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1.0 Summary
Increasing development and recreational activity along with continued mining within the Willow Creek
watershed has raised concerns over possible water quality degradation and changes to physical habitat
resulting in impacts to salmon spawning and rearing habitat. In order to address these concerns, water
quality sampling, physical habitat and biotic assessments were conducted in the summer and fall of
2014 and the spring of 2015.
Water samples were collected from 4 Willow Creek sampling locations during the spring, summer, and
fall. Samples were analyzed for concentrations dissolved metals, macronutrients, alkalinity, and
hardness. Stream water pH, specific conductivity, dissolved oxygen, turbidity and temperature were
measured in the field. Data loggers were used to collect water temperature at each location every 30
minutes and measure turbidity at two locations every hour. Sediment samples were collected in
September and analyzed for select metals and hydrocarbons (below the Parks Highway).
Macroinvertebrates were sampled and habitat assessments conducted using the Alaska Stream
Condition Index (ASCI) methods. Juvenile salmon and resident fish were sampled using baited minnow
traps. Stream channel width, water depth, substrate size distribution, and back and riparian
modification was measured at each sampling location.
Habitat and water quality conditions in Willow Creek remain good even though bank and riparian
modifications were apparent at all sampling locations. There was no indication of excessive sediment
input as embedded substrate or increases in turbidity during storm events. Dissolved and sediment
metal concentrations did not exceed water quality criteria or were at concentrations unlikely to affect
fish or invertebrates, with the exception of arsenic which is commonly in high concentration in
sediments of Southcentral streams. Stream water temperatures were cooler at the farthest upstream
sampling location and increased downstream. Temperatures were often in the optimal range for
juvenile salmon rearing at the lower 3 sampling locations. Fecal coliform bacteria exceeded water
quality criteria at the two sampling locations below the Parks Highway. Juvenile Chinook and coho
salmon were abundant at all sampling locations downstream from the canyon. Resident Dolly Varden
were more abundant at the upstream sites and rainbow trout downstream. Macroinvertebrate water
quality assessments indicates good to excellent water quality and did not indicate a decrease in water
quality since previous samples collected over the past 15 years.

2.0 Introduction
Willow Creek, located in the Susitna River drainage in Southcentral Alaska, supports a popular salmon
and rainbow trout fishery. Development, recreation, and resource extraction within the Willow Creek
watershed have the potential to disturb riparian areas, contribute to bank erosion and impact water
quality within Willow Creek. During rain events runoff from parking lots, roads, yards and fields can
contribute sediments, salts and metals to surface streams. All of these factors can affect the overall
ecological health of the stream including water quality, physical habitat conditions, aquatic insect
diversity and abundance, and the distribution and abundance of rearing juvenile salmon and resident
fish. Fine sediments in large quantities can limit the amount of living space for aquatic insects, clog the
gills of rearing juvenile salmon and resident fish and can also block oxygen flow to developing salmon
eggs. Metal pollutants can be toxic to fish particularly during early incubation and can also alter the odor
of a stream affecting migrating salmon’s ability to locate spawning areas.
1
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A combination of different activities within the Willow Creek drainage could potentially influence water
quality and fish habitat. Mining within the upper drainage has been occurring for the past ~ 100 years
and is ongoing. Currently there are several small scale mechanical placer mines in the Willow Creek area
along with recreational mining claims where small scale suction dredging operations (<6 inches, <18
horsepower) are permitted in the upper drainage. There also is one large hard rock exploration program
about a half mile from Willow Creek in the Hatcher Pass area. Urban development including home
construction, land clearing, and road building has occurred within the watershed and within the river
flood-prone area from Shirley-Town Road downstream. Four road and two railroad bridges cross Willow
Creek with two of the road bridges (Deneki and Shirley-Town) having been lost to floods within the past
10 years. Flooding, in combination with vegetation clearing, has resulted in rapid rates of bank erosion
and lateral channel movement threatening some homes. There has been some forest harvest and road
building within the Willer-Kash harvest area on the north side of Willow Creek and in the upper
Deception Creek drainage. Recreational impacts include all-terrain-vehicle trails in the upper drainage
including Peters Creek, and damage to riparian vegetation in the areas of concentrated use near the
confluence with the Susitna River associated with the salmon fisheries.
The extent of development impacts on Willow Creek are yet unknown. A complete analysis of the
current ecological condition is needed in order to determine whether Willow Creek displays early
indications of impairment due to development and to provide a baseline for future water quality and
stream habitat monitoring.
Willow Creek, located in the Matanuska-Susitna Borough is a popular area for recreation and sport
fishing. Within the Susitna River Drainage, Willow Creek has ranked in the top seven for the number of
Chinook salmon harvested for many years. Upwards of 7,000 fisherman report fishing in the drainage
every year for Chinook, coho, sockeye, pink, and chum salmon, as well as rainbow trout and Arctic
grayling (ADFG 2014). Easy access to the creek from the Parks Highway and Willow Creek Parkway as
well as camping facilities in the Willow Creek State Recreation Area and the nearby town of Willow
make it one of the most popular streams for fishing within the Susitna drainage. Due to the high and
increasing use of this stream, it will be important to define current stream condition for use in
identifying stream degradation or any needed habitat restoration or protection actions.
This study has been developed to address the following objectives:






Measure stream water and sediment chemical parameters in upstream reference and
downstream developed or higher use areas of Willow Creek to determine whether
development is resulting in changes in water quality;
Measure the biotic community to assess stream health along the length of Willow Creek, using
macroinvertebrate ASCI scores and juvenile salmon distribution, abundance, and condition
values;
Collect physical habitat measures to determine base line values of riparian vegetation cover,
sediment size distribution, large woody debris, and channel width and depth.
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3.0 Methods
A quality assurance project plan (QAPP) was developed for this project and approved by the Alaska
Department of Environmental Conservation (DEC). The QAPP describes the sampling design, data
collection methods and handling, and quality assurance procedures and is provided in Appendix B.
Water quality, physical habitat, and biotic characteristics were measured at four sites along Willow
Creek (Figure 1 and Table 1). The farthest upstream site (Willow01), is located above the Willow
Fishhook Road crossing. Willow02 is located just upstream of the Deneki Road crossing. Willow03 is
located just downstream of the Parks Highway crossing. Willow04 is located approximately 1 mile
upstream of the mouth and is the furthest downstream site.

Figure 1. Map of sampling locations on Willow Creek.

Table 1. Sampling locations.
Site
Willow01
Willow02
Willow03
Willow04

Description
Upstream of Willow
Fishhook Rd crossing
Upstream of Deneki Rd
crossing
Downstream of Parks
Hwy crossing
Upstream of mouth

3

Latitude
N 61.76168

Longitude
W -149.67406

N 61.77102

W -149.95728

N 61.76687

W -150.07198

N 61.77710

W -150.15622
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Table 2. Summary of sample timing
Sample Activity
Water Chemistry - Field
Measurements
Dissolved Metals and Nutrients
Settleable Solids
Sediment Metals
Temperature Loggers
Turbidity Loggers
Macroinvertebrates
Fish
Habitat Assessment
Fecal Coliform
Bank and Riparian Modification
Sediment Size Distribution
Physical Habitat Characteristics

Dates Collected
July 22, 2014, September 5, 2014,
September 23, 2014, April 27, 2015
July 28, 2014, September 5, 2014, April 27,
2015
July 22, 2014, September 5, 2014, April 27,
2015
September 5, 2014
Installed July 22 2014, removed September
23-October 7 2014, Installed May 2015.
Installed July 22, 2014, removed September
18, 2014
August 27, 2014
July 28-30, 2014
August 27, 2014
July 22-August 19, 2014
September 23-24, 2014
September 23-24, 2014
September 23-24, 2014

3.1 Water Quality and Stream Flow
Water quality and stream flow were assessed using in situ measurements, laboratory analysis of
samples, and data loggers. Water quality was determined from in situ measurements of pH, specific
conductivity, dissolved oxygen, water temperature and turbidity. Water samples were collected and
analyzed for nitrate+nitrite-N, ammonia-N, total phosphorus and total dissolved phosphorus. Water
samples were also analyzed for total fecal coliform bacteria. Water temperature and turbidity were
measures with data loggers. Field measures of water quality were obtained during summer baseflow
(July 22, 2014), during two fall storm events (September 5 and September 23 2014), and during spring
runoff (April 27, 2015). Specific conductivity, temperature and pH were measured using a YSI 63 meter
and probe. Dissolved oxygen saturation and concentration and temperature were measured using a YSI
550A DO meter. Turbidity was measured on each sampling occasion using a LaMotte TC-3000e meter.
Three replicate samples were measured and average turbidity was calculated from these values.
Additionally, temperature was recorded every 30 minutes using Onset ProV2 data loggers. Hach
Hydrolabs were installed to measure turbidity every 30 minutes at Willow01 and Willow03 from July 22
until September 18. Discharge was obtained from USGS stream gauge 15294005, and precipitation data
were obtained from the NOAA National Climatic Data Center station located in Willow (N 61.6995°, W
149.9897°). Settleable solids (mL/L) were measured from 1 liter samples collected in July and September
of 2014 and April 2015 using the Imhoff cone method.
Water samples were collected from all sites in July 2014, September 2014, and April 2015 (Table 2). In
July 2014, water samples for nutrients were collected on July 22 and water samples for dissolved metals
were collected on July 28. The samples were received by the laboratory on July 30. In September 2014,
4
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water samples for nutrients and dissolved metals were collected on September 5 and received by the
laboratory on September 9. In April 2015, water samples for nutrients and dissolved metals were
collected on April 27 and received by the laboratory on April 30. Samples were laboratory analyzed for
nitrate + nitrite-N, ammonia-N, total-P, dissolved organic carbon, alkalinity and hardness, and dissolved
metals (aluminum, antimony, arsenic, barium, beryllium, cadmium, copper, lead, chromium, cobalt,
magnesium, manganese, molybdenum, nickel, selenium, silver, thallium, vanadium, zinc).
Water samples were collected from Willow03 and Willow04 on five dates during the summer for fecal
coliform analyses. Five water samples were collected between July 22 2014 and September 2 2014 and
analyzed for total fecal coliforms by Analytica Group, LLC in Anchorage, AK.
Sediment grab samples were collected on September 5, 2014 at each site. The samples were laboratory
analyzed for arsenic, cadmium, copper, lead, zinc and mercury. Sediment from Willow03, just
downstream of the Parks Highway, also were analyzed for polycyclic aromatic hydrocarbons (PAHs).
Sediment samples were received by the laboratory on September 10 2014. Laboratory analysis of both
water and sediment samples was performed at AM Test Laboratories located in Kirkland, WA.

3.2 Physical Habitat Characteristics
At each site, physical habitat was assessed over a 100m reach. At five transects within each 100m reach,
channel width and flood prone width were measured. The height of the banks was measured, as well as
the extent that the bank is undercut. Bank slope was calculated for each of these five transects from
cross-section survey data. Dominate riparian vegetation types were measured and classified using the
U.S. Forest Service Alaska Vegetation Classification system (Viereck et al 1992). Bank and riparian
modifications were measured and photographed, and the cause of modification was recorded.
Substrate size distribution was measured within each reach using Wolman pebble counts. One hundred
randomly selected particles were measured for median diameter, and percent of embedded in fines was
also recorded. Large woody debris (LWD) pieces and dams were counted within each reach. Habitat
assessments were conducted at each site using the Alaska Stream Condition Index (ASCI) qualitative
assessment methodology (Major and Barbour 2001), which ranks habitat characteristics including
substrate, velocity-depth combinations, channel alteration, channel sinuosity, bank stability, and
riparian vegetation.

3.3 Biological Characteristics
3.3.1 Macroinvertebrates
All macroinvertebrate samples were collected on August 27th 2014 using standard operating procedures
for the Alaska Stream Condition Index (Major and Barbour 2001). Twenty benthic samples were
collected in a D net (350 micron mesh). All available habitats were sampled proportional to their
occurrence within the sampling reach. The net was placed downstream from the selected habitat and
aquatic insects were manually dislodged from the substrate by rubbing the surface. Dislodged insects
were transported by stream flow into the net. The cod-end of the sampling net was removed and the
insects rinsed into a 5 gallon bucket. This process was repeated until twenty samples within the reach
were collected. The entire composite sample from the site was stirred within the bucket to separate the
macroinvertebrates from the inorganic substrate. The macroinvertebrates were then transferred to a
500 ml Nalgene bottle and preserved with 80% alcohol. The sample bottles were labeled with the
sampling date, location, and the sampling technicians.
5

ARRI
Willow Creek Water Quality and Habitat Assessment

July 2015

Laboratory processing included sub-sampling, sorting, and species identification. Each site’s aggregate
sample was mixed and then subdivided equally into 12 sub-sections. One sub-section was selected
randomly and all invertebrates within that sub-section were counted and rough sorted into orders.
More sub-sections were randomly selected until 350 or more invertebrates were sorted for
identification. Invertebrates were identified to species level where possible; otherwise they were
identified to the lowest taxonomic level. Macroinvertebrate metrics, richness, and diversity were
calculated to determine the ASCI scores and Cook Inlet Biological Assessment Index (CIBI) scores (Rinella
and Bogan 2007) for each site. ASCI metrics include Trichoptera taxa; percent Ephemeroptera,
Plecoptera, and Trichoptera; percent Diptera, percent collectors, Hilsenhoff Biotic Index, and percent
scrapers and predators. CIBI metrics include number of Ephemeroptera, Plecoptera, and Trichoptera
taxa; number of Ephemeroptera taxa; Shannon’s diversity; percent Ephemeroptera; percent non-insects;
and percent scrapers.

3.3.2 Juvenile Salmon
Juvenile salmon and resident fish were sampled using baited minnow traps in July 2014. Twenty minnow
traps (1/4 inch mesh, 1 inch opening) were baited with commercial salmon roe, placed at each site in
areas where water depth completely covered the trap opening and in locations with cover provided by
woody debris or bank vegetation. The traps were fished for 20-24 hours. All captured fish were
identified. Fork length and weight were measured for all salmonids. Catch per unit trap, ratio of
salmonids to resident fish, and salmon condition factors were calculated for each site.

