uses.   This would probably affect the Upper 
Slough more than the Middle Slough. 
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Nitrogen - nitrate    Airport Way Bridge 
 Jan-1995 to Sep-2006
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p-value = 0.0000054   slope = -0.044 mg/L / year 

Nitrogen - nitrate    NE 47th Ave. Bridge 
 Jan-1995 to Sep-2006
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p-value = 0.000000   slope = -0.222 mg/L / year 

Nitrogen - nitrate    N Vancouver Ave. Bridge 
 Jan-1995 to Sep-2006
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p-value = 0.000000   slope = -0.185 mg/L / year 

Figure 23  Nitrogen-nitrate time series for selected sites in the Slough.  The downward trend is 
noticeable in sites in the Middle and Lower Sloughs. 
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6.4 Phosphorus 

6.4.1 Phosphorus – Total 
 
In the TMDL document, a loading capacity is defined only for “total phosphate” because 
the Slough is so nitrogen rich that PO4 is the limiting nutrient (Oregon DEQ Columbia 
Slough TMDL, 1998, pg 23).  The TMDL for the maximum instream concentration of 
total phosphate is 0.1549 mg/L to support the pH criterion (pH < 8.5).   
 
Phosphorus occurs in natural waters and in wastewaters almost solely as phosphates 
(American Water Works Association 1998). Phosphates exist in various forms, both 
organic and inorganic, soluble and insoluble.  EPA Method 365.4, the method used for 
total phosphorus, has a strong enough digestion that most phosphate forms are broken 
down and measurable.  The total phosphorus results are used for the TMDL comparison 
since in water total phosphorus is basically the same as total phosphate. 
 
With a detection limit of 0.03 mg/L, there were few nondetects (All 12 nondetects 
occurred prior to June 1999.  Site 21B had 8 of the nondetects.). 
 
In the Columbia Slough, many measurements (38%) do not meet the criterion.  Results 
not meeting the standard in the Middle Slough (22.1%) were less than the Upper (47.3%) 
and Lower (43.0%).  Results not meeting the standard ranged from 11.5 % at the NE 92nd 
Ave. Bridge to 64.7% at Fairview Lake Outlet. 
 
The Lower Slough median is consistently close to the criterion, while the medians for the 
Upper and Middle Sloughs are generally below the criterion.  (See Figure 24.)  Fairview 
Lake Outlet has consistently higher measurements in July and August (medians = 0.315 
mg/L, 0.270 mg/L for July, August, respectively.  90th percentiles = 0.578 mg/L, 0.389 
mg/L). 
 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Sample Count 150 144 144 438 87 151 151 389 148 148 148 444 1271
Not meeting standard 97 68 42 207 10 45 31 86 36 85 70 191 484 
% not meeting std 64.7% 47.2% 29.2% 47.3% 11.5% 29.8% 20.5% 22.1% 24.3% 57.4% 47.3% 43.0% 38.1%

Table 11  Total Phosphorus results not meeting the standard. 
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Phophorus - total
Lower Columbia Slough

Monthly percentiles (Jan 1996 - Aug 2006)
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Phophorus - total  Middle Columbia Slough
Percentiles by Month (Jan 1996 - Aug 2006)
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Phophorus - total

Upper Columbia Slough
Percentiles by Month (Jan 1996 - Aug 2006)
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Figure 24  Total Phosphorus – Monthly Percentiles for the 3 main reaches of the Slough. 
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Phophorus - total
CBTWP Pedestrian Bridge

Monthly percentiles (Jan 1996 - Aug 2006)
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Phophorus - total

NE 92nd Ave. Bridge
Monthly percentiles (Jan 1996 - Aug 2006)
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Phophorus - total     Fairview Lake Outlet
Percentiles by Month (Jan 1996 - Aug 2006)
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Figure 25  Total Phosphorus – Monthly Percentiles for selected sites in the Slough. 
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6.4.2 Phosphorus – Orthophosphate (dissolved) 
The guidance value (or target) for orthophosphate (O-PO4) is 0.02 mg/L based on EPA 
guidelines (US 1986a).  No TMDL loading capacity is defined for orthophosphate.  
Orthophosphate is the most stable kind of phosphate.   Orthophosphate is the form of 
phosphate used by plants. 
 
For dissolved phosphorus – orthophosphate, the detection limit is equal to the target. 
Because of this only non-detects meet the target.  In the Columbia Slough, many 
measurements (59%) do not meet the target.  Results not meeting the target ranged from 
27.9 % at the St. Johns Landfill Bridge to 75.7% at Airport Way Bridge. 
 
Orthophosphate measurements in the Lower and Middle Sloughs are consistently lower 
in April through July, likely due to the uptake by plants and algae.  The Lower Slough is 
particularly low during this period (90th percentile = 0.02 mg/L, the criterion). 
 
Fairview Lake Outlet has consistently higher measurements in July and August (medians 
= 0.067, 0.1 mg/L for July, August, respectively.  90th percentiles = 0.331, 0.209 mg/L).  
The higher results are not fully understood.  This may be due to accumulation of 
orthophosphates in the water since no water is discharged from Fairview Lake during this 
period.  Orthophosphates may accumulate because algal and macrophyte growth is 
limited due to turbidity.  Another possible cause is algal decomposition and the 
subsequent release of orthophosphates back into the water column. 
 
NE 47th Ave. Bridge has consistently higher measurements in the period from October to 
February (median values ~= 0.08 mg/L during this period). 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Sample Count 148 144 144 436 87 148 148 383 146 147 140 433 1252
Not meeting target 95 109 96 300 82 108 94 284 68 48 39 155 739 
% not meeting target 64.2% 75.7% 66.7% 68.8% 94.3% 73.0% 63.5% 74.2% 46.6% 32.7% 27.9% 35.8% 59.0%

Table 12  Phosphorus - orthophosphate results not meeting the target. 

 
 
6.5 Correlations Among Water Quality Parameters 
 
During periods of algae and plant growth, lower phosphorus concentrations in the water 
would be expected due to the uptake of orthophosphate by algae and plants.  This is 
supported by the fact that there are strong negative correlations between P-
orthophosphate and chlorophyll a at all but two sites (GRF and AWB). There are slight 
decreases in total phosphorus in May-Jun. in the Lower Slough and Jun.-Sep. in the 
Middle Slough. 
 
Chlorophyll a and BOD5 have strong positive correlations at all sites except 92B.  P-
orthophosphate and BOD5 have negative correlations at all sites except GRF, AWB, and 
92B. 
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6.6 Recommendations 
 
The Columbia Slough is a eutrophic system.  While nitrogen-nitrate levels have been 
decreasing over the last decade, phosphorus (as orthophosphate) is generally accepted as 
the limiting nutrient.  Continued monitoring of phosphorus is recommended, while 
monitoring nitrogen may be less important. 
 
