
Science & Technical Support Section’s SciFYI • January 2017 1

SciFYISciFYI
Science & Technical
Support Section’s

Department of
Natural Resources and Parks
Water and Land Resources

Division

A science section digest of current environmental issues in King County                                                                   January 2017

Lake Union and the Ship Canal –
A history of pollution and work toward a solution
By Tim Clark

Lake Union is often considered the focal point of Seattle. 
Its central location, photogenic framing of downtown, 

the Space Needle and the city’s past and current industries, 
and calm waters make it the ideal setting for Fourth of July 
fireworks and a hub for kayakers and paddle boarders. 

Lake Union serves as a migration route for salmon to reach 
their spawning grounds in the Cedar River-Lake Washington 
watershed. The fish ladder viewing window located at the 
Ballard Locks is one of Seattle’s must-see attractions. Unfor-
tunately, Lake Union and the Ship Canal were historically 
subjected to industrial, wastewater, and stormwater pollu-
tion for many decades. 

In line with its water quality mission, King County began 
monitoring Lake Union 
water quality in the 1970s. 
While water quality has 
improved substantially since 

the mid-1970s, elevated bacteria levels, chemical contami-
nation in the sediment, elevated summer surface tempera-
tures, and low oxygen levels combined with elevated salinity 
in deeper waters during the summer remain issues for the 
waterbody. Detailed information about King County’s Lake 
Union monitoring program can be found at  
www.kingcounty.gov/lake-union-monitoring.

Lake Union and the Ship Canal are heavily modified 
waterbodies. In 1916, the 8.6-mile-long Lake Washington 
Ship Canal was completed, which included construction of 
the Montlake Cut, Fremont Cut, and Hiram M. Chittenden 
Locks (Ballard Locks). The new canal provided the first navi-
gable passage for deep-draft commercial vessels, barges, 
and recreational boaters between Lake Washington and 
Puget Sound. In the middle of the century, dozens of indus-
tries surrounded the shoreline and contributed to pollution 
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in the lake. Untreated sewage from hundreds of house-
boats and nearby homes, along with untreated stormwater 
drainage, also contributed to pollutant loading in the lake. 
As the sewage system became overwhelmed during large 
rain events, combined sewer overflows released even more 
untreated sewage.

Since routine water quality monitoring began in 1976, 
fecal coliform bacteria levels have decreased significantly 
(p<0.01) (Figure 2). Fecal coliform levels still exceed the 
90th percentile state water quality criterion, but at a lower 

frequency and magnitude than observed during previous 
decades. Similar decreasing trends have been observed for 
nutrient levels in the lake.

In the summer, warm surface water temperatures, low dis-
solved oxygen concentrations and elevated salinity at depth, 
are a concern in Lake Union and the Ship Canal. Summer 
surface temperatures routinely exceed 20 °C (68 °F) and 
can result in higher predation rates on juvenile salmon and 
create a thermal barrier for fish movement. Summer surface 
temperatures also periodically exceed 23 °C (73 °F), which 
can cause adult salmon mortality. 

Furthermore, the cold-water refuge at depth during the 
summer contains low levels of dissolved oxygen and elevat-
ed salinity and cannot be fully utilized by juvenile and adult 
salmon. Temperatures have increased significantly since the 
1970s (Figure 3), and continued warming is expected due 
to climate change. The U.S. Army Corps of Engineers, who 
operate Ballard Locks, are investigating methods to improve 
temperature conditions for salmon migrating through the 
locks, but a long-term solution has not yet been identified.

Sediment chemistry in Lake Union and the Ship Canal was 
evaluated in the early 1980s, in the 1990s, in 1999-2001, 
and again in 2014. The results from these investigations 
confirmed that sediments are contaminated with several 
toxic chemicals. 

Notable contaminated sediment hot spots are located near 
Gas Works Park, in southeast Lake Union, and throughout 
Salmon Bay. The most widespread contaminants are metals, 
such as arsenic, mercury, and silver; tributyltin (a banned 
vessel-bottom antifouling agent); polycyclic aromatic hydro-
carbons (PAHs [found in fossil fuels and are byproducts of 
combustion]); phthalates (plasticizers); and polychlorinated 
biphenyls (PCBs [a persistent organic pollutant]).

