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Abstract
Observations of foam on Cottonwood Creek has caused concern and upon further State
investigation has resulted in the placement of the stream on the State’s impaired
waterbody list for foam and residue. This study was initiated in order to evaluate the
sources, timing, and spatial extent of the foam and identify potential solutions. The study
objective was to evaluate the spatial and temporal variation in foam abundance and to
determine whether foam abundance was correlated with changes in water chemistry.
This report summarizes the results of the first year’s data of a two-year project. Weekly
surveys were conducted at 8 locations along the stream system to document whether
foam was present and the size of the accumulation. Water samples were collected
weekly during the ice-free period (September 2003 through June 2004) for measures of
pH, conductivity, and turbidity and monthly for laboratory analyses of fecal coliform
bacteria, E. coli bacteria, dissolved organic carbon, total dissolved solids, nitrate,
ammonia, dissolved, and total phosphorus. Water surface elevation was recorded and a
discharge rating curve developed. Juvenile salmon were captured to evaluate for lesions
or other abnormalities. Foam was observed either as floating spots or accumulations at
all sites. Foam was absent during ice-off but developed quickly as runoff increased.
There was no spatial pattern in foam development or abundance. Foam was seen
throughout the drainage. Foam accumulated on vegetation or wood at the water surface
below riffles. The size of foam accumulations increased on two occasions and correlated
with rain events, increases in total dissolved solids, conductivity, and dissolved organic
carbon. Foam development did not appear to be related to any of the measures that
would indicate human causes such as phosphorus concentrations or bacterial counts. The
development of foam is common in brown-water streams within the region, and based
upon the data collected to date, the presence of foam in Cottonwood Creek appears due to
natural sources of dissolved organics.
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Introduction
Cottonwood Creek is located within Wasilla, Alaska arising from springs located
between the Little Susitna and Wasilla Creek drainages. The stream flows roughly 13
miles into Cook Inlet. Cottonwood Creek is a second order stream below Nekelson
Lakes, where it receives input from Dry Creek, the only appreciable tributary stream.
There are 6 lakes within the drainage. These lakes include Cornelius and Neklason Lake
(two basins), and Anderson Lake in the upper drainage, Cottonwood Lake, Mud Lake,
and Wasilla Lake (two basins) in the middle of the drainage. The stream is dominated by
slower water velocity sections in addition to the lakes. Aquatic macrophytes, particularly
Wild Calla (Calla palustris) are very common and often restrict the channel.
Filamentous green and brown colored diatoms are common and often very dense.
The DEC has received numerous
complaints about foam in
Cottonwood Creek and its tributary
Dry Creek. Citizens living along
the stream below Wasilla Lake
have noticed large accumulations
of foam. Upon investigation DEC
staff documented a large foam
accumulation. Water samples also
revealed fecal coliform
concentrations of near 500/100ml
near the old Matanuska Road
Bridge (July 2002). DEC staff also
observed large foam accumulations
Figure 1. Foam accumulation observed by DEC staff in
in Dry Creek, upstream from most September of 2001 (photograph by Laura Eldred).
human development. The Wasilla
Soil and Water Conservation District has observed foam throughout the stream. The
Alaska Department of Fish and Game found dead and dying sockeye salmon smolt with
eroded fins in the weir at the outlet of Wasilla Lake in May of 2001 (ADFG 2001). The
smolt pathological report indicated that the most probable cause of mortality was a
ciliated protozoan (Apiosoma). The report states that the protozoan is found in freshwater
with high organic content. The dead fish may or may not be related to the presence of
foam. Due to the sum of all reports and observations, Cottonwood Creek has been
Section 303(d) (Federal Clean Water Act) listed by the Department of Environmental
Conservation (DEC) for non-attainment of the State’s residues standard for foam and
debris.
Foam can be caused by the human input of surfactants or detergents. These sources
generally cause white, sweet-smelling foam that does not persist for long (IDEM 2001).
The development of foam in streams also can occur naturally and can be the result of
reduced water surface tension caused by organic matter released from decaying algae or
other organics. Aeration can occur through physical processes or through bacterial
respiration. Foam development in Cottonwood Creek also could be influenced by
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organic input from septic systems located along the stream. This hypothesis would also
provide an explanation for the abundance of the protozoan seen on fish. Private residents
living along the creek downstream of Wasilla Lake also have complained about the
abundance of mats of growths occurring on the stream substrate. This could be growths
of Sphaerotilus, also known as “sewage fungus” which is an iron-oxidizing bacterium
known to occur at locations of high organic matter.
Changes in the abundance of natural sources of organic material could cause changes in
foam and protozoans. Foam development can occur naturally and is often associated
with brown water or stained streams. Measurements of stream color (ADFG 1999)
indicate that Cottonwood Creek is lightly stained at most times and occasionally heavily
stained. Dry Creek and Cottonwood Creek upstream of Cornelius Lake flow through
wide (50 to 100 m) sloped valley wetlands Stained or brown water streams often occur in
locations that drain wetlands and the color is due to organic material that leaches from the
buildup of organics within the anaerobic wetland soils. Increases in organics also could
be due to increases in primary production within the stream and lakes of Cottonwood
Creek and be ultimately caused by increases in macronutrients or other elements that are
in concentrations that limit production. Previous studies (ADFG 1999) indicate that the
Cottonweed Creek drainage is mesotrophic. In addition most of these factors could be
interacting, that is an increase in organics could be due to a combination of factors.
Interacting factors affecting foam development could include the input of dissolved
material from wetlands, human septic systems, natural changes in productivity, and
increased productivity due to increases in anthropogenic nutrient sources.
This study was designed to begin to address some of these questions. Surfactants of
human origin often are phosphorus-based and changes in foam could be correlated with
increases in phosphorus concentrations. If foam development is due to biological
processes (increased productivity or respiration), then it would likely increase with
increases in water temperature and macronutrients. In addition, if the foam increases
from upstream to downstream then it is likely due to some input source or process
occurring along the system. If foam is due to organics from septic systems then it should
also be associated with increases in fecal coliform bacteria. The objective of this study
was to evaluate the spatial and temporal variation in foam abundance and to determine
whether foam abundance was correlated with changes in water chemistry.

Methods
Sampling design, site selection, and sampling methods were conducted following the
procedures for the DEC approved Quality Assurance Project Plan (Appendix A). The
QAPP should be referenced for more detail on sampling design and methodology. Eight
sampling sites were selected along the stream (Figure 2 and Table 1). The sites were
distributed spatially with one site located near the outlet of each lake. Site 1 was the only
site above most human impacts. Sampling locations were selected based upon access and
previous foam observations. The upstream sites were selected because they would be
less likely to obtain inputs from human sources that would affect water quality than
downstream sites.
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Surveys were conducted weekly during the ice-free period from late September 2003
through June 2004. At each location observers looked for foam floating on the water
surface or for surface accumulations. Foam abundance was classified into four different
groups: (1) no foam observed, (2) floating spots of foam, (3) small accumulations of
foam (less than 1 square foot), and (4) large foam accumulations. Time of day and recent
weather were noted. Photographs were taken upstream and downstream at each sampling
station on each date. Water samples were collected during each weekly survey and
returned to the laboratory and analyzed for pH (Hanna HI 9023), specific conductance
(SPER Scientific model 840039), and turbidity (HACH Chemical Co. Model 16800).
Weekly surveys were augmented by observations and photographs taken by volunteer
observers.
Site 1
Site 1b

Site 2
Site 3

Site 4
Site 5
Site 6

Site 7

Figure 2. Map showing sampling site locations on Cottonwood Creek.
Table 1. Cottonwood Creek observation and water sampling sites.

Site

¼ Sec

Sec Twsp Range Lat

Lon

Description

1

SE

22

18 N

1E

61.63240

149.24189

1b
2
3

NE
NW
NE

28
33
1

18 N.
18 N
17 N

1 E.
1E
1W

61.60872
61.59615

149.28990
149.35790

4
5
6
7

SW
SE
NE
NW

11
16
20
31

17 N
17 N
17 N
17 N

1W
1W
1W
1W

61.57504
61.56371
61.55485
61.52537

149.40783
149.44823
149.48571
149.52710

Settlement Ave. Road
Crossing
End of Zephyr Drive
Earl Drive Bridge
Below Seward-Meridian
Crossing
Old Matanuska Road Bridge
Fern Street Crossing
Edlund Road Crossing
Surrey Road Crossing
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A staff gauge was placed at Site 4 and water surface elevation was recorded on each
sampling date. Stream discharge was measured after Rantz et al. (1982) using a pygmy
meter on multiple occasions and a rating curve developed.
Water samples were collected at each site
in mid April, May, and June and analyzed
by Analytica Alaska Incorporated for fecal
coliforms, E. coli, dissolved and total
reactive phosphorus, nitrate and nitrite
nitrogen, ammonia nitrogen, total
dissolved solids, and dissolved organic
carbon. The foam was not sampled
directly due to the number of different
types of chemical surfactants used today
and because they can be modified through
bacterial decomposition. In addition, other
metals and organic compounds can
accumulate within foam accumulations.
Water temperature was measured using
Optic Stowaway temperature data loggers.
One was placed at site 1 which is at the
upper end of the drainage above all lakes
and most, if not all, development. The
second was at site 2, downstream of the
upper two lakes and upstream of Mud and
Wasilla Lake. The third is just
downstream of Wasilla Lake near the
historic USGS gauging station at site 4 and
the fourth is at the farthest downstream
station 7.
Bioassays of juvenile salmon were
conducted on two separate occasions to
determine the presence and frequency of
lesions using the USGS sampling
methodology for DELT anomalies
(Moulton et al. 2002). DELT is an
acronym for deformities, eroded fins,
lesions, and tumors. Juvenile fish were
captured in baited minnow traps allowed
to soak for 48 (Fall) or 24 (Spring) hours.
Traps were placed near station 6, 4, 2 and
1. Captured fish were identified by
species, except for stickleback, and
measured for total length.

Figure 3. Small accumulation of foam at Site 1 on
Oct. 26, 2003.

Figure 4. Site 1 on June 23, 2004.