4.0 Results
4.1 Water Quality and Stream Flow
4.1.1 Dissolved Oxygen, pH, and Specific Conductivity
Results for in situ water quality measurements are shown in figures 2 through 4. Stream water pH was
over 7.0 on all sampling dates. pH was highest for all four sites on September 23, 2014, during the
second fall storm event, while the lowest pH was recorded on September 5, 2014, the first storm event.
Stream water pH likely varies from the rising to falling limb of the hydrograph through a storm event as
soil organic acids are flushed from upland and riparian forests and wetlands. Stream water pH tended to
decrease downstream with the lowest values at downstream sites. Specific conductivity generally
increased throughout the season, as shown in Figure 3. The lowest specific conductivity was recorded in
July 2014 at all four sites, while the highest specific conductivity was recorded at all four sites in April
2015. Dissolved oxygen was near saturation at all sites throughout the study as shown in Figure 4.
Willow01 had the lowest percent saturation of dissolved oxygen at 92.2% on April 27, 2015 at Willow01
when ice cover was still present, while the highest percent saturation of dissolved oxygen was at
Willow02 on September 23, 2014, at 104.0%.

6
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7.60
7.50
7.40

pH

7.30
7.20
7.10
7.00
6.90
6.80
July 22 2014

September 5 2014 September 23 2014

Willow01

Willow02

Willow03

April 27 2015

Willow04

Figure 2. Stream water pH at all sampling locations, measured during summer baseflow (July 22), two
fall storm events (Sept 5 and 23), and spring flow.

Specific Conductivity (µS/cm)

140.00
120.00
100.00
80.00
60.00
40.00
20.00
0.00
July 22 2014
Willow01

September 5 2014 September 23 2014
Willow02

Willow03

April 27 2015

Willow04

Figure 3. Specific conductivity at all sampling locations, measured during summer baseflow, two fall
storm events, and spring flow.
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Dissolved Oxygen (% Saturation)

106.00
104.00
102.00
100.00
98.00
96.00
94.00
92.00
90.00
88.00
86.00
July 22 2014
Willow01

September 5 2014 September 23 2014
Willow02

Willow03

April 27 2015

Willow04

Figure 4. Dissolved oxygen (percent saturation) at all sampling locations, measured during summer
baseflow, two fall storm events, and spring flow.

4.1.2 Fecal Coliform Bacteria
Total fecal coliform bacteria at Willow03 and Willow04 for five sampling dates are shown in Table 3.
Fecal coliform counts were highest at Willow04, the furthest downstream site; with a geometric mean
of 33.61 cfu/100ml. Fecal coliform bacteria exceed 20 cfu/100ml at both sites, which is the state water
quality criteria for water use for drinking, culinary, and food processing purposes. Total fecal coliform
bacteria did not exceed water quality criteria for other designated water uses. (Alaska DEC 2012).
Table 3. Fecal coliform bacteria (cfu/100 ml) on each sampling date and geometric mean.
Date
7/22/2014
7/28/2014
8/4/2014
8/12/2014
8/19/2014
Geometric Mean

Willow03
30.00
28.00
26.00
12.00
13.00
20.25

Willow04
65.00
25.00
24.00
44.00
25.00
33.61

4.1.3 Dissolved and Sediment Metals
The Alaska Water Quality Manual for Toxic and Other Deleterious Organic and Inorganic Substances
(Alaska DEC 2008) provides water quality criteria for dissolved metals and organic substances in
freshwater. The manual presents both acute and chronic criteria for aquatic life in freshwater. Acute
criteria are based on a one-hour averages, while chronic criteria are based on a four-day average
concentration. This study tested for acute criteria, but measurements could be used to indicate
potential exceedances chronic criteria. The Water Quality Manual also outlines criteria for human health
consumption for uses of drinking, culinary, food processing, and growth and propagation of aquatic life.
Table 4 presents the water quality criteria for some of the dissolved metals that were measured. The
8
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criteria for nickel, lead, and copper are hardness dependent. Water quality criteria presented in the
table are calculated from average hardness values from summer, fall, and spring samples.
Measurements of dissolved metals in water samples are shown in Table 5, while Table 6 displays the
maximum measured value of each dissolved metal across all sites and sampling events. All dissolved
metals fell below state limits for acute toxicity in freshwater (Alaska DEC 2012). Dissolved aluminum at
Willow01 on September 5, 2014, exceeded the state chronic toxicity to aquatic life for freshwater
(Alaska DEC 2012) at 99.50 µg/l. Dissolved manganese at Willow04 on April 27 2014 exceeded the
chronic criteria for human health for consumption of water and aquatic organisms (Alaska DEC 2012) at
55.20 µg/l.

Table 4. Alaska DEC water quality criteria for dissolved metals. All values are in µg/l.
Metal
Aluminum
Chromium (IV)
Copper
Lead
Manganese
Nickel
Zinc

Aquatic Life for Freshwater
Acute
Chronic
750
16
4.0
16
NA
158
42

87
11
3.0
0.61
NA
30
38

Human Health Consumption
Water and Aquatic Aquatic Organisms
Organisms
Only
NA
NA
NA
NA
1300
NA
NA
NA
50
100
610
4600
9100
69000

Table 5. Dissolved metals at all four sampling locations, measured during summer baseflow, a fall storm
event, and spring flow. ND indicates metals were below detectable levels. All values are in µg/l.

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Copper
Lead
Chromium
Cobalt
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver

July 28 2014
Willow01 Willow02 Willow03 Willow04
16.80
25.00
52.60
47.90
0.04
0.04
0.03
ND
1.52
0.78
1.01
1.07
12.10
7.47
8.90
8.86
ND
ND
ND
ND
ND
ND
ND
ND
0.58
0.56
0.75
0.90
ND
ND
ND
ND
0.09
0.07
0.14
0.10
ND
ND
ND
ND
2.50
1.30
1.40
1.50
3.35
2.23
10.90
12.60
0.47
0.61
0.56
0.53
0.42
0.26
0.31
0.32
ND
ND
ND
ND
ND
ND
ND
ND
9
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Thallium
Vanadium
Zinc

July 28 2014
Willow01 Willow02 Willow03 Willow04
0.13
0.02
0.01
ND
0.10
0.31
0.43
0.41
ND
0.75
0.89
ND

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Copper
Lead
Chromium
Cobalt
Magnesium
Manganese
Molybdenum
Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

September 5 2014
Willow01 Willow02 Willow03 Willow04
99.50
28.20
57.80
48.30
0.10
0.07
ND
ND
1.61
0.72
0.93
1.03
13.00
7.76
8.76
9.29
ND
ND
ND
ND
ND
ND
ND
ND
0.72
0.54
0.67
0.67
ND
ND
ND
ND
0.22
0.09
0.24
0.11
ND
ND
ND
ND
2.20
1.30
1.40
1.50
14.60
3.36
17.00
18.30
0.38
0.54
0.44
0.42
0.59
0.24
0.32
0.31
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.34
0.31
0.43
0.40
1.80
1.23
1.68
1.19

April 27 2015
Willow01 Willow02 Willow03 Willow04
Aluminum
7.04
12.4
12.7
11.2
Antimony
0.03
ND
ND
ND
Arsenic
1.18
0.593
0.691
0.801
Barium
20.8
10.6
11.5
13.8
Beryllium
ND
ND
ND
ND
Cadmium
ND
ND
ND
ND
Copper
1.81
0.98
0.89
0.63
Lead
0.05
ND
ND
ND
Chromium
0.19
0.12
0.12
0.13
Cobalt
ND
ND
ND
ND
Magnesium
NA
NA
NA
NA
Manganese
20.3
8.2
35.7
55.2
Molybdenum
ND
ND
ND
ND
10
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Nickel
Selenium
Silver
Thallium
Vanadium
Zinc

0.54
0.27
ND
ND
0.094
6.96

0.26
ND
ND
ND
0.383
3.96

0.32
ND
ND
ND
0.336
3.24

July 2015
0.32
ND
ND
ND
0.33
3.39

Table 6. Maximum values of each dissolved metal across all four sites and three sampling events. All
values are in µg/l.
Maximum
Aluminum
99.50
Antimony
0.10
Arsenic
1.61
Barium
20.80
Beryllium
0.00
Cadmium
0.00
Copper
1.81
Lead
0.05
Chromium
0.24
Cobalt
0.00
Magnesium
2.50
Manganese
55.20
Molybdenum
0.61
Nickel
0.59
Selenium
0.27
Silver
0.00
Thallium
0.13
Vanadium
0.43
Zinc
6.96
Metals detected in the sediment grab samples are shown in Table 7. Concentrations of metals in
sediments were evaluated using the Threshold Effects Levels (TEL) and Probable Effects Levels (PEL)
presented in the National Oceanic and Atmospheric Administration Screening Quick Reference Tables
(SQuiRT) (Buchman 2008). TELs indicate the concentrations below which negative effects are unlikely,
while PELs indicate the concentrations above which negative effects are likely. All concentrations of
metals in the sediment samples except for arsenic (As) fell below both the TEL and PEL criteria. The TEL
for As is 5.9 µg/g and the PEL is 17 µg/g with bed sediment values in Willow Creek ranging from 12.2 to
62 µg/g (Table 7). No polycyclic aromatic hydrocarbons were detected in the sediment sample from
Willow03.
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Table 7. Metals (ppm) in sediment grab samples collected in September 2014. ND indicates values below
method detection limits.
Arsenic (µg/g)
Cadmium (µg/g)
Copper (µg/g)
Lead (µg/g)
Zinc (µg/g)
Mercury (µg/g)

Willow01 Willow02 Willow03 Willow04
21.4
12.2
14.2
62
ND
ND
ND
ND
18.5
16.2
17.8
22.1
ND
ND
ND
ND
28.7
23.3
24.7
29.3
0.0266
0.0405
0.0397
0.103

4.1.4 Nutrient Concentrations
Alkalinity and hardness are shown in Figures 5 and 6, respectively. Alkalinity ranged from 18.00 mg/l
(Willow02 in July 2014) to 30.00 mg/l (Willow04 in April 2015). Hardness ranged from 22.00 mg/l
(Willow02 in July and September 2014) to 35.00 mg/l (Willow01 in July 2014). Alkalinity and hardness
did not display great variation throughout the sampling period. Willow01 and Willow04 had higher
alkalinity than Willow02 and Willow03 at each sampling event. Willow01 consistently had the highest
hardness value, followed by Willow04. Willow02 consistently had the lowest hardness value. Dissolved
organic carbon, shown in Figure 7, tended to increase throughout the sampling period except at
Willow01. The low value at Willow01 in April 2015 may have been due to frozen soils in the upper
portion of the watershed during spring sampling.
Concentrations of total phosphorus, dissolved phosphorus, nitrate and nitrite nitrogen, and ammonia
nitrogen are shown in Table 8. Total phosphorus remained fairly constant throughout sampling, except
for a peak at Willow04 in September, at 0.063 mg/l total phosphorus. Dissolved phosphorus increased
from July to April for all sites except for Willow01. At Willow01, the highest measurement of dissolved
phosphorus was in September. At each sampling event, Willow04 had more dissolved phosphorus than
Willow02 and Willow03. Inorganic nitrogen levels were low, and were below detectable levels for most
sites in July and September 2014. Nitrogen concentrations were higher in April 2015 prior to leaf out
and the onset of terrestrial production and were detected in low levels at most sites1. The molar ratio of
nitrogen to phosphorus was calculated for sites at which both nitrogen and phosphorus were detected
on a single sampling date. The ratio was calculated for four sampling events and ranged from 3.2 to
14.7, which indicates that concentrations nitrogen most likely limit primary production in Willow Creek.

1

Method detection levels for nitrate and nitrite nitrogen and ammonia nitrogen changed between September
2014 and April 2015. The detection level for ammonia nitrogen decreased from 0.01 mg/l to 0.005 mg/l, while the
detection level for nitrate and nitrite increased from 0.02 mg/l to 0.025 mg/l.
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35.00

Alkalinity (mg/l CaCO3)

30.00
25.00
20.00
15.00
10.00
5.00
0.00
July 2014
Willow01

September 2014
Willow02

Willow03

April 2015
Willow04

Figure 5. Alkalinity measured at all four sites during summer baseflow, a fall storm event, and spring
flow.

40.00

Hardness (mg/l CaCO3)

35.00
30.00
25.00
20.00

15.00
10.00
5.00
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July 2014

Willow01

September 2014

Willow02

Willow03

April 2015

Willow04

Figure 6. Hardness measured at all four sites during summer baseflow, a fall storm event, and during
spring flow.
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Dissolved Organic Carbon (mg/l)

3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00
7/22/2014
Willow01

9/5/2014
Willow02

4/27/2015

Willow03

Willow04

Figure 7. Dissolved organic carbon measured at all four sites during summer baseflow, a fall storm event,
and spring flow.

