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Over the last five years Department of Environmental Quality (DEQ) has been developing
a Total Maximum Daily load (TMDL) and Water Quality Plan for the Applegate River
Basin. The TMDL included temperature, habitat modification, flow modification. and
sediment. Additionally the Oregon Plar, designed to restore salmonid population, was
progressing in the Applegate River Basin.

The TMDL, WOQMP, and the Oregon Plan were in need of baseline data and assessment to
fill data gaps. The Applegate River Watershed council initiated a monitoring study to
provide necessary data. The watershed council designed a monitoring plan to study the
chemtcal, physical and biological aspects of the river system. The attached document
Monitoring and Assessing the Applegate River Basin provides detailed information on the
study. methods and findings.

These findings were distributed to the agencies involved in basin restoration including the
forest service, Bureau of Land Management, DEQ. and the monitoring team of the Oregon
Plan. The watershed Council will continue to work closely with these partners in destgning
and implementing watershed restoration projects. The data provided through the councils
monitoring will provide the logic necessary to make sensible, informed decisions.

Volunteer Efforts
Hans Rilling, project manager 1998-1999 and assistant in 2000, spent over 2000 hours in
every aspect of the monitoring program. Tim Monfort and Dave Squires of the BLM
donated staff plates and expertise in identifying appropriate staff Jocations. Tim and Dave
donated 40 hours. Debbie Whitall and Mike Zan, hydrologists for the Rogue Nationai
Forest donated 80 hours assisting with sampling design, site locations. and data collection.
Randy Frick, Rogue River Fish biologist, donated 60 hours for presentations, database
assistance and data interpretation.

Five individuals from Southern Oregon Fly fishers donated 80 hours to assist with
macroinvertebrate data collection. Additionally, numerous individuals participated in our
volunteer turbidity program (see attached sheet -~ Turbidity Monitoring)

Participants
Please see attached sheet Participanis for Grant 98-275, water quality monitoring.

Materials and Methods used in the Project
Please see attached document Monitoring and Assessing the Applegate

The Results Shown or Expected from the Completed Project

Please see attached document Monitoring and Assessing the Applegate

Expenditures

Please see attached expenditure Spreadsheet.
Information helpful in evaluating the Strengths and Weaknesses

Please see attached document Monitoring and Assessing the Applegate
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1.0 Introduction

The Water Quality and Stream Habitat Monitoring program monitors the Chemical, physi-
cal, and biological conditions in the Applegate Watershed. Our monitoring activities are ba-
sin-wide, focusing on private lands. Students, residents, and staff collected and examimed
water quality/quantity, channel morphology and sediment discharge, and fish/
macroinvertebrate information. The technical investigations/evaluations were intended to
provide facts on watershed conditions and processes and to display the distribution of condi-
tions across the landscape in order to sensibly and logically develop restoration, protection,
and collaborative recommendations. Additionally, monitoring protocols were established to
assess project effectiveness of current and planned projects.

The Applegate River Watershed Council and its volunteers collected the majority of data
presented; however, to provide a more holistic “picture” of the watershed, the final report
integrates forest service, BLM, ODFW, and DEQ data with ARWC monitoring information.

The format and technical evaluations are not only intended to fulfill grant obligations but
also to provide:

A technical update to Applegate River Watershed Assessment

An aquatic assessment based on comparison to ODFW and NMES benchmarks

[T N

A monitoring and planning tool for implementing the Applegate River Water Quality
Management Plan

2.0 Evaluations

The evaluation section provides methods, data findings and interpretation of our water qual-
ity. physical habitat and biological monitoring.

2.1 Water Quantity

In the Applegate Valley, as with most watersheds in the west, water is the life of many farm-
ers and ranchers. The low gradient tloodplain valleys are very productive with a variety of
crops and livestock. Accordingly, an adequate water supply is critical for agricultural suc-
cess. Likewise. aquatic biota equally rely on adequate streamflows for their life cycle. Unfor-
twnately, water availability is not sufficient to accommodate all beneficial uses in the water-
shed. The Oregon Department of Water Resources publishes water availability and water
allocation on the department’s web site. From the data, many of our streams, particularly in
the lower gradient valleys, are over appropriated. In year 2000, streamflow contribution to
the mainstem from our largest tributary basins, Williams Creek, Little Applegate River. and
Slate Creek representing over 150,000 acres, was approximately 15 Cubic Feet per Second
(CFS). In 2001, Contribution was under 10 CT'S.

Applegate River Watershed Council 6



Figure 1. Momtoring locations
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ARWC monitored streamtlows at cross sections with staff plates and with continuous sam-
pling equipment. Each gauging station was rated (stage to discharge relationship). allowing
an estimate of flow from a staff plate reading . Discharge measurements are fundamental to
heat source modeling, pollutant loading and sediment transport. Figure 1 displays our sam-
pling locations. Additionally, with continuous sampling we were able to determine summer
vields, display hydrographs. determine use patterns and diurnal variation Figures 2-4. The
continuous recording are key to quantifying instream flow benefits resulting from water
rights transfer and irrigation efficiency improvement projects. Appendix A.1 provides all

discharge measurements.

Figure 2. Little Applegate Hydrograph above and below project
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Figure 3. Little Applegate Hydrograph 20¢-2001 comparison
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Figure 4. Williams Creek Hydrograph
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2.2 Water Quality

2.2.1 Water Temperature

As of the writing of this document, DEQ and the Applegate River Watershed Council are
completing a detailed water temperature assessments. These documents detail heat sources,
heat budgets, and identification of cold and warm water reaches. This section does not du-
plicate these efforts. Rather, an over view of our temperature program and data is presented.

Summer water temperatures in the Applegate basin vary across the landscape. The influ-
ences of geography, flow regime, and riparian vegetation greatly affect water temperature.
Continuous monitoring assists in identifying warm and cool water reaches and the causative
factors that influence water temperature. By identitying locations of temperature impairment
and causes, we can prioritize restoration and management strategies to restore aquatic habi-
tat.

Summer stream temperatures were continuously recorded in the Applegate basin (Figure 1)
during the years of 1997-2001 with Onser Optic StowAway Temp thermo-loggers. Selected
sites were monitored from two to five years. Thermo-loggers recorded stream temperature
on half-hour intervals. Water temperature values used in the analyses are the moving 7-day
maximum average water temperature and the daily maximum change in temperature (AT).
[n addition. the number of days exceeding 17.8°C was assessed to determine duration of
warm water conditions. DEQ established 17.8°C as the water temperature criteria tor cold
water fisheries.

Applegate River Watershed Council 9



Alr temperature values used in the analyses are daily maximum and minimum temperatures
recorded at the Medford, Oregon airport. Stream flow values used are daily discharge aver-

ages of Star Guich.

Figure 5. Average Water Temperature vs. Average Air Temperature
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daily maximum air temperatures val-
ues were compared to vearly 7-day
maximum average water temperature
to correlate the influence of air tem-
perature on water temperature
(Figure 5). From 1997-2001 water
temperature closely correlated to air
temperature; higher air temperatures

1999

Yoar

2000

resulted in higher water tempera-
tures. This simple correlation sup-
ports earlier assessments (ARWC,
1999) in the Applegate basin of

200

sunlight being the main factor for changes in water temperatures during the summer months.

However, water temperature is also
influenced by streamflow. 1998 had
the highest air temperature recorded
for this time-period vet water tem-
peratures increased only slightly
from 1997. 2001 had lower air tem-
perature and higher water tempera-
ture value in comparison to 1998
The variance is the effect of stream
flow.

The influence of streamflow on wa-
ter temperature is most evident in
1998 and 2001. (Figure 6). Temper-
ing the high air temperatures in 1998
was the increase in discharge. Re-
duced flows in 2001, despite lower
airr temperatures, resulted in an in-
crease In water temperature from
2000.

Additionally. the average of each
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sites maximum diurnal fluctuation in water temperature (AT) was compared to the vearly

b P S #= | average discharge. As evident, AT increased as
5 : average discharge decreased (Figure 7). This is
evidence that lower volumes are more respon-
sive to changes in air temperature.

To further examine the influence of flow on

stream temperature, two sites with continuous

temperature and discharge data for the vears of

2000 and 2001 are compared. Williams Creek

: . drains an area of 51,910 acres and flows in a

Little shade on the River south to north direction. The Little Applegate
River watershed is 72,240 acres and displays an east to west
oricntation.

During the summer of 2000, water temperature clearly responded to changes in air tem-
perature and volume of flow in both Williams Creek and the Little Applegate River
(Figures 8 & 9). In 2001, the Little Applegate River had similar responsiveness to fluctua-
tions in air temperature and stream flow as observed in 2000.

Figures 8&9. 2000 Flow, Air Temp. and Water Temp.—Williams and Little Applegate
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Interestingly, 2001 water temperatures

in Williams Creek displayed little variation regardless of air temperature and flow
changes. (Figure 10). Dave Squires, BLM hydrologist, provided a possible explanation.
The near constant temperature profile i Williams Creek during the summer of 2001 could
be the effects of cool water input from a well shaded side-channel and from ground water,
With the 2001 average summer flow less than halt the summer average of 2000 (2.67 ver-
sus 8.60 CFS. respecrively), there was a relatively larger contribution of cooler water ema-
nating from ground and side channel sources producing a more pronounced cooling effect.
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Figure 10. 200} Flow, Air temp. and Water temp.~-Williams Ck
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the Little Applegate River near the mouth; and the Applegate River above the contluence of
the Little Applegate River.

Factors influencing warm water temperatures at these sites are the cumulative effects of lack
of shade, low flow, and degraded stream channel morphology. Slate Creek and Little Apple-
gate River (ILA) drain two of the three largest basins in the Applegate watershed, increasing
the opportunities for cumulative upstream warming. The Applegate River for three miles
upstream of the confluence with LA has a high width to depth ratio and very little riparian
canopy.

Continual temperature monitoring in the Applegate basin between the years of 1997-2001
provides the beginnings of base-line temperature monitoring. These five years of monitoring
highlight the extent and severity of high water temperatures in the watershed. As a result,
restoration activities are focusing on sites highlighted by this monitoring. With recent and
future restoration projects focusing on improving water quality, additional monitoring is
warranted to assess project eftectiveness and track long-term water temperature trends in the
Applegate watershed.

Jan Perttu helping crews with water
" guality and macroinvertebrate collec-
© tion
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2.2.2  Water Chemistry

Methods

Water chemistry monitoring involved collecting dissolved oxygen, alkalinity, conductivity,
pH. and turbidity. Phosphorous and nitrates were also collected to assess nutrient loading.

- We collected water chemistry data using two methods - grab samples and continuous sam-
pling. Grab samples were collected bi-weekly. The methods used are described in the Meth-
ods and Procedures Manual of the Applegate River Watershed Council. Since 1997 ARWC
collected grab samples at more than two dozen sites during the summer (Figure 1). Grab
samples for determining these parameters are usually taken during mid-day through late af-
ternoon and represent conditions at that time. The water quality parameters have a diurnal
cycle responding to solar radiation, photosynthesis and respiration. These parameters are
also influenced by weather and adjacent land use. Consequently, grab samples do not suffi-
ciently characterize water quality over a range of conditions.

To obtain more comprehensive information, we deployed sondes to continuously monitor
pH and dissolved oxygen; continuous monitoring allows the evaluation of selected parame-
ters throughout the diurnal cycle. ARWC has two sondes (YSI model 600XLM, YSI model
6920) which records Dissolved Oxygen (DO), temperature, pH, and conductivity at 30 min-
ute intervals.

Grab Sampling

Appendix A3 provides water quality values for years 1997,1998,1999, and 2600, recep-
tively. All data has been formatted to standard EPA format and delivered to DEQ.

All salmonids require high levels of dissolved oxygen. Reduced oxygen levels can impair
embryo development. growth of fry, and adult movement. Oxygen values of 8-9 mg/L are
required to assure normal growth and development; values of 6 mg/1. begin to affect growth
and etficiency ot food conversion (Davis 1975). EPA’s water quality criteria for DO is 9.5
mg/L for a 7-day mean and 8.0 mg/L for a 1-day minimum. Sites where DO values fell be-
low 6mg/L include:

= Sterling  Thompson  Williams Forest Little Applegate (LLA)

— Beaver  Palmer Slate Humbug

The pH of water 1s a measure of relative acidity. A pt of 7 is neutral. Although pH level re-
quirements depend on species and life stage. pH levels below 5.6 or above 8.5 adversely af-
fects salmonids (Spence et al. 1996). pH values below 3.6 or above 8.5 were not recorded.
The highest pH values were found i Applegate River. LA at Mouth, Slate Ck, Sterling, Yale
Creeks. Except for Yale Creek these streams have relatively high levels of algae which dur-

Applegate River Watershed Council 13



ing transpiration reduces hydrogen ions . resulting in higher pH.

Alkalinity is the ability of water to resist changes in pH. Alkalinity values in the Applegate
basin ranged from 50 to 250. Sterling, Palmer. and Beaver Creeks have high values while
Cheney and Munger Creeks have relatively low values. Streams with values lower than 50
are susceptible to rapid changes in pH. Thus, streams with a high alkalinity are protected
against extreme variations in pH. Our data indicate that there is little change in alkalinity
from year to year. The exception is Forest Creek where alkalinity varies by 30 percent. Alka-
linity values greatly depend on the soils of the watershed and therefore, are expected to re-
main relatively constant. EPA has not set alkalinity value criteria.