Because phosphorus levels exist in excess for much of the year, other factors, such as 
temperature, light penetration, water turbulence (either wind-driven or due to flow) may 
also act to control algae and plant growth.  Given the nutrient load, the altered hydrology 
and the urban landscape in the watershed, the Columbia Slough will likely remain a 
eutrophic system with seasonally excessive algal and plant growth and decay.  
Continuous monitoring of temperature, dissolved oxygen, and pH can be used to track 
this trend. 
 
There were noticeable increases in chlorophyll a concentrations after the change in 
sample collection method in July 2000.  Several sites show a noticeable increase 
beginning in 2003.   Note that, starting around the same time in 2000, severe dissolved 
oxygen depressions have been seen in the Upper Slough (NE 158th Ave.).   It may be 
worthwhile to further examine the trends in chlorophyll a and its correlations with other 
parameters beginning in 2000. 
 
The decreasing trend for nitrogen-nitrate may warrant further investigation.  Here are 
some things to consider for this investigation: 

o In the Upper Slough nitrogen-nitrate results look more constant; there may not be 
a decreasing trend there. 

o The decreasing trend may be flattening out over the last 2-3 years.   
o It may be too soon for the east county septic abandonment to be revealed as a 

decreasing trend.  What are the rates of transport for nutrients through the aquifer?  
When can we expect to see effects in the Slough? 

o Look at nitrogen-nitrate seasonally or monthly.  Are there peaks when 
groundwater flow is higher in the Middle Slough?  The peaks at NE 47th Ave. 
appear to be in the winter months. 

 
Statistical modeling using multivariate analysis is recommended as an approach to 
investigating the eutrophication data. 
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7 Bacteria 
 
7.1 Water Quality Standard 
 
The purpose of the bacteria standard is to protect people from contact with and ingestion 
of human pathogens, which can occur during recreational activities such as swimming 
and boating.  Contact with these pathogens can cause skin and respiratory ailments and 
gastroenteritis.  In 1996, DEQ adopted E. coli as the indicator for the presence of 
pathogens.   
 
According to the TMDL document, E. coli samples must not be greater than the 30-day 
geometric mean of 126 colony-forming units per 100ml (CFU/100ml), based on a 
minimum of five samples.  Further, no single sample may be greater than 406 
CFU/100ml.  In August 1999, BES began collecting five samples during a one-month 
period twice a year: in January and August.  Thus, the 126 CFU/100ml 30-day geometric 
mean criterion was used for the years 1999 through 2006.  The individual data points for 
1995-2006 were compared directly with the 406 CFU/100ml single-sample criterion. 
 
A goal of this data analysis was to evaluate the effects of removing Combined Sewer 
Overflows (CSO) from the Lower Slough.  Prior to 2001, during CSO events in the 
Lower Slough, raw sewage mixed with large volumes of stormwater was released into the 
Slough and was a probable source of E. coli at the nearby sample sites.  In December 
2000, over 99% of the CSO volume was eliminated and virtually all of the sewage is now 
sent to and treated at the Columbia Boulevard Wastewater Treatment Plant.  
 
7.2 Results and Trends 
 
In the Columbia Slough, there are occasional results not meeting the standard (4.8 %) for 
the single sample criterion.  These violations range from 1% at sites in the Middle Slough 
to 10% at Airport Way Bridge.  There are very few results not meeting the standard 
(1.3%) in the Middle Slough.  In the Lower Slough, the frequency and magnitude of 
violations has substantially declined since the elimination of almost all CSOs in 
December 2000.  This is particularly evident at N. Vancouver St. Bridge. 
 
The 30-day geometric mean data show more results not meeting the standard (14.1%) 
than the single sample measurements.  These violations range from 0% at NE 47th St. 
Bridge to 40% at Airport Way Bridge.  Results not meeting the standard at sites NE 158th 
St. and St. Johns Landfill Bridge are at about 20%.  The violations at St. Johns Landfill 
Bridge are barely greater than the criterion.  Since 30-day geometric mean data are 
collected only twice per year, the sample size is not large (13 – 15 per site). 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Single Sample Count 191 189 191 571 147 191 191 529 182 184 183 549 1649
30-day Geometric Mean Count 15 15 14 44 15 15 15 45 13 13 13 39 128 
Single - not meeting standard 5 19 8 32 3 2 2 7 14 14 12 40 79 
30-day - not meeting standard 1 6 3 10 2 0 1 3 1 1 3 5 18 
% Single - not meeting standard 2.6% 10.1% 4.2% 5.6% 2.0% 1.0% 1.0% 1.3% 7.7% 7.6% 6.6% 7.3% 4.8%
% 30-day - not meeting std 6.7% 40.0% 21.4% 22.7% 13.3% 0.0% 6.7% 6.7% 7.7% 7.7% 23.1% 12.8% 14.1%

Table 13  E. Coli results not meeting the standard. 
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E. Coli    NE Airport Way Bridge  Jan-1995 to Sep-2006
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Figure 26  E. Coli single sample results at selected sites.  Note that the time scale starts in 1995. 
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E. Coli    Airport Way Bridge
Jan-1999 to Sep-2006
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Figure 27  E. Coli 30-day geometric mean results at the same sites as the previous figure.  Note that 
the time scale starts in 1999.  In the previous figure the time scale starts in 1995. 
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Positive correlations between E. Coli and precipitation (either same day and 7-day rolling 
average) were found at Fairview Lake Outlet, NE Airport Way, N. Vancouver Ave., and 
the Pedestrian Bridge.  All sites showed positive correlations with E. Coli results from the 
upstream site.  Since the elimination of almost all CSOs in Dec. 2000, E. Coli results in 
the Lower Slough have usually been less than the criteria.  Seasonal Kendall tau tests 
show no upward or downward trends in the Lower Slough since Dec. 2000.  In the Upper 
Slough, increasing trends in E. Coli are seen at Fairview Lake Outlet and Airport Way 
Bridge. 
 
7.3 Recommendations 
 
The higher results at Airport Way Bridge may warrant further investigation.  Possible 
sources of E. coli include large avian populations in adjacent wetlands, pump stations, old 
cesspools/septic systems, and illicit discharge.  A possible investigation at this site would 
be to determine the type of bacteria (human or wildlife).   
 