Table 8. Dissolved phosphorus, total phosphorus, inorganic nitrogen (nitrate+nitrite), and ammonianitrogen, measured at all four sites during summer baseflow, a fall storm event, and spring flow
Total Phosphorus (µg/l)

Dissolved Phosphorus
(µg/l)
Nitrate + Nitrite N (mg/l)

Ammonia-N(mg/l)

Jul-14
Sep-14
Apr-15
Jul-14
Sep-14
Apr-15
Jul-14
Sep-14
Apr-15
Jul-14
Sep-14
Apr-15

Willow01 Willow02 Willow03 Willow04
5.0
5.0
20.0
14.0
10.0
5.0
14.0
63.0
0.0
12.0
14.0
16.0
1.7
3.3
1.8
5.9
9.2
3.5
3.7
9.0
3.1
4.6
7.3
16.0
ND
ND
ND
ND
ND
ND
ND
ND
0.101
0.08
0.07
0.042
ND
ND
ND
0.02
ND
ND
ND
ND
0.015
ND
0.006
0.01

4.1.5 Stream Flow and Precipitation
Discharge peaked for the season on June 26 2014 at 1720.8 cfs, coinciding with a rain event (Figure 8
and 9). Following this peak, discharge tended to decrease until the beginning of September, when
rainfall became more frequent.
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Figure 8. Total daily precipitation and average daily discharge during the open water months of 2014.
Arrows indicate water sampling events on July 22 and September 5 2014.
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Figure 9. Total daily precipitation and average daily discharge in spring 2015. Arrow indicates the spring
water sampling event on April 27 2015.
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4.1.6 Turbidity
Throughout most of the season, turbidity was 0 NTU or just above 0 NTU at both the Parks Highway site
and the Shirley Town Bridge site (Figure 10). Turbidity spiked on July 25-26, associated with a period of
increased discharge. Turbidity also spiked several times in late August and in September, as precipitation
increased. Turbidity increases were greater at the Parks Highway compared to measurements upstream
at Shirley-Town Bridge. Turbidity always decreased to very low values following rapid increases. Stream
flows began to increase in May with the highest value during the study period in June at over 1000 cfs.
Settleable solids were measured in July 2014, September 2014 and April 2015 using the Imhoff cone
method. No settleable solids were detectable at any site on any sampling date.

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Parks Hwy

Shirley Town

Figure 10. Daily average turbidity measured at the Shirley-Town Bridge and downstream of the Parks
Highway crossing.

4.1.7 Water Temperature
Water temperature data are summarized in Table 9, and shown graphically in Figures 11-14. Stream
temperatures tended to be warmer in 2015 than in 2014. Willow01, the furthest upstream site, tended
to be the coldest throughout the season. Willow01 reached 13 degrees C on just seventeen days.
Willow01 also had the lowest value for cumulative degree days (sum of daily average temperatures) in
both August and September. The sites tended to become warmer further downstream, with more days
above 13 degrees C, and higher values for cumulative degree days. State water quality standards outline
temperature criteria for use by anadromous fish, stating that temperatures should not exceed 13
degrees C for spawning areas and egg and fry incubation, and temperatures should not exceed 15
degrees C for migration and rearing areas (Alaska DEC 2012). All sites exceeded 15 degrees C for at least
7 days and exceeded 13 degrees C for at least 17 days. During warmer years, higher temperatures may
16
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make Willow Creek less suitable as salmon habitat. This issue would be more prevalent at downstream
sites, which tend to have warmer temperatures.
Table 9. Summary of temperature data for all four sites
Site Name
Willow01
Willow02
Willow03
Willow04
Start Date
7/22/2014
7/22/2014
7/22/2014
7/22/2014
End Date
7/8/2015
7/8/2015
7/8/2015
7/9/2015
Season Maximum
18.129
17.891
18.628
18.628
Max Daily Range
7.797
5.54
6.216
6.219
Total Days
115
150
150
137
Days Max>13
17
34
43
47
Percent of Total
15
23
29
34
Days Max>15
7
12
16
19
Percent of Total
6
8
11
14
August Cumulative Degree Days
286.5
339.6
355.7
364.77
September Cumulative Degree Days
181.1
213.4
224.7
May Cumulative Degree Days
192.1
215.4
226.8
June Cumulative Degree Days
266.0
329.0
343.9
353.4
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Temperature (Degrees C)
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2014
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13-Sep

3-Oct
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Figure 11. Maximum, minimum, and average daily temperature at Willow01 during open water periods
from July 2014-July 2015.
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Figure 12. Maximum, minimum, and average daily temperature at Willow02 during periods of open water
from July 2014-July 2015.
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Figure 13. Maximum, minimum, and average daily temperature at Willow03 during periods of open water
from July 2014-July 2015.
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Figure 14. Maximum, minimum, and average daily temperature at Willow04 during periods of open water
from July 2014-July 2015.

4.2 Physical Habitat Characteristics
4.2.1 Vegetation Classification
Physical habitat characteristics, including riparian vegetation classification, bank and riparian
modification, and substrate size distribution, were measured at each sampling site. At Willow01, the
dominate vegetation type within the riparian zone is low closed scrub, which includes willow, alder,
shrub birch and devil’s club. (IIC1). At one end of the reach the vegetation type changed on the right
bank to mesic grasses (IIIA2). The zone of scrub on the left was small (2-5m) giving way to open conifer
forest, which includes white spruce and black spruce. The zone of scrub or grass on the right was much
larger (65-130m) before transitioning to open conifer forest. At Willow02, the dominant vegetation
types are close and open low scrub in a zone 2 to 17m along the shore. Beyond this zone there is either
open or closed broadleaf forest on the right bank and open or closed mixed forest on the left. Broadleaf
forest mainly consists of birch, cottonwood, and poplar, while mixed forest has both spruce and birch
species. There is an island between the two split channels that consists of mesic grasses (IIIA2) and tall
open scrub, which is characterized by willow and alder. At Willow03, the dominant vegetation type
within the riparian zone is tall open alder scrub (IIB2). Beyond this 6-50m zone there is mixed forest
woodland (IC3) on both the right and left and some patches of mesic grass on the left bank (IIIA2). At
Willow04, there are a variety of vegetation types present within the riparian zone and each side of the
stream is distinctly different. The right side varies among scrub, grasses and forest within the 30 to 80m
zone with closed broadleaf forest beyond. The left side has a small 5 to 10m zone of either open tall or
low scrub with either mixed, conifer or broadleaf birch forest beyond.
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4.2.2 Bank and Riparian Modification
Bank and riparian vegetation modification at all sampling locations was due to ATV trails, residential
development, and fishing trails (foot traffic). Riparian modification ranged from 150 to 650 m2 of 2,000
m2 total. Bank modification ranged from 0% at Willow02 and Willow03 to a high of 12.7% at Willow04.
Riparian and bank modifications at Willow01 also caused by an ATV trail (Table 10). There was a trail
from the Willow Fishhook road to a Willow Creek point bar at Willow01. The trail parallel the river
upstream (Appendix A Photograph 1 and 2). At Willow02, both the right and left banks had riparian
modifications due to residences, creating the largest area of riparian modifications out of the four sites.
Willow03 and Willow04 had riparian modifications due to ATVs and fishing trails at Willow03 and foot
fishing trails at Willow04. The highest amount of bank modification was measure at Willow04 where
bank sloughing was occurring with the break point along the fishing trail (Appendix A Photograph 9).

4.2.3 Large Woody Debris
LWD and debris dams were less abundant at the upper sites (Willow01 and Willow02) where more
confined and steeper channels probably resulted in the movement of logs that entered the stream. The
amount of large woody debris in the stream tended to increase further downstream, with the highest
number of LWD pieces (24) and LWD dams (4) at Willow04.

4.2.4 Substrate size distribution
The substrate size distribution shows that overall mean particle size decreases downstream. Willow01
and Willow02 had very similar substrate a D50 of 90 to 100mm and <5% fines (Figure 15). Particle size
was smaller at Willlow03 with a D50 of 40m and percent fines >10%. The lowest site, Willow04 lacked
large cobble and boulders (D50 of 35 mm), highly embedded cobles, and had a high percentage of fines
(>30%). Embeddedness measured in Willow01 was due to loose sand in contrast to the downstream
sites where embeddedness was due to dense silt.
Table 10. Physical habitat characteristics at all sampling locations.

Undercut (m)
Wetted Width (m)
Bankful Width (m)
2X Bankful width (m)
Bank Angle (deg)
Bank Height
Bank modification (%)
Riparian modification
(m2)
LWD pieces
LWD dams

Willow01 Willow02 Willow03 Willow04
0.14
0
0
0.12
22.8
33.4
36.2
32.52
24.28
36.26
39.22
33.14
∞
∞
183
∞
31.7
6.2
18.2
27.7
1.30
0.82
0.87
1.22
2.5%
0
0
12.7%
250

650

200

150

2
0

5
2

10
0

24
4
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Figure 15. Cumulative substrate size distribution at all four sites.

4.3 Biological Characteristics
4.3.1 Macroinvertebrates
Macroinvertebrate samples were used to compute multimetric scores in order to assess the biological
condition of aquatic communities in Willow Creek both longitudinally and over time. Qualitative habitat
assessments were conducted along with macroinvertebrate sampling. Metrics for community richness,
composition, functional organization and pollution tolerance were calculated as outlined by the Alaska
Stream Condition Index (Major et al 2001). The ASCI metric is specific to stream class therefore the four
sites sampled were first categorized based on pebble counts and habitat classification results. Willow01,
Willow02, and Willow03 were classified as low gradient-coarse substrate based on slope (<2%) and
abundant clean cobble habitat availability (>40%). Willow04 was classified as low gradient-fine substrate
based on slope (<2%) and lack of clean cobble habitat availability (<40%).
The ASCI metrics for low gradient-coarse substrate include number of Ephemeroptera taxa, percent
Ephemeroptera (no Baetids), percent Plecoptera, ratio of Baetidae to Ephemeroptera, percent noninsects, ratio of observed to expected taxa, percent scrapers and Hilsenhoff Biotic Index.The ASCI
metrics for low gradient-fine substrate include number of Trichoptera taxa, percent Ephemeroptera,
Plecoptera and Trichoptera, present Diptera, ratio of observed to expected taxa, percent collectors and
Hilsenhoff Biotic Index.
The final ASCI scores (0-100) for each site are shown in Figure 16. Both Willow01 and Willow04 were
considered in excellent condition for their stream class. Willow02 and Willow03 were considered in
good condition for their stream class. Willow03 had the lowest score of 62. Averaging the scores of all
the sites produces a score of 70, an indication of good biological condition of Willow Creek as a whole.
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Data collected in previous years at Willow03 (below Parks Highway) for the creation of the ASCI were
compared to data collected in 2014 (Figure 17). Water quality, based upon macroinvertebrate metrics
does not appear to be declining, with water quality at the “good” to “excellent” level. ASCI scores in
2014 were similar to those measured in 1998; however, lower than those measured in 2000.
Habitat assessment scores are shown in Table 11. Willow01, Willow02, and Willow04 all had high
habitat assessment scores, indicating good quality habitat. Willow03 the lowest score, at 12.8, which
indicates lower quality habitat. Having the lowest ASCI macroinvertebrate score as well as the lowest
habitat assessment score indicates that Willow03 is in poorer overall condition than other areas of
Willow Creek.
100
90
80
Excellent

Multimetric Score

70
60
50

Good

40
Fair

30
20

Poor

10
0
Willow01

Willow02

ASCI 2001

Willow03

Willow04

ASCI 2007

Figure 16. Alaska Stream Condition Index Scores (0-100) for each of the four study sites on Willow
Creek in 2014. Lines indicate levels for excellent, good, fair, and poor stream condition for 2001 ASCI
scores. Willow01, Willow02, and Willow03 are classified as low-gradient course substrate sites and
Willow04 is classified as low-gradient fine substrate sites, giving the sites different thresholds for stream
condition.
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Figure 17. Macroinvertebrate multimetric scores for samples collected below the Parks Highway from
1998 through 2014.
Table 11. Alaska Stream Condition Index habitat assessment scores for all four sites.
Epifaunal Substrate
Embeddedness
Velocity-Depth Combinations
Sediment Deposition
Channel Flow Status
Channel Alteration
Channel Sinuosity
Bank Stability
Bank Vegetative Protection
Riparian Vegetative Zone Width
Habitat Assessment Score

Willow01 Willow02 Willow03 Willow04
14.5
18
13
15
14.5
18
13
10.5
11.5
16
13.5
16
18
16
12
13.5
17.5
16
11
15.5
17.5
19.5
19
20
11.5
18
12.5
16
15.5
10
15.5
16
16
14.5
12.5
17.5
13
12
5.5
16.5
14.95
15.8
12.75
15.65

4.3.2 Juvenile Salmon
Fish sampling yielded both anadromous and resident fish species. Resident fish included Dolly Varden
(Salvelinus malma), rainbow trout (Oncorhynchus mykiss), and sculpins (Cottus sp.) Figure 18 shows the
catch per unit trap of resident fish at each site. Upstream sites had higher abundances of Dolly Varden,
with the highest CPUT at Willow01. Dolly Varden were also present at Willow02 and Willow03 in lower
abundances but were not captured at Willow04. Juvenile rainbow trout and sculpins were not captured
at Willow01, upstream from the Willow Creek canyon. Rainbow trout were present at all of the
remaining sampling sites in relatively low numbers.
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Juvenile Chinook and coho salmon were found at Willow02, Willow03, and Willow04, but were absent
from catches at Willow01 above the canyon. Ratios of resident to anadromous fish are shown in Figure
19. Willow01 had only resident fish, while Willow02, Willow03, and Willow4 had a much greater
percentage of juvenile anadromous fish than resident fish minnow trap samples.
Chinook salmon were present in greater numbers than coho salmon at each of the sites where juvenile
salmon were present. Willow02 had the highest ratio of Chinook to coho and the highest catch per unit
trap of Chinook salmon, with 14.6 Chinook per trap (Figure 19). Chinook salmon tended to be larger at
downstream sites. Willow04 had the highest Chinook median fork length (Figure 21) at 65 mm, while
Willow02 had the lowest Chinook median fork length at 57 mm. Chinook at Willow02 had the highest
median condition factor, while Chinook salmon at Willow03 had the lowest (Figure 22).
Age 0 and Age 1+ coho salmon were present at Willow02, Willow03, and Willow04, and coho showed
greater variation in size than Chinook salmon (Figure 23). Age 1+ coho salmon tended to be larger at
upstream sites, while Age 0 coho were larger at downstream sites. Willow04 had the highest median
fork length for Age 0 coho, but the lowest median fork length for Age1+ coho, as shown in Figure 24.
Median condition factor for coho salmon tended to decrease at downstream sites (Figure 25).
1.4

Catch per Unit Trap

1.2
1
0.8
0.6

0.4
0.2
0
Willow01

Willow02
Dolly Varden

Willow03

Rainbow Trout

Willow04

Sculpin

Figure 18. CPUT of juvenile resident fish showing Dolly Varden more abundant in the upper sites and
rainbow trout at the lower two sites in samples collected on July 29 and 30, 2014.
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Figure 19. Juvenile salmon were absent from the upper river sampling site, on July 29 and 30, 2014, but
dominated catch from Willow02 downstream.
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Figure 20. Juvenile Chinook and coho salmon catch per unit trap at each of the four sites on July 29 and
30, 2014, showing the greater abundance of Chinook salmon compared to coho salmon.
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Figure 21. Juvenile Chinook salmon fork length frequency and cumulative frequency across all three sites

70

Fork Length (mm)

65

60

55

50

45

40
Willow02

Willow03

Willow04

Figure 22. Chinook salmon median fork length at Willow02, Willow03, and Willow04.
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Figure 23. Condition factor for juvenile Chinook salmon.
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Figure 24. Coho salmon fork length frequency and cumulative frequency across all four sites.
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Figure 25. Median coho salmon fork length for Age 0 fish and Age 1+ fish at Willow02, Willow03, and
WIllow04.
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Figure 26. Condition factor for Age 0 and Age 1+ coho salmon.