Figure 5. Large foam accumulations at Site 1b on
May 23, 2004.
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Each fish was placed in a clear plastic bag and
inspected for the presence of any deformities,
eroded fins, lesions, or tumors.

Results
Foam Observations
Foam observations were initiated in
September of 2003 and four separate visits
were conducted to all sites prior to ice
formation. In the Spring of 2004, sampling
began on March 26, but all stations were not
ice free until April 16. The upstream sites
became open sooner than the downstream
sites. A total of 18 surveys were conducted.
Foam as spots or as an accumulation was
observed at all sites on at least one occasion.
Site 1
Site 1 was located at Settlement Avenue
upstream of all lakes. At Site 1 foam as spots
and a small accumulation was observed once
on October 26, 2003 (Figure 3 and Figure 4).
Foam was not observed at Site 1 on any other
time. At all other sites either small or large
accumulations were observed on multiple
occasions.

Figure 6. Small accumulation of foam on right
bank at site 2 (May 24, 2004).

Figure 7. Spots of foam at the inlet to Wasilla
Lake, Site 3 (May 24, 2004).

Site 1b
Site 1b was directly below Neklason Lake. At
Site 1b, foam was observed on all dates and
was categorized as either small or large
accumulations (Figure 5). Spots were
observed upstream and accumulated on large
woody debris downstream from a small riffle.
Site 2
At Site 2, upstream of Cottonwood and Mud
Lakes, foam ranking ranged from spots to
large accumulations. Either large or small
Figure 8. Foam development below the bridge
accumulations were seen on most dates.
at Site 4 (May 24, 2004).
Floating foam spots without any
accumulations were seen only twice in April (Figure 6).
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Site 3
Site 3 was between the outlet of Mud Lake
and the inlet of Wasilla Lake at Seward
Meridian. Foam ranking ranged from 1 to
3. On the majority of the dates (83%),
foam was observed as spots, with no foam
observed on two occasions in April and a
small accumulation observed once (April
16, 2004)(Figure 7).
Site 4
Foam was consistently present at Site 4
which was located below Wasilla Lake on
the Old Matanuska Road bridge. Foam
was observed as a small accumulation on
some woody debris on the right bank for
68% of the observations and as a large
accumulation 26% of the time and for 5
consecutive weeks (Figure 8).

Figure 9. Foam accumulation on vegetation in
side channel at Site 5 (May 24, 2004).

Site 5
Site 5 was located where Fern Street
crosses Cottonwood Creek. The creek
passes under the road through two
culverts. Downstream from the road
crossing the stream splits around a small
island with most of the flow on the left
bank. Foam was ranked as spots in the
Fall of 2003 and the first sampling date of Figure 10. Small foam accumulation at Site 6
(May 21, 2004.
2004 (April 10). Foam began to
accumulate on the aquatic vegetation in
the right-bank channel that developed as
large mats (Figure 9). By mid May a large
accumulation had developed at this site
and persisted throughout the remainder of
the sampling dates.
Site 6
Site 6 was located at the Edlund Road
crossing. A large accumulation was
observed on the left bank on the first
sampling date in the Fall of 2003. In the
early spring of 2004 no foam was
Figure 11. Site 7 Downstream of second culvert
observed; however, in mid April foam
(May 21, 2004).
began to accumulate and was ranked as a
small accumulation throughout the remainder of the sampling dates (Figure 10Figure 10).
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Site 7
Site 7 was located at the Surrey Road Crossing. Cottonwood Creek crosses the road
through two culverts and the stream channel is braided below the culvert outlets. Spots
of floating foam were common at site 7, with no foam seen in the early Spring and small
accumulations observed from Mid May into June (Figure 11).
We observed no consistent spatial variation in foam presence or accumulation with the
exception of Site 1 where foam was rarely seen. Foam was able to develop at all other
sites and was seen as a large accumulation on at least one date at all sites except the inlet
to Wasilla Lake (Site 3) and the farthest downstream Site 7 where small accumulations
were seen at these two sites. We compared the changes in ranking from one visit to the
next to determine temporal changes in foam abundance. Foam increased at five sites
from April 23 to May 3 and then decreased at these same sites between May 3 and May
7. Foam rankings increased from May 7 to May 14 at four sites and at two more sites by
May 21st and one additional site by May 26th, with no decreases at any sites over this
same time. On June 5, foam rankings began to decrease and continued to decrease
through the month of June.
Discharge
A discharge rating curve was developed based upon five measurements with discharge
varying from 16.3 to 6.7 cubic feet per second and staff gauge height ranging from 0.99
to 0.77 feet. The equation for discharge calculation based upon these measurements is,

D = 40.654 Ln(h) + 16.524
where D is discharge (cfs) and h is gauge height (ft). The R2 for the regression was 0.98
and accuracy between measured and estimated values ranged from 92 to 107%. Using
this equation, discharge was estimated for each sampling date (Figure 12).
Temperature
Maximum daily stream water temperatures are shown in Figure 13 and Figure 14. Water
temperatures at Site 1 remained above freezing throughout the winter and began
increasing in Mid April. From May through July temperatures ranged from 5 to 10ºC.
Water temperatures at Site 2 and Site 4 increased rapidly after April. Maximum Daily
water temperatures rapidly exceeded 15ºC and by late July exceeded 25ºC. Maximum
temperatures at Site 4 exceeded 20ºC. The increase in stream temperatures in May
coincided with the development of foam within Cottonwood Creek, but was not related to
the short term variability in foam accumulations during May.

Stream water temperatures below site 2 exceeded State water quality standards for
salmon spawning and migration (13 ºC), rearing (15ºC), and for support of aquatic life
(20 ºC). Temperatures exceeded 15 ºC by mid May and 20 ºC by mid June.
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Figure 12. Cottonwood Creek discharge at Site 4 (below Wasilla Lake), for each sampling date based
upon stage height and rating curve.
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Figure 13. Maximum daily temperatures for Sites 1 and 2 (values below 0 are for Site 2 are not
shown).
30
Site 4

Site 7

Temperature (C)

25
20
15
10
5
0
9/16/03

10/16/03

11/15/03

12/15/03

1/14/04

2/13/04

3/14/04

Figure 14. Maximum daily temperatures for Sites 4 and 7.
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Water Chemistry
The pH and specific conductance values from the analyses of weekly water samples are
in Tables 2 and 3, respectively. Except for September of 2003, values of pH ranged from
7.5 to 8.5. No consistent trends in pH were observed and no sudden changes from
upstream to downstream or among sampling dates were observed. There also was no
apparent relationship between discharge and pH.

Conductivity ranged from around 170 to 200 µS/cm. Conductivity was generally higher
at Site 1 then Site 1b, below the two lakes and input from Dry Creek. When Site 1 was
excluded stream conductivity tended to increase downstream. The increase was not
always a linear progression from Site 1b to Site 7; however, values were always higher at
Site 7 then at Site 1.

Table 2. pH for 2003 and 2004 weekly sampling dates at all sampling sites.
Date

1

1b

2

3

4

5

6

7

9/27/03

7.55

9.34

8.89

9.28

8.84

8.84

8.88

10/10/03

8.04

8.22

8.42

8.40

8.26

8.01

8.00

8.22

10/26/03

7.88

8.00

8.13

8.15

8.23

7.91

7.92

8.11

11/10/03

8.14

8.02

7.93

7.88

7.99

7.89

7.92

7.90

3/26/04

Ice

Ice

Ice

Ice

Ice

Ice

Ice

Ice

4/10/04

7.71

7.83

Ice

7.82

8.02

7.95

Ice

Ice

4/16/04

8.06

7.85

8.05

8.02

7.83

7.93

7.86

8.08

4/23/04

8.35

8.31

8.45

8.37

8.55

8.45

8.25

8.49

5/3/04

7.95

8.22

8.42

8.34

8.49

8.33

8.23

8.48

5/7/04

8.08

7.75

8.17

8.16

8.19

8.05

8.06

8.21

5/14/04

7.95

7.98

8.04

8.05

7.82

7.92

7.97

8.04

5/21/04

7.97

8.29

8.43

8.33

8.42

8.20

8.25

8.41

5/26/04

7.83

7.86

7.90

7.83

7.92

7.85

7.89

7.93

6/5/04

8.25

8.25

8.41

8.35

8.41

8.35

8.45

8.38

6/11/04

7.81

7.95

8.02

7.92

7.99

8.00

8.03

8.09

6/18/04

8.06

8.26

8.37

8.22

8.30

8.32

8.23

8.27

6/25/04

7.78

7.90

7.93

7.77

7.80

7.92

7.97

7.97

Max

8.35

8.29

9.34

8.89

9.28

8.84

8.84

8.88

Min

7.71

7.75

7.93

7.77

7.80

7.91

7.86

7.97

At Sites 1b through Site 7 conductivity decreased over time or as discharge decreased.
Excluding the April 23 sampling date there is a positive correlation between specific
conductance and discharge with a correlation coefficient of 0.77. Alternatively at Site 1,
specific conductance remained stable or increased slightly as the season progressed.
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There was also an increase in conductivity at all sites from April 23 to May 3 and then
dropped again by May 7. These changes in conductivity coincided with the changes in
foam rankings.
Total dissolved solids (TDS) are dominated by the major cations (calcium, magnesium
and sodium) and anions (carbonates, sulfates, and chloride) in water. As such the
concentration of TDS is proportional to conductivity. A conversion factor of 0.65 has
been used to convert conductivity measurements to TDS (Rainwater and Thatcher 1960).
Similar to conductivity, the concentration on major ions as detected as TDS also was
lower at most sites in June compared to April and May. This decrease occurred as the
season progressed, productivity and temperatures increased, and discharge and foam
decreased (Figure 15).

