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Introduction
Kimball Creek is a suburban creek that flows through the City of Snoqualmie and
unincorporated King County. Its banks are generally developed at a moderately dense
level. Compared to most other creeks in the Snoqualmie watershed, the Kimball Creek
sub-basin has been developed more intensely. Indeed, according to census data
released in early 2011, the City of Snoqualmie is the fastest-growing municipality in the
state of Washington (Seattle Times 2011). In light of the expectation that development
in the area will continue, and the fact that Kimball Creek has been previously
characterized as having impaired water quality (Kaje 2009), planning for future growth is
needed in order to protect and improve the services that Kimball Creek does provide. In
order to plan, an assessment of current conditions and a list of the most beneficial nearterm actions are required. The purpose of this report is to detail current conditions in
Kimball Creek and provide recommendations for actions that will protect and improve
conditions for the future. It is a mix of technical and generalized information.
In 2009, the King Conservation District approved a Snoqualmie Watershed
Forum grant to the Snoqualmie Tribe. The purpose of this grant was to fund a study of
habitat and water quality conditions in Kimball Creek. This report contains the results of
that study. The habitat and water quality features that we investigated for this study
include:
E. coli bacteria (a species of fecal coliform bacteria)
pH
Dissolved Oxygen
Temperature
Turbidity
Conductivity
Salinity
Canopy Cover
Presence and Extent of Invasive Plants
Presence and Possible Causes of Prolific Iron-Oxidizing Bacteria
Landscape Setting
Kimball Creek and its many associated wetlands lie within the central Puget
Lowlands region of Western Washington. Kimball Creek is an 8.7-square mile sub-basin
within the Snoqualmie River watershed; it joins the Snoqualmie River 41.1 miles above
the Snoqualmie’s confluence with the Skykomish (Kaje 2009). It is the lowermost
significant tributary to the mainstem Snoqualmie above 268-foot (82-m) tall Snoqualmie
Falls, a complete barrier to anadromous fish.
Most of Kimball Creek flows through the Snoqualmie River floodplain, although
some of its headwaters and tributaries drain forested foothills. The river valley and
floodplain landscape is comprised of generally repeating patterns of urban patches
within a mixed agricultural matrix. The Snoqualmie River forms a riparian corridor within
this matrix, and the various creeks and other tributaries function similarly to the river as
network corridors within the landscape.
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The landscape patches in the Kimball Creek sub-basin are, in some ways,
divided between agricultural areas through which the creek and its wetlands are scrubshrub corridors (Landscape Area—LA A) and forested areas with some development
(LA B). And, it could be argued, the lower portion of Kimball Creek, which flows through
the City of Snoqualmie and suburban unincorporated King County, comprises an
additional, more urban category (LA C—see Fig. 1).
Each of these landscape areas within the Kimball Creek sub-basin exhibits
unique characteristics that differentiate them from cohort areas. For example, LA A
occupies primarily an agricultural floodplain setting. The stream gradient here is
exceedingly low, resulting in extensive wetlands with expansive patches of open water.
LA B, on the other hand, is predominantly forested. It contains steeper topography and
greater stream gradients. Finally, LA C, the most urbanized of the three LA’s, occupies
a “middle ground” between the other two LA’s in terms of gradient. The patch and
corridor characteristics of this LA most closely resemble that of LA A, with its riparian
corridor through a non-forested matrix. However, past disturbance and modification of
this LA push it into its own category (see text below).
As these areas differ in setting, so does their hydrogeomorphology. The
hydrology of LA A consists primarily of groundwater, which appears to be heavily
influenced by (or at least correlated with) seasonal variations in flow of the Snoqualmie
River, with precipitation making a less influential contribution. This LA consists of
floodplain and wetlands occupying what appear to be relict channels of the Snoqualmie
River. This area has been intensively farmed in the past.
LA B’s hydrology is a combination of groundwater and surface water, with each
of these elements making up varying proportions of the hydrologic whole according to
season. In dry months, groundwater dominates, whereas surface water makes a much
larger contribution during the wet season. Precipitation and interflow also make small
hydrologic contributions. This part of the sub-basin consists of both low gradient
forested and scrub-shrub wetlands, and densely forested uplands with a number of
high-gradient streams.
Similarly, LA C also receives ground- and surface water, as well as interflow and
precipitation. Currently, beaver (Castor canadensis) occupy each of these LA’s and
carry out associated hydrologic modifications in various areas (see Fig. 1). In this part of
the landscape Kimball Creek is a scrub-shrub corridor within a suburban matrix. This
reach of the creek was repeatedly dredged by the now-defunct Kimball Creek Flood
District up until around the 1960’s (Kelly and Peterson, pers. comm.). In this area, the
creek now generally exhibits over-steepened banks and a muddy, very fine substrate.
This is in contrast to upstream areas of the watershed, or confined reaches where
significant tributaries such as Coal and Fisher Creeks still deliver gravels and coarse
sediment to lower Kimball Creek.
In regard to Brinson‘s (1993) HGM class, other than around the large open water
areas of the “Kimball Creek swamp” near Centennial Field and the schools within LA A,
this system’s wetlands primarily consist of slope and riverine wetlands. Small
depressional wetlands—characterized by closed topography—certainly occur, but they
are relatively rare. Like slope wetlands, riverine wetlands do not store water, but they
differ in the source of their respective hydrologies. Slope wetlands in the Kimball Creek
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sub-basin are generally groundwater dominated systems, whereas riverine wetlands, by
definition, primarily receive water from overbank flooding.
In Cowardin’s (1979) terms, the vast majority of wetland patches in the Kimball
Creek sub-basin are palustrine, with forested and scrub-shrub vegetation classes
dominating. Some patches of emergent wetlands do occur—primarily wet pastures in
LA A. Upper perennial riverine wetlands, with unconsolidated or aquatic bed substrate,
comprise a much smaller percentage of the land base of wetlands associated with
Kimball Creek. These are wetlands that lie within an active stream channel.
Both geologic history and post-European settlement history have influenced
landscape structure, processes and functions in the Kimball Creek system. The
glaciers that carved the Snoqualmie valley left behind well-drained outwash soils on
area slopes, leading to wetland complexes with relatively high rates of flow-through.
This, in turn, allows for significant fluctuations in water levels and hydroperiods in
receiving systems downstream, which can heavily influence chemical processes such
as denitrification (Stanley 2003) and contribute to overall diversity and richness in biota.
The low gradient floodplain of the Snoqualmie River, which accounts for the majority of
the area of the Kimball Creek watershed, results in wetland features such as large open
areas of still water. These low-energy features contrast with higher-energy parts of the
system generally found at greater elevation, which also contributes to overall habitat
complexity and—potentially—species richness and diversity within the sub-basin.
The construction of the Sunset Highway (now North Bend Way) altered the
hydrology of LA B. A causeway across this area intercepts water moving downslope
and results in a single outlet for the large wetland complex to the south of North Bend
Way. This single outlet created an ideal opportunity for beaver, who have maintained a
dam here for many years, flooding the complex behind it.
E. coli Investigation
Kimball Creek has been categorized as exceeding fecal coliform bacteria
standards since at least the early 1990’s (Kaje 2009). Coliform bacteria are members of
the family Enterobacteriaceae. Coliform bacteria are ubiquitous in the environment and
commonly found in soil and water and do not necessarily indicate the presence of fecal
contamination. Escherichia coli (E. coli) is a primary bacterium in the human and animal
intestinal tract and its presence in food or water indicates fecal contamination (Micrology
Laboratories 2011). The United States Environmental Protection Agency acknowledges
that E. coli is the best indicator of health risk in fresh water and currently recommends
testing for E. coli instead of fecal coliforms. The Washington State water quality
standard applies to all general fecal coliforms; it does not refer to E. coli. For waters
such as Kimball Creek that are classified as Primary Contact Recreation waters, the
state standard is a geometric mean of all sampling events of no more 100 colonyforming bacterial units (cfu’s) per 100 milliliters of water, with no more than 10% of all
sampling events exhibiting fecal coliform levels greater than 200 cfu’s/100 ml. Although
E. coli is not what the Washington state regulations are based on, since it is one type of
fecal coliform bacteria, if a sample exhibits concentrations of bacteria that exceed the
state standard, one can infer that the sample would indeed exceed general fecal
coliform standards as well.