5.0 Discussion
This study results indicate that water quality and habitat in Willow Creek are generally in good
condition, with some areas that may warrant further monitoring. In situ measurements of water
chemistry were fairly consistent throughout the data collection period. Stream water pH remained
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between 7.00 and 7.50 on all sampling dates, with lower measurements at the beginning of a storm
event and higher measurements after a period of increased precipitation during the month of
September. Specific conductivity was highest in April 2015 and increased at downstream sites, which
could be due to the use of road salts during the winter. High conductivity during spring sampling has
been observed in other streams at higher latitudes (Corsi et al. 2010). Dissolved oxygen was at or near
saturation at all sites. The lowest measurement, 92.0% saturation at Willow01 in April 2015, was likely
lower due to compete ice cover upstream of the sampling location.
Levels of fecal coliform bacteria exceeded the state criteria for drinking water, and are comparable to
levels measured in Montana Creek near the Parks Highway and the Little Susitna River near the Public
Use Facility (Davis and Davis 2006, Davis and Davis 2007) and remained consistent throughout the
sampling period.
All measured dissolved metals fell below state acute criteria for, indicating that there were no acute
metal contamination in Willow Creek. Both aluminum and manganese exceeded chronic criteria for
contamination on one date at one site: aluminum at the highest upstream site during a fall storm and
manganese at the farthest downstream site during spring runoff. However, results from a single sample
cannot be used to evaluate compliance with chronic criteria. Further sampling could determine if these
high concentrations are persistent or if 96-hour average concentrations exceed chronic criteria.
Hydrocarbons were not detected in bed sediments from samples collected below the Parks Highway and
arsenic was the only metal in sediments to exceed TELs or PELs. Sediment Cu and Zn were lower than
values reported for Southcentral streams as reported by the USGS for samples collected between 1998
and 2000 (Frenzel 2002). High As in bed sediments is not unique to Willow Creek as approximately 50%
of bed sediment samples analyzed by the USGS in Cook Inlet streams exceeded PELs (Glass and Frenzel
2001). Higher concentrations of As in bed sediments at the downstream Willow04 site are likely due to
the higher percentage of fine sediment to which the metal can adsorb (Glass and Frenzel 2001).
Alkalinity and hardness remained consistent throughout the study, and measurements were similar to
those in the Little Susitna River (Davis and Davis 2007). Levels of inorganic nitrogen and ammonia
nitrogen were low, and nitrogen was detected at only one site in July and September 2014. Levels were
slightly higher in April 2015. It is likely that nitrogen is a limiting nutrient in Willow Creek, as molar N:P
ratios were low (ranging from 3.15 to 14.74), and nitrogen was not detected in many of the samples.
Low stream nitrogen has been observed previously in the Little Susitna River and other area steams
during the growing season as nitrogen is taken up by upland and riparian vegetation.
Turbidity was consistently very low, and only increased slightly to approximately 10 NTU during periods
of elevated stream flow. Turbidity quickly returned to low levels as discharge decreased. These changes
in turbidity during storm events is similar to values in the Little Susitna River below the Parks Highway
(Davis and Davis 2013).
Temperature was lowest at upstream sites and increased at downstream sites. Water temperatures
were considerably warmer at the lower 3 sites when compared to the upper river sampling locations.
Water temperatures at the lower 3 sampling locations were generally optimal for salmon rearing during
the summer months. Downstream sites had temperatures above 13 and 15 °C for longer periods of time
than upstream sites, which could explain the longer fork lengths of juvenile Chinook at downstream
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sampling locations. Water temperatures at Willow Creek were unlikely to negatively affect salmon
migration and rearing.
Modifications of physical habitat have occurred at all four sites in Willow Creek. Willow01 and Willow04
both have bank modifications, while all four sites have riparian modifications. Modifications are mainly
due to residences, ATV trails, and recreational fishing use. No sites had high percentages of bank or
riparian modification. Substrate size tended to be larger at the upstream sites, with more fines and
higher embeddedness at the downstream sampling sites.
ASCI scores indicated that Willow Creek has a healthy population of macroinvertebrates, with Willow01
and Willow04 rating “excellent” and Willow02 and Willow03 falling into the “good” category. ASCI
habitat assessment scores were high for Willow01, Willow02, and Willow04, while Willow03 had a lower
habitat assessment score. Willow03 also had the lowest score for macroinvertebrates. This site is just
downstream of the Parks Highway crossing and local campgrounds, which may be associated with its
lower quality physical habitat.
Juvenile salmon were abundant at the downstream sites, and resident fish were present at all sites.
Chinook salmon were more abundant than coho salmon at all sites with anadromous fish and Chinook
CPUT was higher than other Mat-Su streams sampled with the exception of the Little Susitna River
(Davis et al. 2015, Davis and Davis 2011). Salmon were most abundant, and median condition factor was
also highest for both Chinook and coho salmon at Willow02. Additionally, Willow02 had the highest ASCI
habitat assessment score and more woody debris than either Willow01 or Willow03.
Habitat and water quality conditions in Willow Creek remain good even though bank and riparian
modifications were apparent at all sampling locations. There was no indication of excessive sediment
input as embedded substrate or increases in turbidity during storm events. Dissolved and sediment
metal concentrations did not exceed water quality criteria or were at concentrations likely to affect fish
or invertebrates, with the exception of arsenic which is commonly in high concentration in sediments of
Southcentral streams. Fecal coliform bacteria exceeded water quality criteria at the two sampling
locations below the Parks Highway. Juvenile Chinook and coho salmon were abundant at all sampling
locations downstream from the canyon and macroinvertebrate water quality assessments indicate good
to excellent water quality.
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Appendix A. Site Photographs

Photograph 1. Willow01, taken
August 27 2014

Photograph 2. Riparian
modification at Willow01, taken
September 23 2014
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Photograph 3. Willow02, taken
June 19 2014

Photograph 4. Deneki Road
crossing at Willow02, taken June 19
2014

Photograph 5. Residences along
the bank at Willow02, taken August
27 2014
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Photograph 6. Parks Highway
crossing Willow Creek at Willow03,
taken June 19 2014

Photograph 7. Measuring substrate
size at Willow03, taken September
23 2014

Photograph 8. Willow04, taken
June 19 2014
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Photograph 9. Riparian
modification at Willow04, taken
September 23 2014

Photograph 10. Willow Creek in
Hatcher Pass, October 2014.
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Photograph 11. Eroded road bed in
Hatcher Pass, October 2014.

Photograph 12. Willow01 during
April 27, 2015, sampling.
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Photograph 13. Willow02 during
April sampling.

Photograph 14. Willow03 looking
upstream towards the Parks
Highway, April 27, 2015.

Photograph 15. Willow04 looking
upstream, April 27, 2015.
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A. Project Management Elements
A.1 Distribution List
Ms. Laura Eldred, DEC Project Manager
Alaska Department of Environmental
Conservation
1700 E. Bogard Rd., Bldg B, Ste 103
Wasilla, Alaska 99654
Phone: 907-376-1855
laura.eldred@alaska.gov

Ms. Gay A. Davis, ARRI Quality Assurance
Officer
P.O. Box 923
Talkeetna, AK 99676
Phone: (907) 733-5432
Email: arri@arrialaska.org
Ms. Kathy Fugiel, Analytical Laboratory
Manager
Am Test, Inc.
13600 NE 126th Pl, Suite C
Kirkland, WA 98034
Phone: (425) 885-1664
Email: kathyf@amtestlab.com

Dr Doug Kolwaite, Quality Assurance Officer
Alaska Department of Environmental
Conservation
Division of Water
410 Willoughby Ave., Suite 303
Juneau, AK 99801-1800
Phone: (907)465-5320
Email:

Elizabeth Rensch
Analytica Group—Environmental
Laboratories
4307 Arctic Boulevard
Anchorage, AK 99503
Phone: (907) 258-2155
Email: info@analyticagroup.com

Mr. Jeffrey C. Davis, ARRI Project Manager
P.O. Box 923
Talkeetna, AK 99676
Phone: (907)733-5432
Email: arri@arrialaska.org

A.2 Project Task/Organization
The Project Manager listed below will be responsible for all project components including data
collection, entry, analyses, and reports.
Laura Eldred (DEC) DEC Project Manager. Ms. Eldred will oversee the project for DEC, provide technical
support, QAPP review and approval, and the review of all field, draft, and final reports.
Dr. Doug Kolwaite (DEC) DEC Division of Water QA Officer. Dr. Kolwaite will be responsible for the
review/approval of the QAPP. He will work with the DEC project manager to provide recommendations
and requirements to the contracting Project Manager.
Jeffrey C. Davis (ARRI) Project Manager. Mr. Davis will make sure that all field data are collected as
specified in the QAPP. He will test and maintain all equipment prior to use and perform the review of
data entry and analyses. He will be responsible for preparing all reports.
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Gay A. Davis (ARRI) will act as Quality Assurance Officer. Ms. Davis will be responsible for making sure
that all data are collected, replicate samples taken and analyzed, and all data entered and analyzed
correctly. She will be the primary contact for the contracting laboratory.
Analytica Inc. (4307 Arctic Boulevard Anchorage, AK 99503) will be responsible for analyses of all total
fecal coliform samples and providing quality control and quality assurance reports relative to
parameters tested.
AM Test, Inc. Laboratories (13600 NE 126th Place, Suite C, Kirkland, WA 98034) will be responsible for
analyzing the remaining collected water and sediment samples for nutrient and metals analyses and
providing quality control and quality assurance reports relative to parameters tested.
DEC Project Manager
ARRI Project Manager
DEC QA Officer

ARRI
Environmental
Scientist

Contracting
Laboratories

ARRI QA Officer

ARRI Field and
Laboratory
Technicians
Figure 1. Relationship and lines of communication among personnel and organizations

A.3 Problem Definition/Background
A.3.1 Problem Definition
Willow Creek is an important salmon and rainbow trout stream within the Matanuska Susitna Borough.
Recent increases in development in the Willow Creek watershed have the potential to disturb riparian
areas, contribute to bank erosion and impact water quality. During rain events runoff from parking lots,
roads, yards and fields can contribute sediments, salts and metals to surface streams. All of these factors
affect the overall ecological health of the stream including aquatic insects, rearing juvenile salmon and
resident fish. Fine sediments in large quantities can limit the amount of living space for aquatic insects,
clog the gills of rearing juvenile salmon and resident fish and can also block oxygen flow to developing
salmon eggs. Metal pollutants can be toxic to fish particularly during early incubation and can also alter
the odor of a stream affecting migrating salmon’s ability to locate spawning areas.
A combination of different activities within the Willow Creek drainage could potentially influence water
quality and fish habitat. Mining within the upper drainage has been occurring for the past ~ 100 years

2

Willow Creek Water Quality and Habitat Assessment

July 2014

and is ongoing. Urban development including home construction, land clearing, and road building has
occurred within the watershed and within the river flood-prone area from Shirley-Town Road
downstream. Four road bridges cross Willow Creek with two of these (Deneke and Shirley Town) having
been lost to floods within the past 10 years. Flooding in combination with vegetation clearing has
resulted in rapid rates of bank erosion and lateral channel movement. There has been some forest
harvest and road building within the Willer-Kash harvest area on the north side of Willow Creek and in
the upper Deception Creek drainage. Potential recreational impacts include all-terrain-vehicle trails in
the upper drainage and damage to riparian vegetation in the areas of concentrated use near the
confluence with the Susitna River associated with the salmon fisheries.
The extent of development impacts on Willow Creek are yet unknown. A complete analysis of the
current ecological condition is needed in order to determine whether Willow Creek displays early
indications of impairment due to development and provide a baseline for future water quality and
stream habitat monitoring. The purpose of this project is to investigate water quality, physical stream
characteristics and riparian habitat, and biotic community condition in Willow Creek.

A.3.2 Project Background
Willow Creek, located in the Matanuska-Susitna Borough is a popular area for recreation and sport
fishing. Within the Susitna River Drainage, Willow Creek has ranked in the top seven for the number of
Chinook salmon harvested for many years. Upwards of 7,000 fisherman report fishing in the drainage
every year for Chinook, coho, sockeye, pink, and chum salmon, as well as rainbow trout and Arctic
grayling (ADFG 2014). Easy access to the creek from the Parks Highway and Willow Creek Parkway as
well as camping facilities in the Willow Creek State Recreation Area and the nearby town of Willow
make it one of the most popular streams for fishing within the Susitna drainage. Due to the high and
increasing use of this stream, it will be important to define current stream condition for use in
identifying stream degradation or any needed habitat restoration or protection actions.