 
8 Metals 
 
There are several metals of concern for water quality because they are found in the soil 
and water column and they bioaccumulate in plants and wildlife.  The primary 
mechanism for metal uptake to aquatic organisms is by adsorption to or uptake across the 
gills.  This process requires the metal to be in a dissolved form. Toxicity depends on the 
metal and its form.   Particulate metal appears to exhibit substantially less toxicity than 
does dissolved metal. 
 
OAR Table 20 specifies both acute and chronic criteria for freshwater aquatic life.  The 
chronic criteria, which are more stringent, are used for the Columbia Slough. 
 
For many metals, the criteria for both total and dissolved metals are a function of 
hardness.  The calculations are: 
 
Total recoverable metal criteria = e (mC

 * [ln(hardness)] - b
C

) 
 

where mC and bC are metal specific constants for chronic criteria for protection of 
aquatic life.  (See OAR Table 20 for metal specific constants.) 

    
Dissolved metal criteria = total metal criteria * CF 

where CF is a conversion factor that is metal specific 
 
For lead chronic criterion, CF = 1.46203 - [ln(hardness) (0.145712)] 
For copper chronic criterion, CF = 0.960 
For zinc chronic criterion, CF = 0.986  (US EPA 1996) 
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8.1 Lead 
 
Lead (Pb) is the most soluble of the metals of concern. 

8.1.1 Dissolved Lead 
 
The TMDL for the Columbia Slough for dissolved lead is defined as the 5th percentile 
aquatic life chronic criteria (adjusted for hardness and converted to dissolved form) times 
the flow in the Columbia Slough.  The TMDL document specifies a criterion of 1.2 µg/L 
based on the 5th percentile criterion.  This means that 95% of the field samples should be 
< 0.0012 mg/L. 
 
This study evaluated the dissolved lead measurements of the Columbia Slough since 
January 1995.  The dissolved lead results pictured in Figure 28 are typical of all sites on 
the Slough.  The decreasing values for the nondetect Method Reporting Limits show 
improvements in the methods of analysis.  There were a few results that did not meet the 
OAR Table 20 chronic criterion prior to 1998.  Since 1998 there have been no instances 
where results did not meet either the OAR Table 20 chronic criterion or the 1.2 µg/L 
criterion.  The last result (6.07 µg/L) not meeting the standard occurred on 6/3/1997 at St. 
Johns Landfill Bridge.   
 

8.1.2 Total Lead 
 
Water samples from of the Columbia Slough have been analyzed for total lead since July 
1999.  Since this time there have been a number of results not meeting the standard 
(18.2%) of the OAR Table 20 criterion.  Results not meeting the standard ranged from 
1.1% at the NE 47th Ave. Bridge to 36.8% at the Fairview Lake Outlet.  The sites in the 
Middle Slough and N. Vancouver Ave. Bridge did not meet the standard less than 8% of 
the time. 
 
Total recoverable lead and TSS have strong positive correlations at all sites, because lead 
binds to sediment.  Since particulate metal is substantially less biologically available than 
dissolved metal, and dissolved lead measurements have been quite low in the Slough, 
total lead is considered a lesser problem. 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Detections Count 87 87 87 261 85 87 87 259 87 87 87 261 781 
Nondect Count 0 0 0 0 2 0 4 6 0 0 0 0 6 
Not meeting target 32 20 18 70 6 1 6 13 7 31 22 60 143 
% not meeting target 36.8% 23.0% 20.7% 26.8% 6.9% 1.1% 6.6% 4.9% 8.0% 35.6% 25.3% 23.0% 18.2%

Table 14  Total lead results not meeting the target. 
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Dissolved Lead Results Compared to Hardness 
St. Johns Landfill Bridge      Jan-1995 to Aug-2006
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Figure 28  Lead results compared to hardness criteria for selected sites on the Slough.  The left 
column shows dissolved lead.  The right column shows total lead for the same sites.  The lighter 
colored bars represent nondetect results (the nondedect Method Reporting Limit is shown). 
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8.2 Copper 

8.2.1 Dissolved Copper 
The data set of dissolved copper measurements is small, covering the periods 1996-1997 
and July 2005 – present.  In the first period there was one instance not meeting the 
standard at NE 21st Ave. Bridge on 6/2/1997 (11 µg/L vs. criterion 10.45 µg/L). 
 
In the more recent period, there was a measurement of 19.6 µg/L at NE 47th St. Bridge on 
8/15/2006.  With a criterion of 11.35 µg/L, this would appear to be a violation. However, 
the following data cause the result to be in doubt: 

o Total copper = 1.51 µg/L is less than dissolved copper. 
o A duplicate sample at that site on that date measured 0.6 µg/L dissolved copper 

and 0.61 µg/L total copper. 
 
Leaving the NE 47th St. Bridge on 8/15/2006 out, results not meeting the standard for 
dissolved copper occur 0.5% of the time. 

8.2.2 Total Copper 
The data set of total copper measurements is small, covering the period July 2005 – 
present.  During this period, there was one instance not meeting the standard at Airport 
Way Bridge on 11/8/2005 (7.68 µg/L vs. criterion 7.60 µg/L). 
 
 
8.3 Zinc 

8.3.1 Dissolved Zinc 
 
The data set of dissolved zinc measurements is small, covering the periods 1997-1998 
and July 2005 – present.  There have been no instances where results did not meet the 
OAR Table 20 chronic criteria.  During the first period (1997-1998), there were 2 
measurements that were close to the criteria. 

8.3.2 Total Zinc 
 
The data set of total copper measurements is small, covering the period July 2005 – 
present.  There have been no instances where results did not meet the OAR Table 20 
chronic criteria. 
 
 
8.4 Recommendations 
 
Since particulate metal is substantially less biologically available than dissolved metal, and 
dissolved lead measurements have been quite low in the Slough, the instances where total 
lead does not meet the standard are not considered a significant problem.  Sampling for 
metals should continue as required by the Columbia Slough NPDES MS4 permit, which 
calls for sampling at a minimum of 3 locations with a minimum frequency of 3 times per 
year.  After monitoring for the rest of the current permitting cycle, monitoring for metals 
in the water column could potentially be further reduced, perhaps to occasional spot 
checks.  
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Additional investigations: 

o For dissolved copper, compare with the 5 µg/L guidance value based on a NOAA 
fisheries study on pre-spawn mortality of salmon.  Also consider using the Biotic 
Ligand Model (BLM) to evaluate copper toxicity to aquatic species. 

o Investigate any associations with stormwater outfall monitoring results. 
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9 Total Suspended Solids 
 
9.1 Water Quality Standard 
 
Suspended solids, fine soil particles that are suspended in the water column, pose a water 
quality problem for multiple reasons: 

• Organics, such as PCB, Dieldrin, DDT, DDE and Dioxin, and metals that are 
toxic to aquatic life, bind to soil particles. 

