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Three community water providers – Canby Utility (Canby), City of Molalla, and Colton Water District
(Colton) – supply drinking water to more than 28,000 residents in the Molalla River watershed.
Recently, the Clackamas Soil and Water Conservation District (SWCD) received a grant from the U.S.
Department of Agriculture Natural Resource Conservation Service's (NRCS) National Water Quality
Initiative (NWQI) to fund a study evaluating drinking water quality in the Molalla River watershed. The
study will characterize the three community source water areas, assess water quality concerns, and
describe a road map of actions designed to protect and improve drinking water quality.

This report is Phase II of a four-phase study: Characterizing Molalla River watershed water quality
conditions, describing how land uses can affect water quality, and outlining current and future threats
to drinking water quality.

The completed Phase I report – Molalla Watershed Characterization – describes the watershed's
landscape setting, geology, climate hydrology, and land uses; identifies the three community source
areas and the water treatment systems; and outlines how source water quality relates to drinking
water quality. The Molalla River Watershed Characterization report is available on the project website:
http://molallariverdrinkingwater.com
Phase III will be incorporated into Phase IV, Source Water Protection Plan. This Phase will build on
the previous phases. Phase III will identify current and future sources and causes of surface water
impairment; evaluate the risks to drinking water quality; identify areas contaminants and areas with
the greatest need for treatment or source area protection; and outline best management practices
(BMPs) and actions to address risks to drinking water quality. This report will be completed in the
June of 2021 along with Phase IV.

The Phase IV report is the Source Water Protection Plan. The Source Water Protection Plan will build
on the prioritized contaminates identified in Phase III. Phase IV will identify specific actions for
protecting and enhancing water quality; identify focus areas for on-the-ground actions; outline
landowner and watershed resident outreach activities; and identify potential funding sources. The
Source Water Protection Plan will be completed in the late June of 2021.

It is important to note that the NRCS and CSWCD are non-regulatory entities that deliver services to
agricultural producers and residents in Clackamas County. On-the-ground water quality protection
strategies and actions will emphasize voluntary and non-regulatory approaches to engage agricultural,
rural, urban, and other landowners in source water protection and improvement. NRCS's NWQI
program provides resources to accelerate investment for voluntary conservation where they can
deliver the most significant benefits for drinking water.
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Water quality is critically important for humans as well as fish and other aquatic life. While this report
focuses on water quality for drinking water, the Molalla River supports a variety of water uses. In
addition to public drinking water, other designated beneficial uses for Molalla River water include
salmon and trout fish migration, spawning, and rearing; habitat for resident fish and aquatic life;
irrigation and livestock watering; fishing; boating; and water contact recreation (Oregon
Administrative Rules, Chapter 340, Division 41, Rule Number 340-41-0340).

Community Drinking Water Source Areas

The cities of Molalla and Canby use the Molalla River for their public drinking-water supply. In
addition to the Molalla River, the Canby has a groundwater Springs Gallery that is available to augment
Molalla River water. Colton's drinking water source is Jackson Creek, a tributary to the Molalla River.
Figure 1 shows the locations for the three community drinking water intakes and the comprehensive
drinking water source areas – which includes all areas which contribute to water supplies for each
community, from the intake to the headwaters. The figure also shows the estimated area within the 8hour-time-of-travel source area –within which potential water contaminants would reach each
community's intake within 8 hours of contamination occurring at a given point (Oregon Department of
Environmental Quality [ODEQ] 2018a-b-c). For a more detailed description of the source areas and
Molalla River watershed, see the Phase I report, Molalla Watershed Characterization:
http://molallariverdrinkingwater.com
Figure 2 shows Canby's groundwater Springs Gallery source area. The 1.82 mi2 groundwater source
area is entirely within the City of Canby. Table 1 outlines the contributing area encompassed by the
drinking water source areas for the three community systems.
Table 1. Drinking water source contributing areas for the three community systems.
Source Area
Canby Springs Gallery
Canby 8-hour-time-of-travel
Canby comprehensive
City of Molalla, 8-hour-time-of- travel
City of Molalla comprehensive
Colton 8-hour and comprehensive
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13.30

343.11
19.66
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3.29
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Figure 1. The Molalla River watershed, community drinking water intakes, and source
areas.
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Figure 2. Canby’s Springs Gallery groundwater source area.

Overview of Land Uses
Figure 3 shows the Molalla River watershed land uses. Table 2 outlines the land ownership and
management type (area and percent) within each community drinking water treatment system’s 8hour-time-of-travel source area. Canby’s 8-hour-time-of-travel source area (13.3 mi2) is primarily in
agricultural land uses (88%). Other land uses in this source area are private urban areas (7%), mostly
within the City of Canby, and privately owned rural properties (4%).

The Colton source area (3.3 mi2) is all within the 8-hour-time-of-travel source area. The source area is
entirely within forest land uses, with 72% private industrial forest and 28% managed by the federal
Bureau of Land Management (BLM).

The City of Molalla’s 8-hour-time-of-travel source area (19.6 mi2) is primarily in private rural (47%),
and private forestry land uses (41%). Lands managed by the BLM (10%) are the other significant land
ownership in the 8-hour-time-of-travel source area.
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Figure 3. Molalla River watershed land uses and ownership with non-industrial forest
overlay on private rural lands.
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Table 3 summarizes the comprehensive source areas (i.e., from the water system intake to the top of
the Molalla River watershed) for Canby and City of Molalla drinking water source areas.
Approximately 2/3 of the Canby comprehensive source area (343 mi2) is in some form of forest
management, with private forest land (42%) and BLM lands (21%) as the primary owner. Private rural
properties (21%) and agriculture (13%) are the other principal ownership categories in the Canby
comprehensive source area. Canby's Springs Gallery groundwater source area is entirely encompassed
by urban land uses.
Within the Molalla comprehensive source area (202.4 mi2), the proportion of forestry use goes up to
56% private forest, 33% BLM lands, 3% state forestry, and 2% U.S. Forest Service. Private rural
properties make up about 7% of the Molalla comprehensive source area.

Private rural lands in the Molalla River watershed include a substantial area managed for noncommercial forest uses or as small woodlots harvested commercially. Oregon DEQ developed a private
non-industrial forest landowner overlay for private rural lands to identify the non-commercial forest
and small woodlot parcels (Figure 3). The Canby comprehensive source area is 16% (56.3 mi2) nonindustrial forest. The City of Molalla’s comprehensive source area is 7.2% (14.6 mi2) non-industrial
forest. A very small proportion (1.4%) of Colton’s source area is non-industrial forest.
Table 2. Summary of Land ownership/administration (area and percent) within each
community drinking water system’s 8-hour-time-of-travel source area.
Canby Source Area

City of Molalla
Source Area

Colton Source Area

Ownership/Administration

%

Mi2

%

Mi2

%

Mi2

Private urban lands

7.3

1.0

-

-

-

-

88.4

11.8

0.2

-

-

0.6

0.1

-

-

Private rural lands

3.6

Agriculture
Private industrial forest

-

Local government
State - Dept. of Forestry

-

State - other
Bureau of Land Management
U.S. Forest Service
SUM
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-

100.0

0.5

47.3

9.3

-

41.4

8.1

72.0

2.4

-

-

-

-

-

1.1
0.1
0.1

0.0

-

-

-

10.1

13.3

100.0

-

0.0

-

-

-

-

2.0

28.0

0.9

19.6

100.0

3.3

-

-

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

Table 3. Summary of land ownership/administration (area and percent) within the Canby and
City of Molalla drinking water system comprehensive source areas.
Canby Source Area

City of Molalla Source Area

Ownership/Administration

%

Mi2

%

Mi2

Private urban lands

0.3

1.2

--

--

Private rural lands
Agriculture

20.6

70.7

6.5

13.1

42.1

144.4

56.1

113.5

1.6

5.7

2.8

5.7

13.1

Private industrial forest
Local government

0.1

State - Dept. of Forestry
State - other
Bureau of Land Management
U.S. Forest Service

SUM

0.1

44.9
0.5
0.4

0.1
0.0
0.0

0.2
0.0
0.0

20.8

71.3

32.6

66.0

100.0

343.2

100.0

202.4

1.2

4.2

1.9

3.9

Watershed Resident and Stakeholder Input
Clackamas SWCD Molalla River Watershed Stakeholder Engagement
Clackamas SWCD initiated outreach to watershed residents and other stakeholders to describe the
project and document drinking water issues identified by the community. The SWCD reached out to
local media and the community with descriptions of the project. Several public meetings were
scheduled for information on the project and to solicit stakeholder input, but there were no meetings
due to COVID-19 concerns.

On May 13, 2020, the SWCD held a community video call where approximately 30 people participated.
The video call included a presentation from Jason Faucera, Clackamas SWCD, and John Runyon,
Cascade Environmental Group. The presentation described the drinking water quality assessment and
addressed questions about the project. The video call also solicited input about the study and asked
participants to express their concerns about drinking water concerns and issues. In addition to the
video call, the project website has a form for community input about the study and drinking water
quality concerns. A recording of the presentation and participant input and SWCD responses to the
comments is on the project website: http://molallariverdrinkingwater.com
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Some participants brought up concerns about the musty taste of Canby’s drinking water during the
summer. The presentation noted that substantial information indicates that the taste and order issues
are from compounds released by blue-green algae (cyanobacteria) in the river. The substances impart
a musty smell to the water but are not harmful to humans. Canby conducted a study of water
treatment upgrades that could remove the compounds, but the solution would be costly – millions of
dollars.
Other concerns and issues expressed by watershed residents about drinking water quality during the
community video call focused on the following:
•

•
•
•
•

Are the City of Molalla's treated wastewater discharges contributing to Canby's drinking water
taste and odor issues?
Is the City of Molalla's treated wastewater discharge contributing taste and odor issues in
floodplain wells downstream of the discharge point?
Is timber harvesting contributing to low water flows and sediment?

Should we be concerned with emerging contaminants of concern – e.g., Prozac, other drugs,
and compounds?
Are urban areas contributing to contaminants that could affect drinking water?

This report provides information that addresses the identified community concerns. Clackamas SWCD
will continue to solicit community input through subsequent phases of the project. Responding to
community input and on-going engagement is a crucial part of the Source Water Protection Plan.

Rural Residential Landowner Survey: Overview of Practices

There is very little information on land management and conservation practices for Molalla River
watershed rural properties. To help fill this information gap, Clackamas SWCD contracted with
Portland State University (PSU) to interview Molalla River watershed rural residential landowners
(Upton 2020). The goals of the interview were to increase understanding about (1) concerns and
perceived risks and vulnerabilities to water resources in the Molalla River watershed; (2) ways rural
community members access information and preferred modes of communication from agencies and
organizations; and (3) assess past participation in voluntary conservation programs, and
opportunities and barriers for future involvement. Responses from the interview participants will help
inform the development of the Drinking water Source Protection Plan and outreach strategy. The
report is available on the project website: http://molallariverdrinkingwater.com
All interviewees own properties and reside in rural areas of the watershed that are not served by
municipal water supplies or wastewater services. A total of 17 individuals participated in interviews,
representing ownership of 15 Molalla River watershed rural properties. The duration of ownership of
the properties ranges from the recent acquisition in the fall of 2019 to over 35 years. A number of
residents stated that they are attracted to the rural characteristics of the Molalla River watershed and
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found property prices affordable in the area at the time they were looking to buy. Many participants
stated that a primary motivator is the privacy they experience living in a rural and more secluded area.
All landowners participating in the study access their drinking water from private wells and have
individual septic systems established and maintained on their properties to handle wastewater. The
rural residential properties range widely in size from the smallest lot at ½ acre to two properties of
150 acres. The properties have the following characteristics:
•
•
•

Seven properties are along the Molalla River

Two properties have other surface waters, including seasonal springs and ponds, wet
meadows, and a creek
Six properties have no surface water

Interview participant activities and interests include the following:
•
•
•
•
•
•

•

Most participants garden on their properties, including ornamental landscape plants,
vegetables, fruit, fruit trees, and hazelnut trees.

Several participants have an interest in landscaping with native plants. Five landowners
mentioned that they are committed to organic practices on their properties.

A few participants cannot garden because they have very shady properties with many trees.

Four participants keep small numbers of animals, including chickens, rabbits, sheep, goats and
horses. One resident has a more substantial farming operation with cattle.
Two participants grow hay crops on their properties.

A number of the participants manage the wooded areas on their properties, including selective
tree removal, removal of invasive plant species, and tree planting, with the primary aim of
maintaining forest health. (See Figure 3 for or the locations of small woodlots and other private
non-industrial forest lands within rural residential areas of the watershed).
A small portion of one participant’s property was recently logged to provide income for the
landowners to purchase an adjacent parcel of land.

Landowner plans

Half of the participants do not have any plans to change what they are doing with their property. Other
property owners have ideas for rain gardens, installing ponds, creating vegetable gardens, planting
berries, and getting larger animals like cows and horses. Several landowners have restoration projects
in mind to start or continue, including creating pollinator habitat, restoring a lake, and removing nonnative or invasive plants and grasses. One landowner wants to begin to grow hay in their fields for
their animals. Two residents plan to sell their properties soon, but both want to remain in the area.
Another couple with more extensive landholdings intends to sell a portion of their property zoned
Agricultural/Forest soon.
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Some concerns regarding water quality include activities taking place on neighboring or nearby
properties. One resident has concerns about logging operations upriver from their property, on private
industrial forestry land. They expressed worries about how changes to the land cover will impact river
flows and potentially lead to erosion downstream on their property. One landowner is concerned
about water quality on their property due to upstream activities on a neighboring property. The
neighbor has approximately two dozen passenger vehicles and six RVs parked permanently in
disrepair in and around wetlands creeks. This neighbor also has cattle that walk freely through the
streams and wetlands. One participant noted concern for water quality from observing many trucks
transporting agricultural chemicals for farming in the area. One resident wants to remove many tires
from a creek on her property put there by the previous owners for bank stabilization.

Water quality in the broader region is a concern for many residents. Several participants expressed
concern about the City of Molalla wastewater treatment plant. These concerns included issues with
effluent releases, infrastructure that is overcapacity, and potentially harmful impacts on the river for
recreation, human health, wildlife habitat, and drinking water for the City of Canby. One participant is
concerned about the potential of microplastics and pharmaceuticals released into the river from the
treatment plant and stated the lack of resources to upgrade infrastructure as a pressing problem for
the region.

Flooding is a concern for four residents. Two property owners are concerned about bank erosion and
the location of their homes in the floodplain. One resident is worried about beaver dams on a creek on
the property. One homeowner was advised to plant willow but didn’t want to obstruct the river's view
from their home. Two property owners were concerned about the river banks' upstream
channelization due to bank stabilization projects (riprap) in past decades following damaging floods.
The concern is how the river is eroding the unprotected/natural riverbank on their downstream
properties. One landowner has lost 100-150 yards of land along the river from erosion in the past few
years and is quite concerned. Another property lost 10 acres of riverbank in the 1996 flood, but the
landowners also learned from that flood the least vulnerable places to build structures on their
property. These residents also expressed concern about the lack of knowledge among neighbors, who
do not understand how the riverbank treatments they deploy on their properties can negatively
impact downstream neighbors.

Concerns about vegetation include a lack of riparian vegetation for creeks along roadways, future
habitat reduction for wildlife in the region, and invasive plants on residents' properties like English ivy
and Himalayan blackberry. One resident is concerned about the health of the woods. Two study
participants expressed concern about dying Western Red Cedar trees on their properties. They think
the die-off is possibly from drought, which weakens the trees and makes them susceptible to pests.
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Several participants expressed concern about potential harmful outcomes from logging operations in
the area. Some residents are concerned about the low flow in the river in recent years. One landowner
wondered if it was related to large amounts of logging in the region.
Several participants have concerns about the lack of suitable habitat for anadromous fish in the river
due to increases in temperature and low flows. Climate change is a concern for increased risk of
wildfire and the decline of fish habitat. Others are worried about farmland loss with zoning changes
and increased residential development in the Canby area. Two landowners are concerned about the
long term outcomes for their properties because of the lack of conservation easement opportunities
for small scale landowners in the region.

Wildfire

Some participants expressed some concerns about wildfire, particularly from residents who live on or
adjacent to wooded properties. One property owner maintains a hose along the property line by the
road if someone tosses a lit cigarette from a car window. One landowner had experienced a small fire
on a neighboring property last summer. Another property owner had neighbors negligently start a fire
that spread on to his property when they used flame weed removal tactics. Another owner worries
that insurance policies will require removing trees on his property due to potential wildfire risk. One
landowner is concerned about fire and their property location because the fire chief has informed
them that their house is inaccessible to fire trucks.