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Coliscan Easygel is a relatively inexpensive product that enables rapid, reliable
testing for fecal contamination in water. Its price point, ease of use and reliability is why
we elected to use it for this portion of the investigation. Despite the fact that it does not
measure the exact same thing as that upon which the state standard is based, it still
gives a reliable indication of whether or not fecal contamination is present in a water
body. For each sampling event at each site, we took two samples, incubated and
counted them separately, and then averaged the two counts for a single figure of
number of cfu’s/100mL for that discrete sampling event.
E. coli Investigation Results and Discussion
The two worst sites in terms of E. coli presence were EFK1 and KT1 (figs. 2, 3 &
10). Both of these sites had geometric means for E. coli concentrations in excess of 300
cfu’s/100 ml (3 times the regulatory standard for geo. mean of total fecal coliforms), and
over 65% of sampling events for these sites were in exceedance of the 200 cfu’s/ml
standard. 7 of 17 sites were in exceedance of the geo. mean standard, and only one
site—KB1—met state standards for percentage of sampling events in exceedance (10%
or less >200 cfu’s/100 ml).
3 of the 7 sites that did not meet the geo. mean standard (EFK1, EFKCP1,
MSHS1) share a common attribute: these were sites that were located in more
“stagnant” wetland areas without “flushing” characteristics. These sites are used heavily
by wildlife such as waterfowl and they do not have the natural cleaning capacity of sites
with higher rates of flow. To that extent, their increased levels of E. coli are to be
expected somewhat. However, the consistency of the extraordinarily high numbers at
EFK1 are concerning. This site is a good candidate for microbial source tracking, which
could determine whether the fecal contamination is human or animal in origin.
Sites KCX, KC4, and KC5 are located within unincorporated King County.
Homeowners in this area rely on septic systems and are responsible for their
maintenance; they are not hooked up to a sewer system with a wastewater treatment
plant as City of Snoqualmie residents are. These sites are also downstream of the
Williams Addition neighborhood—a triangle in unincorporated King County formed by
SE 85th St, 382nd Ave SE, and 381st Pl SE. During our canoe survey of this area, we
observed that the Williams Addition homes are located within the riparian area; there is
little or no stream buffer here. The locations of the septic systems for these homes are
unknown; if they are in the homes’ backyards, there is a strong likelihood that they could
be contaminating the creek, given the homes’ proximity to the creek’s wetted channel.
This area is another good candidate for source tracking, or even dye tests within septic
systems. The City of Snoqualmie and the neighborhood should consider annexing this
area or otherwise extending sewer service to the homes in order to prevent future
contamination.
Site KT1 consistently exhibited significantly high levels of E. coli. This site is also
located within unincorporated King County. It is on a creek that receives flows from 3
tributaries, 2 of which are unmapped. The mapped tributary flows off the Snoqualmie
Casino site. One of the unmapped tributaries also flows through the Casino property for
approximately 400 feet before it enters a culvert and exits the property. I have observed
cutthroat trout in this tributary, above the culvert, on several occasions. This unmapped
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tributary was sampled at KB1 and KB2. The other unmapped tributary flows generally
north under SE 88th St, approximately parallel to 378th Ave SE, through a number of
backyards, very close to homes. It joins with tributary KB, then flows underneath 378th
Ave SE, where it picks up flows from KT and then crosses back under 378th Ave SE
again, heading east to flow into Kimball Creek.
We sampled tributary KT where it exits the Casino property extensively. This is
site KT2. KT2 had a geo. mean of 75 cfu’s/100 ml—within standard (it did exceed the
percentage standard). I also sampled tributary KB where it enters (KB1) and exits (KB2)
the Reservation. These sites also met the geo. mean standard (KB2 exceed the
percentage standard). KT1 had the highest geo. mean of all sampled sites: 378
cfu’s/100 ml. By process of elimination, it seems likely that the majority of the E. coli
contamination at KT1 is coming from the unmapped, un-tested tributary that flows under
SE 88th St and through several backyards. This area would be another good candidate
for source tracking and dye tests. The City of Snoqualmie and the neighborhood should
consider annexation of this area or otherwise extending sewer service to the homes in
order to prevent future contamination.

Fig. 2. Dashed red line indicates the Washington state standard for fecal coliform in
Kimball Creek. Only site KB1 (gray bar) met the state standard for percent of sampling
events in exceedance of 200 cfu’s/100 mL using all sampling events for this study.
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Fig. 3. Dashed red line indicates the Washington state standard for fecal coliform in
Kimball Creek. Orange bars indicate sites that exceeded the standard for geometric
mean for cfu’s/100mL of all sampling events.
Benthic Invertebrate Investigation
Benthic invertebrates, or more simply put, “stream bugs,” live under water in the
bottom substrate. They play a variety of roles in the aquatic and terrestrial ecosystems.
They accelerate decomposition of dead organic matter and are estimated to process
20-73% of riparian leaf-litter inputs to headwater streams (Covich et al. 1999). Through
feeding, excretion and burrowing behaviors, benthic invertebrates release bound
nutrients into solution, thereby making them available to other organisms in the broader
food web (ibid.). Predatory benthic invertebrates control numbers, locations and sizes of
their prey; many species serve as food for aquatic and terrestrial vertebrates such as
fish or birds; and they accelerate nutrient transfer to riparian zones (ibid.). They are key
players in the ecosystems in which they occur.
Benthic macroinvertebrates are stream bugs that can be seen with the naked
eye. Because these organisms are always present in the stream, they can be used to
determine and compare the biological condition of streams. Where a water quality
sample can give a snapshot of what conditions are like in the stream at the particular
moment a sample is collected, because benthic invertebrates are there throughout their
life cycles, analysis of the types and numbers of stream bugs can give an indication of
what conditions are like in the stream overall, year-round. For example, certain
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invertebrate taxa are more tolerant of pollution than other more sensitive species. If
human actions are impacting a stream, this will result in changes in the benthic
invertebrate community; typically, less tolerant species disappear from the suite of
species present at a site first (Karr and Chu 1998). The composition of the invertebrate
community can be sampled and scored with a Benthic Index of Biotic Integrity (B-IBI). A
B-IBI has been developed for streams of the Puget Sound lowlands, which is what we
used for this investigation (fig. 4).
5 of the 6 sites we tested received “fair” or “good” scores for B-IBI. The “fair”
score of 36 for Coal Creek was a bit of a surprise, given the fact that the Coal Creek
side of the sub-basin is densely forested and appears in relatively good condition. Coal
Creek receives drainage from I-90, and it is possible that polluted runoff from the
interstate is affecting the invertebrate community in the stream. The worst score was 14,
a “very poor” score at KC5. The benthic community that we sampled at KC5 lacked
diversity and species richness, and had a dearth of pollution-intolerant taxa, indicating
that pollution may be a limiting factor at the site. This is something of a puzzle, since the
next site upstream, KCFC, received a “fair” score of 34. KCFC is located just below the
confluence of Fisher and Kimball Creeks. We found no other significant surface inputs
below this confluence. Conductivity and temperature data indicate that this reach is
likely a gaining reach from groundwater input. Pollution could be entering the stream
through polluted groundwater or from runoff from Hwy. 202. Or it could be that the
significant flow variations at this site that relate to the Snoqualmie River stage may be
an important local ecosystem driver, making the Puget Lowland wadeable streams B-IBI
an inappropriate metric for this particular site. In any case, the low diversity of the
benthic macroinvertebrate community at this site is cause for concern.
