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Turbidity Analysis for Oregon Public Water Systems 

Executive Summary 
 
After catastrophic storms and landslides hit the Oregon Coast in 2006 and 2007, the Oregon Department of 

Environmental Quality and Oregon Department of Human Services had concerns about the resiliency of public 

water systems that rely on surface waters in watersheds prone to heavy rains and landslides. Landslides in such 

areas can deposit large amounts of sediment that can increase turbidity and significantly lower the quality of 

drinking water obtained and treated by these water systems. Increasing levels of turbidity may interfere with 

public water system operations, can increase operational costs and can also cause shutdowns.  In addition, DEQ 

and DHS were interested in the potential effects from climate change in these watersheds. 

 

DEQ sent e-mail inquiries and interviewed staff at numerous public water systems in the Coast Range and 

Southwest Oregon. It also obtained and analyzed available daily turbidity data from seven water systems 

(Hillsboro-Cherry Grove and the cities of Astoria, Carlton, Falls City, Forest Grove, Siletz and Yamhill) and 

collected data on water treatment facility shutdowns from Arch Cape Water District. 

 

DEQ evaluated as case studies a total of eight public water systems in the North and Middle Oregon Coast Range 

area and used available turbidity data to analyze long-term trends. DEQôs analysis concludes that there are long-

term concerns about system viability or increased treatment costs at five systems (Arch Cape Water District and 

the cities of Astoria, Carlton, Siletz, and Yamhill), based on large numbers of high-turbidity days and/or 

increasing numbers of high-turbidity days recorded in daily water samples for these systems. Also, DEQ found 

that turbidity is increasing in the long term in Drinking Water Source Areas for five systems, remains stable at 

one system, and is decreasing at two others. 

 

Drinking Water Source Areas for these Coast Range systems are predominantly forested. Only the City of Siletz 

has a significant amount of rural residential and/or agricultural land in the lower part of its source area. 

 

Precipitation has the greatest impact on turbidity patterns for these systems, with the largest spikes in turbidity 

occurring during the autumn months. In addition to this seasonal variation, for the five systems with increasing 

turbidity trends, there are an increasing number of days reported with turbidity levels above 5 nephelometric 

turbidity units (a system of measuring waterôs clarity in terms of visible light), turbidity spikes of increasing 

magnitude and/or increasing baseline turbidity.  In addition to the problems high turbidity can cause on drinking 

water treatment and system operation, changes in turbidity may also adversely affect aquatic life or other 

beneficial uses of the water, such as fishing and swimming.  

 

High turbidity levels at some of these eight public water systems may be the result of inherent watershed 

characteristics, natural events (such as storms, slides and bank erosion), and land-use activities (forestry, 

agriculture, rural residential, road building and maintenance). Regardless of the source of turbidity, watershed 

protection and restoration activities can reduce unacceptable levels of sediment deposited into public water system 

sources and can reduce the cost of drinking water treatment. 

 
This analysis was not designed or intended to answer cause-and-effect questions related to turbidity. Further 

statistical and Geographic Information System analysis is necessary to evaluate the effects of human-caused 

changes, natural disturbances and inherent watershed features on public water systems. But collection of new 

data, further analysis of existing data, enhanced source water monitoring and evaluation and analysis of sediment 

sources and movement will help DEQ and DHS further understand and manage risks to public water systems. In 

addition, changes in weather patterns and precipitation due to climate change should be considered as this topic is 

studied further.  
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Introduction 
 

The storms of December 2007 resulted in catastrophic flooding in the northern Coast Range of Oregon, 

destroying or harming homes, water supplies, fisheries, roads, farms, and businesses.  Many of Oregonôs Public 

Water Systems (PWSs) were directly impacted by the flooding, wind damage, and landslides in their municipal 

watersheds.  The Department of Human Services (DHS) and the Department of Environmental Quality (DEQ) 

had previously mapped all of these watersheds and prepared Source Water Assessment (SWA) reports for the 

community officials (http://www.deq.state.or.us/wq/dwp/dwp.htm).   The SWAs included maps of the source area 

boundaries, natural characteristics of the watersheds, and identified potential risks for the systems.    