A.3.3 Project Objectives
1) Measure stream water and sediment chemical parameters in upstream reference and
downstream developed or higher use areas of Willow Creek to determine whether development is
resulting in changes in water quality.
2) Measure the biotic community to assess stream health along the length of Willow Creek, using
macroinvertebrate ASCI scores and juvenile salmon distribution, abundance, and condition values.
3) Collect physical habitat measures to determine base line values of riparian vegetation cover,
sediment size distribution, large woody debris, and channel width and depth.

A.4 Project/Task Description and Schedule
A.4.1 Project Description
This project will provide baseline water quality data in Willow Creek and determine if water quality
standards are exceeded. In addition, the project will collect biological community measures including
fish and macroinvertebrates to assess stream health and provide a baseline for future monitoring. This
project will also assess the current physical stream characteristics and habitat conditions in Willow
Creek.
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The water quality and habitat assessments will be conducted through the implementation of the water
quality monitoring and Quality Assurance Project Plan (QAPP). Water sampling is necessary to evaluate
base line water and sediment chemistry values and determine the level of developmental and land use
impacts on stream health. Sampling will include water sample collection at upstream reference locations
and at downstream high use areas and measures of the biotic community, sediment size distribution
and riparian habitat assessments.

A.4.2 Task Descriptions
TASK 1: Finalize Sampling Locations and QAPP
Start and End Date: July 1st – July 15th 2014
ARRI will visit and select the locations of all four 100 meter sampling reaches to be used for biological
and stream physical characteristics and acquire GPS coordinates (Table 4). Sites will be chosen that are
representative of the complexity of the geomorphological segment as a whole. Locations for continuous
temperature and turbidity measures will also be scouted, chosen and mapped as well as locations for
water quality samples and measurements. A quality assurance project plan (QAPP) and sampling plan
will be developed for DEC review and approval and will include these selected locations.
TASK 2: Collect Water Quality and Water Physical Characteristics
Start and End Date: July 15-October 5, 2014 and May 1-June 30, 2015
Water samples for laboratory analysis will be collected at four locations distributed longitudinally in the
mainstem of Willow Creek on three separate occasions. In order to characterize seasonal water quality,
samples will be collected once during summer base flow conditions in July 2014, once during fall storms
in September 2014 and once during spring runoff in June of 2015. Water samples will be laboratory
analyzed for nitrate+nitrite-N, ammonia-N, total-P, dissolved organic carbon, alkalinity and hardness,
and dissolved metals (ICP/MS, including the following metals: silver, aluminum, arsenic, barium,
beryllium, cadmium, cobalt, chromium, copper, iron, manganese, molybdenum, nickel, lead, antimony,
selenium, thallium, vanadium, zinc and mercury). Water samples will be collected on five dates during a
30-day period during summer base flow for fecal coliform analyses at sites below the Parks Highway,
lodges, and campgrounds and at the mouth of Willow Creek in the side channel downstream of the
State Park campground.
Sediment samples will be collected at each of the four sampling sites during the fall sampling and
laboratory analyzed for mercury, methyl-mercury, copper, lead, arsenic, zinc and cadmium. Sediments
from the sampling site just downstream of the Parks Highway will be analyzed for polycyclic aromatic
hydrocarbons (PAHs).
Field water quality measurements at all four sites will include pH, specific conductivity, dissolved
oxygen, temperature and turbidity and will be measured concurrent with the water samples collected
for laboratory analysis. Turbidity will also be measured continuously (every 30 Minutes) with Hach
Hydrolabs at a site upstream of the Shirley Town bridge and downstream of the Parks Highway crossing.
In addition, during storm events turbidity grab samples will be collected at all road access locations from
Hatcher Pass downstream to look for areas where turbidity increases (tributary sources, road runoff,
etc.). Temperature will be measured continuously at each sampling site from ice out to freeze up with
Onset Pro V2 Data loggers.
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TASK 3: Sample the Biotic Community
Start and End Date: July 15 - October 15, 2014
Biological sampling will include fish trapping and benthic macroinvertebrate collections. Benthic
Macroinvertebrates will be collected using Alaska Stream Condition Index (ASCI) methodology at all four
sites during the fall (September to early October 2014) (Major and Barbour 2001). Twenty replicate
samples will be collected at each site using a “D” frame net (350 micron mesh) within a predetermined
100 meter reach. Habitats will be sampled proportional to their occurrence within the sampling reach
and composited into one sample, which will be placed in pre-labeled containers and preserved with 80%
ethanol. “Rite in the Rain” paper labels will be placed inside each container and will include, date, time,
location, and investigators. Samples will be transported to the ARRI laboratory where they will be sorted
and identified. All non-insect specimens will be identified to Order and insects will be identified to at
least Genus (with the exception of Chironomidae and Simuliidae). A macroinvertebrate multimetric
index score will be calculated for each site using the index for Cook Inlet Basin streams (Rinella and
Bogan 2007).
Juvenile salmon and resident fish will be sampled using baited minnow traps at each sampling site
during summer base flow conditions (July 2014). Twenty traps baited with commercial salmon roe will
be placed within each sampling reach in areas of sufficient water depth to cover the trap. They will be
place in areas with cover from woody debris, undercut banks and riparian vegetation and soaked for 2024 hours. All species captured will be identified. All salmonids captured will be identified and fork length
measured. All juvenile salmon will be weighed. Metrics such as catch per unit trap, ratio of salmonids to
resident fish and salmon condition factors will be calculated for each site. Sampling methods and timing
will comply with the Alaska Department of Fish and Game fish collection permit.
TASK 4: Stream Physical Characteristics
Start and End Date: July 15, 2014 – May 30, 2015
Stream channel physical characteristics will be measured at each sampling location within a predetermined 100m reach (same as sampling reach for biological measurements). Habitat measurements
will be taken after biological measures in order to avoid disturbing the in-stream habitat. Within each
100 meter reach five transects will be randomly selected. On each transect channel width and
floodprone width will be measured with a distance finder or tape measure. Water depth will be
measured every 10 ft across each transect. The height of both banks will be measured at each transect
as well as the extent that the bank is undercut. The length of each dominate riparian vegetation type
along each transect will be classified and measured using The USFS Alaska Vegetation Classification
system (Viereck et al 1992). The length of bank that is modified will be measured as well as the area of
riparian modification. The cause of modification will be noted, such as recreation (fishing, camping, or
ATV) residential (house or trailer) or transportation (commercial or residential road, parking lot, or pull
off). All bank and riparian modifications will be photographed.
Substrate size distribution will be measured within the 100 meter reach using pebble counts. One
hundred randomly selected particles will be measured for median diameter using a gravelometer and
recorded. The percent of embedded in fines will be noted for each of the 100 particles. LWD (large
woody debris) pieces will be counted within each 100 meter sampling reach. Number of LWD dams will
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also be counted. Stream discharge will be obtained from USGS gauge number 15294005 and air
temperature and precipitation data will be obtained from the Willow Airport.
TASK 5: Data Entry and Analyses
Start and End Date: July 15, 2014 – July 31, 2015
All field data will be written in “Rite in the Rain” field notebooks and will be photocopied at the end of
each field day. Copies of original field data will be available for DEC review. Photographs and video will
be downloaded at the end of each field day and labeled with sampling site and time. Field and
laboratory data will all be entered into an AWQMS spreadsheet as well as ARRI excel workbooks and
double checked for accuracy by the ARRI Quality Assurance Officer. Water quality data will be compared
against state water quality criteria and exceedances will be highlighted. Bed sediments sample results
will be compared to results collected through USGS NWQA project. Data results will be added to an
ArcGIS map.
Alaska Stream Condition Index (ASCI) scores will be calculated and compared to previous data collection
efforts by UAA ENRI, ADFG and USGS. Fish data metrics will be calculated for each salmonid species
including, catch per unit trap (relative abundance), average age-class fork length and average condition
factor. Additional fish metrics will include ratio of anadromous salmon to sculpin, to stickleback and to
resident salmonids.
ARRI will evaluate any trends in water chemistry among sampling sites and among sampling seasons.
Individual fish metrics as well as macroinvertebrate ASCI scores will be used as dependent variable in
regression and correlation analyses with average water quality measures.
Correlation analyses will be performed in order to evaluate changes in water chemistry and biotic
metrics as a function of riparian and bank modification. Two-factor ANOVAs will be performed to test
for differences in CPUT among sites. Tukey post-hoc tests will be performed using the program R to
determine which sites are significantly different. P values less than 0.05 will be considered significant for
all tests performed.
TASK 6: Progress, Draft and Final Reports
Start and End Date: October 2014 – July 31st 2015
ARRI will submit quarterly progress reports and financial reports to the DEC project manager. Progress
reports will include all project results and analyses to date. A draft report will be submitted April 10,
2015 to the DEC project manager for comment. The ARRI project manager will work with the DEC
project manager to incorporate comments and suggestions into the final report. A final report will be
submitted July 31st, 2015 and will include any additional data collected in the final quarter.
The final report will provide background information and describe the project need, objectives, and the
approach that was taken to meet the objectives. Field methods will be described and the project QAPP
and sampling plan will be attached. All of the data results and analyses described above will be
presented and described relative to the project objectives. All results will be supplemented with
applicable graphs, tables, photographs and maps. ARRI will make recommendations on further data
collection, if necessary. Water quality from all sampling dates will be compared with the State Water
Quality Standards. The potential, causes, effects and potential solutions to stormwater pollution in area
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streams will be discussed relative to findings and solutions implemented in other areas. Reports will we
supplied in printed format as well as electronic MS Word and PDF documents. A DVD will be supplied
with ArcGIS map files and additional project photographs and video.

A.4.2 Project Implementation Schedule
Table 1. Complete Project Implementation Schedule for all parameters and all sites. Su is summer, F is
fall, Sp is spring.
Product
Laboratory
Analysis

Field
Sampling

Willow01

Willow02

Willow03

Willow04

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Ammonia-N

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Total Phosphorus

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Dissolved Organic Carbon

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Alkalinity

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Hardness

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Dissolved Metals

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Sediment metals

F

F

F

F

Parameter
Nitrate+Nitrite-N

Sediment PAH

F

Fecal Coliform

Su

Su

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Specific Conductivity

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Dissolved Oxygen

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Temperature

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Turbidity

Su, F, Sp

Su, F, Sp

Su, F, Sp

Su, F, Sp

Fish
Benthic
Macroinvertebrates

Su

Su

Su

Su

F

F

F

F

Stream channel width

Su

Su

Su

Su

Stream floodprone width

Su

Su

Su

Su

Stream channel depth

Su

Su

Su

Su

Stream bank height

Su

Su

Su

Su

Undercut bank
Riparian vegetation
classification

Su

Su

Su

Su

Su

Su

Su

Su

pH
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Willow01

Willow02

Willow03

Willow04

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Su

Woody Debris

Su

Su

Su

Su

Water Temperature

Continuous during
open water

Continuous during
open water
Continuous during
open water

Continuous during
open water
Continuous during
open water

Continuous during
open water

Parameter
Area of riparian area
modification
Length of Bank
modification
Stream substrate
distribution
Stream Substrate
Embeddedness

Turbidity

A.5 Data Quality Objectives and Criteria for Measurement of Data
A.5.1 Data Quality Objectives (DQOs)
The overall data quality objective (DQO) for this monitoring project is to accurately determine the
concentrations of nutrients, metals and hydrocarbons within the study reaches in Willow Creek to a
standard that they are comparable in order to evaluate compliance with State Water Quality Standards.
Measures of pH, specific conductivity, dissolved carbon, alkalinity, and hardness will be used to evaluate
toxicity of metals and changes in water chemistry during runoff events. Measures of the biotic
community will be compared statistically among sites and for significant relationships with measures of
bank and riparian modification.
All laboratory and field sampling data will be measured using AWQS (Alaska Water Quality Standard) or
EPA specific standard methodology. This assures that results from this study are of the appropriate
quantity and quality to assess compliance with state surface and/or drinking water criteria.