Table 3. Conductivity (μS/cm) for 2003 and 2004 weekly sampling dates at all sampling sites.
Site
9/27/03

1

1b

2

176

3

184.5

177.5

4

5

194.1

6

197.1

7

193.1

190

10/10/03

169.4

177.9

174.3

175.6

182.6

187.6

188.9

187

10/26/03

166

176.3

170.7

169.4

178.3

182.2

179.4

176.9

11/10/03

181.9

199.1

193.2

191.4

199.6

196.2

197

199.5

3/26/04

Ice

Ice

4/10/04

164.9

166.5

4/16/04

167.2

157.2

4/23/04

163.4

5/3/04

Ice
Ice

Ice

Ice

Ice

Ice

Ice

Ice

Ice

191.0

205

202

158.9

190.0

189

192

197.1

191.9

128.7

144.6

164.7

179.2

186.8

184.2

183.1

190.5

183.9

180.8

189.8

194

191

194

201

5/7/04

179.6

175.9

174.4

178.2

192.2

194.5

186

198.6

5/14/04

189.6

189.6

186.6

188.6

189

196

188

194

5/21/04

184.1

185.3

182.2

177.7

196.7

189

191

192

5/26/04

191.6

190.5

185.2

182.4

193

194

199

202

6/5/04

182.6

183.9

177.1

171.6

194

196.7

197.3

197

6/11/04

188.1

186.6

178.6

175.7

189.7

192

194.1

197.9

6/18/04

195.9

174.2

182.8

173.6

188.9

193.7

195

199.4

6/25/04

196.2

180.7

175.5

157.0

178.7

182.8

185.9

194.1

Max

196.2

199.1

193.2

191.4

205

202

199

202

Min

164.9

157.2

144.6

157.0

178.7

182.2

179.4

183.1

The concentrations the macronutrients, nitrogen and phosphorus, were near or below
detection limits at most sites on all three sampling dates. Total reactive and total
dissolved reactive phosphorus were below the detection limit of 0.025 mg/L at all sites on
all sampling dates. Nitrate nitrogen was near 0.40 mg/L at Site 1 and 0.20 mg/L at all
other sites in April but by May and continuing into June concentrations dropped to near
0.30 mg/L at site 1 and below the detection limit of 0.10 mg/L at all other sites.
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Concentrations of ammonia nitrogen were below detection limits below Site 3 in April
but increased by May and June (Table 4); however there were no apparent spatial trends.
160
140
TDS (mg/L)

120
100
80
60
40

4/21/2004

5/15/2004

6/18/2004

20
0
1

1b

2

3

Site

4

5

6

7

Figure 15. Values of total dissolved solids for all sites showing lower values in June relative to April
and May at most sites.

Table 4. Concentrations of nitrogen (mg/L) from monthly water samples at the eight sampling sites.
Nitrate-N
Ammonia-N
Site
4/21/2004 5/15/2004 6/18/2004 4/21/2004 5/15/2004 6/18/2004
1
0.414
0.356
0.383
0.0490
0.052
0.033
1b
0.164
<0.10
<0.10
0.04
0.028
0.034
2
0.23
<0.10
<0.10
0.03
0.034
0.042
3
0.236
<0.10
<0.10
<.025
0.029
0.068
4
0.203
<0.10
<0.10
<.025
0.311
0.047
5
0.214
<0.10
<0.10
<.025
0.039
0.11
6
0.217
<0.10
<0.10
<.025
0.047
0.047
7
0.25
0.128
0.113
<.025
0.043
0.025

The concentrations of fecal coliform bacteria and E. coli tended to increase in a
downstream direction, although overall numbers were generally low. The exception to
this was a large increase in both measures of bacterial abundance between Sites 6 and 7
in June, where the number of fecal coliforms doubled and there was a 9 fold increase in
E. coli. These data must be interpreted with caution; however, because they did not meet
our quality control standard for precision. Replicate samples from site 7 analyzed for
fecal coliforms differed by 250 colonies per 100 ml (see Appendix B).
Dissolved organic carbon (DOC) concentrations were highest in mid May when foam
abundance was high. DOC ranged from 1 to 4 (mg/L). The amount of organics was low
at Site 1 relative to the remaining sites (Table 5). DOC increased near 2 mg/L at sites 1b
through 5 from April to May and then declined slightly in June. These values are within

13

the range observed in other northern stream. For example, DOC values measured in the
outlet streams of Ontario Lakes ranged from 2 to 10 mg/L with most values between 2
and 6 mg/L (Quinby 2000). There was no change in DOC values at sites 6 and 7
between April and May with a slight increase in June

Table 5. Cottonwood Creek DOC values.
DOC
Site
4/21/2004
5/15/2004 6/18/2004
1
1.1
<1.0
<1.0
1b
1.7
4.1
1.6
2
2.3
3.8
2.4
3
1.5
2.6
3.2
4
1.9
4
3.1
5
2.3
4
3.1
6
2.2
2.3
3
7
2.4
2.1
3.2

In October of 2003, single baited fish traps were set at Sites 6, 4, 2, and 1 and retrieved
after 48 hours. Coho salmon juveniles dominated the catch. More fish were caught at
Sites 6 and 4 (approximately 30) than at Site 1 (14 coho salmon). One Dolly Varden was
captured at Site 2. Of these fish, one coho salmon captured at Site 4 had an eroded dorsal
fin. Two of the fish (one coho salmon and one Dolly Varden) had abrasions on their
sides that may have been caused by the fish trap. Coho salmon measured from 60 to 100
mm and the size distribution suggested that two age-classes were present (Figure 16).
In June of 2004, baited fish traps were set at Sites 6, 5, 4, and 1 and retrieved after 24
hours. Approximately 50 coho, 25 rainbow trout, and 4 Dolly Varden were captured
along with approximately 30 stickleback. All of the Dolly Varden were captured at Site
1. Two coho salmon were observed to have eroded dorsal fins. One was at Site 6 and
one at Site 5. Two of the five coho salmon captured at Site 1 had lesions. The size
distribution of coho salmon was dominated with larger fish when compared with the
October 2003 sample and appeared to be composed of primarily one age class (Figure
17Figure 17).
Table 6. Concentrations of Fecal Coliform and E. coli bacterial (colonies/100 ml) from Cottonwood
Creek water samples.
Fecal Coliforms
E. coli
Site
4/21/2004 5/15/2004 6/18/2004 4/21/2004 5/15/2004 6/18/2004
1
<2.9
3
80
0
2
14
1b
<2.9
<2.9
8
0
1
33
2
<2.9
3
11
0
5.2
24
3
94
6
14
1
5.1
22
4
58
30
80
0
20
49
5
130
10
70
1
11
34
6
100
20
1
12
110
55
7
93
57
1
240
170
490

14

120.00%

9
8

100.00%
7
80.00%

Frequency

6
5

60.00%
4
3

40.00%

2
20.00%
1

10
2

98

94

90

86

82

78

74

70

66

62

58

0.00%
54

50

0

Figure 16. Size distribution (mm) of juvenile salmon captured on October 26, 2003 (n=83).
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Figure 17. Size distribution (mm) of juvenile salmon captured in Cottonwood Creek on July 19, 2004
(n=53).
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Discussion
Foam was present at all sites, but mostly
seen from Site 1b (below Nekelson Lake)
downstream. Foam was observed to
collect on logs, branches, or aquatic plants
that skimmed the water surface. At most
locations there was a riffle, or some other
physical process that aerated the water,
upstream of the foam. The foam was
persistent at a given site and could be
expected to be in the same location from
week to week; however, the volume of
foam varied, from small accumulations to
large and increases in the size of large
accumulations. These changes in foam
volume occurred throughout the drainage
and there did not appear to be any
difference in the rate of change from
upstream to downstream. The absolute
size of the foam collection appeared to be
limited by the size of the eddy or material
against which the foam collected. Foam
was absent in early Spring during breakup
and developed as runoff increased. Foam
volume increased during rain events
although there is not enough data to
determine whether this trend will persist.
Foam accumulations should be monitored
throughout storms to determine whether
foam abundance increases as runoff
increases.

Figure 18. Foam accumulation on Trapper Creek
tributary in October of 2003.

Figure 19. Foam spots and small accumulation on
Chijik Creek in October of 2003.

Foam was observed incidentally in other
streams in the region during the Spring
when stream flow was at or above
ordinary high water. These included
Willow Creek, Little Willow Creek,
Grey’s Creek, Goose Creek, Trapper
Creek, Chijik Creek, Twin Creeks (near
Trapper Creek) and Cottonwood Creek
(near Trapper Creek). The other streams
where foam was observed generally were
brown water tributaries to the Susitna
River (Figure 18 through Figure 20).
Based on the information to date, it

Figure 20. Foam accumulation in Caswell Creek
on June of 2003.
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appears that the foam within Cottonwood Creek may be naturally caused rather than by
human sources of detergents. If the foam were caused by human inputs it follows that
foam development would be more abundant below most human development; however,
this was not the case. We did find that foam was rarely observed at Site 1, above all
potential human inputs and consistently present at Site 1b, below some development.
However, there was no consistent increase in foam below site 1b. Foam caused by the
introduction of detergents or other surfactants has been found to dissipate rapidly (IDEM
2001). If foam were caused by human inputs and it dissipates rapidly, then there would
be more variability in foam abundance. That is, human inputs would be expected to be
sporadic rather than constant. In addition, foam from human sources generally is
localized near the source of discharge (IDEM 2001). Foam from human sources has been
described as having an perfume smell rather than an earthy smell as in natural foam and
to be whiter than the brown colored natural foam (IDEM 2001). The foam within
Cottonwood Creek does not smell of perfumes, is white when first formed but becomes
brown over time.
Water chemistry further supports the hypothesis that foam is naturally caused. The
concentrations of dissolved and total phosphorus were below detection limits (0.025
mg/L) on all sampling dates. Phosphates often are added to detergents to reduce water
hardness by bonding with calcium and magnesium ions, and so would be expected to
increase with foam presence and abundance. The concentration of macronutrients from
the first three months of 2004 were relatively low and similar to concentrations reported
previously (ADFG 1999). Our limited bacterial measures also did not support the
hypothesis that organic matter was leaching from septic systems. The only high numbers
observed were in the lower river, and did not have the potential to affect foam
accumulations at the upstream sites.
Foam can be caused by an interaction between the surface water molecules and fatty
acids and other natural organic substances (Courtemanch 1979). These dissolved
organics are derived from the decomposition of aquatic plants and algae or leached from
soils or surrounding wetlands. Based upon stable isotope analyses, Wissmar and
Simenstad (1984) found that foams within Puget Sound were caused by organic carbon
compounds from seagrasses and benthic algae. Wegner and Hamburger (2002) found
that the persistent foam on the Rhine River was caused by organics leached from
Ranunculus, an aquatic macrophyte.
Aquatic macrophytes and benthic algae are common in Cottonwood Creek and at times
extend across most of the channel. The upper portions of the drainage including Dry
Creek are bounded by very productive wetlands. The increase in foam in the Spring and
following rain storms measured in Cottonwood Creek, and observed in other regional
brownwater streams suggests that the foam likely is due to the flushing of leached
organics from surrounding wetland soils. An increase in fatty acids and other polar
organic molecules would result in an increase in total dissolved solids, dissolved organic
carbon, and conductivity, which were measured to occur during storm events in
Cottonwood Creek. Organics from instream plants and algae no doubt augment those
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from allocthonous, or external, sources and may cause an increase in foam abundance as
they begin to decompose in the Fall.
We did not document a high number of juvenile salmon with deformities, eroded fins,
lesions, or tumors. The eroded fins observed previously were found only on sockeye
salmon smolt and not on coho salmon (T. Namtvedt personal communication). This
suggests that the causes of the eroded fins may have been restricted to one of the lakes
where most sockeye salmon rear. The high water temperatures certainly provide the
conditions to make rearing fish more susceptible to parasites and other diseases.
Current data suggests that foam development increases following storm events.
However, there have been few storm events, so support for this hypothesis is limited.
Surveys should be continued to determine whether this trend continues. Foam
development as a result of organic matter input should be evaluated by continuing
observations through the fall as leaf litter within riparian areas increases. If foam
increases are related to precipitation events, future sampling should focus on changes in
water chemistry, in particular, conductivity or TDS and dissolved organic carbon, during
the rising and falling limb of the hydrograph.
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A4. 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 quarterly
reports and the final report.
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.
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.
Analytica Alaska Inc.—Anchorage. The testing laboratory will be responsible for analyzing all
collected water chemistry samples.