Habitat Investigation—Canopy Cover and Invasive Plants
To document fish and wildlife habitat conditions in Kimball Creek, we surveyed
most portions of the creek on foot or in a canoe, recording the presence and extent of
invasive plants and the extent of canopy cover over the creek. As Kimball Creek is
generally too warm in the summer months, a robust leafy canopy is required in order to
help keep the water cool. Land use practices such as clearing vegetation next to the
stream or the establishment of invasive plants that outcompete native trees and shrubs
can affect the extent of canopy cover. Without sufficient canopy cover, also known as
overstory density, excessive solar radiation can heat the stream to temperatures that
stress or kill fish and other aquatic species.
A map of overstory density is shown in fig. 5. Canopy conditions in Kimball Creek
are mixed. In general, the tributaries to Kimball Creek have a dense overstory. We only
measured canopy cover in limited portions of the tributaries “KT” and Coal Creek. These
were reaches of these tributaries downstream of 378th Ave SE. Some portions of lower
Coal Creek were lacking a dense overstory. This was in an area of the creek that
recently avulsed and flows through several back yards, and it is a prime candidate
reach for revegetation with native plants in order to shade the creek. Even a very
narrow buffer here could shade the creek and help keep it cool. We saw many fish in
this portion of the creek during our survey.
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The wetland portion of Kimball Creek that flows near Centennial Fields and
Meadowbrook Farm, along with the portion of the creek downstream of Meadowbrook
Way and extending to the western terminus of SE 85th St (the downstream end of the
Williams Addition neighborhood) are the areas most severely lacking in canopy cover.
These are generally wetland areas where it can be rather difficult to establish mature
overhanging vegetation on the streambank that extends completely over the creek.
However, there are some planting opportunities here that could help increase the
amount of shading of the creek, especially in the area of the Williams Addition, that
should be capitalized on.
These open wetland reaches are also home to the most extensive and severe
infestations of Phalaris arundinacea, or reed canary grass (RCG, fig. 6). RCG typically
thrives in wet, open sites, so it is not unexpected for it to occur most profusely in these
conditions within the Kimball sub-basin. Increasing shade by planting and maintaining
native vegetation should help reduce the cover extent of RCG, even if it can never be
truly eliminated without extreme effort.
After RCG, the next most pervasive invasive plant species that we encountered
during our survey was Rubus armeniacus, or Himalayan Blackberry (Note: We also
encountered some Rubus laciniatus, or Evergreen Blackberry, but lumped it with
Himalayan Blackberry for the purposes of this survey). Blackberry was essentially
absent where the RCG infestation was worst; in the upper part of the Kimball sub-basin,
we generally only encountered it at road crossings, and it was most prevalent in the
reach downstream from the Williams Addition (fig. 7). In this reach, blackberry forms a
nearly impenetrable thicket from the stream bank landward for anywhere from 10-25
feet, with a few small exceptions where it is controlled by landowners. This reach is
another prime candidate for removal of invasive plants and revegetation with native
species, especially tree species such as Acer macrophyllum (bigleaf maple) with large,
dense, leafy crowns that provide substantial shade.
We did observe some other non-indigenous, potentially invasive plants aside
from invasive Rubus and Phalaris (fig. 8), but they did not occur at terribly problematic
densities. While we did not observe invasive Polygonum (Japanese or Bohemian
knotweed) on the banks of Kimball Creek, it does maintain a riparian presence just
downstream of KT1 at 378th Ave SE. Furthermore, it is known to be present elsewhere
in the watershed, including near Coal Creek off 372nd Pl SE and throughout Landscape
Area C. This plant has proven to be an aggressive nuisance in the South Fork
Snoqualmie and Raging Rivers, as well as the Snoqualmie and Cedar River mainstems.
We strongly encourage property owners to learn to recognize this plant and avoid
spreading it by cutting it or inadvertently moving pieces of it. It forms extremely dense
stands rather aggressively and spreads very easily through small broken pieces. See
fig. 9 for pictures of invasive Polygonum, or knotweed. If you think you have this plant
on your property and have questions about dealing with it please contact King County
Noxious Weeds or the Snoqualmie Tribe Environmental Department at (425) 292-9396.
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Fig. 9. Knotweed has large heart-shaped leaves and bamboo- or cane-like stems. It
forms dense stands in a variety of habitats and spreads very easily and quickly.
Water Quality Investigation—“Natural” Parameters
pH
A substance’s acidity or alkalinity is generally expressed as pH. A pH of 7.0 is
considered neutral; higher values are alkaline or basic and lower values are acidic.
State standards for pH of surface water in the Snoqualmie basin indicate that it should
be between 6.5 and 8.5 standard units. Previous studies in the Kimball Creek basin
showed that pH values in the low-gradient wetland-dominated areas of the system are
slightly acidic, violating the 6.5 standard (Kaje 2009, Herrera 2004, City of Snoqualmie
2001). Previous investigations of the Coal Creek side of the basin showed that pH met
standards there.
In general, data collected for this study comport with the results of prior
investigations. The lowest recorded pH value during the course of this study was 5.37,
measured on 6/30/2010 at site NFK1, a wetland site. Wetland sites were generally more
acidic throughout the course of the study, and in general it was these wetland sites that
most frequently violated the 6.5 standard. However, it should be noted that the upper
watershed, non-wetland sites KC1 and KC2 also exhibited acidic water, sometimes well
below the 6.5 standard, during June, July, August, and September.
Coal Creek and Fisher Creek generally exhibited pH within standards. Coal
Creek violated the pH standard only once—on 6/1/10 with a value of 6.31. Coal Creek’s
maximum measured pH was 7.99, measured on 9/21/10. Fisher Creek ranged in pH
from 6.63 on 7/21/10 to 7.69 on 10/5/10.
The unnamed tributary “KT,” which contains the sampling sites KT1 and KT2,
showed elevated pH compared to other parts of the system. The two highest pH values
measured during the study occurred at these two sites on 10/5/10—8.08 at KT1 and
8.03 at KT2. Using a longitudinal bracketing approach I have traced the source of this
higher pH input to the outflow from the Snoqualmie Casino’s large detention pond. I
have repeatedly measured elevated pH in this pond, up to 9.62 on 9/15/09. After storm
events, when this pond is discharging greater amounts of water into tributary “KT,” it can
raise pH in the stream reaches below the discharge point relative to upstream reaches.
Although pH was never elevated above the 8.5 state standard, the casino should
implement any and all possible additional BMP’s in order to reduce this impact on the
stream below.
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Dissolved Oxygen
As has been noted previously, dissolved oxygen (DO) conditions in Kimball
Creek are extremely poor (Kaje 2009). As core summer salmonid habitat, the state DO
standard for the Kimball Creek sub-basin is 9.5 mg/L. During this study, I frequently
observed DO values well below the standard, even below 2.0 mg/L, especially during
June, July, August, and September, and especially at the low-gradient wetland sites.
Many of these wetland sites—such as EFK1, EFKMSHS1, and NFK1 never met the
state DO standard during any sampling event. Even site KC1, which is situated
relatively high in the sub-basin, had a highest measured value of 9.19 mg/L on 1/12/11,
which is still below standard. At summertime base flows, this site, like deeper wetland
sites downstream and elsewhere in the system, exhibits a severe lack of DO; on
8/18/10 and 8/25/10, I measured DO here as 0.74 and 0.25 mg/L, respectively. (It
should be noted that this site is directly below a beaver dam which creates an
impoundment where I have observed trout actively feeding on numerous occasions,
suggesting that although DO may be below standard, the habitat above is still suitable
for fish.) These data, combined with the results of previous investigations and this
study’s investigation of FeOB, suggest that low-oxygen groundwater inputs are a natural
feature of the system. Indeed, it is not terribly uncommon to observe low DO
concentrations in slowly draining wetland areas of Western Washington (Kaje 2009). It
may be that the state standards for Kimball Creek DO are inappropriate given the high
proportion of wetland cover in the system.