A.5.2 Measurement Quality Objectives (MQOs)
Project parameters to be measured with the associated MQOs are provided in Table 2. These are
derived from the projects DQOs described above. MQOs are designed to evaluate and control various
phases (sampling, preparation, and analysis) of the measurement process to ensure that total
measurement uncertainty is within the range prescribed by the project’s DQOs. These define the
acceptable quality of the field and laboratory data for this project. MQOs are defined in terms of
precision, bias, representativeness, detectability, completeness and comparability.
Alaska Water Quality Criteria are determined based on safe concentrations for different human uses
(e.g. drinking water, recreation, etc.) and requirements for aquatic life (ADEC 2012). Criteria for
freshwater sediments are based upon NOAA reference tables (SQuiRTs), derived from evaluating
biological effects (Buchman 2008). Biological effects are described as threshold effects levels (TEL) and
probable effects levels (PEL). TELs are the concentration below which biological effects rarely occur, and
PELs are the concentration above which biological effects are likely to occur. TELs and PELs and acute
and chronic concentrations for sample parameters are listed in Table 3.
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Table 2. Project parameters to be measured with specific Measurement Quality Objectives (MQO’s).
MDL is method detection limit, RL is reporting limit. PAH is polynuclear aromatic hydrocarbons. RPD is
relative percent difference.
Group

RL

Parameter

Method

MDL

DO

Field
Measure
EPA 360.1

0

0.01 mg/L

pH

Field
Measure
EPA 150.1

NA

±0.01 pH
units

Water
Quality

Dissolved
Metals

Alaska WQS
Recreation/
Aquatic Life
Drinking Water

Precision
(RPD)

Completeness

>7 mg/l for
anadromous fish;
>5 mg/l for nonanadromous fish;
< 17 mg/L

±10%

90%

6.5 - 8.5; not
vary by 0.5
from natural
condition

6.5 - 8.5

± 10%

90%

<20°C
Migration
routes < 15°C
Spawning areas
< 13°C Rearing
areas < 15°C
Egg /fry
incubation <
13°C

<30°C

± 10%

90%

NA

NA

± 10%

90%

<25 NTU
above natural
conditions

<5 NTU above
natural condition
when NTU is
below 50

± 10%

90%

NA

± 20%

NA

± 20%

>4.0 mg/L

Temperature

Field
Measure
EPA 170.1

NA

0.1°C

Specific Conductivity

Field
Measure
EPA 120.1

NA

10-100: 0.1
(µS/cm)

Turbidity

Field
Measure
EPA 180.1

NA

0.0 - 1.0
0.05 1 - 10
0.1 10 - 40 1
40 - 100 5

Aluminum

EPA200.8

0.33g/L

1.0g/L

Iron

EPA200.7

2.7g/L

50g/L

Manganese

EPA 200.8

0.017g/L

0.050g/L

NA

50 g/L

± 20%

Selenium

EPA200.8

0.14g/L

0.50g/L

Hardness
Dependenta

5.0 g/L

± 20%

Arsenic

EPA200.8

0.044g/L

0.15g/L

Hardness
Dependenta

0.018 g/L

± 20%

Cadmium

EPA200.8

0.062g/L

0.20g/L

Copper

EPA200.8

0.034g/L

0.10g/L

Lead

EPA200.8

0.030g/L

0.10g/L

Mercury

EPA245.1

0.05g/L

0.2g/L

Zinc

EPA200.8

0.08g/L

0.25g/L

Silver

EPA200.8

0.05g/L

0.1g/L

Barium

EPA200.8

0.5g/L

Beryllium

EPA200.8

Cobalt
Chromium

750 g/L
Acute; 87 g/L
chronic
NA Acute;
1000 g/L
chronic

90%

90%
90%
90%
90%

Hardness
Dependenta
Hardness
Dependenta
Hardness
Dependenta

NA

± 20%

1300 g/L

± 20%

NA

± 20%

Hardness
Dependenta

NA

± 20%

Hardness
Dependenta
Hardness
Dependenta

7400 g/L

± 20%

90%

± 20%

90%

0.8g/L

NA

NA

± 20%

90%

0.1g/L

0.3g/L

NA

4 g/L

± 20%

90%

EPA200.8

0.03g/L

0.09g/L

NA

NA

± 20%

90%

EPA200.8

0.07g/L

0.9g/L

NA

100 g/L

± 20%

90%
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Group

Alaska WQS
Recreation/
Aquatic Life
Drinking Water
NA
NA

Precision
(RPD)

Completeness

± 20%

90%

610 g/L

± 20%

90%

NA

14 g/L

± 20%

90%

0.1g/L

NA

2.0 g/L

± 20%

90%

2.5g/L

NA

NA

± 20%

90%

NA

NA

± 50%

NA

NA

NA

± 50%

90%

1.9g/L

NA

NA

NA

± 50%

90%

7.8g/L

NA

NA

NA

± 50%

90%

2.5g/L

NA

NA

0.2g/L

± 50%

90%

4.8g/L

NA

NA

NA

± 50%

90%

4.1g/L

NA

NA

NA

± 50%

90%

2.5g/L

NA

NA

NA

± 50%

90%

2.5g/L

NA

NA

NA

± 50%

90%

2.5g/L

NA

NA

NA

± 50%

90%

2.2g/L

NA

NA

NA

± 50%

90%

1.9g/L

NA

NA

NA

± 50%

90%

3.7g/L

NA

NA

NA

± 50%

90%

1.6g/L

NA

NA

NA

± 50%

90%

NA

NA

± 50%

Parameter

Method

MDL

Molybdenum

EPA200.8

0.1g/L

0.3g/L

Nickel

EPA200.8

0.2g/L

0.5g/L

Hardness
Dependenta

Antimony

EPA200.8

0.08g/L

0.4g/L

Thallium

EPA200.8

0.09g/L

Vanadium

EPA200.8

0.02g/L

Acenaphthene

EPA 8270D

1.9g/L

Acenaphthylene

EPA 8270D

3.5g/L

Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(ghi)plene
Sediment
PAH

RL

July 2014

Benzo(k)fluoranthene
Chrysene
Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D
EPA 8270D

NA

NA

5.4g/L
1.9g/L

NA

NA

NA

± 50%

Cu, Pb, Zn, Cd, Hg, As

SW-8466010B

Variable

DL

NA

NA

± 50%

Alkalinity

Alkalinity

SM 2320B

0.010 mg/L

0.020 mg/L

NA

NA

± 10%

Hardness

Hardness

2340B

1000

1000

NA

NA

± 10%

Nitrate-Nitrite

EPA 353.2

NA

NA

NA

10,000 g/L

± 10%

Ammonia-N

EPA 350.1
Revision
2.0

NA

NA

pH dependentb

pH dependentb

± 10%

Total Phosphorous

SM 4500-P

25.7

51.4

NA

NA

± 10%

Dissolved Organic
Carbon

SM 5320B

1.0

NA

NA

NA

± 10%

Fecal Coliforms

SM 9222D

1cfu/100mL

1cfu/100mL

NA

100 FC/100 mL

± 40%

Sediment
Metals*

Nutrients

Fecal
Coliforms

* Sediment metals include copper, cadmium, lead, zinc, arsenic, mercury, and methyl-mercury.
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Table 3. Concentrations of metals and PAH (ppb) TELs and PELs for freshwater sediments. NA is not
available for freshwater sediments.

Parameter TEL (µg/kg) PEL (µg/kg)
Copper

35,700

197,000

Cadmium

37,300

90,000

Lead

35,000

91,300

Zinc

123,000

315,000

Total PAH

264.1

NA

Mercury

1,740

4,860

Arsenic

5,900

17,000

A.6.3 Quality Assurance Definitions
Detectability
The MDL (method detection limit) is the lowest value the instrument can discern above background
noise but without certain accuracy of the measured value. This is different from the RL (reporting limit)
with is the minimum value that can be reported with confidence. A sample data measuring below the
MDL is reports as non-detect. A sample data measuring below the RL but above the MDL is reported as
estimated data.
Accuracy
Accuracy is a measure of confidence that describes how close a measurement is to its “true” value.
Methods to ensure accuracy of field measurements include instrument calibration, maintenance
procedures and QC checks against internal standards, field and lab blanks.

Accuracy 

MeasuredValue
 100
TrueValue

Precision
Precision is the degree of agreement among repeated measurements of the same characteristic, or
parameter, and gives information about the consistency of methods. Precision is expressed in terms of
the relative percent difference between two measurements (A and B).

Pr ecision 

 A  B  100
 A  B  / 2

Representativeness
Representativeness is the extent to which measurements actually represent the true condition.
Measurements that represent the environmental conditions are related to sample frequency and
location relative to spatial and temporal variability of the condition one wishes to describe.
Comparability
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Comparability is the degree to which data can be compared directly to similar studies. Standardized
sampling and analytical methods and units of reporting with comparable sensitivity will be used to
ensure comparability.
Completeness
Completeness is the comparison between the amounts of usable data collected versus the amounts of
data called for.
𝑇 − (𝐼 + 𝑁𝐶)
× 100% = 𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑛𝑒𝑠𝑠
𝑇
Where T = Total number of expected measurements.
I = Number of invalid results.
NC = Number of results not produced (e.g. spilled sample, etc.)

A.7 Special Training Requirements/Certification Listed
Jeffrey C. Davis (Project Manager) has a B.S. degree in Biology from University of Alaska Anchorage and a
M.S. degree in Aquatic Ecology from Idaho State University. He has over 20 years of experience in
stream research. Mr. Davis has experience in all of the assessment techniques outlined in this
document.
Gay A. Davis (Quality Assurance Officer) has a B.S. degree In Wildlife Biology from the University of
Maine. She has over 20 years of experience in stream evaluation and restoration. Ms. Davis has over 15
years of experience in stream ecological field assessment methods and water quality sampling.
Chemical analyses will be conducted through AM Test, Inc., in Kirkland, Washington and Analytica in
Anchorage, Alaska. AM Test, Inc. has been accredited by Washington State Department of Ecology for
drinking water, waste water and solid matrix chemical analyses, and for all of the parameters to be
analyzed in this study. Fecal coliform analyses will be conducted by Analytica, which has been certified
by the Alaska Department of Environmental Conservation, Drinking Water Program.
ARRI field staff and environmental scientists are experienced at water collection, and field water quality
measurements. ARRI staff will demonstrate their proficiency calibrating and operating probes and meter
and using the clean-hands sampling methods prior to sample collection.
With the combined experience of these investigators, no additional training will be required to complete
this project.

A.8 Documents and Records
ARRI laboratory meter maintenance and calibration records will be recorded in a “Rite in the Rain” lab
book with data, time and calibration standard met and will be photocopied and available for the DEC
project manager upon request. Calibration records will be retained indefinitely.
Field data including replicates measures for quality assurance will be recorded in “Rite in the Rain” field
books. The site name, date and time of water quality samples that are to be sent to the lab will also be
recorded in field data books. Upon returning to the laboratory, data books will be photocopied and
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scanned into electronic form (daily). The data books and electronic copies will be kept and stored by the
project manager and the quality assurance officer will store the photocopies. ARRI will maintain records
indefinitely. Any sampling problems will be recorded in the data books and included in the field sampling
report. Electronic copies of the field data books will be sent to the DEC project manager.
Laboratory chain of custody forms will be filled out and shipped with the samples to AM Test and
Analytica. Copies of all completed chain of custody forms will be retained and available to the DEC
project manager upon request and stored for a minimum of 5 years. AM Test will submit laboratory
reports as signed pdf documents that comply with rule 2 or 3. ARRI will forward all laboratory reports to
DEC when received.
Project Photographs Report/Log. Photographs of stream conditions upstream and downstream of the
sampling locations will be taken on each sampling date. Photographs will be downloaded and saved by
sampling site name and date after each field sampling event. A description of all photographs taken will
be recorded in an Excel spreadsheet. The photograph log and site photographs will be submitted to the
DEC Project Manager with Draft and Final Reports. Electronic copies of photographs will be transferred
to computer discs as jpeg files and submitted to DEC, and stored by ARRI for a minimum of 5 years.
AWQMS Spreadsheet. All field and analytical data will be entered into the AWQMS spreadsheet. All data
collected by December 31, 2014 will be furnished to the Department by March 31, 2015, and all data
collected after December 31 will be furnished to the Department by July 31, 2015.
Stream Map. An ArcGIS-based map of the Willow Creek drainage will be provided in draft form by April
10, 2015. A final map will be submitted by July 31, 2015. The map package will include water and
sediment analytical results for each sampling location and sampling date.
Draft Report. A draft report will be prepared following summer fall sampling events. An electronic and
written report will be submitted to DEC by April 10, 2015. Report will be submitted in MS Word and PDF
formats.
The draft report should include at a minimum: an executive summary, project background, methods,
analytical results and discussion, conclusion, data validation, tables, figures, and appendices (a map
showing the monitoring locations, raw and QA data sets, field data sheets and log books, photographs,
and laboratory analytical reports including laboratory QA performance).
Final Report. The final report will summarize the one-year project results. It will be submitted in paper
and electronic MS Word and PDF formats to DEC by July 31, 2015.
The report will provide base-line information on the current physical, chemical, and biotic characteristics
in Willow Creek. Project results will describe the concentrations of nutrients, metals, and PAHs found
among stream locations and compare these values with state water quality standards. Biotic measures
of macroinvertebrate ASCI stream indexes and fish abundance and condition will be reported for each
sampling location. The variability in water chemistry and biotic community variables among sampling
sites will be evaluated relative to physical habitat variables and level of riparian disturbance or
development at each sampling location.
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B. Data Generation and Acquisition
B.1 Sampling Process Design
B.1.1 Study Design
The assessment of water quality and physical and biotic community parameters will be evaluated in
Willow Creek near Willow, Alaska. Water and sediment samples will be collected at multiple locations
within the Willow Creek drainage that vary in the degree and type of upstream development. Samples
will be collected during summer, spring, and fall to capture seasonal changes in water chemistry.
Samples will be analyzed for nutrients, metals, fecal coliform, and polycyclic aromatic hydrocarbon
concentrations. Field measurements of the physical habitat (stream width, depth, substrate size, and
riparian vegetative cover) and basic water chemistry (pH, specific conductivity, dissolved oxygen,
temperature, and turbidity) will be collected at each sampling location. Data loggers will measure water
temperature at each sampling location and water turbidity at the upstream reference and a
downstream sampling location continuously during the open water periods. Macroinvertebrates and
juvenile fish will be collected at each sampling site during the fall sampling period. Longitudinal changes
in water quality parameters will be evaluated relative to cumulative changes in land use among
sampling locations.
Sampling Locations
Sampling locations are shown in Figure 2, with coordinates and descriptions in Table 4. Sampling
locations are distributed along Willow Creek located to differentiate between the amount and type of
upstream development that could contribute to water quality and physical habitat degradation.
Sampling sites are distributed from upstream of all road crossings to near the Parks Highway and
downstream to the Willow Creek State Recreation Area campground.
Sampling Frequency
Samples will be collected from all stream locations during three sampling periods (summer, fall, and
spring). Samples will be collected once in 2015 when stream flows increase following snowmelt (spring),
twice in 2014 during mid-summer base flow and the typically wet and high flow fall season. Sampling
during spring runoff will be initiated when water is observed flowing along road surfaces and through
coordination with the DEC project manager. Summer sampling will be initiated in July 2014, following a
period of low precipitation to capture base flow conditions.
Field Data Collection
Specific conductivity, pH, Dissolved Oxygen, and Temperature
Specific conductivity, pH, temperature, dissolved oxygen concentration and saturation will be measured
in situ at each sampling location and on each sampling date. Specific conductance is used as a surrogate
for Total Dissolved Solids and is expected to increase during storm flows. The toxicity of many metals is
greater in acidic waters. Additionally, water temperature will be measured continuously in 30-minute
intervals during the open water periods, using Onset ProV2 data loggers. Data loggers placed at each
sampling location will be checked and downloaded approximately monthly.
Turbidity
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Turbidity is another measure of the amount of inorganic particles in the water column. Turbidity will be
measured in the field (LaMotte 3000). Three replicate samples will be analyzed for turbidity at each
sampling station and on each sampling date. Data loggers will be placed at the Willow01 and Willow04
sampling locations to measure turbidities continuously in 30-minute intervals during the open water
seasons. Data loggers will be checked and downloaded approximately biweekly (every 2 weeks).
Sediment and Dissolved Metals
Heavy metals are common constituents in urban runoff and can be toxic to aquatic organisms and
humans. Water samples will be collected during each sampling period in plastic containers (250 ml),
acid-rinsed with nitric acid, and placed in a cooler to maintain sample temperature below 4°C. Samples
will be shipped by FedEx to AM Test (Kirkland, WA) for analyses (ICP/MS). Sediment samples will be
collected at each location during the fall sampling period, kept at temperatures < 4°C, and shipped to
AM Test for analyses.
Hardness and Alkalinity
Hardness is a measure of calcium and magnesium ions in water, and alkalinity is a measure of the
buffering capacity of water. The toxicity of metals generally increase with decreasing hardness and
alkalinity. Water samples (250 ml plastic containers) will be collected from each sampling location during
all sample dates, placed within a cooler, and shipped to AM Test for analyses.
Dissolved Organic Carbon
Organic carbons can form ligands with metals, reducing their toxicity. Water samples will be collected
for DOC analyses (40 ml glass container acidified with HCl) at each sampling location on each sampling
date. Samples will be sent to AM Test for DOC analysis.
Nitrogen and Phosphorus
Nutrients often increase in stormwater and can cause algal blooms that can alter the biotic community
and reduce water quality. Water samples will be collected in two 250 ml plastic bottles, one bottle will
be preserved with sulfuric acid, and both bottles will be placed in a cooler with frozen gel-paks and kept
at < 6°C. Water samples will be shipped to AM Test for analyses for ammonia-N, nitrate and nitrite-N,
total phosphorus, and total dissolved phosphorus.
Polycyclic Aromatic Hydrocarbons (PAH)
Hydrocarbons are a common pollutant in water bodies from road runoff and boat motor exhausts.
Polycyclic aromatic hydrocarbons (PAHs) as the sum of benzene, toluene, ethyl-benzene, and xylene will
be determined from the analyses of sediment samples collected during the fall sampling event at the
Willow03 sampling site, located immediately downstream of the Parks Highway crossing. This site was
selected as most likely to have the highest concentrations of hydrocarbons from roadway runoff.
Sediments from this site will be placed within 250 ml glass bottles, kept at temperatures below 4° C and
shipped to AM Test for extraction (within 7 days) and analyses.
Total Fecal Coliform
Water samples will be collected from the Willow03 and Willow04 sampling locations on five separate
dates during a 30-day period between summer and fall sampling periods. Samples will be kept below
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4°C and delivered to the Analytica Inc. laboratory in Anchorage, Alaska within 6 hours of sample
collection.
Laboratory Analyses
The analytical methods used to determine the characteristics and concentrations of metals in water
samples are provided in Table 2. Samples will be analyzed using established standard methodology.
Data Analysis
Regression analyses will be used to test for statistically significant relationships between stormwater
pollutants and measures of upstream development. Analyses will be conducted for all stream locations
and for each stream individually. Relationships will be evaluated for spring snow melt, base flow, and
storm runoff. Concentrations of pollutants will be evaluated relative to state water quality standards.