Landowner interest in voluntary conservation programs

The participating rural residential landowners are open and interested in learning more about their
properties' voluntary conservation opportunities. These residents have concerns for surface water
quality on their properties and within the lager Molalla River watershed. Participants share concerns
about water quality for recreational pursuits like swimming and fish habitat health and access to clean
drinking water for nearby municipalities. Many residents residing along the Molalla River express a
desire for improved education about riverbank management practices designed to live harmoniously
with the fluctuations of the natural river system while also preventing flooding and erosion. Several
study participants desire to control invasive plant species on their properties using methods that will
not negatively impact water quality. Residents are also interested in developing smaller-scale
conservation easement programs to help ensure the legacy of their restoration efforts. Email
newsletters, websites, social media, and direct mailings are the preferred ways residents want to
engage with these issues, but there is also interest in participating in community groups. The study
finds several existing agencies, organizations, and groups are currently connected to rural residents in
the watershed. These findings highlight an opportunity to enhance partnerships with other
organizations to increase outreach and engagement around protecting water resources with rural
Molalla River watershed landowners.
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Chapter 2: Evaluated Water Quality Contaminants
The Canby, City of Molalla, and Colton water systems are part of the 2,600 public water systems in
Oregon subject to the federal safe drinking water requirements. Federal regulations address 91
different drinking water contaminants (Appendix A). The Environmental Protection Agency (EPA)
classifies naturally occurring or human-made drinking water contaminants in five categories, as
follows:
•

•
•
•
•
•

Microorganisms – e.g., fecal coliform and E. coli

Disinfectants – e.g., chlorine

Disinfection By-Products – e.g., haloacetic acids

Inorganic Chemicals – e.g., nitrite

Organic Chemicals – e.g., benzene
Radionuclides – e.g., radium

It is important to note that these contaminants are regulated for drinking water. For most regulated
contaminants, there is a drinking water Maximum Contaminant Level (MCL) established by the EPA for
the contaminants. For a few of the regulated contaminants, EPA establishes Treatment Techniques
requirements instead of MCLs. The MCL is the highest level of a contaminant that is allowed in
drinking water. MCLs are legally enforceable primary standards and treatment techniques that apply
to public water systems. See Appendix A for a summary of the National Primary Drinking Water
Regulations.

Oregon water systems must monitor for regulated contaminants on specific schedules or monitoring
periods ranging from monthly to every 3-9 years. The water systems must demonstrate that the
contaminants' level in the drinking water they supply is lower than the MCLs. The water systems
engage private laboratories accredited by the Oregon Health Authority (OHA) to analyze their drinking
water samples. The water supplier must report the results of their required samples to OHA.
Compliance sample results are available on the internet for the three community water systems in this
study:
City of Canby – https://yourwater.oregon.gov/chemlatest.php?pwsno=00157

City of Molalla – https://yourwater.oregon.gov/chemlatest.php?pwsno=00534

The community of Colton – https://yourwater.oregon.gov/chemlatest.php?pwsno=00202

The following sections describe how the listed contaminants can affect drinking water treatment or
quality. This study does not evaluate drinking water quality “at the tap” for the three community
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systems. All three water systems have demonstrated that their drinking water delivered to the
community meets the MCLs and other applicable guidance. For the Canby and the City of Molalla
driking water quality reports see the following:
City of Canby – https://www.canbyutility.org/about/transparency/annual-water-quality-report/
City of Molalla – https://www.cityofmolalla.com/publicworks/page/water-quality-reports

This study evaluates water quality at the drinking water systems’ intakes. The focus is on how current
and future water quality at the water system intake influences water treatment and drinking water
quality related to the MCLs or other guidelines. For example, the study does not evaluate the chemicals
used as disinfectants in the drinking water treatment system. The study does consider how
contaminants at the intake may affect disinfection by-products during treatment. For instance, natural
organic matter in the system's raw water can create harmful disinfection by-products (DBPs) such as
trihalomethanes and haloacetic acids. For information on the MCLs and treatment considerations, see
Appendix A.
Table 4 outlines the water quality contaminants considered in this report and the land uses that are
potential sources of contaminants. Chapter 3 describes how Molalla River land uses can affect water
quality.

Turbidity

Turbidity is a measure of the cloudiness of water. Natural processes such as soil erosion and organic
matter entering the river influence turbidity levels in the river. Land use practices can accelerate soil
erosion and contribute to higher turbidity levels than would be found naturally. Extreme precipitation
events can drive erosion and dramatic increases in turbidity levels. First-flush events (i.e., the first
major rainstorm in October or November) often display the highest annual turbidity levels. Higher
turbidity levels are often associated with higher quanties of disease-causing microorganisms such as
viruses, parasites, and some bacteria. High turbidity levels can create treatment problems, and very
high levels can make treatment difficult or effectively stop treatment until high turbidity levels
subside.
There is no drinking water MCL established for turbidity. EPA has established guidelines for turbidity
levels based on the type of surface water treatment (Appendix A). Based on treatment, drinking water
should be less than 0.3 Nephelometric Turbidity Units (NTUs) 95% of the time and less than 1.0 NTUs
100% of the time.
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Table 4. Drinking water contaminants and potential land-use sources
Land Use
Contaminant or Contributor to
Contaminants
Turbidity
Volatile organic compounds
Other toxic organic compounds
Natural organic compounds
Pesticides: herbicides, fungicides,
insecticides
Inorganic compounds
Nitrogen and Phosphorus
Drinking water contaminants of
emerging concern – e.g.,
pharmaceuticals, caffeine, and other
potential contaminants
Bacteria, e.g., E. coli, and other
microorganisms
Algae/Cyanobacteria – cyanotoxins,
and other compounds
Water temperatures
Total suspended solids and sediment
Dissolved oxygen and biological oxygen
demand
pH

Agriculture

Rural
Residential

Urban

Forestry

X

X

X

X

X

X

X

X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X

X
X
X
X

X
X
X
X

X
X
X
X

X
X
X
X

Organic Compounds
Volatile Organic Compounds
Volatile organic compounds include benzene, benzene-derived compounds, and tetrachloroethylene.
These chemicals come from discharge from factories and dry cleaners, leaching from gas storage tanks,
leaching from landfills, and other activities. Aquatic cyanobacteria can also produce volatile organic
compounds. The EPA has established MCLs for the listed volatile organic compounds (Appendix A).
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Other Toxic Organic Compounds
Other toxic organic chemicals include dioxin, carbon tetrachloride, Di(2-ethylhexyl) phthalate,
polychlorinated biphenyls (PCBs), styrene, and other organic chemicals. Sources for these chemicals
include discharge from chemical plants and other industrial activities, landfill runoff, and emissions
from waste incineration and other combustion. A toxic organic compound found in tires (6PPD) is
toxic to fish and has contributed to salmon mortality. The EPA has established drinking water MCLs for
the listed toxic organic compounds (Appendix A).

Natural Organic Matter

Natural organic carbon is derived from leaching out of the forested areas, in-stream growth of benthic
algae, and other sources that contribute different and varying proportions of dissolved and particulate
organic matter to the river (Carpenter et al. 2013). Organic matter concentrations in streams increase
following rainfall events that deliver the organic matter to the river. Organic matter can contribute to
the formation of chlorinated and brominated disinfectant by-products (DBPs), such as
trihalomethanes (THMs) and haloacetic acids (HAAs). The EPA has not established MCLs for natural
organic matter. The EPA has established MCLs for THMs and HAAs, and other disinfection by-products
(Appendix A). The drinking water MCLs for HAAs and total THM are 60 micrograms per liter (µg/L)
and 80 µg/L, respectively.

Pesticides: Herbicides, Fungicides, Insecticides

This category includes herbicides, insecticides, and fungicides (collectively called pesticides).
Examples of pesticides include atrazine, carbofuran, glyphosate, and simazine. Pesticides can enter the
river from runoff off from agricultural fields, nurseries, forest management, yards, roadside ditches,
and other areas (Rinella and Janet 1998). The EPA has established MCLs for many pesticides
(Appendix A). The EPA has developed Human Health Benchmarks for Pesticides (HHBPs) for
pesticides without MCLs. Also, the U.S. Geological Survey (USGS) has developed Health-Based
Screening Levels (HBSLs) for pesticides and other contaminants without EPA MCLs or HHBPs (USGS
2018).

Inorganic Compounds

Inorganic compounds include arsenic, barium, cadmium, chromium, copper, lead, mercury, and other
compounds. Mercury sources, for example, include road runoff or sediment erosion (from naturally
occuring mercury bound to soils) and wastewater discharges. Nitrate and nitrite, which are also
inorganic compounds, are covered below. Sources for inorganic compounds include road and
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stormwater runoff. The EPA has established drinking water MCLs for the listed inorganic compounds
(Appendix A).

Nitrogen and Phosphorus

Nitrogen and phosphorus are nutrients that are natural parts of aquatic ecosystems. Nitrate
(measured as nitrogen), Nitrite (measured as nitrogen), and Phosphorus inputs to the stream network
come from fertilizer applications, animal manure deposits, industrial/municipal discharge, and runoff
and leachate from septic systems and landfills, and natural inputs from plants and trees (Rinella and
Janet 1998). As a result of human activities and population growth, nitrate, in particular, is increasing
in surface water and aquifers. Nitrate is the most common contaminant in groundwater aquifers
worldwide. High nitrate levels can cause health problems in infants who receive formula mixed with
contaminated water. Some adults are susceptible to the effects of nitrate. The EPA has set an MCL of 10
milligrams per liter (mg/L) for nitrate in drinking water. In Oregon, groundwater nitrate levels
exceeding the MCL are typical and occur primarily in agricultural areas. The drinking water MCL for
Nitrite is 1 mg/L. There is no drinking water MCL for Phosphorus. The EPA has suggested a reference
condition for total Phosphorus and nitrate concentration in Cascade Mountain Ecoregion surface
waters of 9 μg/L and 5 μg/L, respectively (Carpenter 2003). The EPA Nutrient Criterion for NO3+NO2
is 0.15 mg/L for streams in the Willamette Valley ecoregion, including most of the Molalla River
Watershed.
Natural nitrogen and phosphorus levels support algae and aquatic plants' growth, which provide food
and habitat for fish and other aquatic organisms. Excess nitrogen and phosphorus in the river from
human activities can stimulate algal growth and metabolism, sometimes resulting in nuisance algal
blooms that can create water quality problems and other issues (covered below).

Drinking Water Contaminants of Emerging Concern

Emerging contaminants are naturally occurring or human-made chemicals present in drinking water
known or suspected to pose risks to human or aquatic health and are not yet subject to federal
regulatory oversight. Emerging drinking water contaminants of concern in Oregon include per- and
polyfluoroalkyl substances (PFAS), excessive manganese, and toxins produced by cyanobacteria
(cyanotoxins). Excessive levels of manganese can cause health problems in infants and adults. The EPA
has established health advisory levels for two PFAS – Perfluorooctanesulfonic acid (PFOS) and
perfluorooctanoic acid (PFOA) – and manganese in drinking water. Manganese is a natural compound
found in the environment and food. EPA's health advisories are non-enforceable and non-regulatory
and provide technical information to public health officials on health effects, analytical methodologies,
and treatment technologies. A description of cyanotoxins is in the section below.
The EPA lists drinking water contaminants considered for regulatory oversight on its Contaminant
Candidate List (CCL), which the EPA publishes every five years. The EPA is currently considering
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preliminary regulatory determinations for the following eight of the 109 contaminants on the CCL:
PFOS, PFOA, 1,1-dichloroethane, acetochlor, methyl bromide (bromomethane), metolachlor,
nitrobenzene, and Royal Demolition eXplosive (RDX). The EPA is proposing to regulate two
contaminants – PFOS and PFOA – and regulate the other six contaminants on the CCL: 1,1dichloroethane, acetochlor, methyl bromide, metolachlor, nitrobenzene, and RDX (U.S. Federal
Register March 10, 2020).

Contaminants of emerging concern also include pharmaceuticals and personal care products that are
increasingly detected at low levels in surface waters. Also herbicide and insecticide degradates are also
an emerging concern. In addition to potential human health concerns, there is the concern that these
compounds may have an impact on aquatic life. The EPA is evaluating the potential impact of these
substances on aquatic life and is developing an approach for determining protective benchmarks for
aquatic organisms.
It is important to reecognize that existing monitoring under the safe drinking water act cannot provide
full coverage for new and ‘emerging’ contaminants. In addition, toxicological data is not available for
most ‘emerging’ contaminants. However knowing where they are present can help prioritize areas for
technical assistance and reduction activities.

Bacteria other Microorganisms

Bacteria and other microorganisms that are regulated in drinking water include Cryptosporidium,
Fecal coliform, and Giardia lamblia. Sources for these microorganisms are human and animal fecal
waste runoff that enters the river. Also regulated are the Legionella bacteria and total Coliforms, both
of which are naturally present in the environment. These organisms do not have MCLs. The EPA has
established treatment targets at zero detection for removal/inactivation of bacteria and other
microorganisms (Appendix A).

Algae/Cyanobacteria – Cyanotoxins and Other Compounds

Cyanobacteria are photosynthetic bacteria that reside in surface waters. Some species of cyanobacteria
can produce neuro- and liver- toxins that are known to be harmful to human health above specific
concentrations. The EPA has established health advisory levels for two cyanotoxins produced by
cyanobacteria: microcystins and cylindrospermopsin. The health advisory level for total microcystins
is 0.3 μg/L for vulnerable people and 1.6 μg/L for all persons. The advisory level for and
cylindrospermopsin is 0.7 μg/L for vulnerable people, and 3 μg/L for all persons. The EPA is
developing health advisory levels for two other cyanotoxins: anatoxin-a and saxitoxin.
Susceptible water systems in Oregon, of which Canby is one, must monitor for cyanotoxins at least
every two weeks from May 1 through October 31 (Oregon Administrative Rule [OAR] 333-061-0510 to
333-061-0580). If at any time either total microcystins or cylindrospermopsin concentration in raw
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water are greater than or equal to 0.3 μg/L, or there is a recreational use health advisory in a water
body upstream, drinking water systems must immediately increase raw water monitoring of
cyanotoxins to weekly and follow public notification guidance if cyanotoxins are detected posttreatment.

Water Temperatures

Water temperature patterns affect both aquatic life and other water quality parameters. Cool water
temperatures are critical for trout and salmon populations. Elevated water temperatures can affect not
only aquatic life but can also exacerbate water quality problems. Factors contributing to elevated
water temperatures include reduced shade from stream-side vegetation removal and water
withdrawals for irrigation. Higher water temperatures increase the amount of oxygen consumed by
bacteria and other microorganisms. At the same time, they decompose organic matter, which can
substantially decrease dissolved oxygen in a water body. High water temperatures and nutrient
(Phosphorus and nitrogen) enrichment can contribute to the proliferation of nuisance algae in the
river and low dissolved oxygen concentrations from algal photosynthesis.
There is no drinking water MCL established for water temperatures.

Total Suspended Solids

Total Suspended Solids (TSS) is the portion of fine particulate matter that remains in water
suspension. It measures a similar property to turbidity but provides an actual weight of particulate
matter for a given sample volume (usually mg/L). Natural processes such as soil erosion and organic
matter entering the river influence TSS and sediment levels. Land use practices can accelerate soil
erosion and contribute to higher TSS levels than would be found naturally. Suspended solids interfere
with effective drinking water treatment. Elevated TSS levels and increased sediment loads interfere
with coagulation, filtration, and disinfection. More chlorine is required to disinfect turbid water
effectively.
There is no drinking water MCL established for TSS.

Dissolved Oxygen and Biological Oxygen Demand
Dissolved oxygen (DO) is a measure of how much oxygen is dissolved in the water - the amount of
oxygen available to living aquatic organisms. DO is an important indicator of water quality, and it is
essential for the survival of fish and other aquatic organisms. Biochemical oxygen demand (BOD)
represents the amount of oxygen consumed by bacteria and other microorganisms while they
decompose organic matter under aerobic (oxygen is present) conditions at a specified temperature.
Oxygen demand is a measure of the number of oxidizable substances in a water sample that can lower
DO concentrations. High water temperatures and other human-induced factors, such as introducing
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excess fertilizers to a water body, can reduce the amount of dissolved oxygen in a water body. BOD is
used, often in wastewater-treatment plants, as an index of the degree of organic pollution in water.
There is no drinking water MCL established for DO or BOD.

pH

The acidity or alkalinity of water is measured in pH values, of which a pH of 7.0 is neutral and lower
values are more acid and higher values more alkaline. The normal range for pH in surface water and
drinking water systems is 6.5 to 8.5. High-pH water can cause pipes and water-using appliances to
become encrusted with deposits, and it depresses the effectiveness of the disinfection of chlorine. LowpH water will corrode or dissolve metals and other substances. Several factors can influence pH in
surface waters. For example, Algal photosynthesis, which can be exacerbated by high water
temperatures and nutrients in the water, can change water's pH values by increasing pH during the
day, followed by sharp declines in pH at night.
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This chapter describes how Molalla River watershed land uses – agriculture, rural residential, urban,
and forestry – can influence the magnitude of contaminants entering the river and their transport to
the drinking water treatment system's intake. Roads and other land use – industrial facilities and other
potential contaminant sources – are also evaluated for water quality impacts.
Water quality contaminants are assessed for urban, agricultural, rural residential, and forestry land
uses. There is limited Molalla River Watershed monitoring data for the range of potential water quality
contaminants. Therefore, information from other Willamette River Basin drinking water source
watersheds with similar land uses and substantial water quality data served as an analog for
describing Molalla Watershed conditions. The primary sources for supplemental information on water
quality contaminant status and trends were the adjacent Clackamas River Watershed and the
McKenzie River Watershed (southern Willamette Valley), both of which have land use patterns similar
to the Molalla River Watershed.

Agriculture
Crop types

Figure 4 shows the major agricultural crop types in the Molalla River watershed. Agricultural lands
cover about 13% of the watershed (44.9 mi2; Table 3). Most of the agricultural land uses are
concentrated in the lower watershed below the City of Molalla. Canby’s 8-hour-time-of-travel source
area is primarily in agricultural land uses (88%). A very small proportion of agricultural land uses are
above the City of Molalla.