Conductivity is a measure of the ability to water to conduct an electrical current. This in turn
is dependent on the level of dissolved salts and minerals. EPA has not set conductivity value
criteria. Palmer, Forest, Beaver, Sterling Creeks have the highest conductivities in the basin.
Forest Creek is unusual due to the high variability in conductivity.

We analyzed streams for the nutrienis of phosphate and nitrate. Nitrogen and phosphorus are
=z the most important nutrients affecting biological proc-
| esses (Spence et al. 1996). Fertilizers, septic effluent.
and run-off from agricultural land are the most likely
cause for increased nutrients in the Applegate. EPA’s
= standard for nitrogen is less than 10mg/l.. This is the
hmit for human health, values much less can have
4 deleterious effects to aquatic habitat due to increased
primary productivity. The highest nitrate level was .55
mg/T. found in Forest Creek. Clearly our samples indi-
cate that nitrogen levels are well below the EPA stan-
ol dard.

Phosphates are generaily considered non-toxic to
Photo Courtesy of Charles Rogers aquatic vertebrates and invertebrates (Stumm and Mor-
gan 1981). However, phosphates frequently limit primary productivity; a small increase can
lead to a large increase in primary productivity. Minerals leached from rocks is the primary
source of phosphate.

Grab samples, represent water quality at one particular time during the 2 week rotation. Im-
mediate environmental factors such as time of day, weather pattern and land activity greatly
influence individual readings. Due to the variability of these factors, developing statistically
valid trends was not possible. However, a high degree of variability in conductivity, alka-
linity, and nutrients within a year and from year to year indicates management influence.
Natural factors influencing conductivity, alkalinity and nutrients are not expected to display
high variability from year to year.
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Forest Creek has the highest variability in these water quality parameters. This is particularly
interesting when considering that perennial flow is limited to the lower 100 vards of Forest
Creek at which point a spring generates surface flow. The adjacent land use is agriculture
and leaching from the fields could be the cause for the water chemistry variability. Nitrate
values in Forest Creek have increased steadily from .09 mg/L in 1997 to .53 mg/L. in 2000.
In 2001, the average value dropped to .15 mg/L.. While trends are difficult to determine, the
grab sample program indicates that other than DO, water chemistry condition is not jeopard-
izing beneficial uses.

Continuous Monitoring

A sonde is an instrument that continuously collects DO, pH, conductivity, temperature, and
turbidity data. Since representative data can be obtained at a site in less than a week, the
sondes were moved from site to site through the summer, during the critical time of the year.
The locations for placement of the sondes are shown in (Figure 1). In analyzing our data, we
have ignored the conductivity determinations, since these values are not relevant to water
quality m the Applegate.

Dissolved Oxygen and pH are the focus of this evaluation. The Department of
Environmental Quality (DEQ) has set a standard for cold water fisheries of 8 mg/L. or 90%
saturation, it the first value is not attained because of high stream temperatures. According to
DEQ’s standards, the pH of a stream for cold water fisheries should be between pH 6.5 and
8.5.

Representative results obtained by the sondes are shown in Figures 11-14. The data exhibit a
diurnal variation in oxygen concentrations and pH, which is typical for all the streams.
Closer examination of data reveals that there are two driving mechanisms for DO levels in
our streams. The first is gas exchange. Dissolved oxygen is more soluble in cold water;
ergo , as water temperature drops DO increases. Conversely, as temperatures increase, DO
values decrease. The second driver is primary productivity. In this case, sunlight provides
energy for aquatic vegetation which transpire during the day, producing oxygen. At night
plants respire, consuming oxygen.

Inspecting the correlation between water temperature and DO, and the diurnal variation in
pH identiftes the DO driver. In data sets displaying a high positive correlation between
temperature and DO, primary productivity drives DO values. Figures 13 and 14, WEF Wil-
ltams Creek and the Applegate River display DO positively tracking temperature, demon-
strating transpiration and respiration cycles. In contrast, Beaver Creek and EF Williams
{(figures 11 and 12) DO and temperature are inversely correlated, signitying gas exchange
processes. Associated with primary productivity are relatively large diurnal fluctuations in
pH values. As algae photosynthesizes during the day, they take up carbon dioxide, resulting
in a reduction in free hydrogen ions, increasing pH. Where primary productivity drives DO
pH fluctuation averages 0.66. In contrast, the average pH fluctuation in gas exchange driven
DO svstems 1s 0.23.

Applegate River Watershed Council 15



Figures 11. DO, Water Temp., pH
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Table 1 displays date of deployment and percentage of reading exceeding DEQ standards.
Sites with a high percentage (50%) of reading below standards are systems experiencing
transpiration-respiration processes. Here. the low readings were recorded during the night as
aquatic vegetation consumes oxvgen.

Table 1. Percent time DO Exceeded Standards

Site 1999 ) 2000 B 2001
Date biw standard Date biw standard Date bhw standard
AG @ Humbug Jul 3-6 52
AG @ Slate Jul 3-8 65
Appiegate Jui2é-Aug2 18 Jun 14-21 o}
Applegate Al 31-Sepd aQ g 28- sep | 56
Beaver Ck Aug24-29 0
Carolyn's Jun 21-29 4
E Fk Wiliams Ck Augig-18 19 Jul 16-26 81
EF Will @ Rock Ck Jut 20-26 0
Forest Creek Jun 619 36
LA@ mile 2.6 Sep 5-2¢ 3
LA @ Mcuth May 18-28 0 Jut7-14 o
LA @ Mouth Aug 24-29 32
LA @ Mouth Aug 30 -Sep 4 8
LA abv Yale Aug 4-14 9 ’
Little Applegate abv Yatke Aug 14-21 80
Little Applegate abv Yate Sep 5-20 Q Jun 22-28 11
Yale Jul7-24 26
Slate @ Mouth Aug 8-20 100
Thompson bhw Tallowbox  Jul 17-29 44
W Fk Williarns Ck Pugio-23 27 Jul 16-20 24
VA @ Wil Hwy Aug 20-27 72 Jun16-23 33
Wil @ Wil Hwy Aug 4-11 99
VL @ Wil Hwy Aug 14-22 79
Yale @ Mouth Jul 29-Aug 4 o] Jul 17-23 0 Ju7-10 o]
Average 24 23 40

Year 2001 samples show a higher percentage of readings below standard. While water tem-
perature was shown to be a function of air temperature and flow (see section 2.1) DO ap-
pears to be more directly related to flow. Number of days exceeding standards, min/max DO
values, and diurnal fluctuations in DO and pH all correlate with baseflow. According to the
Star Gulch gauging station, the summer of 1999 had the highest baseflow during our sam-
pling period. Correspondingly, 1999 had the highest minimum and maximum DO values
(table 2) and the least diurnal variability in DO and pH . The lowest basetlow. year 2001,
corresponded with the lowest DO values and greatest daily fluctuation.

Figure 15 displays the distribution of river reaches with DO values driven by biological ac-
tivity. Riparian site characterization and channel width is consistent within the identified
reaches. In the biologically driven stream segments, riparian canopy cover 1s open and
vegetation is fragmented. Furthermore, stream widths are generally greater than 30 feet. In
contrast, riparian cover is greater and stream widths are less than 30 feet in the gas exchange
driven system. These findings are in agreement with logic that states stream width and can-
opy cover determines solar radiation input; solar radiation mput is the energy source for
primary productivity. It must be noted that sampling did not occur at all locations, rather
interpolation between sampling points created the distribution.
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Table 2. Minimum and Maximum DO values

Minimum BO Maximum DO

SITE o [1999 [2000 2001 {1999 2000 2001 |
Applegate biw Fish Hatchery 8.1 93 N ‘
Applegate bhw LitHe Applegate : 8.3 9.9
Applegate nr Humbug 6.8 9.5
Applegate nr Slate 4.1 10.2
Beaver Ck nr Mouth 8.2 9.2

EF Williams at Browns Rd 7.9 7.3 9.2 8.5
EF Williams at Rock Ck 8.9 9.7
Forest Creek nir Mouth 7.5 9.1 :
Little Applegate abv Yale : 7.9 7.2 8.6 8.3
Littie Applegate blw Yale i 8.4 9.7

Little Applegate nr Mouth S.9 8.7 11.0 10.9

Little Applegate RM 2.6 8.4 10.3

Slate nr Mouth 0.0 3.0
Thompson Ck biw Tallowbox 7.5 8.8 ]
WF Williams at Cedar Flat 12.3 13.2

VWF Williams nr Mouth 11.6 7.7 7.7 12.7 9.8 5.4
Williams Ck at Wil hwy 6.2 5.6 86 8.5

Vale Ck nr Mouth 8.9 8.2 3.4 9.8 9.0 9.3
Average 8.6 7.8 6.5 9.9 9.4 8.4

Figure 15. Distribution of Biologic Driven DO values
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Discussions with residents and examining historic flows indicate that water temperatures and
DO values were historically limiting to salmonid use in the mainstem Applegate. However,
historically. alcoves, side channels and near stream wetlands provided cold water seeps and
springs creating cold water refugia. Sampling protocois by ARWC and Richard Nawa
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(Siskiyou project, memo to John Renz, 2001) found steelhead and coho juveniles in isolated
pockets near cold water seeps in lower Slate Creek and Williams Creek above Williams
Highway. This highlights the importance of maintaining cold water refugia in our basin.

2.3  Sediment and Channel Morphology

- ARWC permanently established more than 30 cross sections, to examine channel adjust-
ment. scour fill cycles. fine sediment nfiltration, and substrate parti- E. '
cle size distribution. Several methods were used to characterize sedi- &
ment in our basin and include: ;

= Turbidity

= Suspended sediment (USGS open file report 86-531.)
1988)

Sour Chains (Nawa et al. 1993)
Infiltration Buckets (Lisle et al. 1991)
Pool Volume fine sediment accumulation (Hilton et al. 1993)

Cross sections (Harrelson et al. 1994)
ODFW habitat surveys

S

2.3.1 Sediment Sample Findings

Turbidity

[n 1998, ARWC established a network of volunteers to monitor stream turbidity. Applegate
basin volunteers collected monthly samples during fall. winter, spring and during storm
events. There were twenty volunteers in 1998-2001 who

monitored over thirty sites. Samples were mailed to the §
ARWC office for processing. Additionally, staff gathered #
turbidity samples at locales not covered by volunteers. Fig-
ures 16 and 17 display sites and Turbidity values.

The data are reported in Nephelometric Turbidity Units
(NTU) The Oregon Watershed Enhancement Board recom- _
mends 50 NTU as the upper level for fish bearing streams. ™

Turbidity values of 50 NTU is not lethal to fish but can impair site feeding and create irritat-
ing particles in the gills.

Turbidity values are driven by rain intensity and stream flows. Chart 17 displays turbidity
values for 1999 and 2000. Three distinct storms are evident (November 20-23. January 19-
22. February 6-7). The November storm was associated with the highest precipitation inten-
sity at 4.4 inches, but the event generated the lowest discharge. The January storm had a pre-
cipitation intensity of 2.05 inches and generated the highest flows. The February storm had a
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16 and 17 Voluntcer Turbiditv Collection Sites and Values

Figures
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precipitation intensity of 2.5 inches and fell between the November and January storm in dis-
charge generation. In 2001, a very dry year elevated turbidity values were not observed.

Volunteer Monitoring 1989-2000

All Sites
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From the collected
data, the Little Applegate River (LA) and Williams Creek, major tributaries to the Applegate
River, are the most turbid during runoff events. Observations track high turbidity up to
McDonald basin where bare granitic soils are eroding and delivering fine sediment to LA.
Yale Creek, a tributary to the Little Applegate, is as turbid as the Little Applegate, while
other tributaries, Grouse and Sterling Creeks, are relatively clean.

In the Williams Basin, the turbidity values for the East and West Fork were nearly equal but
slightly less than the mainstem. Munger Creek is a clean stream. Thompsen Creck was rela-
tively turbid in the 1998 November and January storms. Slate Creek remained relatively
clear at all times. All these streams are important steelhead and coho spawning streams.

Limited sampling in Beaver Creek in 2002 revealed that Beaver Creek mainstem and small
tributaries draining the northern aspect carry high levels of suspended sediment. A northern
tributary in section 7 exceeded 1000 NTU’s. Figure 19 displays continuous turbidity and
discharge values. Final results of the Beaver Creek study are pending.

Suspended Sediment

Suspended sediment was measured in the mainstem of the Little Applegate River and Yale
Creek. Tributaries to both Yale Creek and the Little Applegate River were also measured. A
depth integrated suspended sediment sampler was used to determine sediment concentration
(mg/L). Sediment concentration was multiplied by discharge to determine sediment dis-
charge (grams/second).

Suspended sediment discharge is a function of supply, in-channel transport rates, storm in-
tensity. and timing. The high flows that scour fines and the rains that wash sediment from
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Figure 19. Beaver Creek Turbidity vs. Discharge
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roads, fields and other sources are uneven with respect to time and space. Due to the vari-
ability of input and transport. caution should be used in interpreting sediment discharge data.
Based on limited data only general interpretations can be made.