Figure 2. Generalized map of Willow Creek and surrounding area with approximate sampling reach
locations.

Table 4. Willow Creek sampling locations with GPS coordinates
Sampling Site
Willow01
Willow02

Location Description

Latitude

Longitude

100 meter reach immediately upstream of WillowFishhook Road crossing
100 meter reach immediately downstream of Deneki
Road crossing

61.76168

-149.67406

61.77102

-149.95728
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Willow03
Willow04

100 meter reach immediately downstream of Parks
Highway crossing
100 meter reach within Willow Creek State Park,
upstream of confluence with Susitna River

July 2014
61.7687

-150.07198

61.77710

-150.15622

B.1.2 External Data
Weather data will be downloaded or purchased through the National Oceanic and Atmospheric
Administration (NOAA) web site (http://www.ncdc.noaa.gov/oa/ncdc.html) for Willow airport.
Discharge will be obtained from the USGS gauge number 15204005.

B.1.3 Sample Timing
To minimize diel variability, water sample collection will be standardized to the time between 9:00 AM
to 5:00 PM. Sampling will begin at the upstream site and progress downstream so that samples are
collected at approximately the same time of day on each sampling event.

B.2 Sampling Methods Requirements
Field Data Collection
Field data collection will be conducted by ARRI staff. Latitude, longitude and altitude of sampling
locations will be recorded using a GPS receiver on each sampling date. Upstream and downstream
photographs will be used to further identify locations and conditions during field sampling. Measures of
turbidity, specific conductivity, pH, dissolved oxygen, and temperature will be collected in the field. For
other parameters, water or sediment samples will be collected and submitted to an analytical laboratory
for analyses.
Water Sample Collection and Handling
Depth-integrated water samples will be collected by first rinsing the sample bottles three times, and
then submerging the inverted sample bottle to near the stream bottom and then slowly turning it
upright and bringing the bottle toward the water surface. The water sampler will wear exam gloves and
care will be taken not to touch the inside of the sample bottle or bottle cap. Samples that are to be
shipped to the laboratory will be kept in a cooler at 4°C or less until shipping. Samples will be shipped
within 24 hours of collection, with the exception of total fecal coliform samples, which will be delivered
to the analytical laboratory within 6 hours of sample collection.
Water sample bottles for ammonia-N, and total and dissolved phosphorus arrive from the laboratory
with H2SO4. To ensure that a pH of < 2 is achieved, a sample bottle that contains acid will be filled with
stream water and the pH will be measured and the sample discarded. If a pH of <2 is not achieved,
sulfuric acid from two bottles will be combined and pH measured a second time. This process will be
repeated until the proper pH is achieved. For metal samples, a 250 ml bottle will be filled with stream
water. Nitric acid will be added with a dropper and pH measured to determine the number of drops
required to reach a pH of <2. For and dissolved organic carbon samples, 2 drops of HCl will be added to
each 40 ml sample bottle.
Sediment Sample Collection and Handling
Sediment samples will be collected at all sampling locations during the fall sampling period and analyzed
for metals and the Willow03 sample for PAHs. Sediment samples will be collected from slow-moving
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settling areas in the stream to sample relatively small sediment sizes. Sediments will be collected
directly into the sample jar or using a Ponar sampler. The sampler will be released into the water column
in areas of settling, visible by relatively small sediment sizes. The sampler will submerge into bottom
sediments under the force of gravity. Once the sampler has settled into the bottom sediments, the
messenger will be released to trip the spring mechanism and close the dredge. The sampler will be
retrieved and checked to ensure that no rocks or other debris prevented complete closure. The sampler
will be opened to expose the sample and the contents observed for a hydrocarbon sheen or odor.
Sediments will be collected from the top 5 cm of the sample and placed into a 250 ml glass bottle.
Samples will be placed within a cooler with frozen gel-paks to maintain temperatures at <4°C and
shipped to the analytical laboratory.
Specific Conductivity, pH, Temperature
Stream water specific conductivity, pH, and temperature will be measured using a YSI 63 meter and
probe. Stream water pH is a measure of hydrogen ion activity and will be measured concurrently with
specific conductivity. Water temperature will be recorded by the YSI meter and using water temperature
data loggers (Onset ProV2) that will record water temperature every 30 minutes. All meters will be
tested for accuracy and calibrated prior to field sampling. Probes will be submerged to approximately
0.5 times water depth within the flowing channel avoiding areas of stagnant water. Probes will be
allowed to equilibrate for 2 minutes prior to recording results. Temperature loggers will be tested for
accuracy at 0°, 10° and 20°C prior to field deployment against a NIST-certified traceable thermometer.
Alkalinity, Nitrate + Nitrite-N
Depth-integrated water samples will be collected from a well-mixed area at each sampling site. Samples
will be collected in a 250 ml plastic bottle. Sample bottles will be labeled prior to sample collection.
Samples will be placed within a cooler with frozen gel paks to maintain a temperature of <4°C. Samples
will be shipped to the analytical laboratory for analyses using overnight shipping provided by Federal
Express.
Dissolved metals
Depth-integrated water samples will be collected from each site and sampling date. Samples will be field
filtered (0.45 μm) and placed in 250 ml plastic containers acid-rinsed with HNO3. Water samples will be
held in a cooler at <4°C (do not freeze) and shipped to the analytical laboratory for analyses.
Ammonia-N, Total and Dissolved Phosphorus, Hardness
Depth-integrated water samples will be collected in two 250 ml plastic bottles. Samples will be analyzed
for total phosphorus, total dissolved phosphorus, nitrate+nitrite nitrogen, and ammonia nitrogen. One
of the sample bottles will be acidified with H2SO4. Samples will be placed in a cooler and shipped to the
AM Test analytical laboratory for analyses. Water samples for dissolved phosphorus will be filtered by
the analytical laboratory.
Dissolved Organic Carbon
Depth-integrated water samples will be collected in one 40 ml amber glass bottle at each sampling
location and sampling date. Samples will be acidified with HCl, kept at <4°C and sent to AM Test for DOC
analysis.

18

Willow Creek Water Quality and Habitat Assessment

July 2014

Turbidity
Depth-integrated water samples will be collected in 500 ml sample bottles. The sample bottles will be
filled and emptied 3 times before a sample is retained. Turbidity will be measured in situ using
appropriate meters and manuals (LaMotte TC-3000e.) Support equipment will include extra batteries
and sample bottles. Clean sample bottles will be used. Meters will be tested and calibrated prior to each
sampling period.
Polycyclic Aromatic Hydrocarbons (PAH)
A grab sample for sediment PAHs will be collected from the Willow 03 sampling site during the fall
sampling period. Sediments will be collected from slow-moving settling areas in the stream to sample
relatively small sediment sizes, in areas that remain wetted at various flow stages. A 250 ml glass bottle
will be filled with sediment, kept in a cooler at <4°C and sent to AM Test for PAH analysis.
Weather Conditions
Weather conditions for the 24 hours previous to sampling will be obtained through direct observations
and downloaded from the National Oceanic and Atmospheric Administration (NOAA) web site for
Willow airport?(http://www.ncdc.noaa.gov).
Site Locations and Photographs
Latitude, longitude and altitude of sampling locations will be recorded using a GPS receiver.
Photographs will be used to further identify locations and changing seasonal riparian and stream
conditions during field sampling.
Macroinvertebrates
The larval stage of aquatic insects and other invertebrates are a diverse group of organisms. The
abundance, diversity, feeding habits, and relative density of the many different aquatic organisms have
been used to assess changes in water quality and habitat. Macroinvertebrates have been used because
of their relative immobility, and differential responses to stream conditions.
Macroinvertebrates will be collected, processed, and analyzed using the standard operating procedures
for the Alaska Stream Condition Index (ASCI). Composite benthic macroinvertebrate samples from each
sampling location will be placed within pre-labeled 500 ml plastic containers. Rite in the Rain labels will
be placed within the containers with the sample and the sample preserved with ethanol. Labels will
include date, time, location, and investigators. Benthic macroinvertebrate samples will be returned to
the ARRI laboratory, sorted, and identified to genus or lowest taxonomic level possible. Stream habitat
will be evaluated using the habitat assessment methods of ASCI, or EMAP habitat assessment
methodology. Dependent variables for analyses with stream physical and chemical variables will include
individual macroinvertebrate metrics as well as the ASCI score.
Juvenile Fish
Similar to aquatic insects, egg incubation and juvenile salmon survival depends upon a consistent source
of water. Changes in water temperature, dissolved oxygen concentration, volume, turbidity, pH, and
food abundance can all affect the distribution and development of resident and anadromous juvenile
fish.
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Juvenile fish will be collected in baited minnow traps during the fall sampling period. We will use a
minimum of 20 traps for each site. Traps will be fished for approximately 24 hours. Fish will be identified
to species and measured for fork-length (mm) and weight (g). The catch for each trap will be determined
independently to obtain catch/trap/hour. Fish will be inspected for any deformities, eroded fins, lesions,
or tumors (DELT anomalies). Dependent variables for analyses with water chemical and physical
parameters will be the total number of juvenile fish by species and the relative amount of different
species collected per sample effort, as well as fish length and condition distribution.

B.3 Sample Handling and Custody Requirements
Water samples will be labeled in the field. Sample labels will record the date, time, location,
preservation, unique sample identification (based on site and date) and initials of collector. Chain of
custody forms will be initiated in the field and completed each time samples are transferred to a
laboratory, or other carrier. Field samples that are to be transferred to the contract laboratory will be
placed within a cooler, along with and frozen gel-paks to maintain temperatures <4°C. Samples will be
transported to the laboratory where they will be placed in a secure location until analyses are initiated.
Coolers will be opened upon receipt and the laboratory will record the temperature of the sample blank
using a NIST traceable thermometer with current certification. Sample preservation and holding is
shown in Table 3. Copies of all completed chain of custody forms will be available to the DEC project
manager upon request and stored for a minimum of 5 years.