 

The damage from the storms raised questions about the sensitivity of these PWSs as the number of severe storms 

could increase due to climate change.  The landslide near Clatskanie in northwest Oregon completely destroyed 

Westportôs water system.  DHS was concerned about the potential for complete loss of, or severe damage to, the 

systems due to storms.  As part of the existing drinking water protection planning and implementation, DEQ 

embarked on this analysis of potential turbidity problems for PWSs.  The purpose of this first phase of analysis is 

to use existing data to identify the PWSs that have ongoing turbidity problems and to conduct a trend analysis if  

data is available.  

 

Work was initiated in January 2008 with an email/phone questionnaire to 148 surface water systems in Oregon.  

DEQ asked them if there were any recent landslides in their watershed that impacted the intake(s).  We indicated 

our purpose was to evaluate whether we need to put more resources into this problem at the state level.  Out of 

this initial query, we received information from 17 different systems that had turbidity impacts, but not 

necessarily from landslides.  Several system operators asked for assistance to determine what was causing the 

turbidity and to assist them in reducing the loading to the source stream.  At that point, both DHS and DEQ 

determined that we should proceed with an analysis of the turbidity issues and follow this with recommendations 

for reducing the risks for those systems. 
 

Applicable Turbidity Standards for Water Quality 

The turbidity water quality standard (OAR 340-41-0036) is:  

Turbidity (Nephelometric Turbidity Units, NTU): No more than a ten percent cumulative increase in natural stream 

turbidities may be allowed, as measured relative to a control point immediately upstream of the turbidity causing activity. 

However, limited duration activities necessary to address an emergency or to accommodate essential dredging, construction 

or other legitimate activities and which cause the standard to be exceeded may be authorized provided all practicable 

turbidity control techniques have been applied and one of the following has been granted: 

(1) Emergency activities: Approval coordinated by the Department with the Oregon Department of Fish and Wildlife under 

conditions they may prescribe to accommodate response to emergencies or to protect public health and welfare; 

(2) Dredging, Construction or other Legitimate Activities: Permit or certification authorized under terms of section 401 or 

404 (Permits and Licenses, Federal Water Pollution Control Act) or OAR 14l-085-0100 et seq. (Removal and Fill Permits, 

Division of State Lands), with limitations and conditions governing the activity set forth in the permit or certificate. 

 

In Oregon, there are many waters with low NTU levels and a 10 % increase is very difficult to measure in a clear 

stream.  In addition, the original 10% Turbidity water quality standard was based on Jackson turbidity units 

(JTUs) which are measureable to 25 JTU with an accuracy of ± of 1 JTU.  The standard switched to NTUs which 

are measureable to 1 NTU with an accuracy of ± 0.1 NTU.  This has led to claims that DEQôs turbidity standards 

cannot by implemented.  In reality, the 10% exceedence criteria was designed to take into account the fact that 

http://www.deq.state.or.us/wq/dwp/dwp.htm


 

3 

 

Turbidity Analysis for Oregon Public Water Systems 

natural conditions in streams do not produce consistent low turbidity at all times.  DEQ recognizes that there is 

some natural variation and this creates difficulty in determining whether turbidity levels exceed the criteria of a 

10% increase.  There are several characteristics of turbidity by which a 10% increase could be documented: the 

baseline turbidity of a stream, the number of spikes in a streamôs turbidity, the median or 75
th
 percentile of 

turbidity, and/or the statistical trend that the streamôs turbidity is following.  However, the standard relates to a 

control point immediately upstream and is not applicable at the watershed scale but at the reach scale.  The 

turbidity WQS may be revisited in 2009 or 2010. 