Upper Yale and Dog Fork, a tributary to upper Yale, appear to generate the greatest amount
of sediment per drainage area Figure 20. This supposition is supported by the US Forest
Service’s investigations of slope stability. The investigations identify multiple unstable ter-
rains including landslide activity, debris flow activity and earth flows in the Upper Yale Ba-
sin. Conversely, Grouse Creek data indicate that sediment discharge is relatively low, The
US Forest Service identified few unstable terrains in Grouse Creek basin. 1In 2002, Beaver
Creek was sampled and was found to carry as much suspended sediment as Little Applegate
and Yale.

In terms of total sediment discharge, Little Applegate near Yaie and Yale Creek at mouth
rank as the highest sediment producers Figure 21. This is reasonable given that these loca-

tions also have the largest contributing watershed area.

Scour Chains and Sediment Buckets

Sediment transport following spawning can pose two major threats to developing embryos
and emerging fry—stream bed scour and fine sediment infiltration.

Stream bed scour can cause high mortality to incubating eggs and developing alevins (Nawa
et al 1993) as observed in the Applegate River and Butte Creek system following the 1997
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Figure 20. Suspended sediment Concentration
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flood event. In this instance. Coho salmon spawned prior to the flood which subsequently
scoured all redds. Levels of scour and fill can increase significantly following channel dis-
turbances. Specifically. wood removal and channel straightening increase flow velocity and
prevents lateral movement. This condition exists in nearly all low gradient floodplain
reaches (see channel morphology). As a result, shear force along the channel bed increase.
To cvaluate scour and fill. scour chains were driven into the bed substrate to a depth of 2.5
feet. Scour chains were installed in the Little Applegate River, Yale Creek and Williams
Creek. To date, the channel beds have shown no movement or scour. This is expected given
the very low magnitude of peak flows over the last two winters. The study is on-going.

Fine sediment transport following spawning can infiltrate into the gravels reducing inter-
gravel flow, reducing oxygen supply to developing embryos. Fine sediment can also plug
interstitial spaces preventing fry emergence. Effects of fine sediment on biota depend on the
tendency of particular grain size to deposit at certain levels in the bed where they may influ-
ence aquatic organisms (Lisle 1991). To document the process of fine sediment infiltration,
sediment buckets were installed in Williams Creek, a stream with high fine sediment loads
and a relatively strong coho spawning population.

Installation includes filling a bucket full of clean gravel, burying the bucket in the channel
bed, and following peak flows, remove the bucket and measure the volume and size of the
fine sediment. This is the first year of the sediment bucket study and results are pending.

Fine Sediment Pool YVolume

Fine sediment pool volume is the fraction of pool filled with fine sediment, notated V*,
Calculating sediment discharge in mountain streams is both difficult to measure during high
flows and highly variable. V* estimates the sediment supply by measuring the amount of
sediment accumulation in topographic low spots (pools) where sediment is likely to deposit.
The study is conducted during the summer when flows are low and access good.

V* studies were conducted in Yale creek below the Quartz fire. and in Beaver and Palmer
Creeks. Fight to ten pools were selected for assessment; sites were permanently monu-
mented for follow up studies and effectiveness monitoring. Individual pool results were av-
eraged, yielding V* for the reach. The percent of pool filling for Palmer, Yale, and Beaver
creeks is 13, 19, and 35, respectively.

For comparative purposes, Lisle 1992 in the Trinity River system, found V* values ranging
from 4-50 percent. A sediment budget was also calculated for the streams and was found to
be highly correlated to the V* findings. The highest ranking sediment producer matched the
highest V* rating and the lowest sediment producer matched the lowest V* value. Values for
V* for the remaining watersheds tell in approximate order of sediment production.
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Based on our V* studies and those conducted by Lisle, Beaver Creek carries the highest
sediment load of the streams sampled. The assumption is consistent with limited bedload
sampling conducted in year 2000 (Table 3). Beaver Creek, despite having a much lower dis-
charge during sampling. had the highest bedload. Course granitic sand was found to be the
bulk of the sediment captured in the Little Applegate, Yale, Beaver and Williams Creeks.

Table 3. 2000 Bedload sampling

date site Bed Load (gm.)
14-Feb Yale @ mouth 61
t4-Feb yale @ Crapsey 99
14-Feb Crapsey 20
14-Feb Dog Fork 69
14-Feb Palmer (broken bag) 5
29-Feb Glade 19
29-Feb Yale 9
29-Feb Little A @ Brick pile 157
29-Feb Beaver 344
29-Feb Little A @ Yale 118
3-Mar Williams at Mouth 63

2.3.2 Sediment Sources

ARWC’s sediment study focused in the Little Applegate and Yale drainages. In 2001, a sedi-
ment study began in Beaver Creek. The sediment source assessment will, therefore, focus
on these drainages. The assessment is by no means a comprehensive investigation of all
sediment sources but rather provides information important to interpreting our sediment
sampling findings.

Geology and Soils

Examining the geology of a basin provides the first step to identifying potential sediment
sources. Geology in the Applegate is quite diverse. Correspondingly, natural sediment pro-
duction varies greatly across the landscape. In the Applegate, the granitic plutons and the
bench and earthflow landscape units are considered the most susceptible to accelerated ero-
sion in the watershed. Granitic rock is highly susceptible to debris landslides and severe sur-
face erosion (USDA, Rogue River National Forest 1994). Weathering of Granitic rock pro-
duces course grained sediment.

The earthtlows associated with the bench and earthtlow terrain are naturally occurring mass
wasting features and can be very large. Soils are poorly drained as evident by the associated
bogs and seeps. Large precipitation events can reactivate the earthflow, delivering large vol-
umes of sediment directly to the stream. Earthflows are often found impinging on a stream

[ )
wh
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course which undermines the toe, reactivating the tflow. Much of the sediment in an earth-
flow consists of fine grained silt to clay size particles.

Granitic rock types comprise 13 percent of the Applegate basin.
Of the 33 subwatersheds, three in the Applegate contain over
80% of the granitic rock types—Little Applegate, Beaver Creek,
and Williams Creek. Earthflows have been identified in the
Glade. Yale and Upper Little Applegate.

Roads
Debris flow in Lintle Applegate

Roads and forest practices can greatly accelerate natural erosion rates. Roads pose a threat to
increase sedimentation by routing surface runoff and sediment directly into the channel net-
work, by impeding flow at crossings, and by fill slope failures. Tabie 4 provides basin-wide
data on roads on slopes greater than 60%, road stream crossings, and roads in riparian areas.
These indicators represent conditions with the highest potential for sediment delivery. The
table is ranked from the most sensitive watershed in terms of sediment delivery potential, to
the least.

Table 4. Watersheds and Road miles/Stream crossings

Miles Rd Road! Miles Rd Road/

slopes  Mifes Rd Stream X- slopes  Miles Rd  Stream %-
Eth field watershed >60% Riparian ing Sum 6th field watershed >B0% Ripanan ing Sum
Slate Creek 111 16.3 8 35.5 Upper Little Applegate River 28 35 5 113
Carberry Creek 54 683 23 34.7 Lower Elliott Creek 4.8 22 4 1a
Lower William 35 a0 15 25.8 East Fork Williams Creek 0.4 4.0 |3 10.6
Forest Creek 8.4 12.2 6 26.5 Middle Little Applegate River 28 54 2 10.2
Steve Fork Creek 44 [} 12 229 Squaw Creek 14 35 5 8.9
Lower Little Applegate River 53 11.0 [ 22.2 Bishop Creek 3.4 51 1 8.5
Cheney/Jackson Creeks 10.6 4.8 7 22.2 Upper Elliott Creek 3.7 1.7 4 9.4
Munger Creek 24 5.6 14 22.0 Face Drainage 1.8 52 2 9.0
Star Guich 71 9.2 5 21.3 Sturgis Fork Creek 21 21 3 7.2
Humbug 53 8.0 7 20.3 Joe Creek 43 43
Beaver Creek 5.4 7.8 7 20.2 Applegate Lakefront 0.7 25 1 4.2
Thompson Creek 7.5 43 § 20.0 Glade Creek 1.8 07 1 35
Palmer Creek 48 7.0 5 18.8 Dutch Creek 05 a2 1 1.8
Miadle Fork Applegate River £7 28 10 19.4 Obrien Creek 0.8 0.5 1.3
Siagte/Mitler Creeks 2.3 81 8 18.4 Butte Fork Applegate River 0.4 e 0.5
Yale Creek 1.1 62 8 15,3 Face Orainage 5.4 14
Murphy 8.1 42 3 153

Beaver Creek

Thirty percent of the Beaver Creek drainage is comprised of granitic rock types. In the
Haskins drainage, in section 13, numerous active road cuts were identified on Roads
2000907 and 2000908 (USDA forest Service 1994). South, in section 24, Rd. 2000900 has
numerous areas of rills and gullies in the road prism. Also in section 24, old skid roads on
very steep slopes (>60%) show rills, gullies and ravel. Additionally, clear-cut in the Haskins
subwatershed have been slow to recover in numerous portions of section 13. Road 20 as 1t
runs through the granitic belt in the mid- to upper- elevations is experiencing high levels of
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cut slope raveling. Haskins Gulch. also containing a high percentage of granitics has
the highest road density in Beaver Creek at 4.6 miles of road per square mile.

In the northern part of the watershed. old roads in section 12 and 7 are interfering with
stream courses resulting in fine sediment production. While not located in the granitics,
these roads and streams may be running through an old earthflow which were identified
fust over the ridge in Yale Creek. While this formation has not been identified in the
Beaver Creek drainage. the reddish color of the sediment is characteristic of the bench
and earthflow formation.

In general, inadequate road drainage features such as water bars and dips on steep gran-
itic roads is a leading factor of increased sediment production. Additionally, many cul-
verts are undersized to convey a 100 year flood; several have intiated gullies at the
outflow (USDA forest Service 1994).

Little Applegate River

Twenty percent of the Little Applegate River consists of granitic rock types. Granitics,
including shallow and glaciated granitics comprise approximately 70 percent ot the Up-
per Little Applegate and McDonald Creek subbasins. Thirty percent of Yale Creek
contains granitic rock types. Earthflows comprise 23 percent of the Yale Creek water-
shed.

Mapped debris slides (USDA forest Service 1995) in the Little Applegate are concen-
trated in the upper watershed above Glade Creek and in Upper Yale Creek. A vast ma-
jority of slides were found in in the higher precipitation zone (above 4500 feet), and in
the shallow granitic landscape. [n this landscape, debris slide prone areas are character-
ized as having cohesionless sandy soil atop bedrock on steep slopes.

The single greatest contributor of accelerated erosion and sedimentation is roads
(USDA Forest Service 1995). Photo comparisons of 1996 and 1998, bracketing the
1997 flood. show debris slides and flows originating from roads in the headwaters of
Yale Creek and the Upper Little Applegate River. Steinfeld and Amaranthus (1999), in
an Applegate-wide study, found ninety-eight percent of storm initiated landslides were
related to management activities, primarily roads. ARWC staff field observations and
road inventories indicate that much of the turbidity in the Little Applegate drainage
originates from road systems. Roads identified as delivering chronic and episodic fine
sediment nclude:

=» Dog Fork Road and spurs
= Forest Service(FS) roads 381 and 1099
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= FS road 2040

= Unidentified road (Township 40, Range | secs. 4,9,10,15.16,22.23)
= Road 2030

= Rush Creek Road

(razing in the granitic areas of the upper subwatersheds, particularly McDonald Creek, have
led to very large gullies. Removing vegetation and associated root mass from this cohe-
sionless soil led to raveling and rill development. Concentration of runoff in the rills has lead
to gully formation. Another major contributor of granitic sand to the system have been fill
tailures and gullies associated with the Talent Irrigation Ditch. In 2002, ARWC in coopera-
tion with Oregon Water Trust and Talent Irrigation District initiated project development to
identity alternatives to the McDonald Ditch system.

2.3.3 Channel Geometry

Over 30 cross sections were permanently established throughout the Applegate. Transects
across the channel provide information on widths, depths, hydraulic radius, floodplain eleva-
tions, and channel area. This information provides insights to the conditions and functions
of both the channel and the upsiope environment. Moreover, cross sections are a valuable
tool to monitor channel responses that may result from management activities, including res-
toration, or climatic events.

Channels, given their inherent characteristics, will respond uniquely to restoration and/or
disturbances. To facilitate an understanding of channel adjustments and responses a sum-
mary of channel processes 1s presented:

Channel morphology, or channel structure, is influenced by a number of variables in-
cluding, width, depth. velocity, discharge, channel slope, roughness of channel materi-
als, sediment load and sediment size (Leopold 1964). Although a number of variables
determine channel structure, examining channel gradient and confinement provides a
method to delineate between channel processes and response potential. Channel slope,
gravity as the energy driver, determines sediment transport and deposition patters.
Channel confinement, defined as the ratio of valley floor width to channel width, is the
dominant structure determining flow width and floodplain development.