DO conditions in Coal and Fisher Creeks contrast dramatically with those in
Kimball Creek proper. The lowest recorded DO value for Coal Creek during this study
was 7.06 mg/L, on 9/15/10. Only 6 of 32 DO measurements at Coal Creek, less than
19%, were below the 9.5 mg/L state standard; these occurred during July, August and
September. The same pattern was generally observed at Fisher Creek, although it
failed to meet the state standard about 37% of the time, also during the warm, low-flow
summer months. Still, it’s lowest DO value—6.82 mg/L on 9/15/10—is vastly greater
than the severe low-DO conditions found elsewhere in the system. Similarly, tributary
“KT” showed its lowest DO values (6.62 and 6.79 mg/L) in September, and only failed to
meet the state standard during 19% of sampling events.
Sites KC4 and KC5, on the Kimball Creek mainstem below the confluences of
“KT,” Coal Creek and Fisher Creek, showed intermediate DO conditions. While values
were never as low as the upstream sites with low DO, they still rarely met standards.
The tributaries “KT,” Coal Creek and Fisher Creek appear to have a beneficial influence
on Kimball Creek in regard to DO concentrations, and this function should be protected.
Temperature
The state temperature standard for Kimball Creek is a 7-DADMax temperature
standard of 16°C. What this means is that the daily maximum temperatures for a sevenday period, when averaged together, should not exceed 16°C. The best way to measure
this is with continuous data loggers that remain in the stream. This has been done
previously at a couple points in Kimball Creek, and results indicated that the creek
becomes warmer than standards during the summer months (Kaje 2009). We did not
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deploy data loggers for this study but measured temperatures as grab samples during
our weekly visits. Therefore I will not evaluate whether a site is or is not meeting
standards but rather will use the data we collected to explore status and trends at the
various sites in regard to a 16.0°C “benchmark.”
As might be expected, the low-gradient wetland sites EFK1, EFKMSHS1,
EFKCP1, and NFK1 were generally the warmest sites during the summer critical period.
During July and August and into September of 2010, these sites were generally around
18-20°C. Even the “headwater” site KC1 became somewhat excessively warm during
this period, with temperatures from 16-18°C. However, cooling effects, likely a result of
adequate shading and groundwater inputs, reduced temperatures enough so that site
KC2, the next site downstream from KC1, only exceeded the 16°C benchmark once;
this occurred on 7/7/10 with a temperature of 16.4°C. At KC3, however, this cooling
effect was not readily apparent, and excursions beyond the 16.0°C benchmark were
rather frequent and common during the critical period.
Sites KC4 and KC5 were quite a bit cooler than the upstream “mainstem” Kimball
sites. It appears that tributaries and possibly groundwater cool the overall temperature
throughout this reach, so that KC4 only exceeded the 16.0°C benchmark once on
7/21/10 (17.2°C), and KC5 only once as well, on 8/18/10 (16.7°C).
Coal Creek exceeded the 16.0°C benchmark twice out of 32 sampling events—
once on 7/21/10 (16.5°C) and once on 8/18/10 (16.3°C). Typically, it was about one to
three degrees cooler than the next upstream site on Kimball Creek (KC3) during the
critical period. Fisher Creek and tributary “KT” never exceeded the 16.0°C benchmark.
Similarly to their influence in regard to DO concentrations, the tributaries “KT,” Coal
Creek and Fisher Creek appear to have a beneficial influence on Kimball Creek in
regard to temperature, and this function should be protected. Analogous to how I
investigated the impact of the Snoqualmie Casino’s detention pond outflow on pH in
tributary “KT,” I used the same methodology to investigate temperature impacts. I found
that when rains begin in early Fall that get the pond outflow running, this warm effluent
raises temperatures in “KT” by a degree or two. The casino should implement any and
all possible additional BMP’s in order to reduce this impact on downstream
temperatures.
Salinity
Washington State does not currently set numerical criteria for saline inputs into
freshwater. Throughout this study I almost always found no measurable salinity. The
main exception was in tributary “KT.” During the melt after icy weather conditions, runoff
from the Snoqualmie Casino, North Bend Way, and I-90 carry road salts into this stream
at concentrations that result in measurable salinity values downstream. Although North
Bend Way and I-90 did contribute some salinity (measured where “KT” flows onto the
casino property), the casino itself was by far the greatest contributor of salts into this
fresh surface water. On 1/12/11, I measured salinity in “KT” where it flows onto the
casino property as 100 ppm. On this date, at KT2, where the stream exits the casino
property, salinity was 15 times higher than the upstream site at 1500 ppm, and it was
diluted to 1000 ppm further downstream at KT1. This pattern repeated; where salinity
was more concentrated upstream where “KT” exits the casino property (KT2), it was
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diluted, but still detectable, by the time it reached sampling site KT1 at 378th Ave SE.
Between December 2010 and March 2011, about half of the sampling events at these
sites showed evidence of salinity impacts.
No other sites exhibited detectable salinity, with the exception of KC1. This site
registered the minimum detectable salinity for our instrument (100 ppm) on 7/28/10 and
8/25/10, both during periods of extremely low flows. Explanations for this anomaly are
not readily apparent, but it is conceivable that mineral-rich groundwater at the site made
up a significant enough proportion of the overall flow that it caused a salinity detection
from the water quality probe.
A growing body of evidence shows the harmful effects of road salts on aquatic
ecosystems. Amphibian communities have received particular attention, and the vast
majority of species are reported to show negative reactions such as decreased survival
and motility of tadpoles with increasing salt concentrations (Danoel et al. 2010, Collins
and Russell 2009, Sanzo and Hecnar 2006). One study showed increased heavy metal
mobility in Eastern Washington soils with increasing road salt concentrations (Nelson
2009). Lead and copper in particular were implicated, which is concerning since copper
is thought to be especially toxic to salmonids (Baldwin et al. 2003, Hansen et al. 1999).
Application of road salts has been observed to cause acute toxicity-related mortality in
songbirds through direct ingestion (Mineau and Brownlee 2005). Finally, road salts have
been shown to stress or kill plants, or preclude their recruitment, although this effect can
be reversed with the discontinuation of road salt application (Trombulak and Frissell
2000). Given the growing evidence showing harmful effects of road salts on aquatic
ecosystems, the fact that one can assume that salting of I-90 must continue for safety
reasons, and the high salt concentrations exhibited downstream of the Casino, the
Casino should strive to reduce and otherwise minimize application of road salt to the
safest degree practicable.
Turbidity
Turbidity refers to a solution’s ability to transmit light; it can be thought of as
“cloudiness.” Turbidity is regulated relative to the background or “natural” degree of
turbidity. The state standard for Kimball is no increase over 5 nephelometric turbidity
units (NTU’s) over background when the background is 50 NTU’s or less; or, not to
exceed a 10 percent increase over background turbidity when the background is greater
than 50 NTU’s. This standard is typically applied to activities such as construction
occurring near or in a waterbody. We did not investigate any such activity for this study.
We did observe noticeable increases in turbidity at the wetland sites that
corresponded to “blooms” of iron-oxidizing bacteria (see FeOB investigation below). In
winter, except during floods, Kimball Creek generally has low turbidity (<10 NTU’s)
throughout. The ditch along Stone Quarry Road (Site EFKSQ1) maintains colonies of
iron bacteria year-round (although cover increases in summer), and the drifting
flocculent bacteria maintain high turbidity levels at this site. EFKSQ1 exhibited the
highest turbidity reading during the study on 5/20/2010 at 165 NTU’s. This ditch drains
into the East Fork Kimball Creek just upstream of site EFK1, and EFK1 showed the
next-worst turbidity levels throughout the study, including a value of 158 NTU’s on
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7/17/08. We discontinued sampling at EFKSQ1 at a certain point because the prevalent
bacteria at the site always fouled the water quality sampling equipment, causing delays.