Table 5 outlines the area covered by the various crop types within the watershed. Within the Canby
drinking water source area, the lower watershed has the most significant area covered in crops. Lower
watershed primary crop types include grassland pasture, hay pasture, Christmas trees, hazelnuts, and
annual crop rotations. Most agricultural production concentrates in areas along the Molalla River and
southeast and east of Canby. This area includes the greatest variety of crop types in the watershed,
including berries and hops, in-ground and container nurseries, hemp, vegetables, and other crops.
Many of the crops are irrigated with water from the Molalla River.

Within the City of Molalla drinking water source area, the upper watershed is characterized by a
minimal agricultural production area, primarily hay and grassland pasture. Most of the land use above
the City of Molalla is private and public forest. The City of Molalla’s 8-hour-time-of-travel source area
is primarily in private rural (47%) and private forestry land uses (41%), with a very small proportion
(1%) in agricultural land uses (Table 2).
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Figure 4. Molalla River watershed major crop types and land cover.
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Table 5. Molalla River watershed agricultural crop types and area (acres). I = Irrigated crops.
Crop Type

Acres

Crop Type

Acres

Grassland/Pasture
Hay/Pasture

26,405

213

Grass Seed

3,150

Fruit Orchard

2,545

Nursery, container/Greenhouse

30

Christmas Trees
Hazelnuts (I)

Annual crop rotations (e.g., vegetables,
row crops, strawberries, corn, etc.) (I)

2,170
1,756

Woodland/Pasture

Irrigated/Pasture (I)

Other Hay/Non-Alfalfa, Irrigated (I)

56
27
27

1,588

Alfalfa

16

Fallow/Idle Cropland

601

Hemp (I)

15

Nursery, In-ground

308

Beef (CAFO)

8

Berries/Hops

468

Chicken House (CAFO)

8

Best Management Practices and Water Quality Contaminants
Table 6 outlines the variety of water quality contaminants generated by agricultural practices and the
applicable BMPs (ODA 2018). The BMPs focus on controlling the delivery of contaminants into the
stream network. For example, Riparian Management Areas can help prevent a wide variety of
contaminants from entering the stream network, including bacteria from cattle, water temperatures
(through shading), turbidity levels, pesticide concentrations, and nitrate levels. The Drinking Water
Source Protection Plan will recommend agricultural BMPs and other on-the-ground actions to
minimize contaminants in the river system.

Water Quality Contaminants

There are five water quality contaminants for which there are data available for evaluating Molalla
River Watershed’s agricultural lands: Pesticides, nutrients (nitrogen and Phosphorus), bacteria, soil
erosion/turbidity, and water temperatures. The section below characterizes the first four
contaminants; the next chapter covers water temperatures.
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Table 6. Agricultural water quality BMPs and affected water quality contaminants (ODA
2018).

Pesticides
From April 1993 to September 1995, the USGS conducted a study of the occurrence and distribution of
nutrients and pesticides in surface water of the Willamette Basin for a variety of land uses (Rinella and
Janet 1998). Several monitoring sites were in the Molalla River watershed. Several of the Molalla sites
had low levels of the herbicides atrazine and simazine. Also detected in the same period were the
herbicides EPTC and napropamide, and the insecticide chlorpyrifos (USGS NWIS database,
http://waterdata.usgs.gov/nwis; reported in Carpenter et al. 2012). Overall the study found that for
the Willamette Basin streams, sampled agricultural areas had the most significant number of pesticide
detections: Forty-nine of the 50 pesticides were detected at agricultural sites, two at forested sites, 25
at urban sites, and 29 at mixed-land use sites (Rinella and Janet 1998).

A study in the Clackamas River basin detected pesticides in all of the lower basin tributaries; the
highest pesticide loads were in streams that drain a mix of agricultural land (row crops and nurseries),
pastureland, and rural residential areas (Carpenter et al. 2008). Pesticide monitoring in Camp Creek, a
tributary to the McKenzie River with agricultural, rural residential, and forestry land uses similar to
the Molalla River Watershed, also had higher pesticide loads than areas where forest land uses
dominate (Table 7). Pesticide loads may be higher in forested uplands due to higher rainfall.
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Canby has detected low levels of pesticides at the water treatment system intake. In 2015, Canby
observed the herbicides atrazine and simazine at levels well below the MCL. Based on subsequent
sampling over several years, there were no other pesticide detections (City of Canby 2020).

Table 7. Pesticide sampling McKenzie River basin, Camp Creek, 2002 – 2016 (EWEB 2017).
Samples
Analyzed

Deethylatrazine
Hexazinone

Pesticide
Atrazine

Triclopyr

Detected

Max Value
(ug/L)

MCL
(ug/L)

Occurrence

15

7

0.017

-

47%

11

6

0.0356

-

55%

3

0.2298

0.07

2

0.0924

-

2

0.0638

21
9

2,4-D

14

2,4-DB

13

2-Hydroxyatrazine
Aminomethylphosphonic acid
Diuron

Imazapyr

10
3
9
8

6
4
2
2
2

0.06

0.003

0.1607

-

0.017
0.05

0.0051

-

29%
44%
21%
20%
15%
67%
22%
25%

Nitrogen and Phosphorus
A USGS study that assessed the occurrence and distribution of nutrients and pesticides in the
Willamette Basin's surface water found elevated nitrite levels and Phosphorus in samples that drained
agricultural areas (Rinella and Janet 1998). The highest nutrient concentrations were at agricultural
sites, with the upper 10% of the levels for both nitrogen species occurred at sites receiving
predominantly agricultural land runoff. Except for soluble reactive phosphorus, peak nutrient
concentrations were at agricultural areas during winter rains (Rinella and Janet 1998). In a Clackamas
River basin study, sites in basins containing the highest amounts of agricultural and urban land had the
highest concentrations of nutrients (Carpenter 2003.)

Bacteria

Based on 1998 monitoring, the Molalla Pudding Total Maximum Daily Load (TMDL) Water Quality
Management Plan (ODEQ 2008) lists Molalla River fecal coliform as exceeding water quality standards
(Log mean of 200, no more than 10% of samples > 400). The Oregon Department of Agriculture’s
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(ODA) Water Quality Management Area Plan, which includes the Molalla River, cites E. coli as a water
quality concern (ODA 2018). E. coli generally comes from livestock waste, either deposited directly
into waterways or carried to streams via runoff and soil erosion (ODA 2018).

Soil erosion and turbidity

The Phase I Watershed Characterization report described soil erosion patterns for the Molalla River
Watershed (Cascade Environmental Group 2019). The soil erosion factor K is an index of a given soil
type’s susceptibility to surface erosion (sheet and rill) from water. Soil K-factor is one of six
parameters used in the Revised Universal Soil Loss Equation (RUSLE) to predict annual soil loss.
Values are estimated based on soil texture and saturated hydraulic conductivity. K-factor values can
range from 0.02 to 0.69. The K-factor values in the watershed areas range from 0.05 to 0.49 (Figure 5).
If all other parameter values in the RUSLE are held constant, the higher the K value, the higher the
susceptibility to sheet and rill erosion.
Most of the highly erosive soils are within the agricultural areas in the lower watershed. The Canby 8hour-time-of-travel source area, primarily in agricultural land uses, has the largest proportion of
erosive soils in the Molalla River watershed (Table 8). Accelerated surface erosion from land-use
practices in agricultural areas delivers sediment to streams and increases turbidity levels.
Table 8. Composite K-factor by source area.
Source Area
Canby
City of Molalla
Colton

8-Hour-Time-of-Travel
Source Area

Comprehensive
Source Area

0.32

0.13

0.01

0.01

0.16

0.03

For additional information on sediment sources see Appendix B: Supplemental Analyses, Sediment
Sources.
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Figure 4. Soil K-factor, an indication of soil erosion potential. Soil erosion potential is
unknown for large areas in the upper watershed – these areas may have high
erosion potential, but the status is unknown.
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Rural Residential
Rural residential lands cover 20.6% of the Molalla River watershed (70.7 mi2; Table 3). Rural
residential properties are a relatively small proportion (3.6%) of Canby’s 8-hour-time-of-travel source
area. In contrast, rural residential lands are a significant proportion (47.3%) of the City of Molalla 8hour-time-of-travel source area.

Water Quality Contaminants

Rural residential areas and management practices contribute to pesticides in surface waters, increased
soil erosion and turbidity, higher concentrations of nutrients, and elevated water temperatures. Land
use activities in rural lands, including household generated-waste, raising livestock, fertilizer
applications to yards and crops, and failing septic systems, can generate inputs of nitrogen and
Phosphorus, bacteria, and contaminants of concern (e.g., pharmaceuticals) to the Molalla River. Failing
septic systems are a particular concern because of the number and geographic extent of rural
residential properties with septic systems in the Molalla River watershed.

Pesticides

Molalla River watershed rural residential properties are in areas with adjacent agricultural and
forestry land uses. As a result, it is challenging to identify pesticides that are generated exclusively
from rural residential properties. There is substantial data showing pesticides in surface waters that
drain areas with mixed forestry, agriculture, and rural residential land uses. Carpenter and others
(2008) found the highest surface water pesticide loads were in streams that drain a mix of agricultural
land, pastureland, and rural residential areas (Carpenter et al. 2008). Pesticide monitoring in Camp
Creek, a tributary to the McKenzie River with similar mixed agricultural, rural residential, and forestry
land use, also had higher pesticide loads than areas where forest land uses dominated (Table 7).
Mixed land use areas appear to have fewer pesticide inputs than areas dominated by agriculture. In a
study of Willamette Basin pesticides in surface waters, forty-nine of the 50 pesticides were detected in
agricultural areas and 29 at mixed land use areas (Rinella and Janet 1998).

Sediment and turbidity

Rural residential properties are in areas with moderate to highly erosive soils (Figure 5; Table 8).
Accelerated surface erosion from rural residential land-use practices, including livestock and horses,
unimproved roads, and removal of riparian vegetation, contributes to the delivery of sediment to
streams and increased turbidity levels.
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Septic systems can affect ground and surface water quality. A study of contaminants of emerging
concern found that contaminant concentrations in discharges from septic tank leach fields were
generally on the order of tens to hundreds of ng/L and were similar to contaminant concentrations
found in effluent from conventional secondary wastewater treatment plants (Schaider et al. 2013)..
The study concluded that failing septic systems and systems with older designs will provide even less
effective removal of contaminants of emerging concern.

A study of septic systems and water quality in the Pacific Northwest found that a significant weakness
of conventional septic systems is the inability to treat nitrogen effectively (McDowell et al. 2005). Once
septic effluent enters the soil profile below the drain-field, almost all the nitrogen is converted by
nitrification to nitrate (NO3).

A study in the Clackamas River basin found the highest algal counts and the highest N and P
concentrations in Sieben Creek, a tributary in the lower basin (Carpenter 2003). The highest N03
concentration measured in the study (7,000 μg/L) was measured on Sieben Creek. It’s likely that a
combination of urban storm-water runoff and septic system inputs are responsible for a significant
part of this problem (Carpenter 2003).

Septic system evaluation

We evaluated the relative risks to water quality posed by septic systems following an approach similar
to that described by Herrera (2012) for the Clackamas River basin. The analysis evaluated five risk
factors: septic system age, septic system density, distance to a mapped stream, distance to a municipal
surface water intake, and soil vulnerability.
The age of septic systems was estimated based on the age of the residence located on a given parcel
(Figure 5). The age of the structures is in the tax parcel data available from Metro1. All properties
within the City Molalla and Canby Urban Growth Boundaries (UGB) were eliminated from analysis
because these areas are in municipal sewer districts. All tax parcels having buildings were retained
regardless of zoning, as most agricultural and commercial operations include onsite waste disposal. A
total of 3,773 tax lot parcels were evaluated.

The risk of septic system failure was assumed to be higher in the older systems. Three residence age
groupings (<30, 31-50, and >50 years) were used to rank the risk for septic system failure. Twentyfour percent of the parcels were estimated to have septic systems 2 to 30 years old: 36% 31 to 50

1

http://rlisdiscovery.oregonmetro.gov/?resourceID=99
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years old; and 41% >50 years old. Septic system age was higher in the Willamette Valley bottomland
parcels downstream of the City of Molalla (Figure 5).

In areas with dense clusters of septic systems, the septic systems were considered to pose a higher risk
of failure. High-density septic system clusters were defined as having one or more parcel centroids
within a 2-acre area. Forty percent of the parcels were classified as high-density clusters (Figure 6).

Each of the five datasets evaluated was assigned a ranking factor from 1-5, with one posing the lowest
risk for failure and five the highest risk. Table 9 shows the ranking criteria. Ranking criteria and the
ranking factor for system age were characterized into three age classes (Herrera 2012). High-density
clusters and vulnerable soils used a binary approach: classified as high-risk or no-risk. The
topographical distance to surface water and municipal water intake were ranked based on equal
percentiles. Finally, a dataset weight was assigned that allowed emphasizing factors considered to be
most relevant to an overall ranking.
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Figure 5. The estimated age of septic systems within the source areas.
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Figure 6. Septic system density.
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Table 9. The septic tank failure risk-rating approach (modified from Herrera 2012).
Dataset
Septic system age

High-Density Septic System
Cluster

Topographic distance to mapped
stream
Distance to Surface Water Intake

Vulnerable Soils

Ranking Criteria
1-30 years
31-50 years
>50 years
Yes

0-140 feet
140-430 feet
430-890 feet
890-2060 feet
>2060 feet
0 to 7.2 miles
7.2-13.5 miles
13.5-18 miles
18-24.5 miles
>24.5 miles
Very Slow to Moderately Slow
Permeability
Rapid Permeability
Bedrock Presence
Steep Slopes

Ranking
Factor
1
3
5
5
5
4
3
2
1
5
4
3
2
1
5

Dataset
Weight
1
2
2

1

1

The proximity of a septic system to a mapped stream was assumed to increase the risk of failure, with
systems closer to surface water posing a higher risk. The topographical flow distance from the septic
system parcel centroid to the nearest downstream water body was calculated and divided into five
distance categories based on equal percentiles (Figure 7).
Similarly, the travel distance to the nearest downstream municipal water intake was assumed to
increase the risk, with systems closer to drinking water intakes posing a higher risk. Topographic
distances to drinking water system intakes are classified into five categories based on equal
percentiles (Figure 8).

The fifth and final ranking factor was the vulnerability of the soils to septic system failure. The NRCS
soils survey for Clackamas County (NRCS 2016) provides a rating for septic tank absorption fields
based on the soil properties that affect absorption, construction, maintenance, and public health.
Virtually all soils within tax parcels included in this analysis were rated as "very limited" due to
shallow depth to bedrock, shallow depth to a saturated zone, flooding, ponding, and/or slope.

The product of the ranking factor and dataset weight were summed for each parcel to produce a
cumulative risk score for each septic system (Figure 9). Areas with the lowest ratings are located in the
flat portions of the watershed with low stream density. Proximity to streams and density of septic
systems are the primary factors contributing to higher risk ratings. Uncertainties in the results are
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primarily due to a lack of information on the actual age of the septic systems and no data on a septic
system's exact location on a given parcel.

Figure 7. Estimated proximity of septic systems to streams.
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Figure 8. Distance from septic systems to surface water intakes.
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Figure 9. Cumulative risk rating of septic systems.
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Forestry

Forestry is the dominant land use in the Molalla River watershed. Forest lands cover nearly 65% of the
Molalla River watershed: Private industrial forest lands (42.1%; 144.4 mi2; Table 3); BLM (20.8%; 71.3
mi2); Oregon Department of Forestry (ODF; 1.6%; 5.7mi2); and U.S. Forest Service (USFS; 1.2%; 4.2
mi2). In addition to the industrial, federal, and state forest lands, there are substantial areas within
rural residential properties managed as private non-industrial forests (Figure 3).

Canby’s 8-hour-time-of-travel source area has almost no forest land uses. The Colton source area is
entirely forest land uses within the 8-hour-time-of-travel source area. The City of Molalla’s 8-hourtime-of-travel source area is primarily in private industrial forestry land uses (41%). There are also
rural properties in this source area managed as small woodlots and other private non-industrial forest
lands (7.2 mi2). Forest lands managed by the BLM (10%) are the second significant forest land
ownership in the City of Molalla’s 8-hour-time-of-travel source area.

Water Quality Contaminants

There are four water quality contaminants with regional or local data available for evaluating forest
lands: Pesticides, nutrients (nitrogen and Phosphorus), soil erosion/turbidity, natural organic matter,
and water temperatures. The section below characterizes the first three contaminants; the next
chapter covers water temperatures.

Pesticides

Numerous studies have shown that streams draining forest areas have lower pesticide levels than
other land uses. Studies in the Clackamas River basin (Carpenter 2008) and the McKenzie River basin
(EWEB 2017) show that urban, rural residential, and agricultural runoff is a more significant pesticide
runoff source than forest areas. While pesticide levels are lower, forest land uses can contribute to
pesticide runoff into streams. Table 11 summarizes the six most frequently detected pesticide

Table 10. Pesticides were observed in water samples from forest sites in the McKenzie River
basin, 2002 – 2010 (EWEB 2017).
Pesticide
Hexazinone
Atrazine
Imazapyr
2,4-DB
Deethylatrazine
Endosulfan sulfate
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Samples
Analyzed

Detected

Max Value
(ug/L)

MCL

Occurrence

28

7

0.0969

-

25%

20

5

0.2094

-

25%

37
32
32
10

6
4
4
4

0.0089

0.003

0.0372

-

0.0127

0.00035

-

16%
13%
13%
40%
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compounds at McKenzie River basin forest monitoring sites from 2002 to 2010. Because of the large
Molalla River Watershed land area in forestry landuses, and steep slopes, often at higher elevations
with higher precipitation levels, could result in the upper watershed forestry areas having the highest
overall loads for many constituents despite their seemingly low concentrations.