Channel reaches can be broadly classified as source, transport and response reaches.
Identification of potential source, transport, and response reaches provides a first siep
for assessing potential channel responses and recovery times {Montgomery and
Buffington 1993). Source reaches with their steep position (>30% slope) in the water-
shed are susceptible to scouring, providing a sediment source to the channel environ-
ment. Transport reaches are high gradient confined channels capable of transporting
sediment downstream, Response reaches occupy the lower watershed and have the
lowest gradients. Commensurate with low gradient is low sediment transport capaci-
ties. These reaches respond to elevated sediment loads and other disturbances.
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The majority of cross sections established in the Applegate fall into the transport reach clas-
sification. Given the resiliency to change of a transport reach and the low peak flow vears
following cross section establishment, very little change has been observed. The ability to
resist change in the transport reaches is evident in the Yale Creek, Beaver Creek and the Up-
per Little Applegate River. The reaches have received a significant increase i sediment con-
tribution from upslope sources (see sediment sources) but channel geometry has changed
little. This can be attributed to the high sediment transport capacity of these channels; sedi-
ment entering these reaches is quickly transported downstream. While channel geometry has
been little affected. fine sediment has deposited in and around cobbles, embedding the
stream substrate.

A cross section in Williams Creek (Figure 22) displays channel adjustment in a response
reach. The channel adjustments clearly reflect a “flashy™ hydrologic regime and channel m-
stability. Generally, chanuel instability can be attributed to an increase in sediment or dis-
charge, a reduction in large wood, or channel straightening leading to a loss of floodplain
connectivity. The Williams Creek Watershed Assessment (Williams Creek Watershed
Council 2000) identified roads, grazing, agriculture and bank erosion as sources of increased
sedimentation. The assessment also identified channel straightening, bank armoring and
levee construction. These activities led to channel incision and loss of floodplain connec-
tivity. Presence of large wood has also decreased, resulting from instream removal and ri-
parian harvest.

Figure 22. Cross section on Williams Williams Creek was an
Williams Rvr @ Williams HWY exception as most re-

sponsc reaches showed

little change during our
sampling time f{rame.
However, channel cross
section geometry does

show adjustments to past

~ 20| disturbances. Figures 23
—uw| and 24 display channel
adjustments  from the

1997 flood. Prior to the

flood, the channel form

|
I
901 ws aeie et a2 was created by channel
R, 2 . o
|
0

Elevation

91 :

F -
straightening for agricul-

29 N — . el . .
» @ o 0 0 126 tural_ practices, mining
Distance and infrastructure protec-

tion. Associated with
these activities was an increase in channel gradient, as sinuosity decreased. and a loss of
floodplain connectivity. The combination of increased gradient and loss of floodplain con-
nection results in much higher in-channel energy. As a result, the 1997 flood scoured
streambanks, created new channels and increased sinuosity. It is interesting to note that fol-
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lowing the 1997 flood an increase in sinuosity was also observed in the Little Butte Creek
system and the Illinois River system. Presumably. the increase in sinuosity was a process to
reestablish channel grade and equilibrium.

At the watershed scale, nearly all low gradient reaches have lost connection with the flood-
plain. Incision. or channel confinement. occurs when the channel bed drops in elevation. also
known as bed degradation. Figures 23 and 25 display cross sectional profiles of channels that
have incised into the floodplain.

Figures 23. Little Applegate Cross Section Figure 24. Forest Creek Cross Section
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Table 5. Basin and % floodplain loss

Stream Percent floodplain loss
Caris Creek 100

Cheney Creek 75

Little Applegate River 100

Murphy Creek 85

Slate Creek %0

Wiiliams Creek 90

Channel incision on the Mainstem Applegate
Photo Courtesy of Charles Rogers

Floodplains function to dissipate energy. provide off channel habitat and wetlands, and pro-
vide water storage for late summer cold water releases. These functions are essential for
channel stability, rearing salmonids and riparian diversity. The ability of the floodpliains to
provide these functions has been greatly reduced across the Applegate River Basin.

The mainstem Applegate 1s the largest response reach in the watershed. Accordingly, nearly
all of the sediment entering the tributaries transport downslope to the mainstem. The Apple-
cate itself has been directly moditied by land clearing, levee development, side channel
obliteration and instream gravel mining { ARWC 1999). Cumulatively, these activities have
destabilized the mainstem river. Active channel widths mn the mainstem have increased, up
to 400 percent. From a cursory investigation, the sediment released from mainstem bank ero-
sion overwhelms the sediment mput from tributary sources. Although the mainstem has not
incised into the floodplain as the contributing tributaries, floodplain function has been drasti-
cally reduced by the aforementioned management activities.

2.3.4 Physical Habitat

BLM, ODFW and ARWC provided data on aquatic habitat. Two survey protocols were
used—Hankin and Reeves (1990) and ODFW (1989). Habitat data is collected along a
stream reach; a series of reaches constitutes the surveyed stream length. Survey data from
all sources were input into a GIS project.

Assessment of habitat conditions is a comparison of ODFW and National Marine Fisheries
Service (NMFS—KIlamath Province/Siskiyou Mountain Matrix) benchmarks to survey find-
ings. In instances where benchmarks differ. ODFW’s benchmarks were used. The assess-
ment is at the 6th field watershed level. Results at the 6th field level derived from a length-
weighted average of the surveyed reaches in the watershed. A series of figures displays
habitat conditions as related to agency benchmarks across the Applegate and include:

L
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Figure Name ODFW Benchmark NMFS Benchmark
26 Fine Sediment Desirable- % area <13 <20%

27 Poot habitat Desirable- % area > 35  >30%

28 Residual Pool Depth Desirable - >1 meter > 3 feet

29 Complex Pocls Desirable - > 3/km NA

30 Key Large Wood Desirable - > 3/100m 25/mile

31 Spawning gravel Desirable- % area > 35  NA

The data serves to show that pool habitat and complexity are greatly lacking at the watershed
scale. Instream large wood debris also greatly deficient across the Applegate is a primary
reason. Channel incision and associated loss of floodplain connection has also led to pool
loss and channel simplification in the lower gradient reaches. Spawning gravel is ample in
all subwatersheds.

The fine sediment findings, which indicate little impairment is misleading. Ocular estimation
was used to determine fine sediment. This method often misses fine sediment embedded
around cobbles and gravels. Based on field reconnaissance sections of the Little Applegate
River, Yale, Beaver, and EF Williams Creeks are adversely affected by fine sediment. In
these reaches, granitic sand was the culprit.

3.0 Biological Monitoring

Biological monitoring provides information on how aquatic species respond to their habitat.
ARWC conducted steelhead spawning, snorkeling and macroinvertebrate surveys. Biologi-
cal sampling by ODFW was included to provide a more comprehensive biological picture of
the watershed.

Spawning surveys

In 2000, ARWC in cooperation with the Rogue River National Forest conducted steelhead
spawning surveys in the Little Applegate and Yale drainages. The study was nitiated to
provide pre-project monitoring associated with the Little Applegate Streamtlow and Habitat
Enhancement Project (LASHEP). Protocols followed ODFW’s Coastal Steelhead Spawning
survey Procedural Manual.

The study consisted of three reaches in the Little Applegate and two in Yale Creek. The
reaches included:

Farmers Ditch to Buck and Jones Ditch (Reach 1)
Buck and Jones Ditch to Grouse Creek {Reach 2}

FS boundary ‘@ RM 14.2 to Waters Gulch (Reach 3)
Yale Creek @ Mouth to First Waters Gulch

Yale Creek — Unnamed tributary to Box Canyon

> * * > >

(5]
S
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Figure 26. Percent fines
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Figure 29. Number of complex pools
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Figure 32 displays number of fish/redds observed and data. In the figure, R1 and R2 denotes
the reach from Farmers Ditch to Buck and Jones Ditch and Buck and Jones Ditch to Grouse
Creek, respectively. The drop in fish and redd observations in reach 2 coincides with
flashboard mstallation at the Buck and Jones Diversion. Interestingly, in 2002, a flashboard
board placed in late fall was removed in March afier which dozens of steelhead were ob-
served migrating over the structure. Removal of the Buck and Jones Diversion structure is
planned as part of the LASHEP project.

Figure 32, Spawning observation in Reach 1&2
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Snorkel Surveys

Little Applegate

Following a physical habitat survey in the Little Applegate a fish survey was conducted.
Figure 33 displays reaches, species and count. Reach counts were determined by dividing
the number of fish observed in the reach divided by units sampled. Appendix C contains de-
tailed fish sampling findings.

Figure 33. Fish observation in the Little Applegate
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From the chart, steethead, particularly 0+ age, was the most frequent species-age class ob-
served. Neither coho nor Chinook salmon were observed above the falls located near the
end of reach 1.

While all reaches display a significant decline in numbers with increasing age class. reach 1
has the steepest decline. Habitat and water quality data may provide an explanation. Reach 1
maintains the lowest pool frequency. lowest large wood debris volumes, and the highest wa-
ter temperatures. The absence of channel complexity created poor summer and winter habi-
tat. Water temperatures in the lower LA ranks as one of the warmest reaches in the water-
shed. The drop may also reflect out migration as these fish have the best access to the
Applegate River. Low water and diversion structures reduce mainstem accessibility to fish
in reaches 2-5 reach. The relatively high numbers of 0+ steelhead in reach 1 may also indi-
cate migration difficulty over the natural falls and Farmers Ditch which starts reach 2. The
snorkeling protocol will be repeated following LASHEP project implementation.

Arcund the basin

During the drought of 2001, ARWC snorkeled several
streams in the Applegate for fish use to identify reaches
providing refugia during stressful drought conditions.
Williams Creck above Williams Highway, Little
Applegate River from Farmers Diversion Ditch to the
Buck and Jones Diversion ditch and the mainstem
Applegate River were sampled three times through the
summer. Sampling locations on the mainstem included
below the dam., at Jackson Picnic Grounds, Cantrell
Buckley Park and below Humbug Creek. The EF and
WIF Williams, Slate Creek, and Watcrs Creek (tributary  Dave bravely looking for fish
to Slate Creek) were sampled once late in the summer

by snorkeling and ocular estimation.

A large reduction in salmonid numbers through the season was common to all streams sur-
veyed. In the mainstem Applegate, number of saimonid observed decreased by 60% from
our July to August surveys. The reach below the dam saw the largest decrease at 90%. In
Williams Creek, we observed a 50% reduction from our June to July survey; coho numbers
decreased by 90+%. All coho remaining in Williams Creek were found along cold water
seeps and cool side channel inputs, which were 2-5 °C colder than the thalweg. The Little
Applegate numbers display an increase in salmonid observations from our June to July sur-
vey but a decrease of 40% from July to September.

While migration may account for the changes in salmonid observations. very warm water
reaches, dry reaches. and diversion dams greatly limited migration. In the mainstem Apple-
gate, warm water and low DO levels below the town of Applegate limited downstream mi-
gration and low tributary input prevented moving into tributary streams. In Williams Creek,
diversion structures and dry channels limited migration opportunities. In the Little Apple-
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gate, diversion dams prevented upstream migration and limited downstream migration.

In Waters Creek, we found coho schooling and a few steelhead in a 200 foot reach below the
road 2200. No coho were observed above the culvert which is being replaced by the FS.
Downstream of the 200 foot reach the channel was dry. In Slate Creek, we found coho
schooling and a few steethead from HWY 199 bridge downstream 300 vards. This reach
flows through mature riparian forest on BLM land and contained several pieces of LWD.
The lower reaches of EF and WF Williams supported coho and steelhead. Interestingly,
higher on the East Fork, near Rock Creek, only a couple salmonids were observed despite
favorable flow and water quality conditions. A diversion dam was identified as a possible
migration barrier.

This [imited survey indicates the importance of juvenile migration in our system. Coho gen-
erally spawn in lower gradient alluvial valley bottoms. The same locations have high sum-
mertime temperatures and concentrated water diversion activities. These reaches have also
seen a significant decline in floodplain connectivity and associated loss of habitat (see chan-
nel morphology). Consequently, good spawning locations in our basin generally provide
low quality rearing habitat. As fry emerge from the bed, migration is necessary to escape
stresstul rearing conditions. Without the ability to relocate, necessary habitat to complete
the life cycle is limited.

Appendix A4 provides a summary of species and distribution as identified by ODF.

Macroinvertebrates

ARWC. FS, and BLM have conducted macroinvertebrate sampling over the last 10 vears.
The assessment examines species richness and abundance to determine biotic health. The
benthic community found at the sampling stations are compared with a reference model de-
rived from a composite of benthic communities found in pristine or minimally disturbed Pa-
cific Northwest streams. Three indices of biologic integrity are generated, corresponding to
different habitat types: 1) Erosional habitat - riffle or fast water habitat 2) Marginal habitat—
slack water habitat along channel margins 3) Detritus habitat——slow or slack water with am-
ple detritus (leaves and organic debris). Scores for each habitat type are expressed as a per-
cent of maximum potential score.

Table 6 lists the sampling sites and scores. The table is sorted from the highest average
score to the lowest. Sites with scores above 80% have a high biotic integrity; scores below
65% have a low biotic integrity. Approximately 40 % of the samples fail into the low biotic
integrity class.