ARRI Project Manager
(Jeff Davis)

QA Officer
(Gay Davis)

DEC Project Manager
(Laura Eldred)

Analytica Alaska
Inc.

Volunteer
Observers

A5. Problem Definition/Background
The goal of this project is to initiate the recovery process of Cottonwood Creek. At present the
entire 13 miles of Cottonwood Creek is listed as an impaired waterbody due to the presence of
residue and foam. Lesions and growths have been found on juvenile salmon and may be linked
to the residue.
Cottonwood Creek (13 miles) is Section 303(d) listed for non-attainment of the Residues
standard for foam and debris. DEC has received numerous complaints about foam in
Cottonwood Creek, which is a recurring problem. The presence of foam may, or may not, be
related to dead and dying smolt with eroded fins found in the Alaska Department of Fish and
Game weir at the outlet of Wasilla Lake in May of 2001. The smolt pathological report indicated
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that the most probable cause of mortality was a ciliated protozoan (Apiosoma). The report states
that the protozoan is found in freshwater with high organic content.
Foam can be caused by the input of surfactants or detergents. These sources generally cause a
white, sweat-smelling foam that does not persist for long. The development of foam in streams
can occur naturally and can be the result of high bacterial respiration and an increase in surface
tension caused material released from decaying algae or other organics. Aeration also can occur
through physical processes rather than bacterial respiration. It has been hypothesized that foam
development in Cottonwood Creek is due to organic input from septic systems located along the
stream. This hypothesis would also provide an explanation for the abundance of the protozoan
seen on fish. Private residents living along the creek downstream of Wasilla Lake also have
complained about the abundance of mats of growth occurring on the stream substrate. This may
be growth of Sphaerotilus, also known as “sewage fungus” but is an iron-oxidizing bacteria
known to occur at locations of high organic matter.
Changes in the abundance of natural sources of organic material also could cause changes in
foam and protozoans. Foam development can also occur naturally and is often associated with
brown water or stained streams. Measurements of stream color (ADF&G 1999) indicate that
Cottonwood Creek is lightly stained at most times and occasionally heavily stained. Brown water
streams often occur in locations that drain wetlands and the color is due to organic material that
leaches from the buildup of organics within the anaerobic wetland soils. Increases in organics
also could be due to increases in primary production within the stream and lakes of Cottonwood
Creek and be ultimately caused by increases in macronutrients or other elements that are in
concentrations that limit production. Previous studies (1999) documented indices that the
Cottonweed Creek drainage is mesotrophic. In addition there most of these factors could be
interacting, that is an increase in organics could be due to a combination of changes in input of
dissolved material from wetlands, human septic systems, natural changes in productivity, and
increased productivity due to increases in anthropogenic nutrient sources.
This study was designed to begin to address some of these questions. If foam development is
due to biological processes, then it would likely increase with increases in water temperature. In
addition, if the foam increases from upstream to downstream then it is likely due some input
source or process occurring along the system. Thirdly, if foam is due to organics from septic
systems than it should also be associated with increases in fecal coliform bacteria. Therefore, the
approach of this study is to conduct surveys to determine whether foam increase at different
times of the year or at different locations along the stream. Conductivity, pH and temperature
are measured to begin to see if any changes in foam are related to any gross changes in water
chemistry. Concentrations of fecal coliforms will be measured to determine if there is an input
of organics from septic systems. Finally, juvenile salmon will be captured and examined for
signs of lesions.
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A6. Project/Task Description
The project objective is to determine the extent of foam development (where it occurs and size of
accumulations), and whether foam development is related to the chemical and/or physical
characteristics of Cottonwood Creek. Specific project tasks will be determining the extent and
timing of residue development, longitudinal measures of some water chemistry parameters, fish
sampling, and chemical analyses of residue. The project objectives will be met by completing the
following tasks
1. Stream Surveys—Stream surveys will be conducted by ARRI staff to determine the
presence and accumulation of foam at a minimum of eight locations along Cottonwood
Creek. Sampling locations will be selected based upon access, foam observations, and
distributed along the stream length. Upstream sites should be less likely to obtain inputs
from human sources that would affect water quality than downstream sites. Sites will be
selected through coordination with ADEC staff that has knowledge of previous
observations (see map Appendix B). Local volunteers will be used to obtain observations
at additional locations.
Surveys will be conducted weekly during the ice-free period from late September
2003 through September 04. We anticipate that Cottonwood Creek could be ice-free as
early as the end of March and at the latest the end of April. This will allow for between 9
and 13 spring survey dates and 12 to 13 Fall dates. Initial surveys will not be coordinated
with flow or weather events; however, weather and flow observations will be recorded.
Subsequent sampling may target certain events if any changes in foam abundance appears
to be related to flow or weather. Currently we do not know how variable foam presence
or abundance is. The weekly sampling schedule was selected to as a starting point to
determine variability. A more frequent sampling schedule, including multiple samples
throughout the day, may be necessary should variability in foam abundance be high.
2. Weekly water chemistry—Water samples will be collected at each sampling site during
weekly surveys and analyzed for pH (Hanna HI 9023), conductivity (SPER Scientific
model 840039), and turbidity (HACH Chemical Co. Model 16800). Weekly surveys and
water sampling will occur either on Friday or Saturday. Since water sampling will be
conducted concurrently with surveys, we estimate that between 9 and 13 samples will be
collected between the first Saturday of April and the last Saturday in June. An additional
12 to 13 sampling events will occur between the first of July 04 and October 04. Water
sampling and surveys will begin at the upstream station and continue downstream
spanning mid-day. It is most important that water sampling reflects changes in foam
abundance, so as mentioned above, initial sampling will neither target, nor avoid weather
events. Should foam abundance appear to be correlated with changes in flow or other
related weather events the sampling schedule will be altered accordingly. However prior
to altering the sampling schedule, we will submit a revised QAPP for approval. This
change in schedule may result in a change in the total number of observations, so the
estimate of between 9 and 13 sampling events also may need to be altered. At this time
the sampling schedule will not try and target different times, or a certain time of the day
for the same reasons as stream surveys.
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3. Water Temperature—Temperature will be measured using HOBO Stowaway temperature
data loggers set to record every 4 hours. Loggers will be placed at a minimum of 4
locations. One will be at the upper end of the drainage above all lakes and most, if not
all, development. The second will be downstream of the upper two lakes and upstream of
Mud and Wasilla Lake. The third will be just downstream of Wasilla Lake and the fourth
will be at the farthest downstream station. The number of probes should clearly describe
the daily and seasonal variability in temperature and are situated to pick up any affects
due to the relatively large lakes in the system.
4. Chemical Analysis—Water samples will be collected at eight locations along
Cottonwood Creek monthly from April through September of 2004 and submitted to a
laboratory for chemical analyses. Samples will be analyzed for fecal coliform bacteria,
E. coli, total and dissolved phosphorus, nitrate and nitrite nitrogen, ammonium nitrogen,
dissolved organic carbon, and total dissolved solids. Additional analyses may be
conducted based upon information gained during project implementation. If analyses are
added, the QAPP will be modified accordingly.
5. Discharge—will be measured near the old U.S. Geological Survey gauging site and a
discharge rating curve will be developed.
6. Bioassays—of juvenile salmon conducted on two separate occasions to determine the
presence and frequency of lesions. One sample will be collected in the Fall of 04 and 05,
and one in the Spring of 04 and 05.
7. Algal periphyton—will be sampled at three locations on two separate occasions to
determine abundance through measures of chlorophyll-a and ash free dry mass (Summer
and Fall of 04). Dominant species will be identified.
The variability in the presence and accumulation of foam relative to other chemical and physical
data will be used to determine hypotheses regarding causes of the foam.
The following workplan outlines the tasks, schedule, and products/reports.
TASK 1: Write QAPP for data collection and analyses and provide Monitoring Strategy
Elements.
Start and end date: September, 2003 – April 15, 2004
Product: DEC approved QAPP.
TASK 2: Conduct stream surveys to determine foam location and extent.
Start and end date: August1, 2003 – September 30, 2004
Product: Location and extent of foam will be described in final report to be submitted as per
grant requirements.
TASK 3: Collect and analyze water samples to determine chemical and biological makeup.
Start and end date: August 1, 2003 – September 30, 2004
Product: The chemical composition will be completed by June 30, 2005 and submitted with
the final report.
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TASK 4: Analyze water samples at multiple (8 or more) locations along Cottonwood Creek for
conductivity, pH, and temperature.
Start and end date: August 1, 2003 – September 30, 2004
Product: Continuous Temperature data, and weekly measures of pH, and conductivity. Data
will be collected through June 2004 and results will be included in the Final Report.
TASK 5: Conduct juvenile fish sampling to determine presence and extent of fish pathogens.
Start and end date: August 1, 2003 – June 30, 2005
Product: Portion of juvenile fish that contain lesions or other evidence of chemical or
pathogenic damage to be included in Final Report.
TASK 6: Establish staff gage and begin developing a gage discharge relationship.
Start and end date: April 15, 2004 –June 30, 2004
Product: Discharge rating curve and data for evaluation of concentration based parameters.
TASK 7: Collect periphyton algae to determine relative biomass and species composition.
Start and end date: July 1, 2004 – September 30, 2004
Product: Measure of the amount of algae at multiple locations relative to nutrient
concentrations to determine whether nuisance growths are occurring.
TASK 8: Analyze data and write final report and enter data into SIM-D and CIMMs databases
(see section A9 for detailed reporting requirements).
Start and end date: April 1, 2005 – June 30, 2005
Product: Final water quality report and recommendations for TMDL development. Final
report will describe the results of the data collected through the tasks listed. This will include
the location and times when foam was observed by volunteer observers and through weekly
surveys. Basic water chemistry and temperature at 8 locations. The results of chemical
analyses of the foam residue will be described and the results of observations of fish
pathologies. We will look for correlations between the observance of foam and other
physical and chemical variables. Final report will be submitted as per grant requirements.