• Suspended solids cause turbidity and siltation that cause breathing problems in 
fish and limit macroinvertebrates’ ability to find food. 

• Suspended solids reduce dissolved oxygen (microorganisms use oxygen to 
breakdown the organic matter associated with the soil) and decrease sunlight 
availability to aquatic life. 

 
The 1998 TMDL document requires Designated Management Agencies to “estimate 
effectiveness of BMPs to remove TSS.”  Additionally, monitoring of TSS is 
recommended for implementation of BMPs through storm water permits (DEQ 1998). 
  
In the Columbia Slough National Pollutant Discharge Elimination System (NPDES) 
1200-COLS industrial stormwater discharge permit, total suspended solids (TSS) is used 
as a surrogate for the amount of organic chemicals and lead in the stormwater (DEQ 
1999).  A surrogate is used because it is not feasible, due to cost effectiveness or 
detection limitations, to test directly for organic chemicals in stormwater discharge.  The 
NPDES 1200-COLS permit proposes a benchmark of 50 mg/L TSS for stormwater 
discharges to the Columbia Slough.  Modeling of the Columbia Slough system 
determined a ratio of 2:1 between urban stormwater discharge and in-stream 
concentration (Oregon DEQ 1999). Therefore the in-stream target for TSS as 25 mg/L.  
In the absence of a water quality criterion this in-stream target was used. 
 
9.2 Results and Trends 
 
The Upper and Lower Sloughs’ results were often greater than the in-stream target, while 
Middle Slough results were generally below the target (4.7% results not meeting the 
target).  Results not meeting the target in the Upper Slough occurred 56.8% of the time.  
In the Lower Slough results not meeting the target were low at N. Vancouver Ave. 
Bridge (8.8%) and high at the other 2 sites (55.1% combined).  There are no apparent 
decreasing or increasing trends in TSS measurements over the period of sampling. 
 
In the Upper and Lower Sloughs TSS tends to be higher in the periods of Feb.–Apr. and 
Jul.–Oct. (and lower in Dec.–Jan. and May–Jun.). 
 

 GRF AWB 158 Upper 92B 47S 21B Middle VNB PED SJB Lower Total
Sample Count 150 144 151 445 87 162 162 411 149 149 158 456 1312
Not meeting target 116 93 42 251 3 5 11 19 13 87 81 181 451 
% not meeting target 77.3% 64.6% 27.8% 56.4% 3.4% 3.1% 6.8% 4.6% 8.7% 58.4% 51.3% 39.7% 34.4%

Table 15  TSS results not meeting the target. 
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Total Suspended Solids
CBWTP Pedestrian Bridge

Percentiles by Month (Jan 1996 - Aug 2006)
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Figure 29  Total Suspended Solids - percentiles by month at selected sites. 
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There are negative correlations between TSS and precipitation (both same day and 7-day 
rolling average) at PED and SJB in the Lower Slough.  (Spearmans’s correlation p-values 
were very close to 0, suggesting a strong correlation.)  This means that during periods of 
higher precipitation we see reduced TSS.  This may be due to dilution from the increase 
in the volume of water.  This may be a result of inflow of the Willamette River water due 
to tidal action.   These correlations were not seen at VNB. 
 
The negative correlations at PED and SJB were verified by examining boxplots for TSS 
for 3 precipitation states: 

o Dry days (2-day precipitation = 0 for the sampling day and the previous day) 
o Moist Days (2-day precipitation > 0 and < 0.2 inch) 
o Wet Days (2-day precipitation >= 0.2 inch) 
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Figure 30  TSS Boxplots for differing precipitation conditions.  Each boxplot consists of a 
rectangular box representing roughly the middle 50% (interquartile range) of the data, and lines 
("whiskers") extending to either side indicating the general extent of the data.  The boxplots also 
show the median value inside the box and the outliers.  Note that TSS is noticeably lower on wet days 
than dry days. 
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Both the Upper and Middle Sloughs showed no statistically significant correlations 
between TSS and precipitation.  There are no apparent decreasing or increasing trends in 
TSS measurements over the period of sampling, as confirmed by Seasonal Kendall tau 
test. 
 
Another question is whether plankton blooms contribute to higher TSS.  Correlations 
between chlorophyll a and TSS occur at 6 of the 9 monitoring sites.  Note that the 
chlorophyll a results in the Slough are typically 1–200 µg/L and TSS results are typically 
1–150 mg/L; this is a 3-order of magnitude difference.  However, chlorophyll a may 
account for a larger biomass of plankton. 
 
TSS samples are filtered using glass fiber filters of nominally 2.0 micron pore size 
(American Water Works Association 1998). Some of the smallest organisms will go 
through. Algae that form filaments bigger than the pore size, and much of the 
zooplankton, will be retained on the filter and therefore included in the TSS (Chauvin 
2006).  It seemed conceivable that plankton may account for the periods of higher TSS in 
the Upper and Lower Sloughs (Feb.- Apr. and Jul. – Oct.).  When using data from these 
periods, Pearson’s correlation tests between chlorophyll a and TSS showed positive 
correlations at NE 47th Ave and St. Johns Landfill Bridge, but not at other sites.  
Statistical tests are not conclusive in attributing some of the TSS to phytoplankton. 
 
 
9.3 Recommendations 
 
Some issues that may be worth further investigation: 

o In the Lower Slough TSS is much lower at N. Vancouver Ave. Bridge than the 
other two sites (PED and SJB).  What are the causes of TSS at the lower two 
sites?  For Lower Slough is TSS related to tides?  Check correlation with 
conductivity (Willamette River water has different conductivity). 

o Elevated levels of TSS are seen Feb.-May.  This is particularly apparent at 
Fairview Lake Outlet.  Is this a result of weir management operations at the 
Fairview Lake Outlet?  How much do seasonally strong east winds affect TSS? 

o Investigate correlations with upstream sites. 
o Statistical modeling using multivariate analysis may provide a better 

understanding of the relationship between TSS and other parameters measured in 
the Slough. 

o Investigate the contribution to TSS from carp activities. 
o MCDD Pen 1 outfalls are immediately upstream of the PED monitoring site.  