'The contractors (Bob Wisseman of Corvallis, Pete Schroeder Southern Oregon University)
performing the assessment characterize the fauna at sites with scores below 65% as absence
of cold water species, high embeddedness, few long lived taxa, and abundant high tolerant
species. Long lived taxa indicates structural diversity; low levels of taxa indicate low habitat
diversity.
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Table 6. Macroinvertebrate Scores

SITE ERCSIONAL MARGIN DETRITUS  AVERAGE SCORE
LAKE CR. at MOUTH 87.0% 86.7% 91.7% 88.5
GLADE CR. biw. JACK CR. 87.8% 85.7% nfa 86.8
McDONALD CR. at MOUTH 88.6% 79.6% 86.5% 84.9
YALE CR. biw. CRAPSEY 84.7% 88.9% 78.4% 84.0
TAMARACK CR. 88.7% 83.8% 79.4% 84.0
GLADE CR. at MOUTH 87.0% 80.6% nfa §3.8
LITTLE APPLEGATE R. blw. BEAR GULCH 85.4% 77.6% 87.5% 83.5
YALE CR. at KENNEY MEADOWS 789% 84 7% 85.4% 830
YALE CR. abv. CRAPSEY GULCH 88.6% 77.6% 81.3% 82.5
YALE CR. (UPPER) 87.9% 79.8% 79.4% 824
YALE CR. at KENNEY MEADOWS 72.6% 84.7% 87.5% 81.6
GARVIN GULCH at MOUTH 81.3% n/a nia 81.3
SILVER FORK CR. 79.8% 82.8% 79.4% 80.7
LAKE CR. (UPPER) 84 7% 79.8% 77.3% 80.6
GLADE CR. abv. GARVIN GULCH 84.7% 81.8% 73.2% 799
LITTLE APPLEGATE R. at TUNNEL RIDGE 70.2% 80.6% 84.4% 78.4
LITTLE APPLEGATE R. blw. McDONALD CR 72.4% 82.7% 76.0% 77.0
LITTLE APPLEGATE R. at TUNNEL RIDGE 67.5% 81.6% 74.0% 74.4
McDONALD CR. (UPPER} 77.4% 76.8% 64.9% 73.0
LITTLE APPLEGATE R. abv. RUSH CR. 67.7% 79.8% 66.0% 71.2
STEVE'S FORK 80.9% 68.0% 54.0% 707
PALMER CR. abv. LIME GULCH 68.5% 67.7% 75.3% 70.5
THOMPSON CR. abv. 9-MILE CREEK 66.1% 86.3% 71.9% 68.1
YALE CR. at MOUTH 54.0% 70.4% 72.9% 65.8
ROCK CR. at MOUTH 54.0% 69.4% 72.9% 65.4
YALE CR. at MOUTH 49.6% 76.5% 68.8% 65.0
BEAVER CR. blw. ARMSTRONG GULCH 65.3% 70.7% 58.8% 64.9
ROCK CR. at MOUTH 66.1% 68.4% 59.4% 64.6
ELLIOTT CR. 375-07W-15 NE SE 62.9% 62.6% 62.9% 62.8
LITTLE APPLEGATE R at BRICKPILE RANCH 80.0% n/a 45.0% 62.5
YALE CR. at MOUTH 54.8% 61.2% 69.8% 61.9
WATERS CR. blw. BEAR CR. 53.2% 64.6% 64.9% 60.9
CHENEY CR. 57.3% 69.4% 55.2% 60.6
LITTLE APPLEGATE R. abv. YALE CR. 46.3% 71.4% 61.5% 59.7
LITTLE APPLEGATE R. abv. YALE CR. 50.0% 58.2% 61.5% 56.6
LITTLE APPLEGATE R. abv. YALE CR 50.0% 58.2% 61.5% 56.6
W FK. WILLIAMS CR. at MOUTH 44 4% 65.3% 59.4% 56.4
BEAVER CR. 75.0% £0.0% 41.0% 553
LITTLE APPLEGATE R. at MOUTH 45.3% 80.2% 57.3% 546
SLATE CR. at REDWOOD TAVERN 48.4% 60.2% 54.2% 543
E FK.WILLIAMS CR. at Brown's RD. 43.5% 53.1% 58.3% 5186
LITTLE APPLEGATE R. at MOUTH 44 4% 51.0% 53.1% 49.5
SLATE CR. at HWY. 199 BRIDGE 40.3% 49.5% 57.7% 48.2
LAKE CR. at MOUTH 34.7% 52.0% 45.8% 442
WILLIAMS CR. at HWY 238 BRIDGE 27.4% 42.9% 50.0% 40.1
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Comparing the brotic scores with our temperature monitoring, sediment monitoring, and
ODFW habitat data, reveals a high association . Namely, those sites with scores below 65
are generallv the warmest reaches in the watershed. have the highest increased sediment in-
put, and maintain low habitat complexity.

However, in describing Cold Water Biota Wisseman further states: Summer water tempera-
tures are high enough to be lethal to all cold water invertebrates. The absence of cold water
invertebrate indicates that water lemperatures are non-supportive of saimonid use. While
ARWC’s temperature monitoring does indicate that temperatures are above optimum for
fish, many of these sites maintain a salmonid population as supported by late summer obser-
vations. Apparently, Wisseman's reference model for benthic communities is not directly
applicable to the Applegate. Wisseman acknowledges the fact by stating that “*scoring crite-
ria are not adjusted to individual watersheds or regions...they become better defined with
greater comparative information from minimally disturbed watersheds in the region.”

4.0 Project Monitoring
Stability of Constructed Alcoves

In 1998 Copeland Sand and Gravel implemented habitat improvement projects on their
gravel operation sites. Specifically, the plan entailed construction of several off-channel al-
cove habitats. The intent of the alcoves was to provide high flow refugia in the winter and
temperature refugia during the summer. Following project implementation ARWC con-
ducted water quality, salmonid use, and vegetation surveys to assess project effectiveness.
The final report in included in Appendix B.

Little Applegate Streamflow and Habitat Enhancement

The Applegate River Watershed Council together with numerous private and public entities
are undertaking a project which changes a point of diversion from the Little Applegate River
to the mainstem Applegate River. Pumps and pressurized pipes from the mainstem will re-
place two diversion structures in the Little Applegate.

The role of the monitoring plan is to identify and quantity the biological and physical effects
from the Little Applegate Streamflow and Habitat Enhancement Project (LASHEP) . Key
questions raised during project development and project expectations molded the monitoring
study. The monitoring document outlines the technical evaluations in place to answer those
key questions and verify expectations. Appendix C includes the monitoring plan.
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5.0 Synthesis

The synthesis section integrates water quality. channel processes and physical habitat to de-
scribe summer and winter salmonid habitat suitability. Summer habitat suitability focuses
on requirements for juvenile rearing; winter habitat suitability focuses on channel stability.
spawning quality, and the ability to provide velocity refugia. Table 7 lists the specific indi-
cators used to examine habitat suitability. Empirical data presented throughout this report
compared to research findings on salmonid habitat requirements provides the basis for judg-
ment of winter and summer habitat suitability. Some professional judgment and field obser-
vations were incorporated to interpolate between known condition locations.

Due (o the large scale of the assessment and inconsistent data coverage, the assessment fo-
cuses on those reaches which clearly show an impairment to habitat suitability. Figures 34,
impaired winter habitat, and 35, impaired summer babitat, display the identitied reaches. The
upstream and downstream extent of impairment is “fuzzy”, meaning that depending on the
year’s environmental conditions, the longitudinal extent will expand or shrink.

Table 7. Indicators and Justification

Summer Suitability Indicators* Impairment threshold—Justification

Dissolved Oxygen <6 mg/L-— initial symptoms of DO deprivation @
6mg/L. (Davis et al. 1975: Alibaster et al. 1979}

Temperature >20° C— Piper (1987) reported maximum growth
with unlimited food occurred at 16-19C, but growth
efficiency occurred at 10-16C. Most salmonids are at
risk @ 23-25° C. (Bjorn and Reiser 1991)

Pool Frequency <10 channel widths/Poal—Juvenile sieelhead, coho,
and custhroat trout prefer pooi habitat during low flow
summer months. Reiser 1991 found higher densities
of juvenile Chinook and steethead in pool habitats.
Pools offer fish a better chance of escaping predators,
finding thermal refugia during summer months
(Spence et al. 1996).

National Marine Fisheries service determined that
properly functioning channels maintained pool spacing
between 4 to 6 channel widths, ODFW benchmark for
desirable pool spacing is 5~ 8 channel widths.

In the Applegate, ODFW habitat surveys provide in-
formation on poot spacing. In examining the results,
stream reaches with pool spacing greater than 10 chan-
nel widths were associated with mining activities. de-
bris flows, loss of floodplain connectivity and very
low wood levels.
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Winter Suitabifity Indicators Impairment threshold—Jjustification

Large wood debris <7 key Pieces of LWD/Mile—Large stable wood in winter enhances
the use of different habitats within a pool.... During floods quite water
refuges are provided by wood (Maser and Sedell. 1994). LWD pro-
vides resting places for upstream migration (Spence et al. 1996). Pool
area and spawning gravel retention is directly related to size of LWD
{Bilby and Ward 1989).

ODFW surveys of undisturbed watersheds calculated LWD/mile at the
25% percentile to be 7; 50% percentile was 28.

Floodplain connectivity >30% loss of connectivity —Loss of floodplain interaction increases
slope and water conveyance, leading to greater flow velocities and
higher erosive forces. As a result, the channel will erode downward or
outward (Gordon et al. 1992).

The hydrologic storage function of floodplains is lost following chan-

nelization .... leads to a decrease in summer base flows because of a
reduction in local groundwater tables (Wyrick 1968 in salmon conser-
vation)

In terms of biological habitat. channelization reduces the structural
diversity of streams. Fish no longer have backwaters, pools or low ve-
locity for refugia. Fish eggs may be swept downstream by the higher
velocities (Lewis and Williams, 1984).

Pool Frequency <10 channel widths/Pool— Adult salmonids migrating upstream rest
in deeper pools: spring Chinook and summer sieelhead may arrive at
spawning sites several months before spawning and will hold in deep
pools (Bjornn and Reiser 1991in salmonid conservation). Pools pro-
vide velocity refugia during winter floods.

National Marine Fisheries service determined that properly functioning
channels maintained poo! spacing between 4 to 6 channel widths.
ODFEW benchmark for desirable pool spacing is 5- § channei widths.

In the Applegate, ODFW habitat surveys provide information on pool
spacing. In examining the results, stream reaches with pool spacing
greater than 10 channe! widths were associated with mining activities,
debris flows, loss of floodplain connectivity and very low wood levels.

Spawning gravel % area < 15— ODFW benchmark for undesirable levels of spawning
gravel is less than 15%

Selected stream reaches, determined by data availability, were scored by comparing current
conditions to the indicator threshold. Each indicator in the reach was scored as 1. not im-
paired, or 0 impaired. The sum of the indicator scores represent the reach condition. Curmnu-
lative scores are rated as: suitable if all indicators meet the criteria; impaired if one indica-
tor does not meet criteria; severely impaired if 2 or more indicators do not meet the criteria.

It should be noted that impaired or severely impaired does not imply that the habitat does not
support salmonid populations. Aquatic species are adaptable and diverse, capable of main-
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Figure 34. Winter Habitat Suitability
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taining populations despite poor habitat. For example, Slate Creek identified as severely im-
paired, provided coho refugia during the drought of 2001.

The assessment identified two parameters most responsible for poor habitat suitability —
water temperature and pool habitat. Lack of pool habit is directly liked to low wood volumes
and loss of floodplain connectivity, also found to be limiting. Spawning gravel availability
appears to be sufficient in all subwatersheds. Appendix A.5 provides stream reaches and
scoring details.

6.0 Conclusions and Recommendations

This document emphasized landscape level conditions and functions. Recommendations,
likewise, focus on the Applegate River Basin scale. The intent is not to develop a list of site
specific projects, which 1s best accomplished following watershed assessment and in coop-
eration with landowners and management agencies. Rather, watershed enhancement oppor-
tunities presented are management recommendations intended to restore system wide func-
tions responsible for most degraded aquatic conditions. Only through restoring function will
allow our system incrementally and persistently improve through time.

Monitoring information identified two dominate conditions responsible for poor habitat suit-
ability: High water temperatures and lack of Channel complexity. Loss of pool habitat,
L.WD, side channels and alcoves are responsible for poor channel complexity. Reduced
streamflows and poor riparian vegetation conditions are responsible for elevated water tem-
peratures.

Riparian zones including vegetation and associated tloodplains function to provide shade,
deliver large wood debris, and flood energy dissipation. Reduced riparian function, particu-

larly in the low gradient valleys has been greatly reduced. Consequently, smaller scale proc-
ess such as pool scouring, bed substrate sorting, and velocity refugia have also been reduced.