A7. Quality Objectives and Criteria for Measurement of Data
The objective of this study is to determine if the development of foam on Cottonwood Creek
changes in volume over time or space and to see if changes are correlated with gross changes in
water chemistry, fecal coliform bacteria or an increase in lesions on juvenile fish. The
parameters in the following table will be measured at the indicated performance level. All
parameters are critical to meeting project objectives.
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Table 1. Accuracy, precision, and completeness objectives for measurement parameters.
+/- Units for
Accuracy
Expected
Precision
Parameter
Method
Sensitivity Accuracy
Range
range*
pH

Hanna HI 9023

6.5 to 8.5

Turbidity
(NTU)

HACH Chemical
model 16800

6 to 10

Turbidity
(NTU)

HACH Chemical
model 16800

1 to 6

Conductivity
(µS/cm)

SPER Scientific
model 840039

100 to 200

TDS (mg/L)
Temperature
degrees
Celsius
Fecal
Coliforms
(colony
forming
units (CFU)
per 100 ml)
E. coli
Total Phos
(mg/L)
Nitrate-N
(mg/L)
Ammonia-N
(mg/L)
Dissoved
Organic
Carbon
(mg/L)
Chlorophylla (mg/m2)

Standard method
2540C
HOBO
Stowaway data
logger

0.1 pH units
0.1 NTU (010)
1.0 NTU
(10-100)
0.1 NTU (010)
1.0 NTU
(10-100)
0.1 mhos (0
– 200)
1.0 mhos
(>200)

Completeness

96 - 104%

0.3

10%

90%

75 - 125%

+/- 2.0

10%

90%

75 – 125%

+/- 1.0

10%

90%

75 – 125%

(see appendix
C)

10%

90%

N/A

10%

90%

+/- .02 C

90%

200 to 500

0.1 mg/L

10%**

0–20 C

0.1 degree C

+/- .2 C

nondetect
- 500

Not
available

>80%

+/- 20 CFU

5%

90%

0 to 500

Not
Available

> 80%

+/- 20 CFU

5%

90%

0 to 0.5

0.010

0 to 0.5

0.050

0 to 0.5

0.010

Standard Method
5310 B.

0 to 5

Standard Method
10200 H

1 to 10

Membrane
filtration
SM 9222D
Standard Method
9223B
Standard Method
4500-P E
Standard Method
4500-NO3-E
Standard Method
4500-NH3-H

N/A

90 to 110
%
90 to 110
%
90 to 110
%

+/1 0.001

5%

90%

+/- 0.005

5%

90%

+/- 0.001

5%

90%

1.0

90 to
110%

+/- 0.01

5%

90%

0.10

90 to 110
%

+/- 0.01

5%

90%

* +/- units is the number units difference to equal the percent change in accuracy
** For TDS, Differenced between standard and measured value cannot be greater than 10% (Analytical Int. Inc.)
*** While we expect 100% completeness less than this value may be acceptable under conditions of low variability.

A-10

Cottonwood Creek TMDL Development—Residue
November, 2003
Revision 5.2

Criteria for Measurements of Data are the performance criteria: accuracy, precision,
comparability, representativeness and completeness of the tests. These criteria must be met to
ensure that the data are verifiable and that project quality objectives are met.
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 and
maintenance procedures discussed in Section B of this QAPP.
Accuracy =

MeasuredVa lue
× 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
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.
Stream Surveys—These are qualitative surveys not quantitative so discussions of precision and
accuracy are not applicable. Each survey will place observations of foam into one of four
categories, (1) no foam seen, (2) small spots of foam with no accumulation, (3) accumulations of
foam on banks or debris less than 1 foot square, and (4) foam accumulations greater than 1 foot
square. Photographs will be taken to document each observation.
• Precision. As these are qualitative measures, precision is relatively less important.
However, precision will be maintained by comparing the observation category against the
photograph.
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•

Accuracy. As there is no absolute value for foam observations accuracy will again
depend on comparing the observation with the photographs.
• Comparability. The data as categorized should be comparable to other studies if similar
categories are used.
• Representative. The combination of observations and photographs along with multiple
samples over time and space should ensure that the observations adequately represent the
conditions occurring within the stream.
• Completeness. Completeness is the comparison between the amount of usable data
collected versus the amount of data called for in the scope of work. That is the
percentage of usable samples collected relative to the number proposed in the scope of
work. While the scope of work describes weekly surveys during the ice-free period.
Therefore completeness will be the number of surveys conducted over the number of icefree weeks in the Spring prior to June 30 (times 100). Because the variability is unknown
it is difficult to determine the percent completeness necessary. However, it is the goal of
this study to achieve 100% completeness.
Conductivity, pH, Turbidity—These parameters will be measured using meters (makes and
models listed previously.
• Precision. As we are looking for rather large changes in these parameters relative to
changes in the amount of foam observed, high precision is not necessary. Precision will
be determined by measuring a duplicate sample at a minimum once every eighth sample.
Precision will be expressed as a relative percent difference between multiple samples. A
percent difference of 10 or less will be acceptable.
• Accuracy. Accuracy will be determined by comparing measured values against known
standards. That is the measured value over the known value (times 100). Accuracy for
each parameter is shown in Table 1.
• Comparability. These parameters are standard measures in units that are comparable
with other contemporary studies and past and future work within the limits of the
accuracy reported.
• Representative. Due to the multiple measures over time and along the stream, these
measures should be representative of the conditions within the flowing waters of
Cottonwood Creek. These measures will not be representative of conditions within the
lakes.
• Completeness. Because the variability is unknown it is difficult to determine the percent
completeness necessary. However, it is the goal of this study to achieve 100%
completeness.
Water Temperature—Temperature will be measured using HOBO Stowaway temperature
loggers placed at 4 to 8 locations as described in A6 above. Loggers will be secured in the
stream using plastic coated cable and will be placed in locations that are well mixed and less
likely to freeze.
• The meter precision will be determined by obtaining measurements every 3 hours for 24
hours from all loggers placed in one location. Precision will be calculated as described.
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Accuracy—The probes accuracy based on manufacturers tests ranges between 0.40 and
0.44 difference between measured and actual values. Accuracy of each meter will also be
tested as pert manufacturers recommendation by measuring the temperature of ice water.
• Comparability—Water temperature will be measured in standard units and will be
comparable with other reported values.
• Representative—The distribution of loggers throughout the drainage and placement at
locations where temperature changes are more likely to occur along with measurements
taken every 3 hours at each location will ensure that the values are representative of
stream conditions.
• Completeness—It is difficult to know how much if any data can be lost and still have a
complete study because variability is unknown. That is if there is no difference between
water temperature among stations then only one logger would be needed. However, we
hope to achieve 100% completeness.
Fecal Coliform and E. coli Bacteria—Water samples will be collected for these parameters.
Analytical International Incorporated (AAI) will conduct analyses. Fecal Coliform will be
analyzed using EPA Standard Method 9222D and method 9223B used to differentiate the
enterobacteria.
• Precision. For fecal coliforms we expect precision to be high, certainly no less than 5%
difference between replicates. Precision will be determined by measuring a duplicate
sample once out of every eight samples.
• Accuracy. We will depend upon the laboratory quality assurance procedures for
accuracy. AAI has been certified/qualified by the State to conduct bacterial analyses by
the Standard Methods identified.
• Comparability. Measures will be conducted using standard methods published by EPA
and so shall be comparable with other samples.
• Representative. The samples shall be representative of values in Cottonwood Creek for
the limited time and locations.
• Completeness. Because the variability is unknown it is difficult to determine the percent
completeness necessary. However, it is the goal of this study to achieve 100%
completeness.
TDS, Phosphorus, Nitrogen, Dissolved Carbon—Water samples will be collected by ARRI
and analyzed by AAI. Analytical methods are listed in Table 3 of section B.4.
• Precision. We expect little difference between replicate measures of these parameters and
have established a goal of 5%.
• Accuracy. A high degree of accuracy is expected for the laboratory analyses of these
parameters if values fall within the detection limits of the methods. Accuracy of 90% has
been established as the lowest acceptable limit.
• Comparability. Measures will be conducted using standard methods published by EPA
and so shall be comparable with other samples.
• Representative. The samples shall be representative of values in Cottonwood Creek for
the limited time and locations.
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Completeness. Because the variability is unknown it is difficult to determine the percent
completeness necessary. However, it is the goal of this study to achieve 100%
completeness.