Nitrogen and Phosphorus

Streams draining forest areas have lower concentrations of nitrogen and Phosphorus in comparison to
other land uses. In a study of Willamette Basin streams across a range of land uses, nutrient
concentrations at forested sites were among the smallest observed at any of the sites sampled (Rinella,
and Janet 1998). A Clackamas River basin study found the highest concentrations of nitrogen and
Phosphorus occurring at tributary sites in the lower basin, where most of the agriculture and urban
development is located (Carpenter 2003). Nitrogen concentrations in streams in the forested upper
basin were mostly below laboratory reporting levels (<5 μg/L). Relatively high concentrations of
dissolved phosphorus (up to 26 μg/L) were found in streams draining portions of the high Cascade
Mountains, possibly resulting from naturally occurring phosphorus from young volcanic rocks in this
area (Carpenter 2003). The Molalla River watershed does not have similar high Cascade geology as a
source of Phosphorus.

Soil erosion and turbidity

Forest roads can generate higher sediment loads that can increase turbidity levels in streams. Forest
fires, which can create exposed soils subject to erosion, can also contribute to sediment moving into
streams. Turbidity can adversely impact downstream water quality. High turbidity levels can make it
harder and more expensive to treat the water and increase the likelihood of producing DBPs
(Carpenter et al. 2013).

Natural organic matter

Forested portions of watersheds are a significant source of organic carbon (Carpenter et al. 2013). Instream growth of benthic algae and other sources also contribute varying proportions of dissolved and
particulate organic matter to streams (Carpenter et al. 2013). Organic matter can contribute to the
formation of DBPs.

Because forestry is the dominant land use in the Molalla River watershed, it is a significant organic
matter source. In the Clackamas River basin, which has similar land uses, most of the dissolved organic
carbon in the lower Clackamas River appears to originate from the forested upper basin, suggesting
terrestrial carbon from forested areas is a dominant source (Carpenter et al. 2013). Concentrations of
DBP precursors in drinking water are linked to dissolved carbon concentrations. Particulate organic
carbon, including terrestrial leaf material and algal material such as planktonic species of blue-green
algae and sloughed filaments, stalks, and cells of benthic algae, also contribute to the formation of
DBPs (Carpenter et al. 2013).
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Urban lands encompass the smallest area of any land use in the Molalla River watershed. There are no
urban areas within the City of Molalla or Colton source areas. Canby’s 8-hour-time-of-travel source
area is 7.3% urban. In addition to this surface water urban proportion of the drinking water source
area, Canby's groundwater Springs Gallery groundwater source area (1.82 mi2) is entirely within the
City of Canby (Figure 2).

Urban runoff from developed areas (construction, roads, parking lots, roofs, and other impervious
surfaces) can be a significant pollution source. Rainfall events can deliver runoff containing
contaminants into a nearby stream or river. Stormwater runoff often includes a variety of metals, such
as arsenic, cadmium, cobalt, chromium, copper, iron, manganese, nickel, lead and zinc, volatile organic
compounds, nutrients from fertilizers, E. coli bacteria from pet waste, pesticides, sediment, TSS, and
automobile tire preservative 6PPD (Müller et al. 2020).

Regional studies in the Willamette Basin, and assessments in the Clackamas River and McKenzie River
basins, show that urban land uses contribute proportionately larger concentrations of pesticides and
other contaminants than other land uses (Rinella Janet 1998; Carpenter 2003; EWEB 2017). While
portions of Canby are within the source water area, most of the city’s stormwater discharge is below
the drinking water intake.

City of Canby Groundwater Source Area

The Canby water system includes surface and groundwater sources. The primary source of water is
the Molalla River. The Springs Gallery is the source of groundwater, and its source area is entirely
within the City of Canby (Figure 2). Within this urban source area, there are many potential
groundwater contaminant sources identified in state and federal regulatory databases (Figure 10 and
Figure 11). Sources of potential contaminants include hazardous material storage and use, leaking
underground storage tanks, environmental cleanup sites, hazardous material transport, and other
potential sources (ODEQ 2018a).

Hazard substance spills are one source of contaminants that could potentially affect the groundwater
source area. Hazardous substance spills and emergency responder incidents are tracked by the Oregon
State Fire Marshal (OSFM). A search of the OSFM database for hazard substance incident reports
within the City of Canby for the period 2017 through 2019 identified a total of seven incidents over the
three years (OSFM 2020). Most of the incidents were classified as gasoline or other flammable liquid

39 | P a g e

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

spills or chemical spills or leaks. One report was a hazardous material release investigation where no
hazardous material spills were identified 2.

Figure 10. Canby groundwater source area: Potential contaminant sources identified in state
and federal regulatory databases. See figure 11 for legend. Source: ODEQ 2018a.

2

Numerous incidents involving natural gas leaks or carbon monoxide exposure were reported over the three

year period, but these incidents are not listed because they do not affect ground or surface water.
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Figure 11. Legend for Figure 10,
Canby groundwater source
area: Potential contaminant
sources identified in state
and federal regulatory
databases. Source: ODEQ
2018a.
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Oregon DEQ has identified potential sources of contaminants within the estimated 8-hour-time-oftravel source areas for Canby, City of Molalla, and Colton (ODEQ 2018a-b-c). The 8-hour-time-of-travel
source areas are useful for planning because eight hours should provide adequate response time to
protect the integrity of the public water system intake after a spill or release at any crossing or
discharge point within the source area.

Table 11 shows potential sources of contaminants within the Canby, City of Molalla, and Colton, 8hour-time-of-travel source areas. Because the Canby source area includes agricultural, rural, and
urban land uses, it has many more potential contaminants than the other water systems’ 8-hour-timeof-travel source areas, which are primarily forestry and rural residential land uses.

DEQ maintains the Environmental Cleanup Site Information (ODEQ 2020; ECSI) database to track sites
in Oregon with known or potential contamination from hazardous substances and document sites
where DEQ has determined that no further action is required 3.
A search of the ECSI database (period of record through 2019) identified 39 sites with known or
potential contamination related to past and current spill responses in the Molalla Watershed. The
documented spills included the following:
•

•
•
•
•
•

Industrial facilities (e.g., sulfuric acid, chlorinated solvents, solid paint-related wastes, heavy
metals)
Nurseries (e.g., pesticides)

A gun club (e.g., Lead, polyaromatic hydrocarbons [PAHs])
Abandoned landfills (e.g., heavy metals)

Closed sawmills (e.g., PCPs, oil & grease, dioxins, heavy metals)

Petroleum storage facilities (e.g., petroleum and petroleum constituents)

3Data

in ECSI is "working information" used by DEQ's Environmental Cleanup Section. Note that: Some
information in ECSI may be unconfirmed, outdated, or incomplete; data in ECSI is summary in nature, rather than
comprehensive; there may be contaminated sites in Oregon that are unknown to DEQ and do not appear in ECSI;
conversely, the appearance of a site in ECSI does not necessarily mean that the site is contaminated; and
Information in ECSI is subject to change at any time.
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Table 11. Potential sources of contaminants within the estimated 8-hour-time-of-travel
source areas for Canby, City of Molalla, and Colton. Source: ODEQ 2018a-b-c.
Note: Due to state database limitations, some sites will require further research to
verify contaminant presence and location.
Number of Potential Contaminant
Sources
City of
Potential Sources of Contaminants

Canby

Molalla

Colton

17

0

0

Auto ‐ Gas Stations

11

1

0

Chemical/Petroleum Processing/Storage

95

6

0

Agricultural Land Use
Pesticide/Fertilizer/Petroleum Storage, Handling, Mixing, &
Cleaning Areas

Commercial/Industrial Land Use

Auto ‐ Repair Shops

Junk/Scrap/Salvage Yards
Machine Shops

Metal Plating/Finishing Fabrication

Mining Activities ‐ Gravel Mines/Gravel Pits

Mining Activities ‐ Active ‐ Sand/Gravel/ Rock/Soil
Parking Lots/Malls ‐ > 50 Spaces
Plastics/Synthetics Producer

Wood/Pulp/Paper Processing and Mills
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22

3
8
2
6
6
7
7
4

0

0
0
0
3
2
0
0
1

0

0
0
0
0
0
0
0
0
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Number of Potential Contaminant
Sources
City of
Potential Sources of Contaminants

Canby

Molalla

Colton

Known Contamination Sites/Plumes/Spills

14

0

0

Miscellaneous Equipment Maintenance

3

0

0

Miscellaneous Manufacturing

Residential\Municipal Land Use

28

1

0

Golf Courses

4

0

0

Landfill/Dumps

2

0

0

Housing ‐ High Density ‐ > 1 House/0.5 Acres

Municipal/Industrial Landfill

Utility Stations/Power Plants ‐ Maintenance/Transformer
Storage

Waste Transfer/Recycling Stations

Wastewater Treatment Plants/Collection Stations

Miscellaneous Land Use

Above Ground Storage Tanks ‐ Excluding Water Tanks and
Residential Above Ground Storage Tanks
Stormwater Outfalls

Historic Waste Dumps/Landfills
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6

2

0

1

0

0

2

0

0

6

0

0

11

1

0

5

1

0

7

2

0

o

0

0
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Number of Potential Contaminant
Sources
City of
Potential Sources of Contaminants

Canby

Molalla

Colton

Industrial/Commercial Injection Wells/Drywells/Sumps

32

0

0

ODEQ Permitted Stormwater Discharges

2

2

0

Under Ground Storage Tanks ‐ Confirmed Leaking Tanks

16

Stormwater Wastewater Injection/Dry Wells, Sumps

73

Industrial or Process Wastewater ‐ Lagoons and Liquid Waste

6

0

2
0

0

0
0

For more information on hazardous substance spill risk, see Appendix B: Supplemental Analyses,
Hazardous Substance Risk Analysis.

Roads

Road systems impact water quality through two primary avenues. Roads allow hazardous substances
to be brought into proximity of the surface water system through the transportation of fuel, chemicals,
and other substances, increasing the risk of contamination from spills. Roads also provide a source of
contamination through runoff of accumulated contaminants from vehicles, generation of surface
sediments, and delivery to streams and rivers through the road drainage system.

Road run-off can include metals (e.g., copper from vehicle brake pads), the tire preservative 6PPD,
herbicides from roadside vegetation control, and nutrients. For example, a recent Oregon Department
of Transportation (ODOT) study simulated long-term yields of total phosphorus from highways, nonhighway roadways, and agricultural, developed, and undeveloped areas. The study showed that
highway yields of Phosphorus per unit area were more considerable than other land covers because
highways are entirely impervious and concentrate Phosphorus delivery to streams (Stonewall et al.
2018).
The most complete road system data source for the project area is from the Bureau of Land
Management (BLM 2018). Over 1,600 miles of roads are mapped within the Canby comprehensive
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source area. Three indirect metrics were used to evaluate relative road impacts on water quality: road
density, roads within floodplains, and road/stream crossings (Figure 12, Table 12, Table 13, Table 14).
Information on road surfacing and traffic levels would allow for a more robust analysis of road risks,
but these data are not available.

Road density (expressed as miles of road per square mile) provides a relative evaluation of the risks
posed by roads, particularly in forested areas where roads are mainly unpaved and slopes are steep.
Areas with higher road densities have a higher likelihood of surface contaminants from cars and trucks
and higher sediment production if unpaved. Road densities were calculated within a GIS, and a raster
map of road density per square mile was mapped by pixel (Figure 12) and summarized to the source
areas (Table 12). Overall, road densities are highest in urban areas within Canby’s groundwater source
area (13.5 mi/mi2). Outside of urban areas, road densities are highest on lands managed primarily for
forest products, south of Colton and within and immediately upstream of the Molalla 8-hour source
area (Table 12). The area around Table Rock in the upper watershed has the lowest densities.

National Flood Hazard Layer (FEMA, 2019) was used to map floodplain areas along the principal rivers
and streams. For the remainder of the project area, a 50-foot floodplain width was assumed. The road
coverage (BLM 2018) was intersected with the mapped floodplain area and summarized by road class
and source area (Table 13). Floodplain roads (65 miles total) are located primarily along the
mainstem Molalla River and low-gradient tributaries (Figure 12).
Road/stream crossings were calculated by intersecting stream locations from the National Hydrology
Dataset (NHD) with the BLM (2018) road layer. Road/stream crossings are summarized by road class
and source area (Table 14).
Table 12. Road density by source area. Data source: BLM 2018.
Source Area
Colton
City of Molalla (8-hr travel time)
City of Molalla (entire source area)
Canby (groundwater source area)
Canby (8-hr travel time)
Canby (entire source area)
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Average Road Density (Mi/Mi2)

Range (Mi/Mi2)

5.5

3.2 - 8.7

4.9

0.0 - 12.2

6.0

2.1 - 8.9

4.5
13.5
4.5

3.4 - 6.0

5.6 - 19.7
0.7 - 19.6
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Figure 12. Road density by source area. Data source: BLM 2018.
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Miles of road
Source area
Colton
City of Molalla (8-hr travel time)
City of Molalla (entire source area)
Canby (groundwater source area)
Canby (8-hr travel time)
Canby (entire source area)

Arterial

Collector

Local

Resource

Not Known

-

-

0.04

0.04

0.1

0.6

8.7

5.3

14.3

-

7.6

-

0.1

-

-

0.02
2.0
4.7

-

0.6

0.1
-

2.2

17.3

0.3
-

5.9

3.7
0.3

36.7

Table 14. The number of road/stream crossings by source area. Data source: BLM, 2018.
Source area
Colton
City of Molalla (8-hr travel time)
City of Molalla (entire source area)
Canby (groundwater source area)
Canby (8-hr travel time)
Canby (entire source area)

Arterial

Collector

Local

Resource

Not Known

-

-

4

4

13

-

15

-

-

2
8

29

10

36

197

64

1,027

559

1,302

-

4

-

20

64

-

1,222

-

616

-

2,096

All Land Uses
Drinking-Water Contaminants of Emerging Concern
In a study that sampled surface and groundwater that supply Oregon drinking water systems
throughout the state, the ODEQ identified over 50 compounds as contaminants of concern for drinking
water (ODEQ 2012). (The study did not sample in the Molalla River watershed). The unregulated
contaminants identified and associated land uses include the following:
•
•
•

Herbicides (total of 12 from agriculture/forestry/urban land uses or sources)
Insecticides (12 from agriculture/urban sources)
Fungicides (3 from agriculture/forestry sources)
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Drugs (5 from human waste discharge – onsite or wastewater treatment plants)
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Cleaners/volatile organic compounds (7 from wastewater treatment/industry sources)

Fire retardants (3 from wastewater/urban sources)

Polycyclic aromatic hydrocarbons (PAHs) (5 from combustion-air deposition/runoff from
industrial or urban sources)
Plasticizers (1 from industry/urban sources)

The study showed that low levels of some contaminants are present in drinking water source waters
(ODEQ 2012). The levels of these contaminants meet existing applicable standards and guidelines and
are well within acceptable limits. Still, monitoring these contaminants should continue to understand
better long-term trends and the potential to affect human health (Bradley et al. 2020).
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Chapter 4: Current and Future Influences on Water
Quality
This chapter describes environmental and social factors that shape Molalla River watershed water
quality across all land uses. These factors influence both current water quality characteristics and
future water quality trends for a variety of contaminants.

The following environmental and social factors that influence current and future water quality
conditions are evaluated:
•
•
•
•
•
•
•

Streamflow and water availability

River and stream channels, floodplains, and riparian vegetation

Wildfire

Climate change

Population growth

Water treatment system limitations

City of Molalla wastewater treatment

Understanding environmental and social factors that shape water quality will help develop drinking
water source improvement and protection actions that respond to both current and future anticipated
conditions.

Streamflow and Water Availability

Data from the USGS gage 14200000, Molalla River near Canby, were used to evaluate trends in
streamflow within the drinking water source areas. The Canby gage is the longest active stream gage
in the source water area. A statistical trend analysis was performed to determine if significant timetrends exist for median monthly streamflow at the gage. Kendall’s rank-order correlation (Kendall and
Gibbons, 1990) was used 4 to test trends over time. Kendall’s test is a non-parametric method of
determining an increasing or decreasing trend in a paired data set. Values of the trend coefficient
range from –1.0, which indicates a perfect inverse correlation, to 1.0, which means a perfect positive
correlation. For this analysis, statistical significance was set at the p< 0.05 level. Only the months of
July and August showed significant declining streamflow trends throughout the record (Figure 13).

4

Implemented using the R statistical package https://www.r-project.org/

51 | P a g e

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

Mean monthly discharge has been below the long term trend line for the past five years for July and
the past seven years for August (Figure 13).

Figure 13. Median monthly July (top) and August (bottom) streamflow at USGS gage
14200000, Molalla River near Canby.