Management opportunities

Protection and Restoration

In the long term, our monitoring findings point to the need for instream flow enhancement
and riparian zone restoration. Opportunities for streamflow enhancement and riparian zone
restoration include:

Creation of riparian easements

Protection of properly functioning riparian areas

Creating riparian buffers in agricultural areas

Protection and stabilization, via planting, of existing side channels
Improve irrigation systems and practices

Water rights acquisition for instream flows

Education/outreach

o bao—

=~ v Lh
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Appendix A.l

Discharge Measurements



Applegate River Watershed Council Discharge Measurements

LOCATION

Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Beaver Ck nr Mouth
Cheney

Cheney

Cheney

Cheney

Cheney

EF Williams blw Rock Ck
EF Williams blw Rock Ck
EF Williams blw Rock Ck
EF Williams blw Rock Ck
EF Williams blw Rock Ck
EF Williams blw Rock Ck
EF Williams blw Rock Ck

EF Williams nr Mouth
EF Williams nr Mouth
EF williams nr Mouth
EF Williams nr Mouth
EF Williams nr Mouth
EF Williams nr Mouth
EF Williams nr Mouth
EF Williams nr Mouth
Glade @mouth
Glade @mcuth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth
Glade @mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ Mouth

LA @ tunnel Ridge
LA @ tunnel Ridge
LA @ Yale

LA @ Yale

DATE

212912000
2117/2000
6/9/2000
6/13/2000
6/28/2000
7/19/2000
8/24/2000
11/29/2000
12/14/2000
5/26/1999
212512000
3/3/2000
6/27/2000
7/26/2000
5/26/198S
5/8/1985
5/12/2000
6/2/206C
6/15/2000
6/26/2000
7/19/2C01
8/15/2000
5/2/2000
5/12f2C0C
3/14/20C0
3/372000
212412000
8/26/2000
7/19/2001
7/23/1999
10/14/1999
4/13/200C
6/8/2000
6/20/2000
6/26/2000
711712000
8/23/2000
8/7/2000
7162000
711712001
6/8/2000
6/12/2000
6/20/2000
6/29/2000
7/18/2000
8/1/2000
8/17/2000
8/23/2000
4/25/2001
5/14/2001
52312001
6/1572001
6/21/2001
7/30/1998
7/17/2000
10/13/1999
12/1/1999
12/9/1999

LA @\ ¥&Esate River Watershed CEFHhERe9

Discharge

36
14

n

oW
DWW N 2NN RO >N WW

—_

118.2
80.7
54.6
29.5
18.1

12.45
8.07

3.3
56.5
34.7
221

4.8

3.5

28
13

15

Discharge

LOCATION DATE CFs
LA @ Yale 8/12/199% 4
LA @ Yale 1/1142000 32
LA @ Yale 2/14/2000 63
LA @ Yale 2/29/2000 41
LA @ Yale 6/8/2000 24
LA @ Yale 6/12/2000 14
LA @ Yale 6/20/2000 12
LA @ Yale 6/26/2000 11
LA @ Yaie 771712000 B
LA @ Yale 8/2/2000 4
LA @ Yale 8/22/2000 2
LA @ Yale 5/14/2001 35
LA @ Yale 52312001 7
LA @ Yale 6/21/2001 3
LA abv Glade 7123/1999 15
LA abv Glade 10/4/11999 8
Paimer Ck 2/18/2000 7
Paimer Ck 6/8/2000 2
Palmer Ck 6/5/2000 1
Palmer Ck 6/9/2000 2
Pafmer Ck 6/13/2000 2
Patmer Ck 6/26/2000 1
Palmer Ck 711912000 1
Paimer Ck 8/1/2000 1
Palmer Ck 8/24/2000 0
Powell Ck B/1/2701 1
Powell Ck 6/13/2001 1
Powell Ck 7130/2001 1
Powell Ck 771912001 1
Powell Ck 7/30/2001 1
Slate Ck 672212000 6
Slate Ck 712712000 2
Sterling nr Mouth 8/10/1999 1
Sterling nr Mouth 10/13/1998 0
Sterling nr Mouth 11/3/1999 0
Thompson Ck 7115/1999 4
Thompscn Ck 2/24/2000 38
Thompson Ck 6/14/2000 g
Thompsen Ck 6/22/2000 3
Thompson Ck 7127/2C00 i
Thompson Ck 8/24/2000 1
WF Williams nr Mouth 5/12/200C 41
WF Williams nr Mouth 6/2/2000 19
WF Williams nr Mouth 6/15/2000 14
WF Williams nr Mouth 6/26/2000 9
WF Williams nr Mouth 7/18/2001 1
Williams Ck nr Mouth 3/3/2000 284
Williams Ck nr Mouth 5/12/20C0 74
Williams Ck nr Mouth 6/2/2000 35
Williams Ck nr Mouth 8/15/2000 21
Williams Ck nr Mouth 2/24/2000 149
Williams Ck nr Mouth Bi26/2000 10
Williams Ck nr Mouth 8/4/2000 3
Williams Ck nr Wil Hwy 5/16/2000 56
Williams Ck nr Wil Hwy 6/2/2000 29
Williams Ck nr Wil Hwy B/15/2000 21
Williams Ck nr Wil Hwy 6/26/2000 15
Williams Ck nr Wil Hwy 8/4/2000 5
4\/\&%@ Ck nr Wil Hwy 811772000 6



LOCATION

Williams Ck nr Wil Hwy
Williams Ck nr WH Hwy
Wiltiams Ck nr Wil Hwy
Williams Ck nr Wit Hwy
Williams Ck nr Wil Hwy
Williams Ck nr Wit Hwy
Williams Ck nr Wil Hwy
Williams Ck nr Wil Hwy
Williams Ck nr Wil Hwy
Yale

Yaie

Yale

DATE
412312001
5/15/2001
5/30/2001
6/19/2001
6/27/2001

7/9/2001
7/19/2001
713012001

9772001

71111999

10/13/1899
117311999

Applegate River Watershed Councit

Discharge

CFS

LOCATION

4/14/2002

DATE

Discharge
CF3



Appendix A.2

Water Temperature



Applegate River Watershed Council Water Temperature

SITE_NAME

APPLEGATE R. AT THE MOUTH OF LITTLE APPLEGATE R.
APPLEGATE R. AT THE MOUTH OF LITTLE APPLEGATE R.
APPLEGATE R. AT THE MOUTH OF LITTLE APPLEGATE R.
APPLEGATE R. AT THE MOUTH OF LITTLE APPLEGATE R.

BEAVER CR. AT MOUTH

BEAVER CR. AT MOUTH

BEAVER CR. AT MOUTH

BEAVER CR. AT MOUTH

BEAVER CR. AT MOUTH

CHENEY CR. AT 2nd BRIDGE

CHENEY CR. AT 2nd BRIDGE

CHENEY CR. AT 2nd BRIDGE

CHENEY CR. AT 2nd BRIDGE

CHENEY CR. AT 2n¢ BRIDGE

CHENEY CR. AT MOUTH

CHENEY CR. AT MOUTH

EAST FORK WILLIAMS AT BROWN RD.
EAST FORK WILLIAMS AT BROWN RD.
EAST FORK WILLIAMS AT BROWN RD.
EAST FORK WILLIAMS AT BROWN RD.
EAST FORK WILLIAMS CR. AT ROCK CR.
EAST FORK WILLIAMS CR. AT ROCK CR.
FOREST CR. AT HAMILTON RD.

FOREST CR. AT HAMILTON RD.

FOREST CR. AT HAMILTON RD.

FOREST CR. AT HAMILTON RD.
GROUSE CR. AT MOUTH

GROUSE CR. AT MOUTH

GROUSE CR. AT MOUTH

GROUSE CR. AT MOUTH

GROUSE CR. AT MOUTH

LITTLE APPLEGATE R. AT MOUTH
LITTLE APPLEGATE R. AT MOUTH
LITTLE APPLEGATE R. AT MCUTH
LITTLE APPLEGATE R. AT MOUTH
LITTLE APPLEGATE R. AT ROAD MILE 2.6
LITTLE APPLEGATE R. AT ROAD MILE 2.8
LITTLE APPLEGATE R. AT ROAD MILE 2.6

Applegate River Watershed Counci!

MAX AT C MAX AT Date

8.4 13-Jul-01
B.2 17-Jun-00
6.7 5-Jul-99
6.6 16-Jul-98
9.3 22-Jun-01
6.1 27-Jun-00
52 18-Jul-99
4.2 27-Jun-98
53 4-Aug-97
3.3 27-Jun-01
3.0 21-Jun-0G
36 5-Jul-99
3.1 28-Jun-98
3.3 24-Jun-97
6.5 20-Jun-01
4.8 25-Aug-00
4.7 7-Jun-01
4.7 27-Jun-00
4.1 18-Jul-29
37 2-Aug-98
36 2-Jul-01
3.6 24-Jul-00
2.3 20-dun-00
2.0 9-Jui-99
71 17-Jun-88
8.1 3-Aug-97
6.2 17-Jun-01
6.1 5-Aug-00
4.4 15-Jul-99
4.8 31-Aug-98
9.9 13-Jul-97
10.5 2-Jul-01
8.1 7-Aug-00
472 16-Aug-99
6.3 3-Aug-98
6.1 20-Jul-00
6.1 18-Jul-89
58 12-Aug-98
4/41/2002

DAYS over17.8C  7:Day Max C

101
84
61
73
14
72
42
43
58
0
11
0
37
25
11
59
60
42
27
55
8
4
0
0
20
50
42
28
3
42
42
92
88
0
69
69
44
61

258
22.5
21.2
21.5
231
22.2
20.0
201
21.5
14.9
18.1
177
19.2
18.4
19.2
21.8
20.7
209
18.0
20.3
18.4
18.2
155
15.4
19.7
19.8
245
213
18.1
2086
16.8
270
254
17.4
227
22.3
20.8
21.8

7-Day Max - Date
9-Aug-01
31-Jul-00
10-Jul-99
20-Jul-98
22-Jun-01
8-Aug-00
25-Aug-99
26-Jul-98
6-Aug-97
29-Jun-01
30-Jul-00
3-Aug-99
28-Jul-98
6-Aug-97
4-Jul-01
8-Aug-00
15-Aug-01
31-Jul-00
25-Aug-99
27-Jul-98
10-Aug-01
8-Aug-00
30-Jui-00
13-Jul-99
21-Jun-98
1-Aug-97
6-Aug-01
8-Aug-00
25-Aug-99
27-Jul-98
21-Jul-97
9-Aug-01
30-Jul-00
25-Aug-99
26-Jul-98
31-Jul-00
4-Aug-99
26-Jul-98



SITE_NAME MAX AT C MAX AT Date DAYS over 17.8C 7-Day MaxC  7-Day Max - Date

LITTLE APPLEGATE R. AT YALE CR. 7.8 26-Jul-01 74 23.8 9-Aug-01
LITTLE APPLEGATE R. AT YALE CR. 5.9 15-Aug-00 56 216 31-Jul-00
LITTLE APPLEGATE R. AT YALE CR. 4.9 22-Aug-98 24 19.5 25-Aug-99
LITTLE APPLEGATE R. AT YALE CR. 4.1 20-Jul-98 29 19.8 27-Jul-a8
LITTLE APPLEGATE R. AT YALE CR. 52 20-Jul-97 2 18.3 6-Aug-97
MUNGER CR. AT KINCAID RD. 3.0 24-Jun-00 13 19.5 8-Aug-00
MUNGER CR. AT KINCAID RD. 2.6 18-Jul-89 0 17.6 28-Aug-99
MUNGER CR. AT KINCAID RD. 4.5 13-Jul-88 5 18.1 6-Aug-98
MUNGER CR. AT KINCAID RD. 2.4 27-Jun-98 13 18.5 27-Jul-98
MURPHY CR. AT BRIDGE 20 4-Jun-01 0 17.5 10-Aug-01
MURPHY CR. AT BRIDGE 2.4 28-Jun-00 0 17.1 8-Aug-00
MURPHY CR. AT BRIDGE 3.4 9-Jul-99 2 18.2 28-Aug-99
MURPHY CR. AT BRIDGE 29 27-Jun-98 20 19.5 27-4ul-98
MURPHY CR. AT BRIDGE 3.3 13-Jul-97 13 18.8 6-AUg-97
PALMER CR. AT PALMER CR. RD. 1.7 16-Jun-01 9 237 20-Jun-01
PALMER CR. AT PALMER CR. RD. 3.0 24-Jul-00 28 18.7 8-Aug-00
PALMER CR. AT PALMER CR. RD. 2.6 1-Aug-99 2 17.9 28-Aug-99
PALMER CR. AT PALMER CR. RD. 2.3 20-Jun-98 39 19.7 28-Jul-98
PALMER CR. AT PALMER CR. RD. 2.9 14-Aug-97 36 19.8 7-Aug-97
SLATE CR. AT MOUTH 4.96 7-Jun-01 a8 22.48 13-Jul-01
SLATE CR. AT MOUTH 5.35 21-Jun-00 93 24 54 30-Jul-00
SLATE CR. AT MOUTH 4.99 23-Jun-99 89 22.81 12-Jul-89
SLATE CR. AT MOUTH 4.74 16-Jul-88 92 24.85 26-Jul-98
SLATE CR. AT MOUTH 4.54 4-Jul-97 89 22.82 21-Jul-97
SLATE CR. AT REDWOOD TAVERN 4.60 20-Jun-01 69 2214 9-Aug-01
SLATE CR. AT REDWOOD TAVERN 4.58 21-4un-00 46 21.48 31-Jul-00
SLATE CR. AT REDWOOD TAVERN 4.66 5-Jul-89 43 19.79 26-Aug-99
SLATE CR. AT REDWOOD TAVERN 4.21 27-Jun-98 69 22.58 26-Jui-98
SLATE CR. AT REDWOOD TAVERN 4.29 13-Jul-97 61 2197 B-Aug-97
SLATE CR. AT ROAD MILE 1.6 4.93 21-Jun-01 54 20.88 8-Aug-01
SLATE CR. AT ROAD MILE 1.6 4.24 20-Jun-00 58 2219 31-Jul-00
SLATE CR. AT ROAD MILE 1.6 462 30-Jul-99 B4 21.10 28-Aug-99
SLATE CR. AT ROAD MILE 1.8 4.46 16-Jul-98 53 21.88 27-Jul-98
SLATE CR. AT ROAD MILE 1.6 4.71 3-Jul-97 50 20.89 6-Aug-97
STERLING CR. AT MOUTH 7.1 5-Jul-89 65 21.1 12-Jul-99
STERLING CR. AT MCUTH 6.8 27-Jun-98 78 22.0 26-Jul-98
STERLING CR. AT MCUTH 7.8 13-Jul-87 79 240 5-Aug-97
THOMPSON CR. AT TALLOWBOX CR. 9.6 1-Sep-01 31 216 1-Sep-01
THOMPSON CR. AT TALLOWBOX CR. 49 27-Jun-00 41 20.5 8-Aug-00
THOMPSON CR. AT TALLOWBOX CR. 5.7 5-Jul-99 47 19.8 25-Aug-99
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SITE_NAME

THOMPSON CR. AT TALLOWBOX CR.