Algal Chlorophyll-a and Biomass—Samples of periphyton algae will be scraped from rocks
and collected on a 0.045 micron filter. The samples will be sent to Analytica Alaska Inc. for
analyses.
• Precision. We expect little difference between replicate laboratory analysis of these
parameters and have established a goal of 5%. Field measures of precision would require
replicate sampling of algae within a sampling reach. Due to associated costs we will not
be conducting replicate stream samples.
• Accuracy. A high degree of accuracy is expected for the laboratory analyses of these
parameters if values fall within the detection limits of the methods. Accuracy of 90% has
been established as the lowest acceptable limit. The accuracy of field measures, that is
the relationship between the samples collected and actual values for the stream will be
based upon the statistical variability between five replicate samples.
• Comparability. Measures will be conducted using standard methods published by the
American Public Health Association and so shall be comparable with other samples.
• Representative. The samples shall be representative of values in Cottonwood Creek for
the limited time and locations within the statistical limitations of the sample.
• Completeness. Because the variability is unknown it is difficult to determine the percent
completeness necessary. However, it is the goal of this study to achieve 100%
completeness.
Juvenile Fish Sampling—juvenile salmon will be captured in baited minnow traps at 4
locations along the stream on two different sampling dates. All fish will be examined for the
presence of lesions or other abnormalities.
• Precision and Accuracy. Even with a good sampling results we will only be examining a
small portion of the fish community, therefore, we do not expect the results to be precise
or accurate. For the objectives of this study we are looking for the presence of fish with
lesions and the location within the drainage where they are found.
• Comparability. The portion of juvenile fish captured will be comparable with other
studies. If lesions are observed the next step may be to sample other systems to
determine how the proportion of individuals with lesions compares with other areas.
• Representative. As we do not know what the total population size is, we will not be sure
what portion of the community we are sampling or the variability in the occurrence of
fish with lesions. Without this information we cannot be sure that our sample will be
representative of the entire community. If fish with lesion are found more intensive
sampling should be done to determine fish community size.
• Completeness. Because the variability is unknown it is difficult to determine the percent
completeness necessary. However, it is the goal of this study to achieve 100%
completeness.
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A8. 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 12 years
of experience in stream research. Mr. Davis has experience in all of the assessment techniques
outlined in this document. He has experience in macroinvertebrate collection pursuant to the
USGS NAWQA program, the EPA Rapid bioassessment program, modification of these
methodologies for Idaho and Alaska. Mr. Davis also has experience in aquatic invertebrate and
vertebrate species identification.
Gay Davis (Quality Assurance Officer) has a B.S. degree In Wildlife Biology from the
University of Maine. She has 13 years of experience in stream restoration and evaluation.
Chemical analyses will be conducted through Analytical International, Inc. laboratory in
Anchorage.
The project manager will provide all volunteers training on how to fill out data sheets prior to
any data collection. Particular focus will be on ensuring that photograph roll and exposure
numbers are recorded on the correct date.
With the combined experience of these investigators, no additional training will be required to
complete this project.

A9. Documentation and Records
Field data including replicates measures for quality assurance will be recorded in Rite-in-theRain field books. The data will be photocopied as often as possible (daily or weekly). The field
data book will be kept and stored by the project manager and the Quality Assurance Officer will
store the photocopies. ARRI will maintain records indefinitely. The final data report will
include as appendices photocopies of the field data book, Excel data sheets, and results of QC
checks. Any sampling problems will be recorded on the data sheets Laboratory reporting and
requested laboratory turn around times of 6 to 10 days are discussed in section B4.
Volunteers will be recording information on data sheets provided (see appendix A). The project
manager will collect these data sheets monthly. Volunteer data sheets or a summary of volunteer
data will be included in appendices to final report. Volunteer data sheets will be stored by ARRI
for up to 5 years following project completion.
The project reporting requirements are as follows:
• Quality Assurance Project Plan. Plan will be submitted and approved prior to collecting data
subject to the plan.
• Quarterly Reports: Quarterly progress, financial, and MBE/WBE reports will be submitted
for the periods ending September 30, December 31, and March 31. Reports are due 15
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days after these dates. A final progress, financial, MBE/WBE reports, and all required
deliverables are due July 31, 2004 and 2005.
Monitoring Data Entry. In addition to a written project report, all data collected for the
project will be entered into STORET via the SIM-D database program in accordance with
DEC guidelines. This program and training in its use will be provided to the Grantee by
ADEC or its representative by December 31, 2003. All data collected by Dec 31, will be
entered by March 31, 2004, and all data collected by the project will be entered by July 31,
2004. If DEC determines that the data cannot be submitted via the SIM-D program, data will
be submitted via a 3.5" diskette, CD-ROM, or email ZIP file as a comma delimited ASCII
text file with fields separated by commas (comma de-limited; often called "CSV"), with text
enclosed in quotes, no spaces between fields, no blank lines, and dates formatted as "MMDD-YYYY".
CIMMS Database Entry. The grantee will also contribute information about the project and
data on the CIIMS database at: http://info.dec.state.ak.us/servlet/ciimmsde.
Project Photographs. At least 3 electronic photograph(s) of the project will be submitted in a
format suitable for publishing to the web. These photos will represent all of the following:
the problem the project addresses, the project in progress, and the environmental benefit of
the project. At least one of these photos must be submitted with the first quarterly report; the
remainder will be submitted with the final report or sooner if available. Each photo will be at
least 800 x 600 pixels in size and in JPEG format or other format acceptable to the
department. Included will be background information on what the photo represents and
when and where it was taken. If possible, the information will be in the photo's file name,
such as “Fish_Ck_samplesite1_iron_floc_101603". Alternatively, it may be provided with
a caption that states the date, location, and describes the subject: for example "MCV023X.JPG. Taken 10-3-02, Ditch along south side of Alaska Highway that empties into Fish
Creek: Note channelization."
Final Report Evaluating Project Accomplishments and Benefits:
A final report will be produced that describes the project accomplishments and their
environmental benefit. These environmental benefits will be determined by data that
describes the distribution of residue over space and time (within the project year) and
potential causes of residue development. The final report will describe the evaluation results.
Deliverables: (at least 1 electronic and 3 hard copies of each)
In addition to submitting the information identified in the reporting requirements, the
following products will be delivered to the Department. All written products will be
submitted to the department in both hard copy and electronic format. Deliverables and
submission dates are listed below.

QAPP ...................................................................................................................... April 15, 2004
List of Volunteers ................................................................................................... April 30, 2004
Electronic Photographs ......................................................................................October 15, 2003
First Year Data entry into SIM-D and CIMMS databases........................................July 15, 2004
First Year Final Report .............................................................................................July 15, 2004
Second Year Data entry into SIM-D and CIMMS databases ...................................July 15, 2005
Second Year Final Report.........................................................................................July 15, 2005
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B1. Sampling Process Design
This project will be a combination of qualitative observations and quantitative data (Table 2).
The rationale for selecting the types of samples and problem objectives is discussed in section
A5. Currently we have very limited information on the presence of foam on Cottonwood Creek.
Therefore, the objectives of this study are to determine whether foam occurs throughout the
system or only at certain locations. Also where foam does occur, is it persistent? If foam is not
persistent, does it occur only at certain times of the year? And if persistent, does the amount
vary throughout the year? That is, what is the spatial and temporal variability in foam
occurrence and abundance? In order to meet this objective, we propose to conduct steam surveys
to determine the presence or absence of foam, and it’s abundance at multiple sites along the
stream at weekly intervals. We will augment these data with observations from volunteers. At
this time we do not believe that it is necessary, or an efficient use of funds, to attempt to develop
and implement some type of method to measure foam occurrence under the ice. Therefore, we
have limited our sampling to the ice-free period. We would like to get as many samples as
necessary to document changes in foam presence and abundance. It is difficult to select a
sampling frequency, as there is currently no data to suggest whether or not there is any
variability. Since we do not know if there is any variability we do cannot guess as to the
frequency of this unknown variability.
We selected weekly surveys and month water chemistry sampling as a starting point. We believe
that weekly surveys along with observations from volunteers we could get some information
regarding spatial and temporal variability. The objective would best be addressed if sampling
frequency and location could be modified based upon initial observations within this study. That
is if foam occurred only at downstream sites, it may be more efficient to concentrate sites
downstream. In addition, if foam occurrence appeared to be associated with some point-source
(e.g. storm drain outfall), it may be more efficient to select sampling locations above and below
this point. Similarly if foam only occurred after storm events it would be more efficient to
sample more frequently during the rising and falling limb of the hydrograph. Similar logic
should be applied to all of the other parameters as they are being conducted to determine whether
they correlate with the variability in foam abundance. For example, if foam only occurred
downstream during storm events, it would be logical to sample for fecal coliforms during storm
events with most of the samples taken downstream. All of these variables would affect sample
locations, frequency, and the number of samples. If we are to take a logical and efficient
approach to addressing the project objectives and ultimately the water quality in Cottonwood
Creek, then at this point, sampling frequency and locations should be driven by the variability in
foam abundance.
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Table 2. List of measurement parameters, replication, locations, and frequency.
Measurement

Locations

Frequency

Type

Stream Surveys

Number of
Samples/site
9 to 13

Eight Locations

Volunteer Surveys

N/A

As many as possible

Once per
Week
Often

PH, Conductivity,
Turbidity
Water Temp.
Fecal Coliform, E.
coli

9 to 13

Eight Locations

Daily (364)
6

4
Eight Locations

Qualitative observations
and photographs
Qualitative observations
and photographs
Quantitative Meter
Measurements
Quantitative Data Loggers
Quantitative Laboratory
Analyses

Phosphorus,
Nitrogen, TDS,
dissolved carbon
Periphyton Algae

6

Eight Locations

2

Three locations

Fish Bioassay

2

Four Locations

Once per
Week
8 to 10/day
Monthly
(April
through Sept)
Monthly
(April
through Sept)
Twice (July
and Sept 04)
Twice (Oct
03, June 04)

Quantitative Laboratory
Analyses
Quantitative Laboratory
Analyses
Qualitative Examinations