Water Availability
The Oregon Water Resources Department (OWRD) identifies approximately 1,500 points of diversion
associated with approximately 5,000 water rights within the portion of the Molalla River watershed
upstream of the City of Canby intakes (Figure 14). OWRD has estimated the consumptive uses within
the Molalla River source areas, assuming full utilization of water rights (Figure 15). Consumptive use is
defined as the net reduction in streamflow associated with water loss due to evaporation or plant
transpiration. Most uses are not estimated to be 100% consumptive, with the non-consumed returning
to a water body, although not necessarily the one from which it was diverted. Municipal water use is
the largest water user, accounting for approximately 20 cubic feet per second (cfs) year around.
Irrigation use occurs in March – October and is higher than municipal use in July (32 cfs) and August
(26 cfs). Agriculture (primarily greenhouses and nurseries) uses approximately 3 cfs year-around.
Other uses include industrial (2 cfs), domestic (i.e., non-municipal uses; ~2/3 cfs), and commercial
(0.02 cfs).
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Figure 14. Points of diversion and places of use for water rights within the source areas.
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Figure 15. Consumptive uses by use category for the Molalla River upstream of the Canby
intake.

The OWRD approves instream water rights (ISWRs) for 1) fish protection, 2) minimizing the effects of
pollution, or 3) maintaining recreational uses. Instream water rights set flow levels to stay in a stream
reach for a given period, have a priority date, and are regulated the same as other water rights.
Instream water rights do not guarantee that a certain quantity of water will be present in the stream;
under Oregon law, an instream water right cannot affect water use with a senior priority date.

Ten locations within the source areas (Figure 16) have designated instream water rights for
“supporting Aquatic Life,” “anadromous and resident fish habitat,” and “multiple instream uses.” The
oldest ISWR dates back to 1964, and the newest 1993. Priority dates for other water rights in the
source areas range from 1909 to 2017. OWRD holds all ISWRs.

Water rights within the source areas vary by month and location (Figure 16). The Molalla River above
the North Fork, Trout Creek, Molalla River at the mouth (downstream of the source areas), and Molalla
River above Milk Creek all have ISWR greater than 100 cfs in most months.
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Figure 16. Instream water rights (ISWR) in the Molalla River watershed source area.

The OWRD regulates water availability for future uses at the outlets of ten water availability basins
(WABs) within the Molalla River watershed. The OWRD estimates natural monthly stream flows,
consumptive water uses, ISWR, and storage to determine the net effect on monthly streamflow for
average (50% exceedance flows) and dry (80% exceedance flows) years. Water availability at the 50%
exceedance value is used for determining storage availability, while water availability at the 80%
exceedance value is used for determining availability for all other uses.
Figure 17 shows the water availability at the 80% exceedance value for the ten WABs within the
source areas. The WABs colored with warm hues (red, orange, yellow) have constrained availability.
Constrained availability means that existing streamflow is not adequate to satisfy all water uses
(including ISWR) for the months indicated. Cool hues (green to blue) indicate that water is available.
The high ISWR (relative to contributing area) in the Molalla River above the North Fork and in Trout
Creek (Figure 16) limit water availability in the headwaters in most months. Water is available for
future appropriation in the lower reaches of the system from November through May.
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Figure 17. Water availability at the 80% exceedance value for the ten water availability
basins within the source area.
The information above is based on water rights; actual use is not known for most water uses. Agencies
and some non-governmental users are required to report actual use beginning in the 1990s. Thirtyfour entities (some with multiple uses) report actual water use. The source areas' reporting is for three
types of activities: Nurseries, irrigation, and municipal use.
Some entities have been reporting since the early 1990s, other for a much shorter period. We
summarized documented uses by first comparing reported use to actual use for each year and
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reporting location, and calculating a percent of each water right that was used by month. We then
calculated the minimum, mean, and maximum use for all users as a percentage of the water rights.
Figure 18 shows the results for each of the three use types having available data.

Nurseries report minimal actual usage relative to water rights in December – March, with peak usage
of up to 60% of the existing water right in August (Figure 18; top graph). However, the average use for
all users peaks at 10% of the water right value in the summer months. Nurseries had some of the most
recently-acquired water rights, some of which are not currently in use, which may skew the results to
a lower percentage of use.
Irrigation, which holds some of the most significant volumes of water rights (Figure 18), reports the
lowest actual use (as a percentage of water rights) from the three types (Figure 18; middle graph).
None of the 12 entities reporting exceed 14% of their water rights.

Reported municipal uses average 15-18% of water rights over the year, with maximum reported use
approaching 100% of the water rights.

If it represents all water users in the source areas, reported water use is much smaller for the
agricultural-related activities than provided by the water rights. Low summertime flows are currently
contributing to higher water temperatures and other issues in the Molalla River, and trends indicate
that the dryer summer conditions in recent years may continue (Figure 13). The implication is that
even with actual in-river water volumes from water withdrawals, the current impacts from water use
on the river’s water quality during low flow periods is significant, even with no additional
appropriation of water.
For additional information on crop water use and water sources, see Appendix B: Supplemental
Analyses, Crop Water Use, Water Sources.
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Figure 18. Summary of reported water use for three primary use types within the source
areas.
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Molalla River and Tributary Stream Channels, Floodplains, and
Riparian Vegetation
Molalla River Channel
A USGS study assessed geomorphic patterns, water quality, and algal conditions in the Molalla River
(Carpenter et al. 2012). The upper Molalla River flows through a forested canyon with the river
contained in a narrow, bedrock-controlled channel with ample shade. Above the City of Molalla the
river transitions into a wider floodplain with an active channel-migration zone. In general, as the
Molalla Progresses downstream, the valley widens, and the river is less confined with wide, shifting
gravel-bed channels and little shade. Many riverbank revetments are in place to limit channel
meanders (Carpenter et al. 2012).

Flood Plains, Riparian Vegetation and Shade

The Molalla River exhibits the typical trend of natural changes associated with downstream increases
in channel width, reduced riparian vegetation shading, and progressive increases in water
temperatures (Carpenter et al. 2012). In areas next to the Molalla River, floodplain vegetation is often
cyclic: vegetation encroachment along the river followed by high flows, channel migration, and areas
scoured down to sand and gravel where vegetation restablishes.

Knotweed (Polygonum bohemicum) is a prevalent invasive weed that spreads aggressively along
riverbanks. Knotweed infestations cover large portions of the lower Molalla River riparian and
floodplain and riparian areas. Knotweed in these areas quickly edges out native plants and
dramatically reduces riparian shade and floodplain habitats.

Molalla River Watch/Watershed Council is currently assessing and mapping knotweed infestation
areas along the Molalla River and tributary streams. Information on knotweed infestation areas will be
available for the next phase of this project, identifying on-the-ground actions to enhance floodplain
and riparian vegetation, including addressing the knotweed infestation 5.

Water Temperatures

The extensive knotweed and other invasive weed infestations, agricultural and rural residential land
use, and other activities have reduced the extent of native floodplain vegetation. The loss of riparian
vegetation and shade exacerbates natural downstream increases in water temperatures. Figure 19
illustrates water temperature patterns for the Molalla River and tributaries. Site-specific monitoring
5

Personal communication, Asako Yamamuro, Executive Director, Water Molalla River Watch, June 16, 2020.
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data characterized water temperature patterns for the Molalla River and tributaries. From the point
monitoring locations, we extended estimated water temperatures throughout the stream channel
network based on spatial statistical network models (Isaak et al. 2017).

The figure shows increasing water temperatures as the Molalla River progresses from the headwaters
to downstream areas. Based on temperature monitoring data, water temperatures are expressed as
mean August temperatures when low flows and high levels of solar radiation create the most elevated
annual water temperatures. Lower river water temperatures often exceed 20.0 deg. C (68.0 deg. F)
exceeding the Oregon water quality standard for juvenile salmon and trout rearing and migration
(18.0 deg. C; 64.4 deg. F).
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Figure 19. Molalla River and tributary mean August water temperature patterns based on
monitoring data and modeling, 1993-2011. Source: Isaak et al. 2017.
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Compared with many other Willamette Basin rivers, nutrient concentrations in the Molalla River are
generally low. Still, the Molalla River exhibits pronounced increases in both nitrogen and phosphorus
as the river progresses downstream, presumably a consequence of more significant inputs of nutrients
from agricultural and rural residential land use sources. Concentrations of nitrate in the lower Molalla
River at Knights Bridge were 0.22–0.33 mg/L (Carpenter et al. 2012).

The USGS study observed total phosphorus concentrations at Knights Bridge of 0.015 mg/L (Carpenter
et al. 2012). The Molalla River, which is within the Western Cascade Range geologic province, has
lower phosphorus concentrations than other rivers draining the high Cascades geology (e.g., the
Clackamas River) where phosphorus levels during summer can be nearly twice as high (Carpenter
2003).

Dissolved oxygen and pH daily patterns show a more significant influence from algal photosynthesis in
the lower Molalla River. Maximum DO concentrations (11.1 mg/L at Knights Bridge) measured by the
USGS correspond to 122% of saturation, which resulted from algal photosynthesis (Carpenter et al.
2012).

The Molalla River daily swings in pH, with maximum values up to 8.3 and 8.4 units during the
afternoon and lower values in the morning, are synchronized with dissolved oxygen swings caused by
daily cycles of algal photosynthesis and respiration (Carpenter et al. 2012). The observed daily ranges
in pH were not as great as those in the Clackamas River, where pH fluctuations caused by algal
photosynthesis can exceed 1–2 units in a day (Carpenter et al. 2012).

Algae and Cyanobacteria

The USGS study concluded that the observed algae, including the occurrence of high-biomass forming
types of algae such as filamentous Cladophora and large stalked diatoms such as Cymbella and
Gomphoneis, are typical of generally high-quality waters with little organic pollution, high
concentrations of dissolved oxygen, and alkaline pH (Carpenter et al. 2012). The relatively high
percentage of eutrophic algae does suggest some degree of nutrient enrichment in the river. In August,
for example, a benthic bloom of filamentous Cladophora increased algal biomass in the lower river.
Filamentous algae have clogged Canby water intakes during periods of senescence when algae detach
from the river bed and enter the intake 6.

6

Personal communication, Brian Hutchins, Project Manager, Veolia North America, June 16, 2020.
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Canby water treatment staff observed that both the raw and finished water exhibited earthy/musty
tastes and odors beginning around 1999 7. Other taste and odor (T&O) issues were observed during
the late summer and early fall of 2009. Some customer complaints were received during this period.
Since 2009, there have been periodic taste and odor issues, public complaints, and coverage in the
local media. The T&O events now occur almost annually in the summer months, beginning as early as
April.

Limited sampling of water at the Canby water intake has detected measurable levels of
methylisoborneal (MIB) and/or geosmin. The T&O issues are caused by these two compounds which
are produced by blue-green algae, a photosynthetic cyanobacteria, in the Molalla River. These
compounds, which are metabolites of algal activity, are often found in surface water supplies when
elevated concentrations of cyanobacteria occur. In the Pacific Northwest, many surface water supplies
experience algae and taste and odor issues during summer and early fall when flows are low, and
water temperatures are at their highest. Geosmin and MIB are not toxic to humans. However, these
compounds can be associated with cyanotoxins which can be harful to humans. Geosmin and MIB
concentrations as low as five parts per trillion can be detected by the human nose and palate and
impart the noticeable earthy/musty attribute (MWH 2015). Pre-chlorination of the raw water supply
can exacerbate the intensity of these taste and odor compounds.

Some cyanobacteria species can produce neuro-, liver- and kidney-toxins that are known to be harmful
to human health above specific concentrations. Since 2014, Canby has regularly monitored two
cyanotoxins produced by cyanobacteria that have established health advisory levels: microcystins and
cylindrospermopsin. Canby also monitors two other cyanotoxins – anatoxin-a and saxitoxin – but
health advisories have not been determined for these compounds. In addition to the cyanotoxins,
Canby also tests for MIB and/or geosmin.

Canby has detected the presence of MIB and geosmin, beginning in 2014 (Figure 20). Since 2014, MIB
and geosmin were again detected in 2015, 2016, and 2018. A large event in 2015 corresponded to
detections beginning in early May and extending into September. The 2015 event was characterized by
the highest observed levels of MIB (42 ng/L on July 29, 2015), and the largest number of positive test
results for the compounds over the annual sampling period (Figure 20). There was a severe drought in
2015 with corresponding low Molalla River flows and high water temperatures. There were also early
detections in April 2016 and late May/early June 2018.

There is evidence of a relationship between increasing MIB concentrations and low flows in the
Molalla River (Figure 21). Of the 22 total MIB detections, 15 (68%) occurred when the Molalla River
was below 100 cfs. This observation suggests that MIB concentrations are positively correlated with
7

Personal communication, Brian Hutchins, Project Manager, Veolia North America, June 16, 2020.
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low flows and/or elevated water temperatures. Early detections of MIB in April or May are outliers
(Figure 21). These early spring MIB detections occurred when the river was above 200 cfs, and in one
case, above 800 cfs (April 2016). Spring rains that cause moderate (not low) flows during summer also
bring in nutrients that can fuel benthic cyanobacteria blooms.
Most harmful cyanobacteria blooms that produce cyanotoxins and MIB or and/or geosmin are from
planktonic cyanobacteria that occur in lakes, reservoirs, or other settings with stagnant water.
Although benthic cyanobacteria commonly inhabit relatively shallow streams and rivers, there has
been little research on the potential for cyanotoxin (e.g., microcystin) production in flowing streams
and rivers (Fetscher et al. 2015). A benthic microcystin-producing filamentous cyanobacterium
(Oscillatoriales) is present in the Molalla River (Carpenter et al. 2012). It is not known to what extent
Oscillatoriales is contributing to the detections of MIB and geosmin at Canby’s water intake.

To further complicate the story, the USGS identified Aphanizomenon flos-aquae, a colonial blue-green
algae, in samples from the Highways 211 and 213 bridges in July (Carpenter et al. 2012).
Aphanizomenon is typically planktonic and occurs in lakes, reservoirs, and other ponded water bodies
where it sometimes forms harmful algal blooms. Its occurrence in the Molalla River is unusual, and it is
possible that the Aphanizomenon originated from a bloom in a stagnant side channel or alcove;
drainage from off-channel ponds is another potential source (Carpenter et al. 2012).

More research is necessary to identify the cyanobacteria source that contributes to the MIB and
geosmin periodically observed at Canby’s water intake. A key question is: What are the factors likely to
influence the prevalence of benthic and other cyanobacteria and/or cyanotoxin concentrations in the
Molalla River? Key factors to evaluate for their contribution to cyanobacteria blooms include the
following (Kurt Carpenter, USGS, personal communication):
•

•
•

Aquatic Habitat: Sediment inputs from erosion can create habitat for filamentous
cyanobacteria
Nutrients: Nutrients from nonpoint and point sources.

High Turbidty Levels: Turbidy contributes to cyanobacteria – Oscillatoria, for example, can
adapt to high turbidity, and can survive without photosynthesizing by using reduced organic
compounds to make energy heterotrophically

64 | P a g e

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

City of Canby Water Intake
Dates with Cyanotoxin Detections, 2014 - 2019 Sampling Period
Geosmin and MIB Concentrations

Sept. 2014
Ng/L

Geosmin

May 2015

MIB

April 2016
May 2018

Figure 20. MIB and geosmin concentrations at the Canby water intake, 2014 – 2018. The
arrows mark the date when MIB or geosmin was first observed for a given year.
Source: Brian Hutchins, Veolia North America, 2020.
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City of Canby MIB Concentration
and Molalla River Discharge (cfs),
2014 - 2019
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Figure 21. City of Canby MIB concentrations (Ng/L) by Molalla River discharge (cfs) and year
observed. Datapoint colors correspond to the year with MIB observations (e.g.,
2015). Source: Brian Hutchins, Veolia North America, 2020.

Wildfire
NOTE: In early September 2020, two large fires – Riverside and Beachie Creek – fanned by high
winds expanded dramatically and burned substantial portions of the upper Molalla River
Watershed. The wildfire sections below were written before these fires. See Appendix B:
Supplemental Analyses, 2020 Wildfires.

Frequency by Ownership and Land Use
The City of Molalla, Colton, and Canby source areas have a relatively low risk of catastrophic fire. The
predicted percentage of watershed area burned in 100 years is less than 1% (Institute for Natural
Resources, 2020). The interagency Monitoring Trends in Burn Severity (MTBS) group maps the burn
severity and extent of large fires across all United States' lands from 1984 to the present. The MTBS

66 | P a g e

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

shows no mapped fires within the Molalla River watershed. The Oregon Department of Forestry
maintains a database of fire location points from 1960-present (ODF 2020).

There are 584 mapped locations within the source areas, with dates from 1967-2019 (Figure 22). The
Oregon Department of Forestry has primary responsibility for fire control over this area (94%), with
only 4% of the area the responsibility for city or rural fire-fighting entities, and 2% federal agencies.
Fires originated primarily from private forests (88%), and the remainder is associated with
rural/agricultural areas (5%), county roads (4%), federal land (2%), and state highway (1%). General
causes for fires were debris burning (38%), recreation (18%), miscellaneous causes (9%), equipment
use (9%), arson (9%), smoking (7%), and lightning (5%).
Most fires (59%) originated below 500 feet elevation in the contributing area. Total costs for all fires
(unadjusted for inflation) were $1.3 million, with $215,000 being the highest single cost for a single
fire. The majority of fires (78%) were less than ¼ acre in size, and 97% are less than one acre.
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Figure 22. Oregon Department of Forestry fire locations, 1960-present.
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The Molalla Watershed is especially vulnerable to climate change. Unlike the nearby Clackamas River
system, the Molalla Watershed does not have a persistent high Cascade Mountain snowpack to sustain
cool river flows into the summer (PSU 2018). In addition, there is evidence that April 1st snowpack
peak accumulations are generally declining (Cascade Environmental Group 2019).