WEST FORK WILLIAMS AT 2455 CEDAR FLATS RD.
WEST FORK WILLIAMS AT 2455 CEDAR FLATS RD.
WEST FORK WILLIAMS AT 2455 CEDAR FLATS RD.
WEST FORK WILLIAMS AT 2455 CEDAR FLATS RD.
WEST FORK WILLIAMS AT CAVES CAMP RD.
WEST FORK WILLIAMS AT CAVES CAMP RD.
WEST FORK WILLIAMS AT CAVES CAMP RD.
WEST FORK WILLIAMS AT CAVES CAMP RD.
WILLIAMS CR. AT CONFLUENCE OF E. & W. FORKS
WILLIAMS CR. AT CONFLUENCE OF E. & W. FORKS
WILLIAMS CR. BELOW POWELL CR.

WILLIAMS CR. BELOW POWELL CR.

WILLIAMS CR. WILLIAMS HWY. BRIDGE

YALE CR. AT MOUTH

YALE CR. AT MOQUTH

YALE CR. AT MOUTH

YALE CR. AT MOUTH

YALE CR. AT MOUTH

Applegate River Watershed Council

MAX AT C MAX AT Date

4.4
4.3
3.6
3.7
3.4
37
35
3.4
2.9
6.3
5.6
8.7
6.7
6.0
49
4.7
4.2
4.5
4.1

2-Aug-98
16-Jun-01
28-Aug-00
8-Jul-g9
2-Aug-98
19-dun-01
27-Jul-00
8-Jui-99
3-Aug-98
13-Jun-01
27-Jun-0C
16-Jul-28
3-Jul-97
7-Jun-01
8-Jul-01
12-Aug-00
16-Aug-99
27-Jun-98
13-Jul-97

4/11/2002

DAYS over17.8C 7-Day Max C

65
28
13
0

19
11
12
0

8

91
74
72
88
95
25
11
0

7

10

213
20.3
19.2
17.3
18.9
18.3
18.7
17.4
186
23.0
22.3
236
21.7
206
206
18.8
17.4
18.5
19.0

7-Day Max - Date
27-Jul-98
10-Aug-01
31-Jul-00
28-Aug-99
27-4ul-98
9-Aug-01
30-Jul-00
28-Aug-99
27-Jul-98
10-Aug-01
8-Aug-00
26-Jul-98
4-Ju-97
5-Aug-01
9-Aug-01
8-Aug-00
25-Aug-99
27-Jul-98
6-Aug-97



Appendix A.3

Water Quality Values



Applegate River Watershed Council Water Quality Monitoring IR : o | | | | y
: | i ' ! ! |

Site Date _ Time T;C Cond pH  Turb D.O: CaCO3 PO4 NO3
APPLEGATE R AT BEAVER CR. __28-Sep-01| 90500 AM,  17.1 ;_____1_2_2_;'_____ 798 31 7.98!n/a 0.02, 0.16
APPLEGATE R. AT BEAVER CR. . 16-Aug01__ 2:54:00 PM!______gz_ni 1071 829 2 904, 56 o} 0.01
APPLEGATE R AT BEAVER CR. | 119601 41100PMI_ 175 882 78] 2[ 876 004 002
APPLEGATE R AT BEAVER CR. . 14-Jun-01 n/a ma_ nla  na ‘n/a na na i
APPLEGATE R. AT BEAVER CR. .. 6:Sep:00, 11:0000AM| _147. 830, 827I 11 9.4in/a n/a i 0.03
APPLEGATE R AT BEAVER CR. o 24-Aug-00, 10°5500AM|  166] 874 832 21 792ma  na | 003
APPLEGATE R. AT BEAVER CR. .. 10-Aug00  B10:00AM 146 793; 831 2 B3jna  nia 0
APPLEGATE R. AT BEAVER CR. | 26-Jul-00 B05.00AM 148 79 3‘ 813 2| 9.08nfa i -0
APPLEGATE R. AT BEAVER CR.  11-Jul-00_ 85100AM. 150 753 8 29/ 1 818'na |mva 0.01
APPLEGATE R. AT BEAVER CR. | 23-Sep-99| 11:15:00AM| 1385 1_00_ 767 3 93 agj 041 0.02
APPLEGATE R. AT BEAVER CR. 1-Sep99,  1:38:00PM, 168 104 847  3; 8. "‘ﬂ 84, 003 O
APPLEGATE R. AT BEAVER CR. ! 16-Aug-99  950:00AM 16 102) 78l 2] 915 68 049 nia
APPLEGATER ATBEAVERCR.  2pug99 121000PM 172 87 804] 2/ 919 64 028] 001
APPLEGATE R. AT BEAVER CR. __20-Jul99  24000PM 189 77 823 1 814 60/ 094 004
APPLEGATER ATBEAVERCR.  8Jul99  94500AM| 143 178 789 1 882 148 023 O
APPLEGATER ATBEAVERCR 17-Jun99 103500AM| %4, 79, 707 2 978] 48 001 001
APPLEGATER ATBEAVERCR 21-5ep-98, 120000PM 114 112, 834 1 1032 72| 043 001
APPLEGATE R. AT BEAVER CR. _12-Aug-98 113000AM| 157 nia | 814, 1 | 932 64| 0.2 nia
APPLEGATER, AT BEAVERCR __310u-98  12000PM_ 178 105] 850 1 , 900  72[ 0.7 001
APPLEGATER.ATBEAVERCR. | 23Ju-88 124500PM_ 169 105 793 1 888 56 015 004
APPLEGATER AT BEAVERCR _13-Jul-98  12:30:00PM, 156 98 803 1 932 54 005 005
APPLEGATE R. AT BEAVERCR. 2-Jul-98.  1120:00 AM|  15.1. 93 812, 2 | 916 64nia 006
APPLEGATE R. AT BEAVER CR. 26-Jun- 98’ 31500PM'  148n/a | 835|n/a ' 8.75§‘Wn/a ~ nfla  0.06
APPLEGATE R. AT BEAVER CR. B  4-Aug-97' 11:10:00AM  17.6;Ma 833Ma 92  se"a e
APPLEGATE R. AT BEAVER CR. ; 3-Jul-971  11:15:00 AM. 16|n!a 7. 89 n/a 10! 62/nfa n/a
APPLEGATE R. AT BEAVER CR. i 24 Jun- 97 10:30:00 AM 20;n/a : 8. 33 n/a 9.5! 61\n/a n/a
APPLEGATE R. AT CANTRALL BUGKLEY PARK _ 1 28-Sep-01 _ 11:58:00 AM| 181 1253, 8‘02_ 2; 8.82/nva . 0.01|n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK ' ~16-Aug-01 nfa in/a n/a na  .nla  nia In/ar 7 jrn/a n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK _ 11-Jul-01 nfa _hia ‘n/a n/a nfa_ }nlgf In/aw na  nfa
APPLEGATE R. AT CANTRALL BUCKLEY PARK 14-Jun-01 2:35: 00 PIVI 217 1333 8.14 2‘ 9.12; 80 0.14, 0.056
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Site Date Time T;C Cond pH Turb D.O. CaCO3 PO4 NO3
APPLEGATE R AT CANTRALL BUCKLEY PARK (6-5ep-00.  2:00:00PM__ 17.4; 98, Q| _ 886, 2 10.8|n/a nfa nfa
APPLEGATE R, AT CANTRALL BUCKLEY PARK | 24-Aug-00, 1230:00PM| 184! 1098 ~ 826, 4] 898nfa  |na | 0.04
APPLEGATE R. AT CANTRALL BUCKLEY PARK | 10-Aug-00 _ 12:00:.00PM 174  96. 4| 853 1 932jna na 002
APPLEGATE R. AT CANTRALL BUCKLEY PARK ©26-Jul-00.  11:25:00 AM. 77_,1,7'? 95, 0§33r 2, 964/ |va | 002
APPLEGATE R. AT CANTRALL BUCKLEY PARK © 11-Jub00) 12:30:00PMI 172 1024 821 1‘ 906na ‘na 0
APPLEGATE R. AT CANTRALL BUCKLEY PARK | 22-Jun-00  9:20:00AM__ 152 1290, 765 2 10ina  wa 003
APPLEGATE R. AT CANTRALL BUCKLEY PARK =~ 23-Sep-99 _ 8:57:.00 AM| 12& 11 7_-6{ _ 2F8 28| 70, 047, 0.08
APPLEGATE R AT CANTRALL BUCKLEYPARK _ 4-Sep-99, 2:10:00PM| _ 174! 116 848! 2| 882 68 0.11 0
APPLEGATE R. AT CANTRALL BUCKLEY PARK 16-Aug-99 _1245:.00PM 182 117} 81 2. 9-72. 85 02n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK 2-Aug-99  11.05:00AM 1615 104 [SAT— 9-95} 70, 041 002
APPLEGATE R. AT CANTRALL BUCKLEY PARK 20-Jul-99  9:3D:00AM. 163 92' 759 2| 818naa | 059 0.03
APPLEGATE R. AT CANTRALL BUCKLEY PARK _8Jul-99]  1:10:00PM! 175 @1 733 2 904 60 001 O
APPLEGATE R. AT CANTRALL BUCKLEY PARK  17-Jun-99'  3.4500PM, 159 93 791, 4. 9 38‘n/a 018! 003
APPLEGATE R AT CANTRALLBUCKLEYPARK " "12.aug.08  &55:00AM  150ina _ 7.93] 1 | 906 133 01ljna
APPLEGATER AT CANTRALLBUCKLEYPARK | 31.uie8] 20500PM 196 127| 836 1 900 _168na 002
APPLEGATE R. AT CANTRALL BUCKLEY PARK = 23.4y1- -98  1:30:00 PM 195 139] 827 1 864, 88| 0.19n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK 43.Ju-98  12000PM_ 175 130 815 1 900 80 016 0.05
APPLECATER.AT CANTRALLBUCKLEY PARK 2yl98  93000AM| 151 3 775 3 952 B4ma | 007
APPLEGATE R AT CANTRALL BUCKLEY PARK ~15-Jun-98,  2:05:00PM|  16.0 1181 843 4 850/ 76nfa  nla
APPLEGATE R. AT CANTRALL BUCKLEY PARK _ _I________-ﬁgg 97| 9:00:00 AM. 153 n/a 794iMa 1 g3 g2 na nia
APPLEGATE R AT CANTRALL BUCKLEY PARK | 24-Jul97|  930:00AM  qgpina Bos(Ma | o3 7 |va
APPLEGATE R. AT CANTRALL BUCKLEY PARK 14-Jut-97  11:10:00 AM« ~ 19.3In/a | 83na 92 nana  na
APPLEGATE R. AT CANTRALL BUCKLEY PARK 3-dul- 97 93000 AM 13.5n/a i 8.15nfa 7i 67 n{a n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK i 24-Jun- 97‘  9:30:00 AM 13. Sin/a 8.15nfa | 7‘ 67|n/a n/a
APPLEGATE R. AT CANTRALL BUCKLEY PARK | 18-Jun-o7 _9:30:00 AM 144ma  7g3nla g5 70na  nia
APPLEGATE R. AT FISH HATCHERY PARK 28-Sep-01) 1 _-44-QDEM%,J§,-§4_ 165, 21‘ __.7»._5_59_;_________ﬂ___%;‘é_?__ va | 003 005
APPLEGATE R. AT FISH HATCHERY PARK ~ 16-Aug:01 9:45:00 AM, 233 1996 822, 3| 69 78‘ 0 017
APPLEGATE R. AT FISH HATCHERY PARK SN N EN YT B 10:15:00AMy  222: 1776 7. 9l 2| 714 nia nia ! nfa
APPLEGATE R. AT FISH HATCHERY PARK . 14-Jun-01  9:56:00AM| 202 1776 783 2 852in/a inla [nja
APPLEGATE R. AT FISH HATCHERY PARK ~ © 23-Aug-00. _ 1:00.00PM|  20.5, 1240 731, n/a - 8.52|n/a nfa 006
APPLEGATE R. AT FISH HATCHERY PARK __ 10-Aug-00,  12:40:00 PM. 22‘_13____ _10_8‘91 774, 2T §t§in/a i_n_;'_a 008
APPLEGATE R. AT FISH HATCHERY PARK 26-0u-00 31500 PM. 232 114.2; 776 1 8.36|n/a lnfa . 0.03
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Site Date Time T,C Cond pH Turb D.O. CaCO3 PO4 NO3
APPLEGATE R. AT FISH HATCHERY PARK 10-Jul-00; 12:0000PM 207 1296, 8 07 72‘ 9.82|n/a in/a” oo
APPLEGATE R. AT FISH HATCHERY PARK 27-Jun- 00' 12:49.00PM|  21.5] 131 1i ] 24_1 72&77@.74@:;1/3 Infa_ 007
APPLEGATE R. AT FISH HATCHERY PARK | 14-Jun-00, _2:1000PM 206 1420 n!a N 3 925n/a _Fga nfa
APPLEGATE R. AT FISH HATCHERY PARK . 29-Sep-99° 124500PM| 131, ) 819|____ _ 1! 104 86 021] 001
APPLEGATE R. AT FISH HATCHERY PARK | 24.Aug-98 11:30:00 AM 1985 774 1.8 99| 74, 0291 002
APPLEGATE R. AT FISH HATCHERY PARK ___:____ 10-Aug-69| 12:0500PM| 214, 129] 8__0_4_1 1| 898 60_! 018 O
APPLEGATE R. AT FISH HATCHERY PARK _ 28-Jul-99°  11:40:00 AM 203 126 734 2 846 76 0718 0
APPLEGATE R AT FISH HATCHERY PARK 14-Jul-99  11:40:00 AM. ,,71@1} , _ 715 1] 878na | 028 003
APPLEGATE R. AT FISH HATCHERY PARK  29-Jun-99] 15500 AM\ 207 2. 88 85 0.28] 005
APPLEGATE R. AT FISH HATCHERY PARK ~ 18-Jun-99° 12.307.9079@,%, 154 10 7757 3 934jva | 021 001
APPLEGATE R. AT FISH HATCHERY PARK __ 28 Sep 98+ 121571OQEMj, | 165‘ T 854 1 ‘10 00 8| 035 001
APPLEGATE R. AT FISH HATCHERY PARK . 28-Aug-98l _12115:00PM: 199 813 1 ;,8 72 _89a  nia
APPLEGATE R. AT FISH HATCHERY PARK. 17-Aug-98  3:30:00PM; 208, 813 1 [ 926 90na  |na
APPLEGATE R AT FISH HATCHERY PARK 7-Aug-98 10:1500AM 198 C ot saop ez 010 00
APPLEGATE R. AT FISH HATCHERY PARK 28-Jul-98.  10:10:00AM 217 7 75+ 2 | 860° _ 80[na  na
APPLE_(%_ATE R. AT FISH HATCHERY PARK 17-Jul-98 10:10:00 AM' 202 795 3 3 856, 76 0.17 01
“owss soomew 22 o sx 3 sk ® o0& oo
APPLEGATE R. AT FISH HATCHERY PARK | 27-qun- gj 32000 PM 73 817 4 | 9A14l” %0/ 030 005
APPLEGATE R. AT FISH HATCHERY PARK 18-4.9.[1:9_8___ 1100509%,,, 18 4' 823 4 - 980 8 017 O
APPLEGATE R. AT FISH HATCHERY PARK 17-Sep-97.  11:1500AM, 16, 5'”’8 . 74208 g gsiMa Ve
APPLEGATE R. AT FISH HATCHERY PARK  21-Aug- 97i 12:42:00PM 219, nia 817 n/a T 92 104N nfa
APPLEGATE R. AT FISH HATCHERY PARK _ 8-Aug-97  11:00:00 AM: 21 6‘”’3_ gosMa 8.8 ggMa na
APPLEGATE R. AT FISH HATCHERY PARK 14-Jul- 97 10:40:00 AM' 20.2/n/a 7.8.nfa i QOi _86 n/a n/a
APPLEGATE R AT FISH HATCHERY PARK 3-Jul- 97| 10:43:00 AM 201, n/a 809 na | 92 104 |n/a n/a
APPLEGATE R. AT FISH HATCHERY PARK 24-Jun-S7! ¢ f‘,?,?‘i‘i’,‘”i,, 17 8lnia 775na 87, 104na nia
APPLEGATE R. AT GRAYS CR. ) 29 Sep:99  111500AM 128 782 2 11 88 016 0.2
APPLEGATE R. AT GRAYS CR. _______24_-_Aug-994_g§5.00 PM! gog 818 1 ,9.361 64! 089 001
APPLEGATE R. AT GRAYS CR. - 10-Aug-99  1:30:00 AMI 216 837 1 9.73@% 80 05 0O
APPLEGATE R. AT GRAYS CR. ) L 28-Jul-99) 124500PM 21 807 2858 64 015 O
APPLEGATE R. AT GRAYS CR. L _ 14-Jul-909| 1g_L§g@E{_r\_n_L 191 , 7.25i 1] 8.98 n/a . 016 003
APPLEGATE R. AT GRAYS CR 29-Jun-99  3:40:00 AM| 20,@3;”,7 | 1.8585 70 023 0.04
APPLEGATE R. AT GRAYS CR. 18-Jun-99.  11:00:00 AM,  14.8 7.5 3 0.87in/a 0.07| 0.01
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Site Date Time ~T;C  Cond pH Turb D.O. CaCO3 PO4  NO3