Sampling sites will be distributed from upstream to downstream along Cottonwood Creek and
will be selected to represent sites where foam has been observed. Water chemistry sampling will
be conducted at the same locations. The coordinates of each sampling site will be recorded
through GPS as well as verbal descriptions based on street crossings or other local features.
Stream surveys will be conducted once per week on either Friday or Saturday between
approximately 11:00 am and 2:00 pm by ARRI staff. Multiple sampling events are designed to
be able to pick up any changes in the amount or presence of foam. At each of the eight stations
we will look for the presence of foam. We will qualitatively describe the foam if present
describing the size of foam accumulations. We will take photographs both upstream and
downstream at each location.
Volunteers will be given a field book and camera. Volunteers will visit a given location and
record the date, weather, presence of foam, and photograph number (camera and exposure).
ARRI staff will contact volunteers every two to three weeks to make sure data are being
collected correctly. Volunteers will be visiting the sites at various times and on no set schedule.
Water chemistry (pH, conductivity, turbidity) will be collected by ARRI staff during each site
visit (weekly samples at eight locations). Meters, pH, Hanna HI 9023, conductivity, SPER
Scientific model 840039, and turbidity, HACH Chemical Co. Model 16800, will be used to
measure water characteristics. As mentioned throughout this document, water sampling will be
concurrent with stream surveys to that we can determine whether the variability in foam
abundance. When sampling stations are located below riffles that mix this small stream, samples
will be collected from the shore. If the water column is not well mixed, samples will be taken
from mid channel.
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Monthly (April through September) water samples will be collected at all eight sites and taken to
a laboratory for further analyses as listed in Table2. Water samples will be collected in cleanautoclaved containers provided by Analytical International Incorporated. Fecal coliform samples
will be held at 4 degrees Celsius and returned to the laboratory within 6 hours of collection.
Chain of custody forms will be supplied by the laboratory; however, ARRI staff will personally
be delivering samples to the laboratory for analyses.
Samples of algae will be collected in July and September. The algae will be collected from tiles
placed with the stream at three locations. One sample will be collected at a site upstream of most
potential human sources of carbon or nutrients. The other two sites will be downstream of
Wasilla Lake where observations of algal blooms are more common. Algae will be scrape from
the tiles and filtered in the field on 0.45-micron filters. The filters will be wrapped in aluminum
foil and placed in a cooler with dry ice. The samples will be held in dark containers and frozen
and transported to the laboratory for analyses. ARRI will collect the samples. Laboratory
analyses will be conducted for chlorophyll-a and ash free dry mass, and major species
identification. Site selection, processing
Juvenile salmon will be collected in baited minnow traps on two separate occasions. Fish will be
visually examined in the field for the presence of lesions or other physical anomalies in the field.
Section B2 provides more detail on fish sampling procedures. Fish sampling stations will be
distributed along Cottonwood Creek at every other station.

B2. Sampling Methods Requirements
Steam Surveys
•
•
•
•
•

Observations of the presence of foam and photographic documentation.
Equipment needed will be a field book, camera, extra batteries, and compact flash card.
No support facilities needed.
No preparation or decontamination needed.
No preservation.

pH, conductivity, 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. Depth integrated samples will be
obtained by submerging an inverted sample bottle to near the bottom of the stream. The bottle
will slowly be returned to the upright position as it is raised toward the surface. Water
characteristics will be measured using appropriate meters. Meters, pH, Hanna HI 9023,
conductivity, SPER Scientific model 840039, and turbidity, HACH Chemical Co. Model 16800.
Support equipment will include extra batteries and sample bottles. Clean sample bottles will be
used. All meters will be tested and calibrated prior to use.
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Fecal Coliform Bacteria and E. coli, TDS, Phosphorus, Nitrogen, and
Dissolved Carbon
Water samples will be collected in containers provided Analytica Alaska Inc. The sample bottles
will be sterile. Samples will be collected from mid channel-mixed sites. Samples will be depth
integrated as described above. The “clean hands” method will be used to avoid contamination.
Sterile or near sterile procedures are used to collect the sample. Sterile gloves are used and
contact only the collection bottle and the source water until the sample bottle is sealed. Once the
sample is collected, the sample is labeled, and placed in a cooler and gel-packs are used to bring
the sample temperature down to and maintained at 4-degrees Celsius. The sample will be
labeled with the site ID, sample time and date and any additional information needed by the
laboratory. The sample must be returned to the laboratory within 6 hours of collection.
Support facilities include Analytica Alaska Inc.
Materials required include sample bottles, labels, markers, chain-of-custody forms, cooler, gelpaks, thermometer, and sterile gloves.
The water samples that will be analyzed for these elements will be collected using the methods
described above for bacteria in containers provided by the laboratory.

Temperature
Stream water temperatures will be measured using Stowaway data loggers (HOBO Inc.).
Temperature loggers are programmed using Boxcar software provided by the manufacturer. The
loggers are secured to the bank using plastic coated wire rope. Temperature loggers will be
placed at least in 4 locations distributed along Cottonwood Creek. Loggers will be downloaded
monthly when they are accessible. Loggers will not be accessible when the stream is ice
covered. The loggers are downloaded using an Optic base station and coupler. ARRI has extra
loggers, couplers, base stations and software.

Periphyton
Stream periphytic algae will be collected from three locations along Cottonwood Creek on two
separate occasions and analyzed for chlorophyll-a, Ash-Free-Dry-Mass, and major species.
Algae collection methods will be as described in Davis et al. (2000). Sheets of 1-inch ceramic
tiles will be placed in the stream at three sampling locations in early May. In July and
September a portion of the tiles will be removed. All attached algae will be scraped from the tile
and collected on a 0.45micron filter. The filter will protected from the light and frozen until
alalyzed.
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Fish Lesions
The presence of lesions on juvenile salmon as per NAWQA methodology. While captured fish
are being identified and measured for length they are inspected for the presence of any external
DELT (deformities, eroded fins, lesions, or tumors) abnormalities. After recording length and
species, fish are recorded as follows.
AA
No Anomalies
DE
Deformities
ER
Eroded Fins
LE
Lesions
TU
Tumors
Materials needed include buckets, fish traps, fish roe, magnifying glass, identification guides,
and plastic bags. No other facilities are needed. No preparation or decontamination of
equipment or supplies is needed. Samples will not be preserved.

Corrective Actions
The QA officer will ensure that all equipment is prepared and ready for sampling and that all
samples are collected as described. The QA officer will inform the project manager of any
problems with equipment or any missing data due to collection or laboratory errors. The project
manager will be responsible for repairing or replacing equipment, taking additional samples, or
replicating measurements as needed.

B3. Sample Handling and Custody Requirements
Water samples will be labeled in the field. Sample labels will record the date, time, location,
preservation, and initials of collector. Samples will be transported to the laboratory where they
will be placed in a secure location until analyses are completed.

B4. Analytical Methods Requirements
Analytica Alaska Incorporated in Anchorage will analyze samples. They provided the following
information regarding quality assurance and control.
“AAI maintains a very high standard of quality control in its analytical services. All analyses are
performed using procedures approved by EPA, ADEC or professional associations such as
ASTM, AIHA, AWWA or WEF. Our professional science staff has extensive training and
experience in providing professional services throughout Alaska. Our analytical quality
assurance begins with the use of precision laboratory equipment, calibrated and maintained to the
highest professional standards. Analytical work includes the use of blanks, standards, spikes,
replicates, and reference samples as appropriate to ensure accuracy and precision. Our quality
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control procedures and record of QA/QC performance are maintained on file for all work done in
our laboratories.”
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Table 3. List of Analytical methods and detection limits for study parameters.
Measurement
Collection/
Method
Limits
Turnaround
Analyses
Time (days)
Fecal Coliforms ARRI/AI Inc. SM 9222-D
6 to 10
E. coli
ARRI/AI Inc. SM 9223B
6 to 10
TDS
ARRI/AI Inc. SM 2540-C
0.1 mg/L
6 to 10
Phosphorus
ARRI/AI Inc. SM 4500-P E
30
10 μg/L
Amonia-N
ARRI/AI Inc. SM 4500-NH3-H
30
10 μg/L
Nitrate + Nitrite ARRI/AI Inc. SM 4500-NO3-E
30
50 μg/L
Chloropyll-a
ARRI/AI Inc. SM 10200 H
0.1 mg
30
Dissolved
ARRI/AI Inc. SM 5310 B.
1 mg/L
30
Carbon
pH
ARRI/ARRI
Meter (Hanna HI
0.1 pH units
0.5
9023)
Conductivity
ARRI/ARRI
Meter (SPER
0.1 mhos (0 to
0.5
840039)
200)
1.0 mhos (>200)
Turbidity
ARRI/ARRI
Meter (HACH
0.1 NTU (0 to
0.5
Model 16800)
10)
1.0 NTU (10 to
100)
Temperature
ARRI
HOBO Stowaway
0.1 Degree C
Monthly
Download

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.

B5. Quality Control Requirements
The following table (Table 4) lists the percent of field and laboratory replicates to be used for
quality control (See section A7 for discussion on calculation of precision and accuracy). 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 A7 may or may not be used in the final
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report depending on degree to which limits are not met. However, the report will clearly state if
there are any questions regarding used data.
Table 4. Field and laboratory replicates for quality control.
Parameter
Field Replicates
Laboratory Replicates
pH, Cond, Turb
10 Percent*
None
Fecal Coliform and
E. coli Bacteria,
Total Dissolved
Solids, phosphorus,
nitrogen, dissolved
carbon
Algae

10 Percent

None

None

None

Fish Samples

None

None

Comments
Replicate measurements one of every
10 samples.
Duplicate sample collected at one of
the eight sites on both sample dates.

Multiple samples will be collected at
each site and variability will be
defined statistically
Fish sampling will not be replicated.

* If sample event less than 10 samples, a replicate will be performed for that event.

B6. Instrument/Equipment Testing, Inspection, and
Maintenance Requirements
Instruments and meters will be tested for proper operation as outlined in respective operating
manuals. Inspections and calibration will occur prior to use at each site. Equipment that does
not calibrate or is not operating correctly will not be used. For most parameters (temperature,
conductivity, and pH), duplicate instruments and meters are available; however, instrument
malfunction could limit completion of parameters when backups are not available. 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 manufactures recommendations.
The QA Officer will inspect the log sheets.

B7. Instrument Calibration and Frequency
The pH meter, conductivity meter, and turbidity meter will be calibrated in accordance to
instructions in the manufactures operations manual by the project manager prior to each use and
a log will be maintained documenting calibration. Standards are required for pH, and turbidity
and will be used for conductivity.