Lake Union and the Ship Canal will continue to be important 
pieces of Seattle’s character. The urban lake is a reflection of 
the region’s industrial legacy, but steps taken to restore and 
protect these waterbodies show the region’s commitment 
to environmental stewardship and remediation. The re-
gion continues to improve management of wastewater and 
stormwater discharges, and multiple sediment cleanups are 
underway or planned within Lake Union and the Ship Canal, 
including near Gas Works Park. 

King County will continue to monitor Lake Union and the 
Ship Canal and evaluate changes in water quality resulting 
from current and future efforts. Look for King County’s 
monitoring results for Lake Union from January 2014 
through March 2016 to be published January 2017: 

www.kingcounty.gov/science-library  
(search for “Lake Union”). ■

SINCE THE 1950S, NUMEROUS ACTIONS 
HAVE IMPROVED WATER QUALITY IN LAKE 
UNION AND THE SHIP CANAL, INCLUDING:

• Closure of  the gas (1956) and steam (1987) 
plants

• Formation of  Metro and completion of  the 
regional sewer system around Lake Washington 
in the 1960s;

• Connecting houseboats to the sewer line in 1967;

• Sewage and drainage improvements in the basin 
funded by the 1968 Forward Thrust bonds; and

• Ongoing efforts by Metro, King County, and 
Seattle to reduce combined sewer overflows, as 
well as implementation of  Seattle’s municipal 
stormwater National Pollutant Discharge 
Elimination System permit. 



Figure 2. 
Annual 
geometric 
mean (top) and 
90th percentile 
(bottom) of 
fecal coliform 
bacteria levels 
since 1976. 

Washington state water quality standards for fecal coliform have two components: (1) a threshold 
not to be exceeded by the geometric average of recent samples, and (2) a threshold not to be ex-
ceeded by more than 10 percent of samples (90th percentile standard).

Black lines signify 
WA water quality 
standard geomet-
ric standard (top) 
of 50 CFU/100 mL 
and 90th per-
centile standard 
(bottom) of 100 
CFU/100 mL.
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Figure 3.  
Annual mean 
surface 
temperature 
since 1985 and 
observed long-
term trends.

All warming 
trends were sig-
nificant (p<0.05).
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Hot water and low flow:  
The summer of 2015 in the Snoqualmie River Watershed
By Josh Kubo

Record low stream and river flows and high air tempera-
tures resulted in warm water conditions throughout 

the Snoqualmie River watershed in 2015. In an effort to 

evaluate the status and trends of these water conditions, 
the Snoqualmie Watershed Forum, in partnership with the 
King County, deployed 27 thermistors (temperature sensors) 

Figure 1.  
Snoqualmie 
River water 
temperature 
study sites
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within the Snoqualmie River and its tributar-
ies from June 30 to Sept. 30 (Figure 1). The 
goal was to document water temperatures 
throughout the summer of 2015 to better 
understand potential conditions experienced 
by salmonids in the watershed.

While many factors impact salmon habitat, 
high water temperatures pose a unique set 
of challenges that influence salmonid health, 
development, migration, and survival. High 
water temperatures (23-25°C) can be lethal 
to salmonids and warm temperatures (16-
23°C) can cause significant sub-lethal effects, 
including increased susceptibility to disease 
and metabolic stress, as well as impede up-
stream migration.

To protect salmonids and aquatic life uses, 
the Washington State Department of Ecology 
(Ecology) has established standards for one-
day temperature maxima (1-DMAX), as well 
as the seven-day average of daily maximum 
temperatures (7-DADMAX) (i.e., the moving 
average of the daily maximum water temper-
ature over a seven-day period). The state stan-
dard specifies that water temperatures should 
not exceed a 1-DMAX of 23°C to avoid acute 
lethal effects and 22°C to avoid migration 
barriers. Additionally, the 7-DADMAX should 
not exceed 16°C in core summer habitats and 
17.5°C in areas of salmonid spawning, rearing 
and migration. 

The monitoring results indicated that salmo-
nids in the Snoqualmie River watershed were 
exposed to both acute lethal and sub-lethal 
temperatures during the warm, dry summer 
of 2015. Water temperatures throughout the 
mainstem Snoqualmie River were consider-
ably elevated across all sample sites. Temper-
atures consistently surpassed the 7-DADMAX 
standards for core summer habitat, as well 
as spawning, rearing and migration habitats 
(Figure 2). During June and July, temperatures 
in the mainstem Snoqualmie River intermit-
tently rose above the 1-DMAX standard for 
both acute lethal effects and migration bar-
riers. 