It is predicted that higher summer and fall air temperatures and lower summer and fall flows will
drive higher water temperatures and associated cyanobacteria blooms (Cascade Environmental Group
2019). Higher temperatures and an increased likelihood of summer droughts will increase the
probability of wildfire in the watershed (PSU 2018). The increasing likelihood of extreme rainfall
events and flooding could contribute to higher sediment turbidity levels in the river.

Increased Probability of Higher Turbidity Levels

The magnitude of extreme rainfall events is predicted to increase in probability, which will help drive
increased sediment loading into the Molalla River and associated higher turbidity levels (Chen and
Chang (2019).

We obtained daily turbidity data collected at the City of Molalla and Canby water treatment plant
intakes to look at turbidity trends. The City of Molalla turbidity data are available from May 1, 2013, to
the present (Figure 23, top graph). The City of Molalla data are for the “raw” water that enters the
treatment plant and is assumed to represent conditions in the river at the intake location.

The Canby water treatment plant has turbidity data from April 1, 2006, to the present. Canby
withdraws water from one of three sources; 1) the river intake, 2) an infiltration gallery below the
riverbed, and 3) groundwater well considered being "under the influence of surface water." Sources
one and two are used regularly; however, source three has not been used in the past two years. Source
three is in an area subject to flooding and shows floodwater effects if used during flood periods.

The Canby utility measures turbidity entering the treatment plant; however, these data represent the
blended water's raw turbidity from sources one through three. As such, they are not representative of
the river if sources two and three are used. Beginning in October 2018, Canby began to measure the
turbidity of the river on the days when either source two or three were used. Consequently, only the
turbidity data from October 1, 2018, to the present were in this analysis (Figure 23, top graph).

Figure 23 (bottom graph) shows the relationship between turbidity of the Molalla River at the Molalla
and Canby intakes for the period October 1, 2018, to the present. During the low flow period (JulySeptember) the turbidity at the Canby intakes is approximately half of turbidity at the City of Molalla
intake. During storm periods, the matched peaks are generally much more significant for Canby than
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for Molalla, possibly due to bank erosion, re-suspension of sediments, or land use in the lower portions
of the source area.

The relationship between turbidity and storm events was evaluated following an approach developed
by PSU (2018) in the Clackamas River. One hundred discrete storm events were identified using a 20%
threshold exceedance of the Canby stream gage's monthly average discharge. Storm events were
separated by season to minimize hysteresis effects (i.e., differences in turbidity response in early, mid,
and late-season events). Storms occurring in October and November were classified as the early wet
season, December to February as the wet season, and March to May as the late wet season. Only
turbidity data from the City of Molalla intake were used in this analysis. Maximum observed daily
turbidity during storm events was plotted against peak instantaneous storm discharge by season
(Figure 24). Only early wet season turbidity showed a strong correlation with storm discharge. The
weak correlation in other months may be due to the Canby gage being a poor representation of
conditions in the upper watershed or the limited resolution in mean daily turbidity measurements.

Increased Water Temperatures

The increased likelihood of summer drought and higher air temperatures under climate change will
drive higher summer and early fall water temperatures in the Molalla River and tributary streams. To
assess future water temperature patterns, historical Molalla Watershed temperature data were used
with spatial statistical network models to determine future water temperatures under a climate
change scenario (Isaak et al. 2017). Figure 25 shows the predicted 2080 mean August water
temperature patterns for the Molalla River watershed. Under this scenario, higher water temperatures
(> 21.0 deg. C; 69.8 deg. F) are predicted to extend above the City of Molalla into the upper watershed.
August, and by extension early fall, water temperatures at or above 70 deg. F will become more
common throughout the watershed.

Increased Wildfire Risk

A climate change study of the Clackamas River basin concluded that August humidity and precipitation
are important drivers of large fire occurrence (McEvoy et al. 2018). Changes in temperature and
precipitation indicate an earlier and longer dry season. Currently, there is less than 1% chance of a fire
growing larger than 50,000 acres; projections indicate that by mid-century, that probability is nearly
5%, a seven-fold increase (McEvoy et al. 2018). Wildfire likelihood, or burn probability, is projected to
increase as much as 100% in some parts of the watershed by 2069 (McEvoy et al. 2018). Significantly,
all aspects of the Clackamas River basin, including lower basin areas in mixed land uses, are
anticipated to see an increase in the probability of wildfire. Increasing fire probability under climate
change has significant implications for the Molalla River watershed, where forest land uses are
scattered throughout the watershed, including small woodlots on rural residential properties.
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Figure 23. Turbidity of the Molalla River at the City of Molalla and Canby water treatment
plants (top) over the period of record, and the relationship between turbidity at
both locations from October 1, 2018 to present.
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Figure 24. Relationship between turbidity at the City of Molalla intake and peak storm
discharge at the Molalla River at Canby stream gage.
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Figure 25. Modeled Molalla River watershed stream temperatures under climate change,
2080. Source: Isaak et al. 2017
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Figure 26. Clackamas River basin current wildfire likelihood and projected change in
wildfire likelihood under climate change, 2010 to 2039, and 2040 to 2069. Source:
McEvoy et al. 2018.

Population Growth
Canby, the City of Molalla, and Clackamas County will continue to grow at a rate higher than most rural
areas in Oregon (Table 15; PSU 2018). Much of the population growth in these communities and rural
Clackamas County is fueled by broad economic trends, including urbanites seeking a rural lifestyle and
work-at-home options and relatively manageable commutes to Salem and the Portland metropolitan
region.
Increasing population in the urban and rural portions of the Molalla River watershed over time could
accelerate water quality impacts from land management activities. Applying appropriate water quality
BMPs and conservation measures in urban and rural areas could help mitigate increasing population
pressures.
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Table 15. Past and forecasted 2035 and 2067 populations: Cities of Canby and Molalla, and
Clackamas County, Oregon. Source: PSU 2018.

Canby
City of Molalla
Clackamas County

2010

2018

2035
Forecast

15,829

17,817

24,045

35,118

375,992

409,688

516,744

677,596

8,108

9,235

14,705

2067
Forecast

23,678

Water Treatment System Water Quality Monitoring and
Treatment Limitations
The Canby, City of Molalla, and Colton water treatment systems treat the water coming into their
water treatment plants to meet applicable drinking water quality standards. All of the systems
regularly monitor both raw and treated water quality. Key contaminants monitored for MCL and
significant detections include organic and inorganic chemicals, disinfection by-products, and total
coliform bacteria (ODEQ 2018a-b-c). Table 16 outlines Canby water treatment plant MCL and
significant detections, 2005-2017.

Table 16. Canby water quality monitoring: MCL violations and significant detections, 20052017. Source: ODEQ 2018a.

Regulated volatile organic
chemicals, synthetic organic
chemicals (SOC) and inorganic
chemicals

Disinfection byproducts
(Total Trihalomethanes [TTHM],
Haloacetic acids [five] (HAA5),
bromate, and chlorite)
Bacteria (Ecoli and TCR=Total
Coliform Rule)
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Atrazine, Simazine (2015)
Pthalate (2010)

SOC detections. Quarterly samples were
taken for atrazine and simazine until 1st
quarter 2016. Result 0.00017, alert level
0.0001, MCL 0.003. Simazine results
0.00019, alert level 0.00007, MCL 0.004.
Report submitted of pthalate detection in
2010 possibly due to lab tech using gloves
not pthalate‐free. Action needed to resample
and reanalyze. The sample came back
negative in December.

None
TCR (2014)

Repeats performed with chlorine residual =
0.73. Action need: to report if repeats return
positive.
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The city of Molalla, which monitors for the same contaminants, experienced total coliform detections
in 2009 and 2017. There were no detections of organic and inorganic chemicals or disinfection byproducts (ODEQ 2018b).
The Colton water treatment plant reported DBP alerts in 2010, 2012, 2014, and 2017 8. Colton also
reported total coliform detections in 2008 and 2014.

Canby water treatment limitations

The Molalla River is Canby’s primary water source. Low pH and moderate nitrate concentrations limit
groundwater use from the Springs Gallery as a primary water source. This source is blended with
Molalla River water during high turbidity events to reduce treatment plant influent turbidities
(Murray, Smith and Associates 2010). During periods of high turbidity in the Molalla River (which
occur at times during the rainy season, but especially during heavy rain/runoff events), operation of
the main river intake is curtailed, and the intake from the river infiltration gallery and Springs Gallery
is used instead. In practice, the plant cannot adequately treat raw water with turbidity above 20 NTU.

Canby has detected cyanotoxins at its raw water intake and now regularly monitors for cyanotoxins
since 2014. The regulated cyanotoxins microcystin and cylindrospermopsin have been detected, but at
a concentration well below human-health benchmarks. The City has also seen two other compounds
that are metabolites of cyanobacteria activity: MIB and geosmin. Geosmin and MIB are not toxic but
have a distinct earthy or musty odor, which most people can easily smell in drinking water. Canby’s
water treatment plant filtration and disinfection processes are not designed to remove or reduce
concentrations of MIB and geosmin, nor can they remove/reduce cyanotoxins (MWH 2015). Canby
retained a consultant to study water treatment upgrades that could remove the compounds. There are
water treatment technologies that can reduce MIB and geosmin concentrations, but the solution would
be prohibitively expensive (MWH 2015). With a typical threshold concentration of 3-5 parts per
trillion (where people can detect earthy/musty T&O), a treatment method must remove as much as
90% of MIB and up to 33% of the geosmin to achieve low-enough concentrations to eliminate T&O
issues (MWH 2015).

2017: Result 0.0949, Alert Level 0.06; 2014: DBP MCL detected. Action required to reduce DBPs; 2012: result
0.0849, alert level 0.06; 2010: result 0.0644, alert level 0.06.

8
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City of Molalla water treatment limitations

June 2021

During periods of high turbidity in the Molalla River (which occur at times during the rainy season, but
especially during heavy rain/runoff events), the City of Molalla’s main river intake is curtailed. In
practice, the plant cannot adequately treat raw water with turbidity above 50 NTU 9.

Colton water treatment limitations
None identified.

City of Molalla Waste Water Treatment Plant
The City of Molalla treated wastewater is managed in accordance with a permit issued by the Oregon
DEQ. From May 1 through October 31 each year, recycled reuse water (effluent) is produced as
agricultural irrigation water at pre-approved locations. From November 1 through April 30, treated
effluent may be discharged to the Molalla River in accordance with permit requirements.

Normally, the city can discharge treated effluent to the Molalla River from Nov. 1 through April 30, as
long as the seven-day flow average of the river is at least 350 cfs. Due to the lack of rain in October and
early November 2019, water levels dropped below 350 cfs and this low flow continued through
November. Because there was insufficient room in the lagoons for effluent storage, ODEQ authorized
the emergency treated water discharges in November 2019.

There have been additional authorized releases in 2020, including a release in April when the river
was below the 350 cfs. Treated effluent is subject to meeting specific water quality standards for TSS
and BOD. The City of Molalla has a cooperative agreement with Canby. According to the agreement, the
City of Molalla must notify Canby water treatment plant personnel in advance of all treated
wastewater discharges. To date, Canby has not observed BOD or TSS changes at their intake as a result
of the City of Molalla treated wastewater releases 10.
Currently, the City of Molalla is designing an expanded wastewater treatment plant that will have the
capacity to accommodate future growth. The City is working with DEQ to finalize discharge permit
requirements. Once a final permit is received, it will take approximately three years to design and
construct the new plant (City of Molalla 2020). In the meantime, the City is repairing old sewer
pipelines that are leaking and allowing additional water into the system. Repairing the pipes will
decrease water volume that moves through the treatment plant, which will save the City money on
needed improvements at the wastewater treatment plant (City of Molalla 2020).
9

Personal communication, Gerald Fisher, P.E, Public Works Director, City of Molalla , June 26, 2020.

10

Personal communication, Brian Hutchins, Project Manager, Veolia North America, June 26, 2020.
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Chapter 5: Next Steps

June 2021

Table 17 summarizes of the potential drinking water quality contaminants, land use sources of the
contaminant, threats, drivers, and trends (e.g., is there evidence the levels of the contaminant are
increasing or decreasing?). The table outlines the following areas where we identified the need for
additional data to evaluate water quality trends and potential source areas:

•
•
•
•

Recent wildfires
Sediment sources
Crops and other water uses
HazMat Risk

These topics will be evaluated in more detail in Phase III.

The next step in the development of the Molalla River Watershed Drinking Water Source Protection
Plan is building on the findings of this report, and the supplemental information including the post-fire
assessment, to identify current and future sources and causes of surface water impairment that should
be addressed in the Source Protection Plan. Phase III of this project will:
•

•
•

Evaluate the risks to current and future drinking water quality for the variety of contaminants
identified in this document;
Identify areas with the greatest need for treatment or source area protection; and

Outline best management practices (BMPs) and actions to address risks to drinking water
quality.

Phase III will be completed winter of 2020.
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Table 17. Summary of water quality contaminant, potential land use sources, threats and drivers, and trend. Trend = +
(evidence of increasing trend); Trend = -- (no clear trend)
Water Quality
Contaminant

Turbidity

Volatile organic
compounds
Other toxic organic
compounds

Natural organic
compounds

Pesticides: herbicides,
fungicides,
insecticides
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Land Use Sources

Erosion from: Dirt and gravel
forestry and rural residential
roads; cattle, crops, and
agricultural practices; rural
residential and urban
development. Most of the
highly erosive soils are within
the agricultural areas in the
lower watershed
Discharge from factories and
dry cleaners; leaching from gas
storage tanks; leaching from
landfills and other activities;
roads
Leaching from landfills; runoff
from impervious surfaces and
roads; cleaners; septic systems
Leaching out of the forested
areas, agricultural land uses, instream growth of benthic algae,
and from other sources that
contribute dissolved and
particulate organic matter to
the river
Application or spills in forest
and agriculture applications;
rural residential use and
storage; road-side application

Threats and Drivers

Wildfire (exposed soils); climate
change (high-intensity rainfall
events); stormwater management

Population growth and development;
transportation spills; stormwater
management
Population growth and development;
transportation spills; stormwater
management
Wildfire; climate change (increased
high-intensity rainfall events);
Population growth and development
Population growth and development;
transportation spills

Trend

+
---

+
--

June 2021

Notes

The 2020 wildfires, which in places
burned forest floor organic matter and
exposed mineral soil, and associated
debris torrents associated with high
precipitation events, will contribute to
elevated sediment delivery to streams
and increased turbidity levels. Phase III
will evaluate post-fire impacts and other
contributors to erosion and turbidity

Phase III will evaluate hazardous spills in
more detail
Phase III will evaluate hazardous spills in
more detail
The recent fires will contribute to
elevated levels of organic compounds
entering the river. Phase III will evaluate
post-fire impacts for contributing to
elevated organic compounds

Phase III will evaluate hazardous spills in
more detail

Molalla River Watershed Drinking Water Source Area Water Quality Characterization

Inorganic compounds

Nitrogen and
Phosphorus

Runoff from impervious
surfaces and roads; run-off
from exposed soils (e.g.
mercury bound to soils; septic
systems (i.e., heavy metals)
Rural residential, agricultural,
urban fertilizer applications to
yards and crops; livestock
operations and other animal
management; septic systems;

also urea fertilizer
applications on forest lands

Drinking water
contaminants of
emerging concern –
e.g., pharmaceuticals,
caffeine, and other
potential
contaminants
Bacteria, e.g., E. coli,
and other
microorganisms

Algae/Cyanobacteria
– cyanotoxins, and
other compounds
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Septic systems; wastewater
treatment
Septic systems; livestock
operations; loss of riparian
buffers; river sedimentation
Elevated water temperatures or
stagnant water from rural
residential and agricultural
activities: Loss of riparian
shade; water withdrawals;
nutrient inputs from
agricultural and rural
residential activities

June 2021

Population growth and development;
stormwater management

--

Population growth and development;
stormwater management

+

Population growth and development

Population growth and development
Climate change (increased
temperatures, lower flows);
population growth and development

+

+
+

Willamette Basin studies have shown the
highest concentrations of nitrogen and
Phosphorus in the lower portions of
watersheds, where most of the
agriculture, urban development, and
septic systems are. There are
pronounced increases in both nitrogen
and phosphorus as the Molalla River
progresses downstream, presumably
from significant inputs of nutrients from
agricultural and rural residential land use
sources
Contaminants of emerging concern
increasingly detected at low levels in
surface waters
The Canby Source Area has the highest
density and number of septic systems

Detections of MIB and geosmin at Canby
intake have increased over the last
decade. The observations appear to be
related to periods of low flow and high
water temperatures. Phase III will
evaluate water withdrawals in more
detail

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
June 2021

Water temperatures

Total suspended
solids (TSS) and
sediment

Dissolved oxygen and
biological oxygen
demand (BOD)

pH
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Rural residential and
agricultural activities: Loss of
riparian shade; water
withdrawals

Climate change (increased
temperatures, lower flows);
population growth and development

Wastewater treatment; dirt
and gravel forestry and rural
residential roads; cattle, crops,
and agricultural practices; rural
residential and urban
development

Wildfire (exposed soils); climate
change (high-intensity rainfall
events); stormwater management;
forest management

Wastewater treatment; Loss of
riparian shade; water
withdrawals

Population growth and development

Loss of riparian shade; water
withdrawals (increasing water
temperatures); nutrient inputs
driving increased algal biomass
and changes in algal
photosynthesis and respiration

Climate change (increased
temperatures, lower flows);
Population growth and development

+
+

--

--

The increased likelihood of summer
drought and higher air temperatures
under climate change appear to drive
higher summer and early fall water
temperatures in the Molalla River and
tributary streams. Phase III will evaluate
water withdrawals in more detail
No increases in TSS detected at Canby
intake following City of Molalla
wastewater discharges. Phase III will
evaluate post-fire impacts and other
contributors to TSS. Most of the highly
erosive soils are within the agricultural
areas in the lower watershed, primarily
in the City of Canby Source area
No increases in BOD were detected at
Canby intake following City of Molalla
wastewater discharges. High water
temperatures and other human-induced
factors, such as introducing excess
fertilizers leading to more algal growth,
can reduce the amount of dissolved
oxygen in a water body. Phase III will
evaluate post-fire impacts and other
contributors to erosion and turbidity

Algal photosynthesis, which can be
exacerbated by high water temperatures
and nutrients in the water, can change
water pH values.