B.4 Analytical Method Requirements
Sample analytical methods are shown in Table 5. Field samples will be collected by ARRI staff and
delivered to the commercial laboratory for subsequent analyses by the identified standard method. The
laboratory methods are defined within by their standard operating procedures and quality assurance
plan. Copies of these documents are on file with the State Quality Assurance Officer.
Corrective Action
ARRI will be responsible for ensuring that all samples are collected and delivered to the laboratory. The
QA officer will make sure all samples are labeled and stored correctly and that all equipment has been
calibrated and accuracy tests completed as needed. The project manager will be informed of any errors
and will be responsible for corrective action including repeating sample collection or analyses (for
metered measures). If any samples are lost or are determined to be contaminated by the laboratory or if
there are any laboratory problems, the project manager will be responsible for collecting new samples
and delivering them to the laboratory.
Table 5. Preservation and holding times for sample analysis.
Analyte/
Method

Method

*Dissolved
Metals (µg/L)

EPA 200.8
Or
SM 3010D

Surface Water

EPA 130.2
SM 2320B

Hardness
(mg/L)d
Alkalinity (mg
CaCO3/L)

Necessary
Volume

Preservative

Holding Time

P

50 ml

Field filtered (0.45
μm)
HNO3 pH<2
Cool ≤4°C, do not
freeze

6 months

Surface Water

P

25 ml

H2SO4 pH <2

6 months

Surface Water

P

25 ml

Cool ≤4°C, do not
freeze

14 days

Matrix

Container
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Necessary
Volume

Matrix

Container

Preservative

SM 5310 B

Surface Water

Amber G, FP
lined cap

40 ml

EPA 353.2

Surface Water

P

20 ml

EPA 350.1

Surface Water

P

20 ml

EPA 365.1
or
SM 4500-P

Surface Water

P

20 ml

pH < 2 with H2SO4,
4°C

28 days
<8 hrs sample
collection to
sample incubation
@ lab, 7 days to
provide report.

Field filtration
(0.45μm filter) Cool
≤4°C, do not freeze
pH <2 with HCl
Cool 4°C
do not freeze
pH < 2 with H2SO4,
4°C

Holding Time

28 days

28 days
28 days

Total Fecal
Coliforms
(cfu/100 ml)

EPA1604

Surface Water

P

100 ml

Cool, <10°C, do not
freeze. 0.008%
Na2S2O3

Total Cu, As Pb,
Zn, Cd (µg/g)

SW-846
6010B

Sediment

G, FP lined cap

40 ml

<4°C

2 weeks

PAH

EPA 8270D

Sediment

Amber G, FP
lined septum

250 ml (30
to 40 g)

Cool <4°C

7 days until
extraction 40 days
after extraction

*Dissolved metals include silver, aluminum, arsenic, barium, beryllium, cadmium, cobalt, chromium,
copper, iron manganese, molybdenum, nickel, lead, antimony, selenium, thallium, vanadium, zinc and
mercury. P = polyethylene FP = flouropolymer G = glass

B.5 Quality Control Requirements
The precision of field and laboratory measures will be calculated using the equation in section A.5 (See
section A.5 for discussion on calculation of precision and accuracy). Accuracy will be measured using the
equation in A.5 for known standards. If accuracy and precision are not met for analyses ARRI is
conducting, the meters will be recalibrated and measures will be repeated or meters or probes will be
replaced. Data measurements that do not meet the limits described in A.5 may or may not be used in
the final report depending on degree to which limits are not met. However, the report will clearly state
if there are any questions regarding used data.
For laboratory analyses, contract laboratories will submit quality control results along with sample
analytical results. Laboratory quality control will include duplicates, matrix spikes, reference standards,
and blanks. Laboratory accuracy and precision criteria must be equal to or greater than project criteria
provided in Section A.5. Duplicate laboratory analyses will be conducted on 1 of every 10 samples
analyzed (10%). One duplicate field sample will be collected or measured on each sampling date for
each parameter (25%). Accuracy of meters will be tested following meter calibration before each
sampling date.

B.6 Equipment Testing, Inspection, and Maintenance Requirements
Instruments and meters will be tested for proper operation as outlined in respective operating manuals.
Inspections and will occur prior to use at each site and calibrations will be done prior to each sampling
event. Equipment that does not calibrate or is not operating correctly will not be used. Duplicate
instruments and meters are available for pH, specific conductivity, dissolved oxygen, temperature, and
turbidity measures. Additional data loggers are available in the case of loss or damage after field
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deployment. In the case of complete equipment failure, new equipment will be purchased. The project
manager will be responsible for calibrating and testing and storing equipment and completing log
sheets. All calibrating, testing and storage will follow the manufacturer’s recommendations. The quality
assurance officer will inspect the log sheets. Spare batteries and repair equipment will be taken during
field sampling events.

B.7 Instrument Calibration and Frequency
The turbidimeter (LaMotte TC-3000e), pH/specific conductivity (YSI 63), and dissolved oxygen meters
(YSI 550A) will be calibrated in accordance to instructions in the manufacturer’s operations manual by
the project manager prior to each use and a log will be maintained documenting calibration within a
data book kept with all meters. Calibration standards will be used to calibrate the turbidimeter at 0 NTU,
10 NTU, and 100 NTU. The pH meter will be calibrated using 3 points, 4.0, 7.0, and 10.0. The specific
conductivity meter generally does not require calibration but will be checked for accuracy against know
standard at approximately 100 µS/cm. The dissolved oxygen meter will be calibrated in the field using
100% water saturated air. Calibration standards will be purchased at the beginning of the field season
and will be discarded following fall sampling.

B.8 Inspection/Acceptance Requirements for Supplies and Consumables
Pre-cleaned sample containers will be obtained from each analytical lab with appropriate preservation
method included in shipment from laboratory conducting the analyses. Any needed standards for
equipment calibration, and filters will be purchased directly from the equipment manufacturer if
possible or from a well-established chemical company. The QA officer will be responsible for ensuring
that standards are not outdated and for the purchase of replacements. The date and source of all
purchased materials will be recorded within a separate file for each piece of equipment and kept on file
by ARRI along with equipment calibration records.

B.9 Data Acquisition Requirements for Non-Direct Measurements
Weather data downloaded or purchased through the National Oceanic and Atmospheric Administration
(NOAA) web site (http://www.ncdc.noaa.gov/oa/ncdc.html) and USGS gauge number 15294005 also will
be used and assumed accurate.

B.10 Data Management
Field data will be written in “Rite in the Rain” field notebooks and will be photocopied at the end of each
field day. The quality assurance officer will copy the field notebooks, scan them into electronic format,
and review the data to ensure that it is complete and check for any errors. Field and laboratory data
sheets will be given to the project manager. The project manager will enter data into Excel spreadsheets
and into the AWQMS datasheet. The quality assurance officer will compare approximately 10% of the
field and laboratory data sheets with the Excel files for accuracy. If any errors are found they will be
corrected and the project manager will check all of the field and laboratory data sheets with the Excel
files. The quality assurance officer will then verify correct entry by comparing another 10% of the sheets.
This process will be repeated until all errors are eliminated (Figure 3). The quality control officer will
review any statistics or other comparisons. The project manager will write the final report, which will be
proofed by the quality assurance officer and the DEC project manager. The final report will contain a
section that discusses how data management was conducted and any errors found and corrections
made. The quality assurance officer will check the results in the report and associated statistical error
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(i.e. standard deviation and confidence interval) against those calculated with computer programs. Any
errors found will be corrected by the project manager.
Along with the final report tables and graphs of water quality data, the information will also be provided
to DEC in a modernized STORET compatible format. Data will be formatted into AWQMS and STORET
compatible files as directed by DEC.

Figure 3. Data management flowchart.

C. Assessment and Oversight
C.1 Assessments and Response Actions
Project assessment will primarily be conducted through the preparation of field sampling event reports
for DEC by the project manager. Section A.4 contains detailed information on the type and date of each
required report. The project manager will review all of the tasks accomplished against the project
sample plan to ensure that all tasks are being completed. The project manager will review all data

23

Willow Creek Water Quality and Habitat Assessment

July 2014

sheets and entered data to make sure that data collection is complete. If necessary, data collection
processes or data entry will be modified as necessary. Any modifications of the data collection methods
will be reviewed against the processes described within the QAPP to determine whether the document
needs to be updated.
The project manager and QA officer will check on field sampling and contractor’s laboratory practices to
ensure that samples are handled correctly and consistently (see Data Management Section B.10 and
Figure 3). The final report will contain an appendix that will detail all of the QA procedures showing
precision, accuracy, representativeness, and completeness. Data quality and comparability will be
discussed in the body of the report as applicable. Any QA problems will be outlined and discussed
relative to the validity of the conclusions in the report. Any corrective actions will be discussed as well as
any actions that were not correctable, if any.
The QA officer will report to ARRI project manager any consistent problems in data collection, analyses,
or entry identified either internally or through a 3rd party audit. ARRI management will be responsible
for developing and implementing a course of action to correct these problems. Where consistent
problems may have affected project validity, these will be identified and reported to the DEC project
manager directly and included in project reports as directed.

C.2 Reports to Management
Reports will be prepared by the ARRI project manager and distributed to the DEC project manager.
Reports will update the status of the project relative to the schedule and tasks of the work plan.
Reports include a draft report in March 2015 and a final report in July 2015. Any field QA problems will
be identified and reported in the draft report or more often if necessary. The project manager will
prepare all of the reports, which will then be reviewed by the quality assurance officer for errors. The
final report will be submitted in electronic format along with the data tables and photo log. Any
potential problems with data due to QA will be identified and reported in all submitted reports.

D. Data Validation and Usability
D.1 Data Review, Validation, and Verification Requirements
Analytical results will be reviewed and validated in accordance with United States Environmental
Protection Agency (USEPA) documents, including the USEPA Guidance on Environmental Data
Verification and Validation (EPA 2002).
The project manager and the quality assurance officer will conduct data review and validation. Data
errors can occur during collection, laboratory analyses, data entry, and reporting. The QA officer will
review all field data sheets to ensure that field measures and sample collection followed the QAPP and
sampling plan procedures. The QA officer will ensure that all field replicate samples and measures were
collected. The QA officer will review and store copies of all chain of custody forms to ensure proper
sample handling and delivery.
The QA officer will be responsible for reviewing data received from contract laboratories. The review will
include an evaluation of the laboratory quality control measures including laboratory controls,
duplicates, and spikes and ensure method/analyte-specific QC criteria limits were met to ensure validity
of both laboratory analytical method QC requirements as well as project data precision and accuracy
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criteria (see Table 2). The review will check to make sure the proper analytical methods were used. Site
names and dates will be compared to field notes.
For samples analyzed by ARRI, the QA officer will check to make sure that all meters are calibrated and
operating correctly and that the calibration and measures of standards is being recorded.
The QA officer will conduct reviews of data entry, analyses, and reporting to ensure that there are no
errors in data entry and reporting. Data that are obtained using equipment that has been stored and
calibrated correctly and that meets the accuracy and precision limits will be used. Data that does not
meet the accuracy and precision limits may be used; however, we will clearly identify these data and
clearly indicate the limitations.

D.2 Validation and Verification Methods
D.2.1 Data Validation
Data validation is the sample-specific process that extends the evaluation of data beyond method,
procedural, or contractual compliance to determine the analytical quality of the specific data set to
ensure that the reported data values meet the quality goals of the project. The QA officer will be
responsible for quality control from all contract laboratories. This will include review of sample labeling,
analytical method used, turnaround time, and whether all required method/analyte-specific laboratory
quality control criteria have been met. The QA officer will work with the contract laboratory to correct
or clarify any errors. Analytical results that are below the method detection limit will be reported as
such with no numeric value.
The QA officer will review data values for accuracy and precision. For laboratory data, the QA officer will
review field duplicates, laboratory duplicates, matrix spikes, and standard values and using equations in
section A.5 determine if laboratory analyses met quality assurance goals for accuracy and precision. If
not, the QA officer will request that the laboratory repeat the analyses. Data that repeatedly does not
meet QA goals, will not be used in the project analyses or report unless strong justification substantiates
its proposed use and it supports the project’s overall data quality goals.

D.2.2 Data Verification
Data verification is the process of evaluating the completeness, correctness, and conformance of the
specific data set against the method requirements. The project manager will be responsible for field
physical and biotic measures and water sampling and handling. The project manager will review
methods to ensure that field data collection is conducted as described in the approved sampling plan
and QAPP. Any variation in methods or problems in data collection will be reported to the DEC project
manager. The project manager will ensure that the samples for laboratory analyses are identified by the
correct site location name, date, and sampling personnel. The project manager will ensure proper
sample storage and handling and will fill out and sign all chain of custody forms. Copies of chain of
custody forms will be turned over to the QA officer. A log of sampling locations, personnel, labeling, and
handling will be kept within the field data book. The project manager will be responsible for final review
of data and calculating completeness of data collection.

D.2.3 Data Review
The project manager will enter all data from laboratory and field data sheets into Excel worksheets. The
project manager will double-check all entries to ensure that they are correct. The quality assurance
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officer will compare 10% of the laboratory and field data sheets with the Excel worksheets. The project
manager will enter all formulas for calculation of parameters and basic statistics. All of these formulas
will be checked by the quality assurance officer. If any errors are found, the project manager will correct
the errors and then check all entries. The quality assurance officer will then repeat a check of 10% of the
data entry and all of the formulas and statistics. This process will be repeated until no errors are found.
The project manager will organize and write the final report. The quality assurance officer will check the
results in the report and associated statistical error (i.e. standard deviation and confidence interval)
against those calculated with computer programs. Any errors found will be corrected by the project
manager. The project manager will review and respond or incorporate all comments received from the
DEC project manager and other reviewers. The QA officer will check the final report to ensure that all
review comments were addressed.

D.3 Reconciliation with User Requirements
The project results and associated variability, accuracy, precision, and completeness will be compared
with project objectives. If results do not meet criteria established at the beginning of the project, this
will be explicitly stated in the final report. Based upon data precision and accuracy some data may be
discarded. If so the problems associated with data collection and analysis, or completeness, reasons
data were discarded, and potential ways to correct sampling problems will be reported. In some cases
accuracy project criteria may be modified. In this case, approval is required by both the DEC project
manager and DEC Water QA Officer and the justification for modification, problems associated with
collecting and analyzing data, as well as potential solutions will be reported in the project final report.
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