Based on 2 years of observations before this study and one year of intensive
weekly observations for this project, the general pattern exhibited in Kimball Creek in
regard to turbidity and iron bacteria is this: In Spring, as precipitation tapers off and
streams and ditches become more groundwater-dependent, the ditch along Stone
Quarry Road is the first to exhibit heavy bacterial growth. This ditch drains the large
wetland complex of LA B. Site EFK1, where the East Fork Kimball Creek crosses under
Meadowbrook Way, is the next site to become highly turbid, usually in late May or early
June. Eventually, by July and August, most of Kimball Creek upstream of site KCX
exhibits an orange color and high turbidity levels; this corresponds with a drop in DO.
While the upstream sites are highly turbid at this time, at KCX, KC4, and KC5, turbidity
remains low, presumably because of inputs from tributary “KT,” Coal Creek, and Fisher
Creek, and a lack of habitat suitable for bacterial proliferation (see FeOB investigation
below). The beaver dam at the end of SE 85th St, just downstream of the “Williams
Addition,” seems to be the downstream extent of the summertime high turbidity
phenomenon. Turbidity typically remains high in the affected areas until Fall storms
flush the system.
Water Quality and Habitat Investigation Methods
 Canopy Cover/Overstory Density
To measure canopy cover, we used a convex spherical densiometer, Model-A,
manufactured by Robert E. Lemmon Forest Densiometers. We traversed the stream on
foot and in a canoe, and made four measurements at each measurement location—one
each facing directly downstream, directly upstream, to river left and to river right. I held
the densiometer level, approximately 18 inches in front of me, while in the middle of the
stream between the two banks, and counted the number of quarter-squares of the
densiometer that did not show vegetation. We multiplied the total count of each
measurement by 1.04 to obtain the percent of overhead area not occupied by canopy,
and averaged the four measurements from each location to obtain an estimate of
overstory openings in percent. We used the difference between this number and 100 to
obtain an estimate of overstory density in percent.
Invasive Plant Cover
To estimate invasive plant cover, we traversed the stream on foot and in a
canoe. At each measurement location, we surveyed the left and right stream banks
separately for invasive plants and estimated their rate of cover to 5 classes. The 5
classes and their significance are as follows:
Density rating
1
2
3
4

Significance
one to a few individual plants on the bank
somewhat more than a few plants on the bank
moderate density; approximately 33-66% cover
66-100% cover on the bank, but native plants can be seen behind invasives
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100% cover of invasive plants; no native plants can be seen behind invasives

Stream Benthos Sampling
To sample the benthic macroinvertebrate community in Kimball Creek, Coal
Creek, and Fisher Creek, we used a 0.09 sq. meter Surber sampler with 500 micron
mesh and a 3.5 inch cod-end with portholes. We adapted our sampling method from
Barbour et al. (1999). We selected the best riffles present in each reach that we wanted
to sample. We could not sample at KC2 as desired because of the prevalence of ironoxidizing bacteria on the substrate, which would have clogged the sampler. We
attempted to avoid bridges (and their corresponding effects on stream ecology) but
found that the best riffle downstream of KC2 was near a bridge at KCX (SE 80th St), so
we sampled as far downstream from the bridge as possible while still being in the
required habitat. For lower Kimball Creek, below its confluence with Fisher Creek, the
only riffle was at KC5, under Hwy. 202, so that was the only choice for a sample
location. All sampling was conducted at base flows on August 5th and 6th, 2010.
For each site, we attempted to obtain 500 individual macroinvertebrates in 3
reps. If we were not confident that 500 individuals were obtained in 3 reps, we
performed additional reps until we were confident that we had reached or exceeded the
desired number. A rep consisted of placing the Surber sampler in the riffle tight to the
substrate and cleaning all the large rocks within the frame with a scrub brush so that all
organisms were dislodged into the sampler net. Then we agitated the substrate with a
“weed fork” within the sampler frame to a depth of 10 cm for 60 seconds. Additional
reps were always performed upstream of earlier reps.
We used stream water, splashed from the outside of the netting so as not to
introduce new organisms into the sample, to rinse all the organisms and material that
were stuck to the inside of the mesh into the cod-end. We rinsed all the organisms and
material from the sampler cod-end into 1-liter polyethylene bottles with 99% isopropyl
alcohol, then filled the bottles with sufficient alcohol to cover all the material within, and
labeled the bottles. All samples were keyed and scored by EcoAnalysts Inc. to level III,
lowest level practical (typically to species) in accordance with the Puget Lowland B-IBI
for wadeable streams.
“Natural” Water Quality Parameters
We used a Horiba U-10 water quality multi-probe to measure pH, conductivity,
turbidity, dissolved oxygen, temperature, and salinity. This instrument was calibrated by
the manufacturer’s lab at the start of the study and in our lab using the device’s autocalibration feature monthly or as needed. To make measurements we placed the device
over the thalweg of the stream approximately 10 inches below the surface, if stream
morphology allowed. We always attempted to sample areas with adequate mixing to
ensure data quality. In low-flow or no-flow wetland situations we gently moved the
instrument horizontally through the water column in order to promote sufficient mixing to
accommodate the U-10’s membrane-electrode principal of measurement and ensure
data quality.
E. coli concentration
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We used Coliscan Easygel sampling kits to find E. coli concentrations in Kimball
Creek between 10/29/09 and 3/09/11. We sampled monthly from October 2009 to May
2010 and generally weekly from June 2010 to March 2011. At sites with substantial
current, we collected samples over thalweg, in well mixed areas and used a plunging
technique with a dipper to avoid sampling the surface film but also avoiding disturbing
any bottom sediment or other substances clinging to aquatic vegetation. At sites with
little or no current we attempted to sample as close the center of the water body as
possible. At low-flow conditions that did not allow submersion of the dipper we used a
submerged syringe to obtain samples directly. All sampling vessels (dipper and syringe)
were conditioned at least three times with stream water before inoculating the kits. We
took two 5 mL samples at each site during each sampling event and incubated them
separately. After we inoculated the vials we placed them in a cooler with frozen packs
until the vials’ contents were added to the petri dishes. We incubated the petri dishes at
90 °F in a Hovabator egg incubator for 48 hours, and then counted the colonies
according to the methods listed on the Micrology Labs (Easygel manufacturer) website.
We averaged the two values for each site and sampling event for a single score for
each site and date. We multiplied the 5-mL counts by 20 to extrapolate 100-mL counts,
and we performed field blanks using similar methods and tap water, which always had a
cfu count of zero. We performed a total of 1170 individual Easygel tests for this study.
Presence and Possible Causes of Prolific Iron-Oxidizing Bacteria
Over the years, many residents of Snoqualmie, Washington have noticed that
parts of Kimball Creek have turned a red-orange color during the warm summer months
and into early fall. Likewise, in the course of performing water quality testing in and
around Kimball Creek beginning in 2008, I noticed that certain parts of the creek and the
surrounding wetlands in the sub-basin exhibited colonization of the substrate by
microbial mats and flocculent cushions of the same color. Below I report my
observations and the results of an investigation into the sources and causes of this
“staining” of the water and “scuzzy” growth features in wetlands and streams.