Molalla River Watershed Drinking Water Source Area Water Quality Characterization
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APPENDIX A:

U.S. Environmental Protection Agency
Drinking Water Standards
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National Primary
Drinking Water Regulations
Contaminant

Acrylamide

Alachlor

Alpha/photon
emitters

MCL or TT1
(mg/L)2

Potential health effects
from long-term3 exposure
above the MCL

TT4

Nervous system or blood
problems; increased risk of cancer

Added to water during sewage/
wastewater treatment

zero

0.002

Eye, liver, kidney, or spleen
problems; anemia; increased risk
of cancer

Runoff from herbicide used on row
crops

zero

Increased risk of cancer

Erosion of natural deposits of certain
minerals that are radioactive and
may emit a form of radiation known
as alpha radiation

zero

0.006

15 picocuries
per Liter
(pCi/L)

Common sources of contaminant in
drinking water

Public Health
Goal (mg/L)2

Antimony

0.006

Increase in blood cholesterol;
decrease in blood sugar

Discharge from petroleum refineries;
fire retardants; ceramics; electronics;
solder

Arsenic

0.010

Skin damage or problems with
circulatory systems, and may have
increased risk of getting cancer

Erosion of natural deposits; runoff
from orchards; runoff from glass &
electronics production wastes

0

Increased risk of developing
benign intestinal polyps

Decay of asbestos cement in water
mains; erosion of natural deposits

7 MFL

Cardiovascular system or
reproductive problems

Runoff from herbicide used on row
crops

0.003

Increase in blood pressure

Discharge of drilling wastes; discharge
from metal refineries; erosion
of natural deposits

Anemia; decrease in blood
platelets; increased risk of cancer

Discharge from factories; leaching
from gas storage tanks and landfills

zero

Reproductive difficulties;
increased risk of cancer

Leaching from linings of water storage
tanks and distribution lines

zero

Intestinal lesions

Discharge from metal refineries and
coal-burning factories; discharge
from electrical, aerospace, and
defense industries

4 millirems
per year

Increased risk of cancer

Decay of natural and man-made
deposits of certain minerals that are
radioactive and may emit forms of
radiation known as photons and beta
radiation

zero

0.010

Increased risk of cancer

Byproduct of drinking water
disinfection

zero

Kidney damage

Corrosion of galvanized pipes; erosion
of natural deposits; discharge
from metal refineries; runoff from
waste batteries and paints

0.005

Problems with blood, nervous
system, or reproductive system

Leaching of soil fumigant used on rice
and alfalfa

0.04

Asbestos
(fibers >10
micrometers)

7 million
fibers per Liter
(MFL)

Atrazine

0.003

Barium

2

Benzene

0.005

Benzo(a)pyrene
(PAHs)

0.0002

Beryllium

Beta photon
emitters

0.004

Bromate

Cadmium

0.005

Carbofuran

0.04

2

0.004

LEGEND
DISINFECTANT

DISINFECTION
BYPRODUCT

INORGANIC
CHEMICAL

MICROORGANISM

ORGANIC
CHEMICAL

RADIONUCLIDES

National Primary Drinking Water Regulations

Contaminant

Potential health effects
from long-term3 exposure
above the MCL

MCL or TT1
(mg/L)2

Carbon
tetrachloride

0.005

Chloramines
(as Cl2)

MRDL=4.01

Chlordane

EPA 816-F-09-004 | MAY 2009

0.002

Common sources of contaminant
in drinking water

Public Health
Goal (mg/L)2

Liver problems; increased risk of
cancer

Discharge from chemical plants and
other industrial activities

zero

Eye/nose irritation; stomach
discomfort; anemia

Water additive used to control
microbes

MRDLG=41

Liver or nervous system problems;
increased risk of cancer

Residue of banned termiticide

zero

Chlorine
(as Cl2)

MRDL=4.01

Eye/nose irritation; stomach
discomfort

Water additive used to control
microbes

MRDLG=41

Chlorine dioxide
(as ClO2)

MRDL=0.81

Anemia; infants, young children,
and fetuses of pregnant women:
nervous system effects

Water additive used to control
microbes

MRDLG=0.81

Chlorite

1.0

Anemia; infants, young children,
and fetuses of pregnant women:
nervous system effects

Byproduct of drinking water
disinfection

0.8

Chlorobenzene

0.1

Liver or kidney problems

Discharge from chemical and
agricultural chemical factories

0.1

Chromium (total)

0.1

Allergic dermatitis

Discharge from steel and pulp mills;
erosion of natural deposits

0.1

Short-term exposure:
Gastrointestinal distress. Longterm exposure: Liver or kidney
damage. People with Wilson’s
Disease should consult their
personal doctor if the amount of
copper in their water exceeds the
action level

Corrosion of household plumbing
systems; erosion of natural deposits

1.3

Copper

TT5; Action
Level=1.3

Cryptosporidium

TT7

Short-term exposure:
Gastrointestinal illness (e.g.,
diarrhea, vomiting, cramps)

Human and animal fecal waste

Cyanide
(as free cyanide)

0.2

Nerve damage or thyroid
problems

Discharge from steel/metal
factories; discharge from plastic and
fertilizer factories

0.2

Kidney, liver, or adrenal gland
problems

Runoff from herbicide used on row
crops

0.07

Minor kidney changes

Runoff from herbicide used on
rights of way

Reproductive difficulties;
increased risk of cancer

Runoff/leaching from soil fumigant
used on soybeans, cotton,
pineapples, and orchards

zero

Liver, kidney, or circulatory system
problems

Discharge from industrial chemical
factories

0.6

2,4-D

0.07

Dalapon
1,2-Dibromo-3chloropropane
(DBCP)

0.2

0.0002

zero

0.2

o-Dichlorobenzene

0.6

p-Dichlorobenzene

0.075

Anemia; liver, kidney, or spleen
damage; changes in blood

Discharge from industrial chemical
factories

0.075

1,2-Dichloroethane

0.005

Increased risk of cancer

Discharge from industrial chemical
factories

zero

LEGEND
DISINFECTANT

DISINFECTION
BYPRODUCT

INORGANIC
CHEMICAL

MICROORGANISM

ORGANIC
CHEMICAL

RADIONUCLIDES

National Primary Drinking Water Regulations

Contaminant

EPA 816-F-09-004 | MAY 2009

Potential health effects
from long-term3 exposure
above the MCL

MCL or TT1
(mg/L)2

Common sources of
contaminant in drinking water

Public Health
Goal (mg/L)2

0.007

Liver problems

Discharge from industrial
chemical factories

0.007

cis-1,2Dichloroethylene

0.07

Liver problems

Discharge from industrial
chemical factories

0.07

trans-1,2,
Dichloroethylene

0.1

Liver problems

Discharge from industrial
chemical factories

0.1

Dichloromethane

0.005

Liver problems; increased risk of
cancer

Discharge from industrial
chemical factories

zero

1,2-Dichloropropane

0.005

Increased risk of cancer

Discharge from industrial
chemical factories

zero

Weight loss, liver problems, or
possible reproductive difficulties

Discharge from chemical
factories

0.4

1,1-Dichloroethylene

Di(2-ethylhexyl)
adipate

0.4

Di(2-ethylhexyl)
phthalate

0.006

Reproductive difficulties; liver
problems; increased risk of cancer

Discharge from rubber and
chemical factories

Dinoseb

0.007

Reproductive difficulties

Runoff from herbicide used on
soybeans and vegetables

Reproductive difficulties; increased
risk of cancer

Emissions from waste
incineration and other
combustion; discharge from
chemical factories

zero

Cataracts

Runoff from herbicide use

0.02

Stomach and intestinal problems

Runoff from herbicide use

0.1

Liver problems

Residue of banned insecticide

0.002

Increased cancer risk; stomach
problems

Discharge from industrial
chemical factories; an impurity
of some water treatment
chemicals

zero

Liver or kidney problems

Discharge from petroleum
refineries

0.7

Problems with liver, stomach,
reproductive system, or kidneys;
increased risk of cancer

Discharge from petroleum
refineries

zero

Fecal coliforms and E. coli are
bacteria whose presence indicates
that the water may be contaminated
with human or animal wastes.
Microbes in these wastes may cause
short term effects, such as diarrhea,
cramps, nausea, headaches, or
other symptoms. They may pose a
special health risk for infants, young
children, and people with severely
compromised immune systems.

Human and animal fecal waste

zero6

Dioxin (2,3,7,8-TCDD)

Diquat
Endothall
Endrin

0.00000003

0.02
0.1
0.002

Epichlorohydrin

TT

Ethylbenzene

0.7

Ethylene dibromide

Fecal coliform and
E. coli

4

0.00005

MCL6

zero
0.007
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MCL or TT1
(mg/L)2

Potential health effects
from long-term3 exposure
above the MCL

Fluoride

4.0

Bone disease (pain and
tenderness of the bones); children
may get mottled teeth

Water additive which promotes
strong teeth; erosion of natural
deposits; discharge from fertilizer
and aluminum factories

Giardia lamblia

TT7

Short-term exposure:
Gastrointestinal illness (e.g.,
diarrhea, vomiting, cramps)

Human and animal fecal waste

Glyphosate

0.7

Kidney problems; reproductive
difficulties

Runoff from herbicide use

0.7

Increased risk of cancer

Byproduct of drinking water
disinfection

n/a9

Contaminant

Haloacetic acids
(HAA5)

0.060

Common sources of contaminant
in drinking water

Public Health
Goal (mg/L)2

4.0

zero

Heptachlor

0.0004

Liver damage; increased risk of
cancer

Residue of banned termiticide

zero

Heptachlor epoxide

0.0002

Liver damage; increased risk of
cancer

Breakdown of heptachlor

zero

HPC measures a range of bacteria
that are naturally present in the
environment

n/a

Heterotrophic plate
count (HPC)

TT7

HPC has no health effects; it is an
analytic method used to measure
the variety of bacteria that are
common in water. The lower
the concentration of bacteria
in drinking water, the better
maintained the water system is.

Hexachlorobenzene

0.001

Liver or kidney problems;
reproductive difficulties; increased
risk of cancer

Discharge from metal refineries
and agricultural chemical factories

zero

Hexachlorocyclopentadiene

0.05

Kidney or stomach problems

Discharge from chemical factories

0.05

Infants and children: Delays in
physical or mental development;
children could show slight deficits
in attention span and learning
abilities; Adults: Kidney problems;
high blood pressure

Corrosion of household plumbing
systems; erosion of natural deposits

zero

Legionnaire’s Disease, a type of
pneumonia

Found naturally in water; multiplies
in heating systems

zero

Liver or kidney problems

Runoff/leaching from insecticide
used on cattle, lumber, and gardens

0.0002

Kidney damage

Erosion of natural deposits;
discharge from refineries and
factories; runoff from landfills and
croplands

0.002

Reproductive difficulties

Runoff/leaching from insecticide
used on fruits, vegetables, alfalfa,
and livestock

0.04

Infants below the age of six
months who drink water
containing nitrate in excess of
the MCL could become seriously
ill and, if untreated, may die.
Symptoms include shortness of
breath and blue-baby syndrome.

Runoff from fertilizer use; leaching
from septic tanks, sewage; erosion
of natural deposits

TT5; Action
Level=0.015

Lead

Legionella
Lindane

Mercury (inorganic)

Methoxychlor

Nitrate (measured
as Nitrogen)

TT7
0.0002

0.002

0.04

10

10
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Contaminant

Nitrite (measured
as Nitrogen)

Oxamyl (Vydate)

Pentachlorophenol
Picloram

EPA 816-F-09-004 | MAY 2009

Potential health effects
from long-term3 exposure
above the MCL

MCL or TT1
(mg/L)2

1

0.2

0.001
0.5

Common sources of contaminant
in drinking water

Public Health
Goal (mg/L)2

Infants below the age of six
months who drink water
containing nitrite in excess of
the MCL could become seriously
ill and, if untreated, may die.
Symptoms include shortness of
breath and blue-baby syndrome.

Runoff from fertilizer use; leaching
from septic tanks, sewage; erosion
of natural deposits

1

Slight nervous system effects

Runoff/leaching from insecticide
used on apples, potatoes, and
tomatoes

0.2

Liver or kidney problems;
increased cancer risk

Discharge from wood-preserving
factories

zero

Liver problems

Herbicide runoff

Runoff from landfills; discharge of
waste chemicals

zero

0.5

Polychlorinated
biphenyls (PCBs)

0.0005

Skin changes; thymus gland
problems; immune deficiencies;
reproductive or nervous system
difficulties; increased risk of
cancer

Radium 226
and Radium 228
(combined)

5 pCi/L

Increased risk of cancer

Erosion of natural deposits

zero

Hair or fingernail loss; numbness
in fingers or toes; circulatory
problems

Discharge from petroleum and
metal refineries; erosion of natural
deposits; discharge from mines

0.05

Problems with blood

Herbicide runoff

Liver, kidney, or circulatory system
problems

Discharge from rubber and plastic
factories; leaching from landfills
Discharge from factories and dry
cleaners

Selenium

0.05

Simazine

0.004

Styrene

0.1

0.004

Tetrachloroethylene

0.005

Liver problems; increased risk of
cancer

Thallium

0.002

Leaching from ore-processing sites;
Hair loss; changes in blood; kidney,
discharge from electronics, glass,
intestine, or liver problems
and drug factories

Toluene

1

Total Coliforms

5.0 percent

8

0.1
zero
0.0005

Nervous system, kidney, or liver
problems

Discharge from petroleum
factories

Coliforms are bacteria that
indicate that other, potentially
harmful bacteria may be present.
See fecal coliforms and E. coli

Naturally present in the
environment

zero

1

Total
Trihalomethanes
(TTHMs)

0.080

Liver, kidney, or central nervous
system problems; increased risk
of cancer

Byproduct of drinking water
disinfection

n/a9

Toxaphene

0.003

Kidney, liver, or thyroid problems;
increased risk of cancer

Runoff/leaching from insecticide
used on cotton and cattle

zero

2,4,5-TP (Silvex)

0.05

Liver problems

Residue of banned herbicide

0.05

1,2,4Trichlorobenzene

0.07

Changes in adrenal glands

Discharge from textile finishing
factories

0.07
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Contaminant
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MCL or
TT1
(mg/L)2

Potential health effects
from long-term3 exposure
above the MCL

Common sources of
contaminant in drinking
water

Public Health
Goal (mg/L)2

Liver, nervous system, or circulatory problems

Discharge from metal
degreasing sites and other
factories

0.2

0.005

Liver, kidney, or immune system problems

Discharge from industrial
chemical factories

0.003

0.005

Liver problems; increased risk of cancer

Discharge from metal
degreasing sites and other
factories

zero

Turbidity is a measure of the cloudiness of
water. It is used to indicate water quality and
filtration effectiveness (e.g., whether diseasecausing organisms are present). Higher turbidity
levels are often associated with higher levels of
disease-causing microorganisms such as viruses,
parasites, and some bacteria. These organisms
can cause short term symptoms such as nausea,
cramps, diarrhea, and associated headaches.