Water temperatures in the primary tributaries were also 
quite warm, with temperatures consistently exceeding the 
7-DADMAX standard (Figure 3). Elevated temperatures in 
several large tributaries (Tolt, Raging, and Cherry) were well 
within the range of those observed in the mainstem Sno-
qualmie and intermittently surpassed the 1-DMAX standard. 

(continued on next page)

Temperatures in many of the smaller tributaries (Harris, 
Ames, Tokul, Griffin, and Patterson) were noticeably cooler 
than those in the mainstem Snoqualmie and larger tributar-
ies. While temperatures in many of the smaller tributaries 
still exceeded the applicable 7-DADMAX standard, most 

Figure 2. Mainstem Snoqualmie River 7-DADMAX range and 
WDOE standard for designated uses. WDOE Standards after 
Sept. 15 are specific for spawning and egg incubation.

Figure 3. Water temperature in Snoqualmie Basin primary 
tributaries and WDOE 7-DADMAX standard for designated use. 
(July-Sept. 2016).
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remained at or below thresholds for lethal effects. These 
cooler tributaries, as well as areas in the mainstem that 
experience groundwater exchange, may provide a cool water 
refuge for salmonids during warmer water conditions. 

The warm river conditions observed in 2015 emphasize 
the potential impacts of water temperature on salmonids 
during warm, low-flow seasons and highlight the need to 
address water temperature issues in the Snoqualmie River 
watershed. Warm water temperatures likely affected juvenile 
coho, steelhead, and Chinook rearing in the river over the 
summer, as well as early-arriving adults holding in the river 
for later fall spawning. The extent to which elevated tem-
peratures  in the Snoqualmie watershed, impacted juvenile 
salmonids will not be fully understood until survival and 
productivity of returning adults can be evaluated. 

The low flow and high temperature conditions observed in 
2015 may provide useful insight into the likely impacts of 
climate change on the Snoqualmie River watershed. It will 
be important to focus on both the site- and basin-level scale 
when prioritizing strategies to mitigate current conditions 
and build watershed resiliency for future climate conditions. 
Building resiliency may also require an expanded emphasis 
on protecting and restoring cold-water refugia such as tribu-
tary confluences, headwaters, and groundwater recharge 
zones.

Protection of floodplain processes, such as watershed stor-
age, and instream flows may also be essential to build resil-
iency. At a minimum, it may also be necessary to increase 
habitat conservation and restoration efforts at a magnitude 
and scale comparable to the degree and urgency of appar-
ent temperature and flow issues. ■

(continued from page 5)
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The Usual Suspects –  
finding the sources of  fecal 
material in our waters
By Andrew Miller

Picture this: On a sunny day you head to your favorite 
creek or swimming beach to take in the rays and get 

your feet wet only to find warning signs to stay out of the 
water because of bacterial pollution. Bacterial contamina-
tion from fecal material entering surface water can be a 
problem throughout King County, affecting both urban 
and rural areas. Swimming and shellfish beach closures 
due to fecal contamination sometimes occur, and the 
Washington Department of Ecology lists 192 lakes and 
creek/river reaches in King County as impaired due to 
bacterial pollution.   

How is all this fecal material getting into our waterways? 
The pathways are numerous and often difficult to pin-
point. For example, they can include: a misconnected 
or broken sewer line, a failing septic system, a homeless 
encampment, a pet owner who doesn’t pick up after their 
dog, flocks of geese congregating on the shore, cows graz-
ing next to a creek (or sometimes in it), wildlife living and 
traveling through streamside areas. 

Indicator bacteria like fecal coliform and E. coli are com-
monly used to quantify and regulate the bacterial impair-
ment of surface waters. However, the key challenge is 
identifying  the source of contamination (human, animal, 
etc.), which is critical to developing management actions 
necessary to correct the problem.

King County is currently conducting microbial source track-
ing (MST) in eight areas across the county (see Figure 1), 
which entails using complementary techniques to deter-
mine sources of fecal material in surface waters. Simply 
canvassing an area during dry conditions to look for 
suspicious flows (unusual color, odor, or volume) is one of 
the most basic techniques. For example, earlier this year 
King County staff noticed some suspicious looking drain-
age flowing into Piper’s Creek. Upon further investigation 
with Seattle Public Utilities (SPU), a cracked sanitary sewer 
line leaking raw sewage into the creek and, ultimately, 
to Puget Sound was identified. As a consequence, actions 
were taken to fix the problem.