Iron, Iron-Oxidizing Bacteria, and Dissolved Oxygen: a Literature Review
Iron (Fe) is an exceedingly common element; it is found in minerals from varied
geological settings on the surface of the earth (Kasama and Murakami, 2001) and,
likewise, microbes adapted to utilize iron metabolically (also called iron bacteria, ironoxidizing bacteria or FeOB) have been studied in such widely varying environments as
the sea floor off Hawaii, Australian aquifers, groundwater seeps in Denmark, Japanese
caves, and wetlands in Virginia (Macrae and Edwards 1972, Emerson and Revsbech
1994a & 1994b, Carlile and Dudeny 2000, Kasama and Murakami 2001, Rentz et al.
2007). In general, FeOB are found at the oxic-anoxic interface (Emerson and Moyer
1997, James and Ferris 2004). To proliferate, they need an ample supply of Fe(II), low
DO conditions, and an absence of significant mechanical disturbance (Emerson and
Revsbech 1994a & 1994b, Carlile and Dudeny 2000). These conditions are commonly
found at groundwater springs or in wetlands. As Emerson and Weiss (2004) report,
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wetlands during the summer months often fit this description as well, as that is when
they become anoxic and also when the highest Fe(II) concentrations are observed.
The most commonly identified FeOB are the stalk-forming Gallionella spp. and
the sheath-forming Leptothrix spp. These species can be found in monocultures or
growing together, with one species dominating, and they are also commonly found with
unicellular FeOB, such as the two species (ES-1 and ES-2, submitted to GenBank,
accession no. AF012541) isolated by Emerson and Moyer (1997). Emerson and
Revsbech (1994a), investigating a microbial mat at a groundwater seep in Denmark,
found Leptothrix ochracea to be the key mat-builder, and Gallionella spp. to dominate
the areas of the mat with lowest DO (confirming their microaerobic nature). Rentz et al.
(2007) found Gallionella-dominated samples to have the highest overall Fe-oxidation
rates and to make the greatest direct contribution to biological oxidation.
FeOB have been noted for their usefulness for removal of iron from drinking
water in manmade systems, as well as their nuisance qualities in regard to bio-fouling of
wells and pipes (Stuetz and McLaughlan 2004, Rentz et al. 2007). Other potential uses
for FeOB that have been proposed include the use of biogenic iron oxides as a sink for
arsenic-containing contaminants (Rentz et al. 2007) and recovery of phosphorous (P)
from water through a novel method: immersing conifer heartwood in iron-rich water,
which is then colonized by FeOB; P then adsorbs to the microbial surface (Takeda et al.
2010).
Early studies of FeOB focused on the reaction kinetics of oxidation from Fe(II) to
Fe(III) at circumneutral pH and debated whether microbes actively mediated this
process or if they were simply bystanders. Macrae and Edwards (1972) proposed three
pathways for Fe(III) precipitation: 1) enzymatic mechanisms, 2) oxidation of ferrous iron
through photosynthetic oxygen, and 3) passive adsorption of oxidized iron to microbial
surfaces. They investigated seven bacterial species and found all “formed” a precipitate,
including E. coli. Because species other than “classical iron bacteria” were associated
with iron precipitate, Macrae and Edwards (1972) concluded it likely that microbes were
mostly passive in regard to iron oxidation. However, many later studies came to the
opposite conclusion, and the current consensus is that FeOB actively mediate the
reaction. Emerson and Revsbech (1994a) found water flowing into an FeOB mat
contained two to four times more Fe(II) than water flowing out of the mat. The same
investigators (1994b) compared rates of oxidation of pasteurized and viable samples of
FeOB and found much higher oxidation rates in the viable samples, leading to their
conclusion that FeOB were responsible for most of the Fe oxidation they observed; they
also found that high concentrations of Fe (II) stimulated bacterial growth.
Kasama and Murakami (2001) observed that microorganisms on Fe-stalactites in
Japan increased the rate of Fe-oxidation by four orders of magnitude, but contended
that this increase could be related more to the microbes’ exopolysaccharide exteriors
than their metabolism. This oxidation pathway is indeed an important one—Emerson
and Weiss (2004) and Emerson and Revsbech (1994a and b) observed aged
Gallionella stalks and Leptothrix sheaths continue to precipitate Fe-oxides long after the
bacteria were gone, and Rentz et al. (2007) report that autocatalysis on iron oxides
themselves (on cells) and on bacterial cell surfaces accounted for 24.6 to 70.7% of the
total oxidation in their samples—but ultimately all of these authors concluded through
various experiments that Fe-oxidation is actively mediated by FeOB. This conclusion
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was supported by Hallbeck et al. (1993), who proved autotrophy in cultured Gallionella,
and Carlile and Dudeny (2000), who noted that the helical stalks of natural Gallionella,
composed of hydrated ferric oxide, are not always produced in culture.
Liang et al. (1993) investigated the kinetics of Fe(II) oxidation in the absence of
bacterial mediation, and found that oxidation would occur on its own in circumneutral pH
groundwater with relatively low DO concentrations (0.2 to 1.5 ppm), albeit at a slow rate.
This chemical oxidation rate at low DO levels increased when the concentration of
normal organic matter was increased, but it never approached the rate of Fe-oxidation
in the presence of FeOB.
For this study, I investigated the occurrence of FeOB in the Kimball Creek
watershed, near Snoqualmie Washington, USA. My hypothesis is that locations of
FeOB colonization within Kimball Creek co-occur with areas of groundwater discharge.
This area has numerous groundwater seeps and wetlands that correspond to the above
descriptions found in the literature. I report on the environmental similarities and
differences of the Kimball Creek FeOB-colonized sites with other sites in the literature,
and look for connections between groundwater temperature and FeOB colonization.
I focus on a very specific ecosystem: the hypoxic/anoxic interface of groundwater
seeps in the Kimball Creek sub-basin and the accompanying microaerobic ironoxidizing bacteria that colonize some of these sites, at times at exceedingly high
degrees of coverage. Landscape-level drivers that influence these bacteria include the
availability of their ultra-specific habitat requirements; without groundwater recharge
areas (higher in the watershed) there can be no groundwater discharge, and without
groundwater discharge there would be no microaerobic conditions. Furthermore, these
bacteria require a lack of mechanical disturbance to proliferate, and the constant, vastly
reduced flows of summer in LA B allow the bacteria to flourish, whereas alterations to
this hydrologic regime presumably would not.
Hypothesis and Study Design
Objective: Determine if locations with recurrent colonization by FeOB exhibit stronger
groundwater influence than locations without FeOB colonization.
My hypothesis is that locations of FeOB colonization within Kimball Creek cooccur with areas of groundwater discharge. Temperature anomalies are commonly used
to locate areas of groundwater discharge (Poole and Berman 2001, Cassie 2006,
Gerecht et al 2011). In general, groundwater in temperate climes is cooler than surface
water in summer and warmer than surface water in winter. This is because surface
water more closely tracks air temperatures, while ground water is buffered from air
temperature fluctuations due to the greater heat capacity of the earth (Cassie 2006).
Therefore, in streams in winter, “hotspots” can generally be deduced to be areas of
groundwater discharge. I designed this study to take advantage of this winter
phenomenon.
For clarification’s sake, herein I distinguish between “sites” (general areas where
I made a series of measurements at points around and in the stream) and “locations”
(specific spots where the temperature probe was used to take measurements,
equivalent to sampling “points”). I investigated two sites where I have observed
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relatively heavy and/or rapid FeOB colonization in the past. The first site, KC2, is
located closer to the headwaters of the Kimball Creek sub-basin. In the summer months
of 2009 and 2010, I observed at this location extraordinarily heavy colonization by FeOB
of the substrate in areas of persistent flow as well as flocculent “cushions” that span the
water column in backwater areas (figs. 11 and 12). In winter months, certain areas of
this site exhibited rapid FeOB growth on the substrate after scouring flood events
cleared the substrate of foreign matter. Also, one backwater area (location E on the
diagram), exhibited the development of a flocculent cushion in cold months. The
substrate at site KC2 varies between gravel and sand. I observed FeOB growth on both
types of substrate—as well as on aquatic weeds in the summer—and therefore I took
measurements both over (to measure surface water) and within (to measure
groundwater, or perhaps more specifically, water in the hyporheic zone which may
indicate upwelling by exhibiting temperature anomalies) both substrates. Location C has
gravel substrata; the other locations at KC2 are sandy. I also measured locations where
rapid growth was observed after flooding and locations where no such rapid growth was
observed, to look for differences in temperatures, and iteratively, degree of groundwater
influence, between them. Locations A and E exhibited the most rapid
FeOB regrowth after scouring (figs. 13 and 14).