 

Turbidity is one of the primary pollutants regulated in finished drinking water under the Safe Drinking Water Act 

(SDWA).  To protect human health, the EPA has set the level of allowable turbidity in finished drinking water at: 

0.3 Nephelometric Turbidity Units (NTU) in 95% of samples (1 NTU absolute maximum) for conventional 

(sedimentation and rapid sand filtration) and direct (rapid sand only) filtration; and 1 NTU in 95% of samples (5 

NTU absolute maximum) for membrane, cartridge, slow sand, and diatomaceous earth filtration (US EPA 1998, 

US EPA 2001, US EPA 2002b).  Turbidity limits prevent drinking water from having excessive levels of 

suspended fine sediment (US EPA 1999).  Suspended sediment is of concern for drinking water safety as it can 

reduce the effectiveness of disinfection treatments (LeChevallier et al 1981), harbor pathogens (e.g. Chang et al 

1960, Tracy et al 1966, Sen & Jacobs 1969, Meschke & Sobsey 1998), contribute to formation of disinfection by-

products (Nikolaou et al 1999, US EPA 2002a), and carry nutrients, heavy metals, pesticides, and other toxic 

chemicals (Lick 2008).  Unpleasant tastes and odors frequently co-occur with excessive turbidity (US EPA 1998).  

Prevention or removal of fine sediment pollution from water reduces these risks to acceptable levels (US EPA 

2001). 

 

Most drinking water treatment facilities run by Public Water Systems (PWSs) have the capacity to remove 

turbidity-causing sediments during treatment of raw water; however, the amount of turbidity that can be 

effectively removed depends on the treatment technology in use (US EPA 1999, personal communication with 

PWS managers).  For example, water can be treated using a flocculent/coagulant agent to collect fine sediments 

into larger particles which are then removed by rapid pressurized filtration through a bed of sand.  Another 

common drinking water treatment system, slow sand filtration, allows water to slowly percolate through a large 

bed of sand to be collected through an underdrain.  When source water turbidity exceeds 5 NTU, a treatment plant 

using these treatment systems will usually need to shut down (National Drinking Water Clearinghouse (NDWC) 

1996, pers comm with PWS managers).  PWSs with additional pre-filtration or pre-sedimentation basins can treat 

source water with turbidity higher than 5 or 10 NTU (US EPA 2004, pers comm with PWS managers).  Some 

systems in Oregon with frequent high turbidity install advanced filtration systems that can treat water with 

turbidity higher than 50 or 100 NTU (e.g. City of Coquille).  These advanced filtration systems are expensive to 

install and maintain and may not be affordable for all small PWSs.  Some studies have shown that prevention of 

turbidity and fine sediment pollution is a cost effective way to ensure that current PWS treatment can meet the 

SDWA Maximum Contaminant Level (MCL) for turbidity (Brown 2000). 
 

Public Water System Evaluations 
Some Public Water Systems have historic and/or current problems with turbidity in their source water.  There are 

161 PWSs with all or part of their Drinking Water Source Areas (DWSAs) in the Coast Range and mountains of 

Southwestern Oregon (Appendix A).  This report focuses on 8 PWS Case Studies in the North Coast and Mid 

Coast regions that included interviews with PWS directors/supervisors and analysis of available raw water 

turbidity data.  We also conducted field visits in the DWSAs for the Arch Cape, Siletz, and Yamhill PWSs.  The 

PWS examined in this report are: 

 Arch Cape Water District, 

 City of Astoria, 

 City of Carlton, 

 City of Falls City, 
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 City of Forest Grove, 

 Hillsboro-Cherry Grove, 

 City of Siletz, 

 City of Yamhill. 

 

In addition, the following PWS were also interviewed and status reports were written based on the interview.  The 

status reports give some history of each PWS, the operatorsô opinions of the current situation, and their concerns 

about potential threats to the PWS.  Those status reports are not included in this report because we could not get 

turbidity data or conduct a site visit: 

 City of Clatskanie, 

 City of Coquille, 

 Langlois Water District, 

 City of Myrtle Point, 

 City of Port Orford, 

 City of Powers, 

 Rainier Water Department, 

 Seaside Water Department, 

 City of Waldport, 

 Westport Water Association. 