Soil runoff

1,1,1Trichloroethane

0.2

1,1,2Trichloroethane
Trichloroethylene

n/a

Turbidity

TT7

Uranium

30μg/L

Increased risk of cancer, kidney toxicity

Erosion of natural deposits

zero

Vinyl chloride

0.002

Increased risk of cancer

Leaching from PVC pipes;
discharge from plastic factories

zero
zero

Viruses (enteric)

TT7

Short-term exposure: Gastrointestinal illness
(e.g., diarrhea, vomiting, cramps)

Human and animal fecal
waste

Xylenes (total)

10

Nervous system damage

Discharge from petroleum
factories; discharge from
chemical factories

10
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NOTES
1 Definitions
• 	Maximum Contaminant Level Goal (MCLG): The level of a contaminant in drinking
water below which there is no known or expected risk to health. MCLGs allow for a
margin of safety and are non-enforceable public health goals.
• 	Maximum Contaminant Level (MCL): The highest level of a contaminant that is
allowed in drinking water. MCLs are set as close to MCLGs as feasible using the
best available treatment technology and taking cost into consideration. MCLs are
enforceable standards.
• 	Maximum Residual Disinfectant Level Goal (MRDLG): The level of a drinking water
disinfectant below which there is no known or expected risk to health. MRDLGs do not
reflect the benefits of the use of disinfectants to control microbial contaminants.
• 	Maximum Residual Disinfectant Level (MRDL): The highest level of a disinfectant
allowed in drinking water. There is convincing evidence that addition of a disinfectant
is necessary for control of microbial contaminants.
• 	Treatment Technique (TT): A required process intended to reduce the level of a
contaminant in drinking water.
2 Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are
equivalent to parts per million (ppm).
3 Health effects are from long-term exposure unless specified as short-term exposure.
4	Each water system must certify annually, in writing, to the state (using third-party or
manufacturers certification) that when it uses acrylamide and/or epichlorohydrin to treat
water, the combination (or product) of dose and monomer level does not exceed the
levels specified, as follows: Acrylamide = 0.05 percent dosed at 1 mg/L (or equivalent);
Epichlorohydrin = 0.01 percent dosed at 20 mg/L (or equivalent).
5 Lead and copper are regulated by a Treatment Technique that requires systems to
control the corrosiveness of their water. If more than 10 percent of tap water samples
exceed the action level, water systems must take additional steps. For copper, the action
level is 1.3 mg/L, and for lead is 0.015 mg/L.

• 	Giardia lamblia: 99.9 percent removal/inactivation
• 	Viruses: 99.9 percent removal/inactivation
• 	
Legionella: No limit, but EPA believes that if Giardia and viruses are removed/
inactivated, according to the treatment techniques in the surface water treatment rule,
Legionella will also be controlled.
• 	Turbidity: For systems that use conventional or direct filtration, at no time can turbidity
(cloudiness of water) go higher than 1 nephelometric turbidity unit (NTU), and samples
for turbidity must be less than or equal to 0.3 NTU in at least 95 percent of the samples
in any month. Systems that use filtration other than the conventional or direct filtration
must follow state limits, which must include turbidity at no time exceeding 5 NTU.
• 	HPC: No more than 500 bacterial colonies per milliliter
• 	Long Term 1 Enhanced Surface Water Treatment: Surface water systems or ground
water systems under the direct influence of surface water serving fewer than 10,000
people must comply with the applicable Long Term 1 Enhanced Surface Water
Treatment Rule provisions (e.g. turbidity standards, individual filter monitoring,
Cryptosporidium removal requirements, updated watershed control requirements for
unfiltered systems).
• 	Long Term 2 Enhanced Surface Water Treatment: This rule applies to all surface water
systems or ground water systems under the direct influence of surface water. The rule
targets additional Cryptosporidium treatment requirements for higher risk systems
and includes provisions to reduce risks from uncovered finished water storages facilities
and to ensure that the systems maintain microbial protection as they take steps to
reduce the formation of disinfection byproducts. (Monitoring start dates are staggered
by system size. The largest systems (serving at least 100,000 people) will begin
monitoring in October 2006 and the smallest systems (serving fewer than 10,000
people) will not begin monitoring until October 2008. After completing monitoring
and determining their treatment bin, systems generally have three years to comply
with any additional treatment requirements.)
• 	Filter Backwash Recycling: The Filter Backwash Recycling Rule requires systems that
recycle to return specific recycle flows through all processes of the system’s existing
conventional or direct filtration system or at an alternate location approved by the state.

6 A routine sample that is fecal coliform-positive or E. coli-positive triggers repeat samples-if any repeat sample is total coliform-positive, the system has an acute MCL violation. A
routine sample that is total coliform-positive and fecal coliform-negative or E. colinegative triggers repeat samples--if any repeat sample is fecal coliform-positive or E.
coli-positive, the system has an acute MCL violation. See also Total Coliforms.

8 No more than 5.0 percent samples total coliform-positive in a month. (For water systems
that collect fewer than 40 routine samples per month, no more than one sample can be
total coliform-positive per month.) Every sample that has total coliform must be analyzed
for either fecal coliforms or E. coli. If two consecutive TC-positive samples, and one is also
positive for E. coli or fecal coliforms, system has an acute MCL violation.

7 EPA’s surface water treatment rules require systems using surface water or ground
water under the direct influence of surface water to (1) disinfect their water, and (2) filter
their water or meet criteria for avoiding filtration so that the following contaminants are
controlled at the following levels:
• 	Cryptosporidium: 99 percent removal for systems that filter. Unfiltered systems are
required to include Cryptosporidium in their existing watershed control provisions.

9 Although there is no collective MCLG for this contaminant group, there are individual
MCLGs for some of the individual contaminants:
• 	Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L)
• 	Trihalomethanes: bromodichloromethane (zero); bromoform (zero);
dibromochloromethane (0.06 mg/L)

National Primary Drinking Water Regulations
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NATIONAL SECONDARY DRINKING WATER REGULATION
National Secondary Drinking Water Regulations are non-enforceable guidelines regarding contaminants
that may cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects (such as taste,
odor, or color) in drinking water. EPA recommends secondary standards to water systems but does not
require systems to comply. However, some states may choose to adopt them as enforceable standards.
Contaminant

Secondary Maximum Contaminant Level

Aluminum

0.05 to 0.2 mg/L

Chloride

250 mg/L

Color

15 (color units)

Copper

1.0 mg/L

Corrosivity

Noncorrosive

Fluoride

2.0 mg/L

Foaming Agents

0.5 mg/L

Iron

0.3 mg/L

Manganese

0.05 mg/L

Odor

3 threshold odor number

pH

6.5-8.5

Silver

0.10 mg/L

Sulfate

250 mg/L

Total Dissolved Solids

500 mg/L

Zinc

5 mg/L

FOR MORE INFORMATION ON EPA’S
SAFE DRINKING WATER:

visit: epa.gov/safewater
call: (800) 426-4791

ADDITIONAL INFORMATION:
To order additional posters or other ground
water and drinking water publications,
please contact the National Service Center for
Environmental Publications at: (800) 490-9198,
or email: nscep@bps-lmit.com.
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Sediment Source Analysis
Purpose and need:
Turbidity has been identified as a top concern of the water providers. Delivered sediment is the likely
source of elevated turbidity levels. Sediment is likely derived from three primary sources: 1) surface
erosion and delivery from land uses (i.e., agriculture, forest management), 2) road erosion and delivery
from unpaved forest roads, and 3) stream bank erosion. Identifying bank erosion is difficult without a
considerable field effort and is beyond the scope of this current assessment. Road Erosion and delivery
were initially considered for this analysis, however, discussions with Spencer Higginson, Service
Hydrologist with the National Weather Service 1 indicate that the road systems in the watershed were
evaluated as part of the post Beachie and Riverside Fire evaluation in September and October 2020, and
that road systems were generally in good condition and functioning adequately with respect to surface
runoff and down slope distribution. Consequently, only surface erosion and delivery associated with
land uses was evaluated here.

Approach:
We model surface erosion from lands in the basin using the Revised Universal Soil Loss Equation (RUSLE;
Renard et al., 1997) in a GIS. The Universal Soil Loss Equation (USLE) was developed in the late 1970s
from field studies and was intended as a tool for soil conservation on croplands. Changes to the USLE
expanded its applicability to additional land cover types (RUSLE). Annual erosion is estimated as follows:
A=R*K*L*S*C*P
Where: A = average annual soil loss
R = rainfall/runoff erosivity factor
K = soil erodibility factor
L = length-slope factor

S = slope steepness factor
C = cover management factor
P = supporting practices factor

Digital maps of the rainfall/runoff erosivity factor (R-factor) were available from NOAA (2012). Values for
the k-factor are published for soil series in the lower watershed as part of the Soil Survey of Clackamas
County (SCS, 1985) 2. Values from the U.S. General Soil Map (STATSGO2) were used to estimate k-factor
for the remainder of the watershed 3.

4003 Cirrus Drive, Medford, Oregon 97504 (541) 776-4303 x228
Available in digital format from https://websoilsurvey.nrcs.usda.gov/app/HomePage.htm
3
Available online at https://sdmdataaccess.sc.egov.usda.gov
1
2

Topographic effects on erosion are accounted for by the length-slope (LS) factor. Erosion increases as
both length (L) and slope (S) increase (Renard et al., 1997). Slope length is the horizontal distance from
initiation of erosion to either a slope break where material will be deposited, or delivery to a defined
channel. The L and S factors were calculated within GIS using the DEM and scripts developed by Moody
(2020). The slope cutoff for both slopes < 5% and >= 5% was set to 50%; meaning that if the change in
slope from one pixel to the next changes by at least 50% then the slope length will reset.
Cover management factor (C) was based on land cover type as described in NOAA (2014). The
supporting practices factor (P) was not used in this analysis. The RUSLE produces an estimate of gross
erosion but does not indicate how much eroded soil is transported by streams (NOAA, 2014). A
sediment delivery ration was calculated using the approach of Williams (1977):
DR = 1.366*10-11 * DA-0.0998 * ZL-0.3629 * CN5.444
Where: DR
DA
ZL
CN

=
=
=
=

(Williams 1977 Equation)

the delivery ratio
drainage area (in km2)
The relief length ratio (in m/km)
SCS curve number (based on land cover and soil type)

Results
Estimated average annual soil loss in tons/acre/year is given in Figure 1. The estimated annual rate of
soil loss is highest in the Molalla Source area (302 tons/mi2), lowest in the Canby source are (exclusive of
upstream source areas) at 97 tons / mi2 and is 218 tons / mi2 for the entire Canby source areal. The
Colton source area is estimated to be 135 tons / mi2. Average annuals sediment loss estimates are
compared with nearby USGS stream gage having suspended sediment data (Table 1). The estimated
total for the Canby source area seems reasonable given that it is for the total delivered sediment, while
the gaged records are only for suspended sediments.
Table 1. Comparison of estimated annual soil loss in the Canby source area and reported annual suspended sediment loads for
several stream gage locations in Oregon.

Location
South Fork Bull Run River Near Bull Run
Rogue River Below Prospect
North Fork Bull Run River Near Multnomah Falls
Canby source area (entire)
John Day River at McDonald Ferry
Alsea River Near Tidewater

Tons / square mile
44
72
93
218
293
533

Figure 1. Estimated average annual soil loss.

Crop water use
Purpose and need
Low summer streamflow is associated with algae, cyanotoxins, and geosmid concerns in the source area.
Crop water use and climate conditions are two variable affecting low summer streamflow. Information
on water use associated with different crop types, and trends in crop water use, are issues of concern to
the stakeholders.

Approach
The U.S. Bureau of Reclamation (USBOR) maintains an Agrimet weather station on the grounds of the
OSU extension facility in Aurora 4, approximately two miles northwest of Canby. The USBOR calculates
daily ET for 17 locally grown crops for the period from 1999 to present. We used these data evaluate
water use by crop, and to evaluate time trends in the historical data.

Results
Evapotranspiration (ET) was evaluated for 17 crop types at the Aurora Agrimet station. Annual ET
estimates were arranged from highest to lowest ET estimates (Figure 2; top graph). Alfalfa, apples,
lawns, and blueberries are calculated to have the highest annual crop water use, while grass seed and
peas the lowest ET volumes. Blueberries had the widest variability in ET values. No clear time trends
were observed in the data over the 31-year period of record (Figure 2; bottom graph) with the exception
of blueberries which showed an increase in ET beginning in 2007.

Water sources
Purpose and need
Historically, most water withdrawals have been from surface water sources. Recent trends have shown
a shift towards groundwater well development. It is unclear the magnitude of the increase in
groundwater use within the source areas. The purpose of this assessment was to identify time trends in
water use by source type (i.e., surface, groundwater, and storage).

Approach
Point of diversion (POD) and place of use (POU) data from the Oregon Water Resources Department
(OWRD)Water rights Information System 5 were analyzed to 1) identify the magnitude of water used by
source (surface, groundwater, storage) within the source areas, and 2) quantify trends in water source
use over time.

Results
Cumulative water right volume by source type in the assessment area is given in Figure 3. Data shown
are summaries for August 1st. Actual consumptive uses for water are likely to be an order of magnitude
less than actual water rights which represent the maximum use allowed. Water use was exclusively from
surface withdrawals up until approximately 1950. Surface rights plateaued around 1970 and there have
been few new surface rights since that time. Groundwater uses increased sharply from 1950-1990 and
have plateaued since that time. Storage accounts for a small portion of water use in the area; only 300
4
5

https://www.usbr.gov/pn/agrimet/agrimetmap/araoda.html
https://apps.wrd.state.or.us/apps/wr/wrinfo/

acre-feet; or approximately 0.9 cfs if used from 4/15-9/30. Storage has also plateaued since the early
2000’s (Figure 3).

Figure 2. Calculated annual evapotranspiration (ET) variability (top graph) and timeseries (bottom graph) at the Aurora Agrimet
statin for 17 crops.

Figure 3. Cumulative water right volume by source type in the assessment area.

Hazardous Substance Risk Analysis
Purpose and Need
Hazardous substances (e.g., fuel, oils, solvents) are stored in and transported through the source areas.
These materials represent a serious yet unknown threat to the municipal water supply. The purpose of
this assessment was to identify locations and relative risks from hazardous substances.

Approach
Information from the Office of the State Fire Marshal 6 will be used to identify past HazMat incidents,
where they occurred, and why. Locations of all HazMat storage were mapped within the source areas.
Frequency and location of occurrence data were shared with the TAC to provide a first look at the likely
magnitude risk posed by hazardous substances.

Results
Data from the period 2010-2020 were geo-located and mapped. Seventy-three independent incidents
were located within the source areas. Of these a total of 47 were disregarded as being unlikely to impact
drinking water quality. These disregarded incidents included natural gas or LPG leaks (36 incidents),
carbon monoxide incidents (7), and four investigations with no hazardous materials (Figure 4). Of the
remaining 26 incidents nine were gasoline or other flammable liquid spills, eight were oil or other
combustible liquid spills, five were chemical spills or leaks, two were other chemical hazards, and one
6

https://www.oregon.gov/osp/programs/sfm/Pages/Hazardous-Incident-Information.aspx

each were refrigeration leaks and other toxic conditions (Figure 5). None of the mapped regarded
incidents were located within the Colton source area, and only one incident (gasoline spill) was mapped
within the Molalla 8-hour source area. Approximately half of the regarded incidents were within the
Canby 8-hour source area, and the remainder were within the watershed lower watershed. Incidents
outside of Canby were largely located away from main travel routes.

Figure 4. Hazardous substance incident locations – disregarded incidents.

Figure 5. Hazardous substance incident locations – regarded incidents.

2020 Wildfires
Purpose and need
In the late summer and fall of 2020 two wildfires impacted portions of the source areas. The Beachie
Creek fire began on 8/16/2020 in the Opal Creek Wilderness, approximately 30 miles southeast of the
town of Molalla. Unusually strong easterly winds over the Labor Day weekend pushed the fire northwest
and eventually into the Molalla source areas. On 9/8/2020 the Riverside Fire began in the Riverside
Campground within the Clackamas River basin east of the source areas and was pushed west by the
same weather system into the headwaters of the Molalla, Colton, and Canby source areas. The purpose
of this analysis is to characterize the extent and severity of these fires within the source areas, identify
the landowner groups most affected, and provide an estimate of potential impacts over the longer term.

Approach
On 10/1/2020 the Oregon Department of Forestry (ODF) provided GIS coverage of the fire extent and
burn severity. These data were summarized by landowner groups within the source areas. Remediation
activities on federal and state lands, and on lands owned by large private industrial forest landowners, is
being carried t by those entities. The SWCD is primarily interested in identifying small non-industrial
owners for outreach and project planning. Additional data and analyses from the USGS on the likelihood
of debris flows were also summarized for the source areas.

Results
Post-fire burn intensity was mapped by ODF and provided for this analysis on 10/1/2020. The areas of
most intense burning were along ridgetops west of the Molalla River mainstem (Beachie Creek fire) and
in the Trout Creek, North Fork Molalla, and Dead Horse Canyon Creek areas (Riverside Fire; Figure 6).
Acreage by ownership group is shown in Figure 7 and summarized in Table 2. A total of 877 acres of
small private forest land ownership was burned in the source areas.
The USGS mapped the likelihood and potential volume of debris flows for the Beachie Creek 7 and
Riverside 8 fires (Figure 8). These maps model debris flows in response to a design storm having a 15minute peak rainfall intensity of 24 mm/hour.

7
8

https://landslides.usgs.gov/hazards/postfire_debrisflow/detail.php?objectid=336
https://landslides.usgs.gov/hazards/postfire_debrisflow/detail.php?objectid=334

Figure 6. 2020 wildfire burn severity.

Figure 7. Burned lands by ownership groups.

Table 2. Burned acres by ownership group.

Group
Weyerhaeuser
Federal BLM
Other industrial forest
Federal other
State ODF
ECOTrust
Federal USFS
Port Blakely
Small Private
County
State ODOT
State DSL

low
3,904
3,058
689
356
516
98
380
231
219
13
4
10

mod
10,283
5,980
2,639
1,553
727
434
478
619
395
81
27
16

high
10,685
4,803
3,864
1,046
712
1,266
929
155
264
11
9
6

Total
24,872
13,841
7,192
2,955
1,955
1,798
1,788
1,005
877
105
40
32

Figure 8. Likelihood of debris flows
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