The other site, KC5, is located near the mouth of Kimball creek, under Highway
202, close to the creek’s confluence with the Snoqualmie River. In the winter of
2010/2011, before undertaking this FeOB study, I observed rapid regrowth of FeOB at
one very localized spot after floodwaters had scoured the substrate of foreign material
as described above (figs. 15-18). The substrate at this site is composed of a relatively
homogenous mixture of gravel and cobble. At this site, I measured temperatures of
surface water and groundwater at various points in the channel, including at the very
specific location of FeOB colonization (location 2 on the diagram), in order to look for
any temperature anomalies corresponding to bacterial growth. Presumably, if the
location of FeOB colonization exhibits a stronger influence from upwelling groundwater,
the groundwater temperature measurements taken in that location would be greater
than those of surface water measurements (4 and 5) or groundwater measurements
taken upstream (1) or laterally from the colony location (3).
Methods
Again, for clarification’s sake, I distinguish between “sites” (general areas where I
made a series of measurements at points around and in the stream) and “locations”
(specific spots where the temperature probe was used to take measurements,
equivalent to sampling “points”). I measured surface and groundwater temperatures at
several locations (A, B, C, D, and E at KC2 and 1, 2, 3, 4, and 5 at KC5) at two general
sites (KC2 and KC5) on February 2nd, 9th, 16th, 23rd, and March 2nd and 9th, 2011. Site
KC2 is on the upstream side of the bridge over Kimball Creek at Meadowbrook Way,
SE. Site KC5 is under the Kimball Creek bridge on US Highway 202 (Figs. 10-16).
Temperature Measurement
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I measured air temperature, surface water temperature, and groundwater
(hyporheic water) temperature in order to locate areas of groundwater upwelling and
investigate any nexus with bacterial colonization. For all temperature measurements, I
used an Extech® Instruments waterproof thermometer, model # 39240. The
specifications for this model as are follows:
Range:
-40 to 200°C
Resolution: 0.1°C
Accuracy:
±1°C
On my first visit to both sites, I marked each measurement location with labeled
red flagging. I measured air temperatures once per visit to each site by placing the
thermometer in a single designated spot, near the ground, with the probe free from
touching anything other than air. I then allowed the thermometer to equilibrate for
several minutes before recording air temperature to a tenth of a degree Celsius. For
each date upon which I visited a site to record data, I made only a single air
temperature measurement for each site (KC2 and KC5).
To measure groundwater temperatures, I first cleared the thermometer’s
“Max/Min” memory, and then submerged the thermometer so that the full length of the
7.1-cm probe was in the permeable substrate. I attempted to insert the probe into the
substrate as close to perpendicular to the substrate’s surface orientation as possible.
Obstructions in the hyporheic zone sometimes moved this angle slightly off absolutely
perpendicular. I then allowed the device to equilibrate and recorded the “Max”
temperature using the thermometer’s memory feature. In general, groundwater
temperature was measured at a depth of approximately 7.1 cm beneath the top of the
substrate.
I measured surface water temperatures by submerging the 7.1-cm probe directly
underneath and perpendicular to the water’s surface and allowing the device to
equilibrate. In those instances where lower flows and shallower locations did not allow
me to submerge the probe in a perpendicular fashion without contacting the substrate, I
angled the probe so that it hovered a few centimeters above the substrate. However, in
general, surface water temperature was measured at a depth of approximately 7.1 cm
beneath the water’s surface.
I did not make surface or groundwater measurements at locations D or E on
February 16th due to the high water that occurred that day and prevented safe access.
Data Analysis
All data were initially recorded by hand onto datasheets in the field, and then
transferred to Microsoft® Excel for Mac 2011. Data were analyzed and graphed in
Excel.
To analyze data from site KC2, I subtracted the surface water temperature for a
given location from that location’s groundwater temperature for each day that data were
recorded for that location. The resultant values are the temperature differences between
surface and ground water for a given location on a given date. Using these values, I
then calculated the mean temperature difference (ΔT) between surface and ground
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water for each measurement location using data from all available dates in Excel, as
well as one standard deviation for each mean. I then graphed these values in Excel.
To analyze data from site KC5, I graphed all measurements in Excel and
analyzed the data visually.
Results

Fig. 19. n=6 for A-C and n=5 for D, E. Whisker bars represent +/- one standard
deviation. Mean ΔT at Location D appears statistically different from Locations A and B.
Location C has a gravel substrate; the others are sandy. Rapid regrowth of FeOB was
observed at locations A and E after flood scouring.
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Fig. 20. Temporal trends in surface water, ground water, and air temperatures at
Kimball Creek and Highway 202 (KC5) February-early March 2011.
Discussion
Results from KC2 appear inconclusive. Average temperatures at the location with
a gravel substrate—C—lies squarely in the middle of the results, thereby not appearing
distinguishable from the sandy substrate locations (Fig. 19). Also, the locations where
the most rapid FeOB regrowth was observed after scouring—A and E—had the greatest
and smallest mean temperature differences between surface (SW) and groundwater
(GW), respectively. However, this last result may have been affected by stream
topography. On 2/23/11, location E exhibited the highest overall SW temperature: 6.8
°C—warmer than that day’s GW temperature of 6.4 °C for location E. Observed flows
were lowest that day for the course of the study, and this inverse result is likely because
of the nature of this location in a back eddy below a side channel which was not
receiving surface flow through the side channel on that day. Therefore, the SW at
location E that day was likely composed primarily of recently upwelled GW. This
inversion significantly affected the mean for this location.
The results from KC2 do indicate one possible trend, however. The locations with
the greatest mean differences—A and B—are both situated on the downstream end of a
wetland creek bar. I suggest that increased hyporheic flow through this bar likely
increased the GW influence at this site. Furthermore, at lower flows, I observed stream
bank seeps at A that hosted colonies of FeOB (Figs. 21 and 22).
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Results from KC5 appear to confirm my hypothesis; GW temperatures at the
FeOB colony site—location 2—exhibit a trajectory distinct from all other temperatures
measured at the site (Fig. 20). All other measured water temperatures—both SW and
GW—group together tightly and appear to loosely track air temperature. Meanwhile,
temperatures at location 2 were consistently warmer than nearby SW or GW
temperatures. These data seem to indicate that the location of the FeOB colony is also
a localized site of GW discharge. Nearby locations without FeOB colonies lack any
indications of GW discharge.
The occurrences of FeOB investigated in this study do not seem to differ greatly
from those investigated and reported on by Emerson and others in the literature. FeOB
colonies proliferate at groundwater seeps and in wetlands. Coverage by the colonies
becomes especially dense during seasonal droughts, when wet soils and streams can
be presumed to consist primarily of discharged groundwater due to a lack of
precipitation as a source of hydrology. Colonies are orange to red-orange, and
depending on the specific environmental situation, vary in morphology from a thin
coating on the substrate, to heavier filamentous growths, to suspended flocculent
“cushions.” In all cases, they are extremely sensitive to mechanical perturbation. All of
these traits comport with descriptions of FeOB in the literature.