MCDD has pumping records for these outfalls.  Investigate any connections 
between ambient TSS and pumping. 

o Investigate any connections between ambient TSS with target area stormwater 
outfalls. 

o Is there a bank erosion problem?  Is there a way to measure bank erosion?  Eroded 
soil might have other constituents (e.g. lead). 
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10 Conclusions 
 
10.1 Summary of Conclusions 
 
This section summarizes the conclusions of this report. 

o Given the understanding of the water quality data collected to date, there are no 
results suggesting that water quality monitoring should not be reduced.  However, 
the recommended investigations should be prioritized and high priority 
investigations should be undertaken. 

o Water temperatures are generally too warm starting in late spring and extending 
into the fall.  For all sites except NE 92nd Ave., the 7-day average of daily 
maximum temperature usually does not meet the 18ºC standard from June through 
August.  All continuous monitoring sites except N. Vancouver Ave. and Fairview 
Lake show increasing temperature trends during Jun.-Sep.  These temperature 
trends should be investigated further.  The Temperature TMDL Implementation 
Plan will establish strategies for planting functional shade buffers along the 
Slough.  Temperature monitoring is easily accomplished and should continue. 

o The Fairview Lake Outlet site shows unique characteristics compared to all other 
monitoring sites on the Columbia Slough.  This is not surprising since water 
quality at this site is greatly affected by water discharged from Fairview Lake.  
Fairview Lake and in some cases Airport Way Bridge (for E. Coli) need 
continued monitoring and/or additional investigation. 

o All sites in the Columbia Slough have dissolved oxygen results during some 
periods of the year that are below the absolute minimum, 7-day minimum mean 
and 30-day mean minimum.  The sites in the Lower Slough and NE 21st Ave. had 
several major DO depressions in the winter period Nov.–Feb., likely due to 
airport deicing discharges.  The primary locations of the depressed DO periods in 
winter have changed over time, from St. Johns Landfill Bridge (1995-1997) to N. 
Vancouver Ave. Bridge (2000-2004) to NE 21st Ave. Bridge (1997-2006).  The 
changes in location are likely due to changes in the Port of Portland’s deicing 
management. 

o The sites in Fairview Lake and at NE 158th Ave. Bridge had major DO 
depressions in Jul.–Oct., likely due to decomposition of algae and aquatic plants. 
This can be attributed to aerobic decomposition of algae/aquatic plants in a 
eutrophic system.  Note that neither site had a major DO depression prior to the 
year 2000. 

o Incidents of excess BOD due to airport deicing are apparent in the depressed DO 
data from continuous monitoring in the Lower Slough.  Since BOD5 is sampled 
only once per month, elevated measurements only coincidently match with 
deicing events.  The Port of Portland has implemented some aggressive deicing 
procedures designed to minimize BOD in the Slough.  Continued monitoring of 
DO is recommended both upstream and downstream of the primary area of airport 
discharges. 

o The elimination of almost all Combined Sewer Overflows (CSOs) since 
December 2000 has resulted in substantially reduced bacterial counts in the 
Lower Slough. 
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o The Columbia Slough is a eutrophic system.  While nitrate levels have been 
decreasing over the last decade, phosphorus (as orthophosphate) is generally 
accepted as the limiting nutrient.  Because phosphorus levels exist in excess for 
much of the year, other factors, such as temperature, light penetration, water 
turbulence (either wind-driven or due to flow) may act to control phytoplankton 
growth.  Given the nutrient load, the altered hydrology, and other altered 
conditions in the urban landscape in the watershed, the Columbia Slough will 
likely remain a eutrophic system with seasonally excessive algal and plant growth 
and decay. 

o Dissolved metals, the major biologically available form of metals, are not showing 
up in the water column above the applicable criteria.  However, total lead has not 
met the target in close to 20% of the results.  Total lead strongly correlates with 
TSS.  Sampling for metals should continue as required by the NPDES MS4 
permit, which calls for sampling at a minimum of 3 locations with a minimum 
frequency of 3 times per year.  After monitoring for the rest of the current 
permitting cycle, monitoring for metals in the water column could potentially be 
further reduced. 

o There are no apparent increasing or decreasing trends in Total Suspended Solids 
(TSS) measurements over the period of sampling.  In the Lower Slough there is 
generally a negative correlation between TSS and precipitation.  Stormwater may 
reduce TSS by increasing the volume of water.  Possible sources of TSS in the 
Lower Slough include re-suspension of solids due to tidal action, bank erosion 
and carp stirring up sediments. 
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10.2 Additional Recommendations 
 
This section documents additional recommendations that are not put forth in other 
sections of this report.  The recommendations listed here should not be considered to be 
higher priority than other recommendations in this report. 
 
General Recommendations 
 

o The investigations recommended in this report should be prioritized and high 
priority recommendations should be undertaken. 

o For FY08 consider reducing water quality monitoring to: 
o 9 grab sample sites monitored every 2 months 
o 3 continuous monitoring sites  

 
Fairview Lake Outlet site 
 

o Airport Way and Fairview Lake areas need continued monitoring and additional 
investigation 

o Meet with cities of Gresham and Fairview and with Fairview Lake homeowners 
associations.  Share information and look at control strategies for total lead, other 
metals, and temperature. 

o Investigate whether the gravel mines upstream on Fairview Creek are a source for 
metals. 

o Investigate possible associations with sediment data at this location. 
o Investigate possible associations with fish tissue at this location. 
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Wasteload Allocation Attainment Assessment 
City of Gresham 

October 2014 

1. Introduction 
 
The following report is being submitted to DEQ to meet the Wasteload Allocation Attainment 
Assessment (WLAAA) requirement specified in NPDES MS4 permit Schedule D.3.b.  
 

The co-permittee must complete an assessment of WLA attainment, including identifying 
information related to the type and extent of BMPs necessary to achieve pollutant load 
reductions associated with an established TMDL WLA and the financial costs and other resources 
that may be associated with the implementation, operation and maintenance of BMPs. The 
results of the assessment must be submitted to the Department by November 1, 2014. 

 
Determining whether or not stormwater management methods used by the City can reduce pollutant 
loads to the current wasteload allocation (WLA) established in the respective TMDL plans requires 
estimating pollutant loads. This report uses a simple spreadsheet model that was developed for the 
TMDL Pollutant Load Reduction Evaluation, as well as the same land use and pollutant load values and 
assumptions.  Figure 1 provides a graphical representation of how the two documents relate to one 
another. 
 
Figure 1. Bacteria load estimate for Fairview Creek.  
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Figure 1 illustrates mean load reduction due to current BMPs, as well as the additional load reduction 
required to meet the WLA.  The loads displayed in Figure 1 are based on the geomeans for E. coli, 
without displaying the upper and lower ranges included in the Pollutant Load Reduction Evaluation 
document.  The calculations in this WLAAA focus only on mean loads and reductions, so it should be 
noted that the reductions needed to attain the WLA could be lower than what is presented in this 
assessment based on nonstructural BMPs not currently accounted for in the model and variability in the 
data. 
 