A more complex MST tool is quantitative polymerase chain 
reaction (qPCR), a laboratory technique that relies upon 
the detection of host-specific genetic markers which can 
identify the presence of waste from humans, cows, dogs, 
birds, etc. in water samples. This technique is particularly 
useful in rural areas (such as the Newaukum or Boise creek 
watersheds) where wildlife, failing septic systems and 

Snoqualmie River low flow conditions near the NE Woodinville-Duvall 
Road Bridge crossing (photo by Jason Walker).
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domestic animals from agriculture opera-
tions all may be sources of fecal pollution. 

Detecting fecal pollution is difficult 
because the presence of a contamina-
tion source can be very brief. MST often 
requires the use of multiple techniques to 
identify pollution sources. In a joint effort 
between King County and SPU, investiga-
tors ultimately used qPCR host specific 
markers, dogs specially trained to sniff 
out human wastewater from homes and 
businesses (see Figure 2), two continuous-
ly recording temperature and conductivity 
loggers, an automated water sampler, and 
non-toxic dye testing to identify an apart-
ment building directly discharging waste 
from toilets to a tributary of Thornton 
Creek in north Seattle. While the trained 
dogs and laboratory tests were sufficient 
to indicate the presence of fecal contami-
nation in the creek, the conductivity log-
gers and continuous sampling effort were 
necessary to pinpoint the location of the 
episodic contamination source.

Source trackers have multiple 
tools at their disposal to detect 
pollution from fecal material, 
but the best way to eliminate 
this problem is to prevent it 
from happening in the first 
place. Please see below. ■

HERE’S WHAT YOU CAN DO TO MINIMIZE FECAL POLLUTION 
FROM ENTERING THE CREEKS, RIVERS, AND LAKES THAT WE ALL ENJOY:

If you’re a homeowner 
on the public sewer 
line, know the condi-
tion of the side sewer 
connecting your house 
to the main sewer 
line. Information on 
your side sewer can be 
found through city per-
mit records or through 
inspections.

If you’re a homeowner 
with an on-site septic 
system, perform regu-
lar maintenance and 
look for signs of failure 
like standing water at 
the ground surface near 
your drain field during 
dry conditions. More 
online information. 

If you’re a pet owner, 
pick up after your 
best friend on walks! 
The pile you leave 
behind will eventually 
wash into a waterway. 
Multiply that by hun-
dreds and thousands of 
people and you have a 
big problem.

Don’t feed ducks, 
gulls, or geese. Feeding 
attracts large numbers 
of birds whose feces do 
carry pathogens into 
our waterways. 

Report violations! 
If you see somebody 
illegally dumping  or 
notice discolored, 
foul-smelling water in 
the surface waters or 
the stormwater system, 
contact the Department 
of Ecology at  
1-800-258-8802. 

Figure 2. ‘Crush,’ a rescued dog trained to sniff 
out wastewater from homes and businesses, 
investigates a catchbasin in the stormwater sewer 
system in Kirkland in May 2014.

Figure 1.  Basins where King County is 
conducting microbial source tracking (MST).
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*A “moon pool” is a feature of marine platforms, 
ships, research and other vessels also known as 
a “wet porch.” It is an opening in the deck and 
through the hull, giving access to the water be-
low. This allows scientists to lower samplers and 
instruments into the water. It provides shelter 
and protection so that even in high seas condi-
tions, researchers can work in comfort rather 
than on a deck exposed to the elements.

By Bob Kruger

The King County Environmental Laboratory (KCEL) recently 
replaced their existing research vessel, the Liberty – a 

40-year-old converted fishing charter – with a new vessel 
specifically designed for the job: the Research Vessel (R/V) 
SoundGuardian. The R/V SoundGuardian is a 48–foot, foil-
assisted aluminum catamaran built by Kvichak-Vigor, in 
Seattle. This new vessel will continue to provide King County 
with environmental sampling and monitoring services. 
The new boat has much cleaner engines, greater efficiency 
(almost doubling the speed of the R/V Liberty), enhanced 
lifting and technological capacities, and increased safety 
features. The SoundGuardian is fitted with a 2,500-pound 
capacity A-Frame, a moon pool*, advanced navigational 
electronics and systems allowing for real-time measurement 
of conductivity, temperature, and water depth, and continu-
ous temperature/salinity data collection. The vessel has the 
capacity to carry 24 passengers and crew. It is also equipped 
with a cabin-top mounted crane, a specialized winch system 
that protects against cross contamination when collecting 
water samples for analysis of very low metals concentra-
tions, a transducer ram, and high speed hydrowire. These 
and other customized features make the SoundGuardian the 
most advanced and capable research vessel of her size in 
the Pacific Northwest.