Some water systems did not have daily turbidity data available in an accessible format, and not all PWSs collect 

precipitation data.  Several were affected by a large landslide in December 2007 above Highway 30 near the 

Columbia River.  One (Westport Water Association) had their intake and associated infrastructure completely 

destroyed by the slide.  Out of the 18 water systems that were interviewed, 14 had problems or expressed 

concerns about high and/or increasing turbidity in their source water.   
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Methods 
We received beginning-of-the-day turbidity data from 7 PWSs, giving a snapshot of turbidity conditions at about 

8am each day.  One PWS (Arch Cape) gave us data with the dates of treatment shutdowns due to turbidity.  Data 

were organized and counts of high turbidity days per water year were done using Microsoft Excel 2007.  Minitab 

v15.1 was used for graphing and data analysis, including time series trend analysis for high turbidity days using 

the method of Box and Jenkins (1994) and seasonally-adjusted trend analysis of turbidity data over time 

(Makridakis et al 1998).  The trend analysis of high turbidity days showed whether the number of days with 

turbidity Ó5 NTU (ñhigh turbidity daysò) is changing directionally over time.  We fitted linear, quadratic, and 

exponential models and chose the model with the best accuracy, as shown by lower Mean Absolute Percent Error 

Map 1 
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(MAPE), Mean Absolute Deviation (MAD), and Mean Squared Deviation (MSD) scores.  In no cases did the 

exponential model have the best fit.  The seasonally-adjusted trend analysis of turbidity separated the data into 

seasonal and linear trend components.  The decomposition of seasonal and linear trends allowed examination of 

long-term change while accounting for the tendency of stream systems to have elevated turbidity at the beginning 

of the autumn rainy season.  Trend equations take the form: 

Linear: Yt=Ŭ+ɓt 

Quadratic: Yt=Ŭ+ɓt+ɔt
2
 

where Yt is the turbidity at time t, Ŭ is the y-axis intercept, and ɓ and ɔ are the coefficients of change for t and t
2
, 

respectively. 

 

We used ArcGIS v9.3, operator interviews, and field visits to evaluate patterns in land ownership and conditions 

on the ground. 
 

Definitions of terms 
Low Turbidity StatusˈTurbidity baseline lower than 5 NTU greater than or equal to 50% of the time 

High Turbidity StatusˈTurbidity baseline lower than 5 NTU less than 50% of the time 

Occasional SpikesˈSudden increases in turbidity that exceed 5 NTU occurring less than 30 times/year 

Frequent SpikesˈSudden increases in turbidity that exceed 5 NTU occurring more than 30 times/year 

Increasing Trendˈɓ > 0.000150 for seasonally-adjusted turbidity trend 

Decreasing Trendˈɓ < -0.000150 for seasonally-adjusted turbidity trend 

Stable Trendˈ0.000150 Ó ɓ Ó -0.000150 for seasonally-adjusted turbidity trend 
 

Summary of Results 
Conditions ranged from low turbidity with occasional spikes to frequent large spikes that require intervention by 

operators to consistently high turbidity throughout the late autumn, winter, and early spring.  Turbidity trends 

range from historic problems that are improving to steady turbidity patterns (whether high or low) to increasing 

turbidity leading to more 

frequent problems.  There 

is significant variation 

among Public Water 

Systems, with some 

having noticeably more 

high turbidity days than 

others (Figure 1.)  

Currently, the Cities of 

Astoria and Falls City 

have the most consistently 

low turbidity while the 

Cities of Carlton, Siletz, 

and Yamhill have frequent 

high turbidity days.  Arch 

Cape was analyzed 

differently because daily 

turbidity data were 

unavailable. 

 

Below are suggested 

approaches for PWSs or 

agencies to address a 

situation, generally 

Figure 1:  Count of days when influent water turbidity equal or exceeds 5 NTU by 

water year for 1994 through 2008.  The water year is October 1
st
 through September 30

th
. 
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speaking.  Specifics will vary from system to system based on their particular watershed(s) and the level of 

resource protection within it.  It is also important to note that many PWSs do not have resources beyond those 

needed for day-to-day operations and maintenance; additional protection measures require additional funding 

(Drinking Water Needs Survey 2009). 
 