The goal for this WLAAA analysis is to determine whether the additional reduction needed to meet the 
WLA can be attained using currently available BMPs.  Questions which this analysis seeks to answer 
include: 

 Can we reduce pollutant loads to the WLA? If so, in what timeframe? 

 Which BMPs would be required and to what extent? 

 What would the cost be to construct and maintain those BMPs? 

2. Approach 
 
Pollutant loads are based on two variables: concentration and volume.  The TMDL Pollutant Load 
Reduction Evaluation report and its appendix1 document the model assumptions used to estimate 
pollutant loads, with and without BMPs, referenced in this assessment.  This WLAAA utilizes the same 
land use and BMP treatment areas from GIS that were utilized in estimating pollutant loads for the 
TMDL Pollutant Load Reduction Evaluation.  Table 1 summarizes the mean2 pollutant loads for TMDL 
parameters, showing what the current load reduction estimate is with existing BMPs, as well as showing 
what additional reductions would be needed to reach the WLA. 
 
Table 1 shows that the current mean pollutant load reductions (load with BMPs versus load without 
BMPs) are making progress towards reaching the WLA, but none have 100% reached the WLA.  The final 
column in Table 1 shows what percent reduction is still needed to reach the WLA. 
 

                                                           
1
 Appendix 1 is the 2008 Benchmark analysis submitted to DEQ for the Permit Renewal Submittal.  This contains a 

more detailed discussion of the methodology and assumptions made with regard to land use and BMP 

effectiveness.  It appends the TMDL Pollutant Load Reduction Evaluation to aid the reader’s understanding of the 

modeling. 

2
 The TMDL Pollutant Load Reduction Evaluation document reports mean loads, as well as ranges based on the 

upper and lower 95% confidence intervals around the mean.  While the lower end of those load ranges is closer to 

the WLA, this WLAAA only compared mean loads to the WLA. 
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Table 1. Mean Pollutant Load Reduction Estimates with and without BMPs and Percent Reduction 
Needed to meet the WLA. 

 

Current 
Load w/o 

BMPs 

Current 
Load w/ 

BMPs 

Current 
Reduction 
twds WLA WLA 

Addl 
Reduction 

Needed 

Needed 
Reduction 

% 

Johnson Creek       

Bacteria 9.00E+13 8.44E+13 8% 1.91E+13 6.53E+13 92% 

DDT*** 0.031 0.029 14% 0.014 0.015 86% 

Kelly/Beaver Creek          

Bacteria 7.35E+13 6.43E+13 14% 9.33E+12 5.49E+13 86% 

Fairview Creek          

Bacteria 5.09E+13 3.03E+13 56% 1.40E+13 1.62E+13 44% 

Columbia Slough**          

Bacteria 1.03E+12 7.00E+11 37% 1.36E+11 5.64E+11 63% 

BOD5 4,150 2,254 53% 601 1,653 47% 

Dissolved Lead 0.63 0.29 70% 0.15 0.14 30% 

Total Phosphorus 87 48 54% 15 33 46% 

Toxics (TSS) 23,877 12,259 87% 10,523 1,736 13% 

*All values based on mean concentrations. Loads and WLA are in pounds, except bacteria in colonies 
**Columbia Slough loads and WLA are based on daily load for design storm, rather than annual load.  
This is due to the Columbia Slough TMDL having WLAs represented in terms of load per volume of 
instream flow.  Page 28 of the 2008 Benchmark document (see Appendix 1) explains the assumptions for 
how loads are calculated and compared to the WLA. 
***Based on natural attenuation calculations presented in 2008 Benchmark document, assume DDT will 
meet the 1 ng/L water quality standard by 2024 
 
To assess whether the WLA could be attained, two different scenarios were evaluated using 2 different 
BMPs. 
 
The two scenarios evaluated were: 

1. Applying BMPs only to areas of the City that currently are untreated (yellow areas in Figure 1). 
2. Applying BMPs to all areas of the City, regardless of whether they are currently treated by other 

BMPs (excluding UIC3 and natural areas). 
 

                                                           
3
 Underground Injection Control (UIC) areas drain to groundwater and do not contribute to surface water 

pollution.  These acres are clipped from the city’s model of pollutant load reduction. 



 

City of Gresham Wasteload Allocation Attainment Assessment Page 4  

Figure 1. Areas of the City currently untreated. 

 
 
Figure 1 shows areas of the city currently lacking water quality treatment in yellow.  Areas of the City 
draining to groundwater via UICs (and not contributing to MS4) are shown in purple hash marks.  
Natural areas considered self-treating are in green.  Areas currently receiving treatment by public or 
private stormwater facilities are shown in brown and gray. 
 
The two BMPs selected for evaluation under both of those scenarios: 

A. Proprietary Filters.  Selected because they can be installed without taking up current right of 
way, and have the lowest BMP effluent concentration for several pollutants, including E. coli, 
total phosphorus, dissolved copper, and BOD. 

B. Rain Gardens.  Selected because they maximize volume reduction, reducing loads through 
vegetated treatment and volume reduction through infiltration through the soil.  The practicality 
of using rain gardens everywhere is not realistic, since there are constraints with infiltration 
rates (type C/D soils, steep slopes/landslide/earthquake hazards) or just space (constrained 
right-of-way, setbacks needed for lines of sight at intersections for vehicle safety, parking 
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concerns).  Figure 2 shows areas that are not suitable for infiltration due to Type D soils (red 
areas) or steep slopes/landslide hazards (gray areas). 

 
Figure 2.  Infiltration suitability areas in the City.  

 
 
Areas shown in gray in Figure 2 have high slopes that are deemed landslide hazards, so infiltration is 
prohibited.  Areas in red on map have type D soils, which are primarily tight clays that have extremely 
low infiltration rates (typically <0.1 inches/hour).  Most infiltration facilities require Type A or B soils, 
where infiltration rates are typically >1 inch/hour. 
 
The WLAAA was conducted using the same spreadsheet model used to develop the original 2008 TMDL 
pollutant load reduction estimate benchmarks and updated in 2014 for the Pollutant Load Reduction 
Evaluation being submitted to DEQ along with this report.    
 
In order to conduct Scenario 1 (only untreated portions of the City had additional treatment added), the 
GIS data of land use areas treated by various BMPs were summarized.  Table 2 shows the number of 
acres (minus the UIC and natural areas acres) within each watershed that are not currently treated by 
some type of stormwater BMP.   
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Table 2. Untreated Acres of MS4 area (UIC area of city omitted) by watershed. 