The KCEL’s Field Science Unit uses a variety of equipment 
and techniques to obtain samples representative of the 
environment from which they were collected. The Sound-
Guardian is an essential element of technology in that 
endeavor. The vessel will conduct water column and sedi-
ment sampling in Puget Sound, Lake Washington and Lake 
Union, as well as storm sampling of combined sewer over-
flow discharges. The vessel will also enable staff to perform 

studies in Puget Sound using Doppler current meters, drift 
cards, and dye studies in a fraction of the time the Liberty 
was capable of.

In an average year, the KCEL serves more than 150 King 
County projects, analyzes 15,000 samples, and produces 
close to 400,000 data points for use in environmental stud-
ies and decision-making. This information is used to:

• Monitor status and trends in regional waters; 

• Design and operate wastewater treatment plants; 

• Enforce industrial waste regulations; 

• Formulate plans and action programs to protect and en-
hance regional and local water bodies; and 

• Participate in cooperative studies with other governmental 
and research agencies. 

The KCEL is accredited by the Washington State Department 
of Ecology (Ecology). During recent audits, Ecology has cited 
the KCEL as an “exemplary laboratory,” whose “dedication 
to quality assurance and the production of accurate and 
defensible data is evident throughout the Lab.” The Sound-
Guardian will assist in maintaining these high standards and 
protecting King County’s waters for generations to come. ■

The Sound Guardian

King County Environmental Lab’s 
new research vessel, the R/V 
SoundGuardian
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King County’s 
Electrofishing Cataraft:  
Another type of 
Research Vessel 
By Chris Gregersen

This past year, employees from different units 
within King County’s Water and Land Resources Divi-

sion (WLRD) – Science and Technical Support, Ecological 
Restoration and Engineering, and the Rivers and Floodplain 
Management – teamed up to enhance fish monitoring 
capabilities necessary to evaluate effectiveness of river res-
toration and flood projects. Each spring, these groups work 
together to monitor juvenile salmon use of restoration and 
floodplain management projects throughout King County. 
Snorkeling or seining* have been the primary fish monitor-
ing approaches, neither of which work well during high 
springtime flow conditions on most King County rivers. An 
alternative and safer fish monitoring method is electrofish-
ing; however, most electrofishing units are limited to use on 
shore or with large boats, which also have challenges.

A seine is a fishing net that hangs vertically in 
the water; the bottom edge is held down by 
weights and the top edge is buoyed by bloats. 

Seine nets can be deployed from the shore as 
a beach seine or from a boat.

The team realized that the best and most cost-effective solu-
tion would be to custom fabricate a boat to meet program 
needs. 

The team worked with King County employees from Hu-
man Resources, safety and claims management, ethics, and 
procurement. The legal, administrative, and safety aspects 
of producing the boat in-house and operating it legally and 
safely were thoroughly investigated. 

The three WLRD units agreed on a cost-sharing arrangement 
and approved the proposal to design and fabricate the cata-
raft in-house for $15,000 – a cost savings of around $45,000. 
The effort exemplified several “Lean” concepts, particularly 
the ability to make customer-driven improvements through 
employee engagement.  

Fabrication of the cataraft was completed in seven days. The 
team also worked to develop training requirements and ap-
propriate safety protocols for vessel use. It has already been 
put to use on the Upper Carlson, Tolt Pipeline Protection, 
Porter, Reddington, and Briscoe-Desimone projects on the 
Green and Snoqualmie rivers. 

Thanks to the new boat, we have been able to collect data 
that we were previously unable to collect on juvenile fish 
use of projects. These data help us understand how juvenile 
salmon use restored and unrestored river habitats. This will 
allow us to measure the success of our flood and restoration 
projects, so we can adjust our designs to provide the great-
est benefit to people and salmon in the future.  ■

Catarafts – known as ‘cats’ for short - are made of a 
pair of inflatable pontoons straddled by a metal frame. 
Seine nets can be deployed from the shore as a beach 
seine or from a boat.

After some discussion, the team determined that an elec-
trofishing cataraft was the most effective solution to meet 
monitoring needs.  An electrofishing cataraft would com-
bine the agility and safety of a whitewater cataraft with the 
efficient electronics of a boat electrofishing system.