B8. Inspection/Acceptance Requirements for Supplies and
Consumables
Sample containers will be obtained from Analytical International Incorporated. Any needed
standards for equipment calibration will be purchased directly from the equipment manufacturer
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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.

B9. Data Acquisition Requirements for Non-Direct
Measurements
No mandatory data will be obtained from other sources. Some supplemental data such as maps,
outfall locations, discharge, water quality samples, may be obtained from other currently
unknown sources for comparisons.

B10. Data Management
Field data will be entered onto rite-in-the-rain books. The Quality Assurance Officer will copy
the field books 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. Volunteer data sheets will be
collected monthly by the project manager. Cameras will be marked and taken directly for
processing.. The project manager will enter data into Excel spreadsheets. The Quality
Assurance Officer will compare approximately 10% of the field and laboratory data sheets with
the Excel files. 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. The Project Manager will then summarize and compare
the data. The Quality Control officer will review any statistical or other comparisons made. Any
errors will be corrected. The Project Manager will write the final report, which will be proofed
by the Quality Control officer and at least three other peer reviewers.
All data collected for the project will be entered into STORET via the SIM-D database program
in accordance with DEC guidelines and training. Data also will be entered into the CIIMS
database.

C1. Assessments and Response Actions
Project assessment will primarily be conducted through the preparation of quarterly reports for
DEC by the project manager. Section A6 contains more information on the type and date of each
required report. At that time the project manager will review all of the tasks accomplished
against the approved workplan to ensure that all tasks are being completed. The project manager
will review all data 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.
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The project manager will collect and review all data collected by volunteers prior to the end of
each quarter. The data will be reviewed for accuracy and completeness and any deficiencies will
be addressed at that time through increased or a review of procedures.
The Project Manager will check on contractor’s laboratory practices to ensure that samples are
handled correctly and consistently.
The final report will contain an appendix that will detail all of the QA procedures showing
precision and accuracy. Representativeness, completeness, and comparability will be discussed
in the body of the report. Any QA problems will be outlined and discusses 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 management 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 management directly and included in project reports as directed.

C2. Reports to Management
Quarterly reports will be prepared by the Project Manager and distributed to the Department of
Environmental Conservation. Reports will update the status of the project relative to the
schedule and tasks of the work plan. Any QA problems will be identified and reported in the
quarterly reports. The Project Manager will prepare a final report. The final report will be
distributed to interested organizations as directed. The final report also will be submitted in
electronic format. Any potential problems with data due to QA will be identified and reported in
the final report.

D1. Data Review, Validation, and Verification
The Project Manager and the Quality Assurance Officer will conduct data review and validation.
This process for data review is described under section B10 and A7. 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 indicate the limitations.

D2. Validation and Verification Methods
The Project Manager and the Quality Assurance Officer will conduct data validation and
verification. 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 Officer will compare 10% of the laboratory and field data sheets
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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 any errors are eliminated. 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 Manger.

D3. 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 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 the
justification for modification, problems associated with collecting and analyzing data, as well as
potential solutions will be reported.
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Appendix A. Volunteer Data Sheets
Cottonwood Creek Foam Project
Volunteer Data Sheet
Name:
Location:
Phone No.:

Date

Change from
Previous
Foam
Observation?
Present?(Y/N)(I/D/N)

Rank of Amount Photograph
of Foam *
Taken (Y/N) Roll No.

Foam Ranking
1= No Foam Seen
2= Foam as small floating specks or spots
3= Small Foam accumulation (less than 1 foot square)
4= Large Foam accumulation
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Appendix B. Map of sampling sites
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Figure 1. Graph of values for accuracy between 75 and 125% for conductivity.

Literature Cited:
Moulton II, S.R., J.G. Kennen, R. M. Goldstein, and J.A. Hambrook. 2002. Revised
protocols for sampling algal, invertebrate, and fish communities as part of the
National Water-Quality Assessment Program. USGS Open-File Report 02-150.
Davis, J.C., G.W. Minshall, C.T. Robinson, P. Landres. 2001. Monitoring wilderness
stream ecosystems. USDA Forest Service Rocky Mountain Research Station
General Technical Report RMRS-GTR-70.
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B-1

pH Replicates
Site
1
3
1
1
7
7
7
7
7
7
7
7
7

Date
10/26/2003
4/10/2004
4/16/2004
4/23/2004
5/3/2004
5/4/2004
5/14/2004
5/21/2004
5/26/2004
6/5/2004
6/11/2004
6/18/2004
6/25/2004

pH 1
7.99
7.82
8.06
8.35
8.48
8.21
8.04
8.41
7.93
8.38
8.09
8.27
7.97

pH 2
7.88
7.95
8.06
8.35
8.25
8.21
8.23
8.43
7.91
8.37
8.07
8.27
7.86

Precision
1.39%
1.65%
0.00%
0.00%
2.75%
0.00%
2.34%
0.24%
0.25%
0.12%
0.25%
0.00%
1.39%

Cond 2

Precision

Conductivity Replicates
Site

Date

Cond 1

1

10/26/03

166

168.5

1.49%

3
1
1
7
7
7
7
7
7
7
7
7

4/10/04
4/16/04
4/23/04
5/3/04
5/7/04
5/14/2004
5/21/2004
5/26/2004
6/5/2004
6/11/2004
6/18/2004
6/25/2004

205
167.20
163.40
201
198.6
194
192
202
197
197.9
199.4
194.1

196
170
165.1
200
198.3
189
192
200
189
196
198.5
190.5

4.49%
1.66%
1.04%
0.50%
0.15%
2.61%
0.00%
1.00%
4.15%
0.96%
0.45%
1.87%
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Turbidity Replicates

Site
1
3
1
1
7
7
7
7
7
7
7
7
7

Date
10/26/03
4/10/04
4/16/04
4/23/04
5/3/04
5/7/04
5/14/2004
5/21/2004
5/26/2004
6/5/2004
6/11/2004
6/18/2004
6/25/2004

pH Meter Test
Date
Standard
10/26/2003
7.10
11/10/2003
7.10

Cond 1
0.7
1.5
1.40
1.60
1.8
1.4

Cond 2
1.5
2.4
1.1
1.9
1
1.1

1.2
1.1
1
2.6
0.9
0.9

1.2
1.1
1
2.1
1.3
0.9

Precision
72.73%
46.15%
24.00%
17.14%
57.14%
24.00%
#DIV/0!
0.00%
0.00%
0.00%
21.28%
36.36%
0.00%

Reading
7.11
7.10

Accuracy
100.1
100.0

4/10/2004
5/7/2004
4/16/2004

7.10
7.10
7.10

7.10
7.13
7.07

100.0
100.4
99.6

5/3/2004
5/7/2004
5/14/2004
5/26/2004
6/11/2004
6/18/2004
6/25/2004

7.10
7.10
7.10
7.10
7.10
7.10
7.10

7.28
7.13
7.05
7.12
7.13
7.10
7.08

102.5
100.4
99.3
100.3
100.4
100.0
99.7

Value 1 Value 2 Precision
DOC
4/21/2004
2.4
2.2
8.7
5/15/2004
2.1
2.5
17.4
6/18/2004
2.5
2.9
14.8
Coliforms Value 1 Value 2 Precision
4/21/2004
93
99
6.3
5/15/2004
57
100
54.8
6/18/2004
240
500
70.3
Value 1 Value 2 Precision
Nitrate
4/21/2004
0.25
0.275
9.5
5/15/2004
0.128
0.109
16.0
6/18/2004
#DIV/0!

Value 1 Value 2 Precision
TDS
4/21/2004
126
135
6.9
5/15/2004
120
132
9.5
6/18/2004
113
121
6.8
Value 1 Value 2 Precision
Fecals
4/21/2004
#DIV/0!
5/15/2004
170
140
19.4
6/18/2004
490
690
33.9
Ammonia Value 1 Value 2 Precision
4/21/2004
#DIV/0!
5/15/2004
0.043
0.08
60.2
6/18/2004
0.025
0.039
43.8
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Appendix C. Site Photographs

Site 1 Photographs

Figure 1. Below Settlement Avenue October
11, 2003.

Figure 4. June 5, 2004

Figure 2. October 26, 2003. Foam developed
after beaver dam removed an turbulence
developed below culvert.

Figure 5. June 25, 2004.

Figure 6. July 16, 2004.

Figure 3. May 14, 2004.
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Site 1b Photographs

Figure 7. November 14, 2003.

Figure 10. June 5, 2004

Figure 8. April 10, 2004

Figure 11. June 25, 2004.

Figure 9. May 3, 2004

Figure 12. July 16, 2004.
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Site 2 Photographs

Figure 13. October 11, 2003.

Figure 16. June 5, 2004.

Figure 14. April 10. 2004.

Figure 17. June 25, 2004

Figure 15. May 3, 2004.

Figure 18. July 16, 2004.
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Site 3 Photographs

Figure 19. October 11, 2003.

Figure 22. June 5, 2004.

Figure 20. April 10, 2004.

Figure 23. July 2, 2004.

Figure 21. May 3, 2004.

Figure 24. July 16, 2004.
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Site 4 Photographs

Figure 25. October 11, 2003.

Figure 28. June 5, 2004.

Figure 26. April 10, 2004.

Figure 29. July 5, 2004.

Figure 27. May 3, 2004.

Figure 30. July 16, 2004
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Site 5 Photographs

Figure 31. November 10, 2003.

Figure 34. June 5, 2004.

Figure 32. April 10, 2004.

Figure 35. July 2, 2004.

Figure 33. May 3, 2004.

Figure 36. July 16, 2004.
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Site 6 Photographs

Figure 37. October 11, 2003.

Figure 40. June 11, 2004.

Figure 38. April 16, 2004.

Figure 41. July 2, 2004.

Figure 39. May 3, 2004.

Figure 42. July 16, 2004.
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Site 7 Photographs

Figure 43. November 10, 2004.

Figure 46. June 5, 2004.

Figure 44. April 10, 2004.

Figure 47. July 2, 2004.

Figure 45. May 3, 2004.

Figure 48. July 16, 2004.
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