 

Columbia 
Slough* 

Fairview* Johnson Kelly/Beaver Total 

Agricultural 144 144 9 2 154 

Industrial 453 268 120 27 600 

Commercial 276 72 333 417 1026 

Open space 100 66 141 25 266 

Vacant 380 83 687 122 1189 

Residential  574 297 2171 1047 3791 

Multi-family Residential 142 37 173 282 596 

Natural Area** 172 133 1363 227 1762 

Untreated Total (not 
including NA) 

2067 968 3633 1922 7622 

Untreated Percent 50% 45% 89% 73% 70% 

*Columbia Slough acres also include untreated acres for Fairview Creek.  Fairview values shown in a 
separate column, since bacteria TMDL for Fairview Creek requires separate calculation. In the pollutant 
load estimates, the Fujitsu Ponds are modeled as providing a 5% volume reduction within Columbia 
Slough and Fairview Creek.  That area is counted as untreated in this assessment. 
**Natural Areas are assumed to be self-treating and are not modeled in Scenario 1.   
 
Under Scenario 1, the untreated areas were added to the acres currently treated by either filters or rain 
gardens, and then the model was re-run to determine what the mean pollutant load would be.  Table 3a 
shows whether the mean estimated load that would result from modeling various percentages (from 
50% to 100%) of the untreated areas would meet the WLA.  Lower percentages of treatment by filters 
and rain gardens was evaluated for pollutants that required less than 50%, but this was only applicable 
for Toxics (TSS) in Columbia Slough. 
 
Under Scenario 2, existing BMP coverage was ignored, and the entire city was modeled as being treated 
by either filters or rain gardens.  Table 3b shows the calculated pollutant load that would result from 
modeling various percentages of the entire city being treated by filters or rain gardens.   

3. Assessment of WLA Attainment 
 
The pollutant load model was used to calculate load reductions from the current (2013) pollutant loads 
without BMP under the 4 hypothetical treatment scenarios:  

1. Untreated areas of the city treated with proprietary filters, 
2. Untreated areas treated with rain gardens (or other infiltration BMP),  
3. Entire area treated with filter, and  
4. Entire area treated with rain gardens.   

 
Tables 3a and 3b show whether the estimated mean pollutant loads calculated under these four 
scenarios would meet the WLA. 
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Table 3a. Modeled percentage of untreated acres needed to meet the WLA.  Values highlighted in red 
do not meet the WLA.  Values in green could attain the WLA. 

UNTREATED AREA Treated with Filter Treated with Rain Garden*** 

  50% 60% 70% 80% 90% 100% 50% 60% 70% 80% 90% 100% 

Johnson Creek 

Bacteria                         

DDT                         

Kelly/Beaver Creek 

Bacteria                         

Fairview Creek** 

Bacteria                         

Columbia Slough** 

Bacteria                         

BOD5                         

Dissolved Lead                         

Total Phosphorus                         

Toxics (TSS) *30%           *20%           

 
Table 3b. Modeled percentage of all acres treated needed to meet the WLA.  Existing treatment areas 
are ignored in the model.  Values highlighted in red would not meet the WLA.  Values in green could 
attain the WLA. 

ENTIRE AREA Treated with Filter Treated with Rain Garden*** 

  50% 60% 70% 80% 90% 100% 50% 60% 70% 80% 90% 100% 

Johnson Creek 

Bacteria                         

DDT                         

Kelly/Beaver Creek 

Bacteria                         

Fairview Creek** 

Bacteria                         

Columbia Slough** 

Bacteria                         

BOD5                         

Dissolved Lead                         

Total Phosphorus                         

Toxics (TSS)                         

* Meeting the WLA in Columbia Slough for toxics requires adding only 30% additional filter treatment or 
20% rain garden treatment to currently untreated acres.  
** Columbia Slough value includes Fairview Creek.  In the pollutant load estimates, Fujitsu Ponds is 
modeled as providing a 5% volume reduction within Columbia Slough and Fairview Creek.  That area is 
counted as untreated in this assessment. 
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*** While these scenarios are labeled Rain Garden, this is indicative of any stormwater BMP that is 
capable of infiltrating 100% of the design storm entering the facility.  Other BMPs that function similarly 
include UICs, soakage trenches, infiltration vaults, pervious pavement, and dispersed flow (such as 
downspout disconnection).  Due to space constraints, poorly draining soils, and hazardous slopes, 
infiltration BMPs cannot be utilized in many areas of the City, as show in Figure 2. 
 
Based on the assessment presented in Tables 3a and 3b, volume reduction using infiltration methods is 
more likely to reduce pollutant loads to a level that meets the WLA than using a methods focusing 
purely on reducing the effluent concentration (e.g. proprietary filters).  The level of additional treatment 
required in each watershed to meet the WLA varies by pollutant.  In Columbia Slough, treatment of an 
additional 20% of currently untreated area with infiltration rain gardens could meet the toxics WLA 
(based on TSS reduction as a surrogate), although even if 100% of currently untreated areas were 
treated with rain gardens, the Columbia Slough bacteria WLA would likely not be met. 
 
The estimates in Tables 3a and 3b indicate that the minimum BMP coverage to meet all WLAs in each 
watershed are: 

 Johnson – 90% of currently untreated areas with infiltration rain gardens 

 Kelly/Beaver – 100% of currently untreated areas with infiltration rain gardens 

 Fairview Creek – 100% of currently untreated areas with infiltration rain gardens 

 Columbia Slough – 90% of entire area with infiltration rain gardens 
 
While modeling of infiltration rain gardens appears to meet the WLA, the current analysis is hypothetical 
and does not consider the feasibility of being able to implement these BMPs at the scales assessed using 
the model – either at the city-wide or only within areas of the city currently untreated.  While Tables 3a 
and 3b show that the WLA could be met for most pollutants using rain gardens, infiltrating 100% of 
water throughout the City is not possible (see red and gray areas in Figure 2).  Some areas of the City 
have soils suitable for infiltration (green areas in Figure 2), but most of those areas are already outside 
of the MS4 area and have UICs that manage 100% of that stormwater.   
 
Another caveat to this analysis is that it only considers reductions needed from the current load, versus 
what the load will be once all existing vacant land within the city is developed or redeveloped based on 
zoning.  As illustrated in Table 4, there are still 1,449 acres of vacant land within the existing city 
boundaries, 1,189 acres of which do not have existing water quality treatment (although this will be 
required upon development).  Once developed, that vacant land will have higher imperviousness, 
creating the potential for increased pollutant loads simply due to the increased runoff volume, 
regardless of whether stormwater quality treatment is added.  Redevelopment will also require addition 
of stormwater treatment, but often results in higher density development, which may result in higher 
runoff volumes being generated. 