The team soon found that electrofishing catarafts are not 
widely available and are expensive. The only commercial 
unit available was an oversized cataraft setup for $60,000. 
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Bugs and Stream Basin Health
King County uses stream macroinvertebrate data to help identify Puget 
Sound stream basins with the best health, and those that could be improved
By Kate Macneale

King County recently completed a grant-
funded study that used environmental 
monitoring data to identify and 
prioritize stream basins across the 
Puget Sound region for restoration 
and protection. This work represents 
an exciting development: Instead of 
simply describing the conditions in 
streams and their contributing basins, 
the information derived from stream 
monitoring data are being used to 
define strategies to protect and 
restore these areas.

Assessing Stream Health
There are many ways to assess the health of a stream and 
its surrounding basin, but it turns out that one of the best 
ways is to look at the organisms that live there. The benthic 
macroinvertebrates (insects, crayfish, worms, and snails 
found living among the rocks in the streambed), are great 
indicators of stream health. 

For example, in urban basins, the stream community typi-
cally includes organisms that can tolerate high stream flows 
and stormwater contaminants. In contrast, more sensitive 
organisms thrive in less developed, forested basins. 

To make sense of the macroinvertebrate data, scientists use 
an index – the benthic index of biotic integrity (B-IBI) – that 
provides a score for a location based on the number and 
types of organisms found there. A very low B-IBI score indi-
cates a stream basin is in “very poor” health; while a very 
high B-IBI score indicates “excellent” stream health. 

Using Bugs to Prioritize Basins for 
Restoration and Protection
B-IBI scores are used by numerous jurisdictions and agen-
cies throughout the region to characterize stream health. 
Recently the Puget Sound Partnership developed two recov-
ery targets related to stream health based on B-IBI scores. 
The goal of the first target is to protect Puget Sound basins 
that have “excellent” B-IBI scores, while the second target is 
intended to restore 30 basins so their B-IBI scores improve 
from “fair” to “good.” 

Nearly 1,300 sites across the Puget Sound region have been 
sampled by over 20 jurisdictions and agencies. As a result, 
the region has an enormous number of B-IBI scores that 
characterize stream health. But which basins with “fair” 
B-IBI scores would benefit most from restoration efforts, 
and what actions would be necessary to improve stream 
health? What actions are necessary to protect stream basins 
with “excellent” B-IBI scores? In 2013, King County received 
funding from the Washington Department of Ecology to 
start tackling these questions, to benefit both King County 
and the Puget Sound region as a whole. 

A key project goal was to use the Puget Sound region B-IBI 
scores to identify and prioritize basins for restoration and 
protection. Additional goals were to describe and recom-
mend strategies, and estimate costs to restore and protect 
these sites. The result is a rough blueprint for implementa-
tion. 

The task was daunting: B-IBI scores had not previously been 
used to address these goals in the region. However, through 
discussions with regional experts, we developed a list of 
streams with “excellent” B-IBI scores to be protected and a 
list of streams with “fair” B-IBI scores to be prioritized for 
restoration. 

Restoration and Protection Strategies
To identify strategies, we reviewed landscape and land use 
information for individual basins and consulted with local 
experts. Additional strategies included actions that reduce 
stressors that affect the ecological health of streams. 

For instance, in basins with few trees in the riparian area, 
tree planting was a recommended restoration strategy. In 
basins with older developments likely built before stormwa-
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Complete reports and associated data can be found at:   
www.kingcounty.gov/2014-restoration-priorities
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ter control or treatment was required, installation of  storm-
water facilities was recommended. 

The final list of restoration strategies included actions to 
improve instream habitat quality; restore riparian vegeta-
tion; limit impacts from forestry, mining and agriculture; 
and improve stormwater controls. Potential strategies also 
considered preservation and restoration incentives, educa-
tion and outreach, and active recolonization of benthic 
macroinvertebrates by “seeding” the streams with insects 
from “excellent” stream basins.

It was no surprise that of the “excellent” streams identified 
for protection, most are in forested areas with little urban 
development. However, it was surprising that 90 percent 
of these basins may be at risk of future degradation due 
to potential future timber harvest and development. Thus, 
protection strategies include limiting effects of anticipated 
harvest and increased development and simply protecting 
these areas from development through conservation ease-
ments and purchase of development rights. 