Table 1:  Recommendations for Future Work Based on Turbidity Status and Trend 

 Low Turbidity 
(Occasional Spikes) 

Low Turbidity 
(Frequent Spikes) 

Consistent  
High Turbidity 

Trend of Decreasing 
Turbidity 

N/A Evaluate situation/ 
Consider DWSA 

protection measures 

Find causes/Consider 
additional DWSA 

protection measures 

Trend of Stable 
Turbidity 

Evaluate situation/ 
Consider DWSA 

protection measures 

Find causes/Consider 
additional DWSA 

protection measures 

Find causes/Change 
DWSA mgmt. & 

implement restoration 

Trend of Increasing 
Turbidity 

Find causes/ 
Consider additional 
DWSA protection 

measures 

Find causes/Change 
DWSA mgmt. & 

implement restoration 

Find causes/Change 
DWSA mgmt. & 

implement restoration 
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Case Studies 

  

Map 2 
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Analysis of Public Water System Turbidity Data 
 

Arch Cape Water District (PWS# 4100802) 
Thomas Merrell, Director 
503-436-2790 
 
Increasing Trend [Reported by PWS]: Low Turbidity (Occasional Spikes) transitioned to Low Turbidity 

(Frequent Spikes) 

Arch Cape is small coastal community in southern Clatsop County with a mixture of year-round and part-time 

residents.  The treatment plant uses chemical coagulation and pressurized (rapid) sand filtration to remove 

particulates from the source water.  The district has two drinking water intakes in its 1,250 acre Drinking Water 

Source Area (DWSA): on Asbury Creek, a medium-sized coastal stream, and on Shark Creek, a medium-sized 

tributary of Asbury Creek.  The primary intake on Shark Creek is behind a small dam that forms an intake pool, 

and the secondary intake is on Asbury Creek below its confluence with Shark Creek.  The land of the forested 

DWSA has been owned by a succession of private industrial timber companies.  Arch Cape Water District does 

not have a backup source of water. 

 

Arch Cape Water District 

has difficulty with 

operations due to high 

turbidity and spends a 

significant proportion of 

each month shutdown due 

to turbidity with the 

exception of the summer 

months (Figure 2).  Arch 

Cape Water District does 

not have a backup source 

of water.  If the PWS 

cannot use the Shark 

Creek intake, then they 

must use the Asbury 

Creek intake (downstream 

of the confluence of Shark 

and Asbury Creeks).  If 

neither intake is usable, 

then the PWS must shut 

down water purification 

and use stored water (3 to 

7 day supply). 

 

Further increases in suspended sediment in Arch Capeôs DWSA could be very problematic.  As little as 0.5 inches 

of rain raises stream turbidity to the point that Arch Capeôs rapid sand filtration can not remove enough fine 

sediment to meet finished water standards (T. Merrell, pers comm).  For the last 3 years, the intake pool has 

needed to be dredged yearly by necessity where during the previous decade the PWS only dredged it once every 3 

or 4 years as routine maintenance.  To cope with the increased turbidity, Arch Cape recently applied for and 

received over $1 million in American Recovery and Reinvestment Act (ñstimulusò) funds to replace their rapid 

sand filtration and chlorination treatment with membrane filtration and UV disinfection.  Leaking distribution 

pipes will also be replaced with these funds.  