Summary of FeOB Investigation
Although the data from KC2 appear inconclusive in some regards, my
observations at that site and at KC5 and the rather clear data from KC5 all support my
hypothesis that groundwater seeps within the Kimball Creek sub-basin are the source of
the anoxic, Fe(II)-rich water required by FeOB to proliferate. The phenomenon is not
terribly uncommon. After the FeOB “blooms” in Kimball Creek raised my awareness of
FeOB I have observed them in various places throughout the Snoqualmie watershed,
elsewhere in western Washington, and elsewhere in the United States. In fact, the
name “Pilchuck,”—another Puget Sound river—is reported to be a word of Chinook
jargon origin, meaning “red water” (Bright 2004).
What may be uncommon is the degree to which FeOB are able to proliferate
within the Kimball Creek sub-basin. This is likely a result of the combination of area
soils, topography, and hydrologic characteristics/hydroperiod interacting in a way
favorable to forming the very specific requirements for widespread FeOB. Certainly, the
hydrology of the area has been altered, and these alterations may have increased the
suitability of Kimball Creek for widespread colonization by FeOB. North Bend Way
impedes surface and groundwater flowing northeast off Rattlesnake Ridge, and it has
created an perfect site for the long-term beaver dam present there. The ditch along
Stone Quarry Road also continuously drains the large wetland complex that it cuts
through. Finally, another ditch drains the Meadowbrook Farm fields past the interpretive
center and across the Snoqualmie Valley Trail, to the South Fork Snoqualmie River.
This last ditch likely intercepts groundwater that would have otherwise drained into the
wetlands near Centennial Field. While FeOB are essentially a naturally-occurring
phenomenon, anthropogenic hydrologic modifications may have reduced the natural
“flushing” ability of the system. In short, when groundwater dominates, iron bacteria
proliferate.
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Final Observations and Recommendations
In its current state, Kimball Creek is a mixed environment. While some parts of
the sub-basin consistently fail to meet state standards for water quality, and may even
pose threats to human health at times, other areas are relatively intact ecologically.
There is both room for improvement, and opportunity for protection.
Protection
Much of the headwaters of Kimball Creek is already protected in the Tollgate
Farm. However, timber harvest continues on Forest Service land on Rattlesnake Ridge.
Furthermore, the large wetland complex north of North Bend Way and east of
Meadowbrook Way, which is in private absentee ownership, is vulnerable to continued
timber extraction. I contend that the timber in these areas has more value as maturing
forest stands than as harvested product. Within a developed matrix, these upland and
wetland forests provide numerous valuable and unique ecosystem services to the entire
community, and as such they deserve protection.
Similarly, the intact riparian forest around Coal Creek should be preserved. Since
water quality in Fisher Creek is generally good, it appears that the development of
Snoqualmie Ridge adequately protected the creek. If development of the Coal Creek
sub-basin were to occur, these protection standards could perhaps serve as its model,
provided that adequate consideration is given to the larger basin size and greater flows
of Coal Creek, which should allow for wider stream and wetland buffers.
Restoration
Past dredging of Kimball Creek has resulted in over-steepened banks, sluggish
summertime flows, and a fine silty composition of the stream bottom for much of the
lower parts of the creek. Near the mouths of Coal Creek, Fisher Creek, and tributary
“KT” however, the creek has a gravel bottom, quicker summer flows, and more riffle
features which help to oxygenate the water. In these areas the creek has a more natural
configuration, similar to Coal Creek or other relatively unaltered streams in the area.
Anecdotally, we observed greater concentrations of fish in these areas relative to
sluggish, silty portions of the creek.
Some residents have expressed a desire for resumed dredging of Kimball Creek
as a remedy for flooding. Unfortunately, this is unlikely to be a viable solution. A number
of reports and studies have implicated the rising flood stage of the Snoqualmie River
mainstem as the main driver of flooding around Kimball Creek (Lane 1993, Freitag et al.
2002, and pers. comm. Chin 2011). In a typical flood, the Snoqualmie River stage first
rises above the stage of Kimball Creek, and water can flow from the river into the creek
from both the headwaters in the Meadowbrook/Centennial Feld area and from the
mouth of Kimball Creek. Because this is the mechanism for flooding in the area,
dredging the creek does nothing to alleviate flooding and simply serves to harm the
creek’s natural functions. It is likely that the legacy effects of dredging are contributing to
the impaired water quality of Kimball Creek. As such, a more detailed investigation of
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elevations could enable identification of sites where the streambanks could be graded
back to a more natural slope, in contrast to their current over-steepened state. This
would necessitate removal of the wall of blackberry that currently shrouds lower Kimball
Creek, and native plants could be established. This would also open up opportunities for
gravel replenishment, installation of large woody debris, and an increase in habitat
complexity in the affected reaches, which would all likely help improve water quality as
well. Because of the nature of floods in the area, the only true remedy for homes subject
to flooding near Kimball Creek is elevation.
If enough landowners were interested in looking into performing the type of work
recommended above, a coordinated effort could be initiated, perhaps with the
Snoqualmie Tribe spearheading the effort. Smaller projects could likely be
accomplished with funding from other sources such as the KCD Opportunity Fund.
There are numerous opportunities for removal of invasive plants and establishment of
native ones in lower Kimball Creek, on private and City-owned property. The Cityowned, frequently flooded property along lower Kimball Creek between SE 76th St and
Hwy. 202 should remain protected and could be enhanced.
Further investigation into the sources of and solutions to fecal coliform
contamination in Kimball Creek should continue, especially around EFK1, the Williams
Addition and the small tributaries off of 378th Ave SE, including “KT.” Annexation or
some other agreement to establish sewer service to this area is one possible solution.
Additionally, during our canoe survey, we observed horses with unrestricted access to
portions of the Kimball Creek wetlands around the North Fork and East Fork Kimball
Creek between SE 90th St and SE Kimball Creek Drive. Landowner assistance with
funding and installation of riparian fencing is readily available and a simple solution that
can have dramatic effects to improve water quality, and should be implemented in this
area. The King Conservation District is one source of this type of funding assistance.
Kimball Creek and its wetlands provide valuable services to the surrounding
community, and though its functional capability to provide these services has been
impaired, there are opportunities for improvement. To make substantial improvements
will take something of a united effort. Hopefully this report can serve to aid these efforts,
individually or combined.

If you have any questions or comments on the results, methods, or recommendations
contained in this report, please contact:
Matt Baerwalde
Water Quality Manager
Snoqualmie Tribe Environmental and Natural Resources Department
PO Box 969
Snoqualmie WA 98065
425-292-0249 / 425-292-9396 / 425-888-6551
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Kimball Creek Overstory Density
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Kimball Creek
Reed Canary Grass Density and Distribution
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Kimball Creek
Himalayan Blackberry Density and Distribution
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Kimball Creek
Other Invasive Species
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Fig. 8. Kimball Creek density and distribution of various minor invasive plants.
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Kimball Creek
Water Quality Sampling Sites
Snoqulamie Falls
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Fig. 10. Sampling sites used in this study.
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Fig. 11. Site KC2 at extremely low water—base flows—August 5, 2010.
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Fig. 12. Detail of wetted channel at KC2 at base flows, August 5, 2010.

Fig. 13. Schematic drawing showing orientation of measurement locations at site KC2.
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Fig. 14. Photo of site KC2 showing measurement locations and 8-foot staff, 4/20/2011.

Fig. 15. KC5 during high water “scouring” event, December 13, 2010.
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Fig. 16. Site KC5 exhibiting FeOB colonization on January 5, 2011.

Fig. 17. Site KC5 on February 2, 2011, with measurement locations labeled.
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Fig. 18. Schematic drawing showing orientation of measurement locations at site KC5.

Fig. 21. Wide view of groundwater seeps with FeOB at site KC2, location A. 4/20/2011.
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Fig. 22. Detail of groundwater seeps with FeOB at site KC2, location A. 4/20/2011.
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