4. Financial Cost Estimate 
 
In order to estimate the cost for implementing BMPs within the City, the number of acres of each land 
use within the entire city, as well as the acres of land use in currently untreated areas was totaled. Table 
4 shows the number of acres, as well as an estimate of impervious acres based on the assumed 
imperviousness for each land use. 
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Table 4. Areas requiring treatment to meet WLA.   

 
Fairview* 

Columbia 
Slough Johnson 

Kelly/ 
Beaver 

Total 
Acres Req 
Treat 

Imper-
vious %** 

Est. Acres 
of Imper-
vious 

Agricultural 144 188 8 2 198 2% 4 

Industrial 268 909 108 27 1,045 75% 783 

Commercial 72 628 300 417 1,344 90% 1,210 

Open space 66 138 127 25 290 5% 14 

Vacant 83 446 618 122 1186 5% 59 

Residential 297 1148 1,954 1,047 4149 35% 1,452 

Multi-Family 
Residential 37 337 155 282 774 60% 465 

Natural Area 133 172 1,362 227 1761     

TOTAL (no 
NA***) 968 3,794 3,270 1,922 8,986   3,988 

*Fairview acres not included in total since already included in Columbia Slough acres 
**Most frequently occurring value City-wide from various master plans 
***Natural areas (NA) considered to be self-treating, so not included in assessment or acreage totals 
 
Acres shown are based on 100% of currently untreated areas in Fairview Creek (not included in totals, 
since within Columbia Slough watershed), 90% of total area of Columbia Slough, 90% of currently 
untreated areas in Johnson, and 100% of currently untreated areas in Kelly/Beaver. 
 
Based on the estimates of impervious area required to be treated shown in Table 4, an estimated cost 
for installation and maintenance of rain gardens is presented in Table 5. Installation and maintenance 
costs reflect  mean cost estimates based on local data, primarily from Portland, since they have a long 
history with installation and maintenance of these facilities. 
 
Green Infrastructure Installation and Maintenance Cost Assumptions: 

 Assume average sizing factor of 6.5% for infiltration facilities (rain gardens, planters, green 
streets, etc).  1 acre = 43,560 sf x 6.5% = 2,831.4 sf facility required per acre impervious area 
(IA). 

 Portland average installation cost is $12,500 per green street (assume includes all costs to 
engineer and construct, including erosion control, concrete for curbing and sidewalks, soil, 
plants, etc).  Average impervious area drainage area to a Portland facility is 3,850 sf, so per acre, 
this results in 43,560 sf/ac ÷ 3,850 sf ~ 11.3 green street facilities per acre. Assume green street 
installation costs $140,000 per acre impervious area managed. 

 Portland average O&M costs are $1.55/sf of green street facility area.  Based on 2,831.4 sf 
facility per acre IA managed, assume annual maintenance cost of $4389/acre. 

 
Table 5. Estimated Cost to Add and Maintain Rain Gardens to Meet WLA. 

Impervious 
Acres Requiring 

Treatment 
Installation 

Cost/Acre IA 
Total Install 

Cost 
Annual Maint 
Cost/ Acre IA 

Total Annual 
Maint Cost 

3,988 $140,000 $558,320,000 $4,389 $17,502,016 

*Calculations do not account for inflation or practicability of BMP installation 
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5. Conclusions 
 
BMP Approach 
Infiltration is the most effective approach.  Based on the findings presented in Table 3, focusing efforts 
on infiltration-based BMPs (rain gardens, pervious pavement, etc) is expected to yield lower pollutant 
loads than focusing on BMPs which lower pollutant concentrations without addressing volume.   
 
While future development was ignored in this assessment, it does appear that focusing efforts to install 
rain gardens or other infiltration methods wherever feasible should allow the city to continue moving in 
a direction that might attain the WLA at some point in the future for some watersheds and some 
pollutants.  As noted previously, this assessment does not consider the feasibility of being able to 
infiltrate water in all areas of the City.  In fact, based on implementation of capital projects and private 
development, rain gardens are only able to be constructed on about 50% of a typical street because of 
the other required amenities and conflicts with utilities such as driveways, cross walks, traffic signs, 
street trees, and parking. And as mentioned previously, much of the City is not suitable for infiltration 
BMPs4.  Based on a citywide soil infiltration suitability analysis that produced Figure 2, much of the city 
has either hazardous slopes (gray area) or low suitability soils for infiltration (red area).   
 
City Strategy 
The City already has stormwater standards that require green infrastructure to be installed wherever 
feasible for all new and redevelopment.  In Gresham’s case, the city is not yet at full build out, with 
existing vacant land available for industrial, commercial and residential land uses.  To date, the city has 
experienced very little redevelopment, but the Community and Economic Development department has 
master plans for community revitalization and urban renewal that will likely spur additional 
redevelopment over the next ten to fifty year timeframe.   
 
The city currently has three regional facilities (Kelly Creek, Fairview and Columbia Slough) that capture 
and treat water from hundreds of upstream acres, including stormwater that is treated and released by 
other smaller facilities for developments within that acreage.  This strategy will be particularly useful in 
areas of the city such as a large portion of Johnson Creek, where it is not feasible to infiltrate water into 
the ground due to safety hazards.   
 
The City currently has an annual capital program budget that prioritizes projects for asset management 
(upsizing or replacement of inadequate stormwater infrastructure), flood control, natural resources 
(fish-friendly passage, restoration, and stream enhancements), and retrofits for stormwater treatment.    
Currently the City’s capital budget is about $1M annually which is comprised of funds from system 
development charges and rates.  The city’s stormwater rates also fund other program needs such as 
operations and maintenance, stormwater monitoring, erosion control, inspections, and education and 
outreach, among others to the maximum extent practicable.   
 
As described in the City’s Permit Renewal, the city’s maximum extent practicable process examines the 
various needs for the overall stormwater and natural resource programs and applies the economic 
realities and resident’s ability and willingness to pay when developing its resource allocations. 
 
                                                           
4
 The City worked with a Portland State University student to conduct a soil infiltration suitability analysis in 2009.  

This report is called “Downspout Disconnection Suitability and Incentive Analysis” and is available upon request. 
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Thus, as illustrated in Table 5, the future scale of funding and staffing needed to construct BMPs for 
untreated areas of the city as retrofits are likely to require hundreds of years to acquire.  However, this 
analysis affirms that the city’s current approach for stormwater management, including requirements 
for new and redevelopment and capital program implementation, are on track for making continual 
incremental progress towards the WLA.  As such, the city plans to continue its current stormwater 
management program implementation strategy. 
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