Figure 2:  Number of days per month that Arch Cape Water Districtôs treatment plant 
spent shutdown due to high turbidity from January 2007 through March 2010.  Bar colors 

highlight the calendar year. 
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City of Astoria (PWS #4100055) 
Jim Hatcher, Public Works Operations 
503-325-3524 
 
Increasing Trend: Low Turbidity (Occasional Spikes) 

The City of Astoria is located on the Columbia River estuary.  Astoria has water supply intakes on two lakes 

(Middle and Main Lakes) and two creeks (Cedar and Bear Creeks).  They can switch among intakes as needed, 

depending on weather and source conditions.  Astoria typically draws more water from the creeks during the 

summer and more from the lakes in winter due to turbidity fluctuations.  This ability to change sources is an 

important asset.   Astoria uses a slow-sand filter to remove particulates, and these filters can be easily clogged by 

turbidity higher than 5 NTU.  Since 1956, the City of Astoria has owned nearly all of the 2,736 acre forested 

Drinking Water Source Area (DWSA), in addition to a small part of neighboring Wikiupôs DWSA.  The City 

does harvest timber from the DWSA.  The Forest Stewardship Council (FSC) certified Astoriaôs management and 

harvest operations as ñWell Managedò forestland (the highest classification) in 2003.  A private industrial timber 

(PI) company owns less than 5% of Astoriaôs DWSA, of the southern and northern edges.  Private industrial 

companies own the land surrounding Astoriaôs DWSA. 

 

Turbidity for water 

entering Astoriaôs water 

treatment plant is shown 

below (Figure 3a).  When 

the source supplying the 

treatment plant begins to 

be too turbid, then 

operators survey all 

sources to determine 

which has the lowest 

turbidity and is most 

suitable for use (Figures 

3b&c).  Therefore, the 

source in use is typically 

the one with the lowest 

turbidity.  Rises in 

turbidity are frequently 

triggered by precipitation 

(Figure 3d).  The turbidity 

patterns in Astoriaôs water 

sources are fairly stable 

and easily managed with 

the multitude of potential 

intakes.   However, 

influent turbidity is 

slightly increasing overall (Figure 3e), albeit at low rate and well below levels that would drive serious concerns.  

All of the individual sources except Cedar Creek show at least some recent increase in turbidity (Table 2).  Spur 

14 Creek has very low turbidity, so its fluctuations in turbidity may appear meaningful when in fact they are very 

small. 

 

As the influent turbidity approaches 5 NTU, Astoriaôs drinking water system switches to another source with 

lower turbidity.  High turbidity days in the influent water are therefore rare, even when several of the sources have 

elevated turbidity (Figure 3f).  The flexibility among sources created a flat, and extremely low, trend in high 

turbidity days (for influent) over the last 6 years (Figure 3g).  Bear Creekôs trend in high turbidity days remained 

Figure 3a: Turbidity for City of Astoriaôs drinking water system.  Since the City can 
switch between sources as needed, this represents a composite of whichever source has 

the lowest turbidity at any given time.  Other sources within the DWSA probably had 

higher turbidity at the time. 
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level after a jump in 2005, and Middle and Main Lakes had noticeable increasing trends in the last two years 

(Table 2).  The turbidity increases in Bear Creek and the two lakes may be cause for concern and are likely 

contributed to by ground 

disturbed as trees toppled 

in large numbers during 

the December 2007 

windstorm that struck 

Oregonôs North Coast.  

Much of this blowdown 

was adjacent to clearcuts 

on neighboring private 

land. 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

09/30/08

01/ 01/08

01/01/07

01/01/ 06

01/01/ 05

01/01/ 04

01/01/ 03

30

25

20

15

10

5

0

T
u

rb
id

it
y

 (
N

T
U

)

5

Middle Lake

Main Lake

Turbidi ty in Astor ia's Source Water : Lakes
November 2002-September 2008

 

 

Figure 3b:  Turbidity for the stream sources of Astoriaôs drinking water (Bear Creek, 
Cedar Creek, and Spur 14 Creek). 

Figure 3c:  Turbidity for the lake sources of Astoriaôs drinking water (Middle Lake and 

Main Lake). 
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Figure 3d:  Precipitation at the Astoria WSO Airport co-op weather station, the nearest 

weather data to Astoriaôs DWSAs.  The seasonal pattern of precipitation drives the 

seasonal pattern in turbidity. 

Figure 3e:  The turbidity trend for the influent (raw) water is gradually increasing 

(Y t=0.85+0.000183*t), but the trend is not strong.  Generally, the turbidity remains low. 