Of the basins prioritized for restoration, most were in need 
of stormwater controls. Like many of the “excellent” streams, 
the “fair” streams appeared at risk of further degradation as 
housing and commercial development intensifies. Although 

some generalizations could be made – such as the need for 
stormwater control and more extensive riparian planting – 
specific actions tailored to address the historical and current 
impacts affecting each basin will be required. 

The review of potential costs to protect and restore these 
stream basins revealed that some restoration strategies – 
in particular stormwater infrastructure and retrofits – are 
relatively more expensive than others. In contrast, proactive 
protection of basins through land conservation actions may 
be less expensive and more likely to succeed. 

Next Steps
This King County effort represents a critical first step in us-
ing B-IBI scores to help identify and prioritize Puget Sound 
stream basins for protection and restoration. Next steps 
would be to secure funding to develop detailed restoration 
and protection plans for each basin, and initiate implemen-
tation of these actions. As projects are implemented, we’ll 
be sure to check back in with those macroinvertebrates to 
see how they’re doing. 

Jo Wilhelm led the project, and team members included 
Debra Bouchard, Chris Gregersen, Chris Knutson and Kate 
Macneale. ■



Tim Clark, Water Quality Planner/Limnologist
Tim specializes in analyzing and inter-
preting water quality data for lakes and 
streams. His work spans from managing 
a floating wetlands project in a small, 
eutrophic lake in White Center to large-
scale pollutant loading estimates as part 
of the County’s Combined Sewer Over-
flow Control Program. Tim has an MS in 
Environmental Sciences and an MPA from 
the Indiana University School of Public and Environmental 
Affairs. His analytical toolbox includes R, ArcGIS, Access, 
Stata, MATLAB, SAS, WinSLAMM, and MinEQL. His limnological 
interests include stormwater pollution modeling and manage-
ment, exploring applications of remote sensing using satel-
lite imagery (e.g., Landsat, Sentinel) and unmanned aerial 
vehicles, and fostering environmental stewardship through 
civilian science, education, and effective communication.

Chris Gregersen, Environmental 
Scientist/Fish Ecologist
Chris Gregersen is an ecologist focusing 
on stream ecology and fisheries. His work 
includes investigating riverine habitat use 
by juvenile salmonids and their response 
to restoration, aquatic health monitoring, 
and salmonid population assessment. 
Chris is a proud WSU graduate, and comes 
to us with a diverse background in fisher-
ies work from both Idaho Fish and Game and Washington 
Department of Fish and Wildlife.

Josh Kubo, Environmental Scientist/Stream Ecologist
Josh works on a variety of riverine projects including water 
quality monitoring, juvenile and adult 
salmonid assessments, and habitat condi-
tions assessments. Currently he is evaluat-
ing juvenile salmon habitat utilization in 
the Bear Creek Basin as part of the Bear 
Creek Watershed-Scale Stormwater Plan. 
His background includes experience with 
salmon recovery technical and policy 
efforts, salmon habitat restoration strategies, Tribal treaty 
rights, and macroinvertebrate assessments.

Bob Kruger, Environmental Laboratory Scientist
Bob is in the Field Science Unit at the 
King County Environmental Laboratory. 
His main responsibilities and projects 
include large boat master, vessel captain, 
marine moorings and marine sediments 
lead, QA/QC and LIMS oversight and 
CTD data lead. He also works with the 
other scientists in his group to complete 
sampling and analysis in streams, lakes, 
aquafers, air quality, soils, etc.

Kate Macneale, Environmental 
Scientist/Stream Ecologist

Kate is an aquatic ecologist with a 
keen interest in streams and the 
communities they support. Her work 
has focused on aquatic insects and 
salmonids, and the stressors that can 
affect them. Her most recent projects 
have focused on quantifying stormwater 
Best Management Practices effectiveness, studying possible 
thermal benefits of restoring wood to streams, and evaluating 
how macroinvertebrate communities can help inform the 
restoration and protection of stream basins.

Andrew Miller, Water Quality 
Planner/Hydrologist
Andrew is a Water Quality Planner in the 
Watershed and Ecological Assessment 
Team. He supports ongoing monitoring 
programs that track general river and 
stream health via measurement and 
assessment of stream flow and in-stream 
concentrations of bacteria, nutrients, 
conventionals, and other parameters. He is also involved in 
several special projects such as the Redmond Paired Water-
shed Study and microbial source tracking in Newaukum and 
Issaquah creeks. 
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