APPLEGATER ATMOUTHLITTLEAPPLEGATER.  28Sep0ifva  nfa  nwa [va ___lna jnfa ina  |va na
APPLEGATE R. AT MOUTH LITTLEAPPLEGATER. | 16-Aug-01 317 Q0PM___ 24 1189° 867 2 882 74 001 004
APPLEGATE R. AT MOUTH LITTLE APPLEGATER. ' 11-Jul-01_ 3:51:00 PM_____29£,_______1_10-7L 809 2 884 "!f___a__ ey Q03004
APPLEGATE R. AT MOUTH LITTLE APPLEGATE R. . 14-Jun-01)  44300PM___21. 4i S 121 833 2‘%‘ e 0B 0.1, 0.02
APPLEGATE R. AT MOUTH LITTLE APPLEGATER. 1 24-Aug-00 _11:50:00 AM,  17.01 91 834 2 834na  nfa | 003
APPLEGATE R. AT MOUTH LITTLE APPLEGATER.  10-Aug-00; 10:2000AM 160, 866 _ 839 1| 858nva  |ma  0.04
APPLEGATE R. AT MOUTH LITTLEAPPLEGATER. _ 26:Jul-00| 9:05:00AM. 147/ 795 817, 1) 954na  |nfa 004
APPLEGATE R. AT MOUTH LITTLE APPLEGATER.  11-Ju-00, ~ 9:24:00 AM{ 146 799 812 1 948n/a 'nia 0.01
APPLEGATE R. AT MOUTH LITTLE APPLEGATER. | | 22-Jun-00 _ 14000PM 180 1100 L8291y 924 n/a 0.01
APPLEGATE R. AT MOUTHLITTLE APPLEGATER. | 23-Sep-99  9:40:00 AM 12;_7_51__________19_5_+_ e 2 83 80 052' 0.02
APPLEGATE R. ATMOUTHLITTLE APPLEGATER.  1-Sep-99| 12:40:00 PM 18] __1_9§_i_ 8.38 3796 9% 0121 0
APPLEGATE R. AT MOUTH LITTLE APPLEGATE R, 16-Aug-99  1:20:00PM 184 102, 813 2 947 71, 0418 n/a
APPLEGATE R AT MOUTHLITTLE APPLEGATER, __ ___ 2-Aug-99. 310:00PM 195 92 852 2| 884 na | 023 002
APPLEGATE R. AT MOUTH LITTLE APPLEGATE R, _l . 20-u-99; R 1@93:\/1 18.5. 81 824 2 852 84 025 005
APPLEGATE R. AT MOUTH LITTLEAPPLEGATER. | 8-Jul-99, 124500PM|  17.3 76 792 29 38$ 34 008 005
APPLEGATE R AT MOUTHLITTLEAPPLEGATER. ™ 24.5ep-98  9:15:00 AM 102120 831 3 |1002  70wa ina
APPLEGATER ATMOUTHLITTLEAPPLEGATER. 12.Aug.98  925:00AM _ 148nva 804 1 . 970 65 0.13|na
APPLEGATER ATMOUTHLITTLEAPPLEGATER.  31.yu-98  12.30.00PM 16| 97, 850, 1 638 68 056| 001
APPLEGATER ATMOUTHLITTLEAPPLEGATER. 23,u.08  11:3000AM 180 116, 751 1 _ 848 72 032 008
APPLEGATE R ATMOUTHLITTLE APPLEGATER. 43.y4.98] 11.1500AM. 159 89/ 821 1 | 924 64| 0.13, 0.05
APPLEGATE R. AT MOUTH LITTLE APPLEGATER. ’ 20098 G4000AM 152 90 808 1 | 746 70| 027 004
APPLEGATE R ATMOUTH LITTLE APPLEGATER. | 4-Aug-97  12:00:00 PM _______1__7_&’_8___"__ g43Ma g5  77Ma  |na
APPLEGATE R AT MOUTH LITTLE APPLEGATE R.  24-Julo7  11:3000AM| qg3nia = gagnia ,975; g4 nfa  nia
APPLEGATE R. AT MOUTH LITTLE APPLEGATER. _ 14-Juk 97, 11:5000AM  178na 87n/a . 93 n/a na  va
APPLEGATE R. AT MOUTH LITTLE APPLEGATE R. 3~J.u|-97! 2:40:00 PM. ____ﬂi_rjfa o _8-28 nfa 8‘7 - 73nfa Inja
APPLEGATE R ATMOUTH LITTLE APPLEGATER. | 18-4un-97  10:40.00AM 14472 2™ o  esMa |na
BEAVER CR ATMOUTH | 28-Sep-01  84500AM 146 3099, 755 5 78lna . 02! 003
BEAVERCR ATMOUTH 6Augdina W va e (@ na na e
BEAVERCR ATMOUTH . 11-4ul01 n/a M na__ Ma  na na wa  |va na
BEAVER CR. AT MOUTH . 14-Jun-01 _4:57:00 PM| 188 3865 796  1nfa . 250 021 006
BEAVER CR. AT MOUTH . 65ep00l 10:5000AM' 124 2750{ 822 1 _94na__ nja |na
BEAVER CR. AT MOUTH 24-Aug-00| 105500 AM 163 3074 825  3i 878n/a nfa___ | 005
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Site Date Time T;C Cond pH Turb D.O. CaCO3 PO4 NO3
BEAVER CR. AT MOUTH ) - 10-Aug-00; 7.55:00 AM|  16.9] 7308.(}‘_____8._27_'1 747'+771§3;{1An/a Avja_ | 005
BEAVER CR. AT MOUTH - | _26-ul00  7:0400AM 147 2070, 818 1 884na nia  0.05
BEAVER CR. ATMOUTH 11-Jul-00,  8:31:00AM| 135 2890 830 1| 92k nfa | 0.06
BEAVER CR. ATMOUTH 22-0un00,  1:30:00 PM 194 3390 817 2 828na na 003
BEAVER CR. AT MOUTH 23-Sep-99  11.0000AM, 145 388 795 1) 9.12] 158 072 0.03
BEAVER CR. AT MOUTH ) 1-Sep-99  230:00PM. 164 387, 821 10 666 196  0.13  0.02
BEAVER CR. AT MOUTH - ) 16-Aug-99  940.00AM 137 387 799 1 9.16 224|  0.64|n/a
BEAVER CR. AT MOUTH 2-Aug-99°  12:00:00 PM'ﬁ,,J@.ai 360 7.97 3] 892 185] 084] 002
BEAVER CR. AT MOUTH  20-Ju-99] 2:40.00PM 188 341 817 1 594 206 078, 004
BEAVER CR. AT MOUTH 7 | 8Juk99  9:30:00AM: 124, 200 7.94] 1) .38 182 0.32] 0.04
BEAVER CR. AT MOUTH ) L © A7-Jun-99, 10.0300AM| 147 370 798 1 874 196 0.37| 0.01
BEAVER CR. AT MOUTH )  215ep-98  113500AM 125 379/ 866 _ 1 9.66] 210 065 po2
BEAVER CR. AT MOUTH B 12-Aug-98;  11116:00 AM| _16.4/n/a 817 o 872 168Bna na
BEAVER CR. AT MOUTH i 31-Jul-98|  1:30:00PM 182 361 859 1 9.40 1aoi 032 004
BEAVER CR.AT MOUTH - 23.Ju-98  1230:00PM 187, 361 _ 829 1 | 856 172 |ova
BEAVER CR. AT MOUTH ) o 13-Jul-g8; 12:15.00 PIVI‘ 167" a1y 824’ l 894 190, 0.38. g7
BEAVER CR. AT MOUTH 1 2-4ul-98] 111500 AM _14.0_"7”%258| 826, 2 - 938 20,2,,i 049 906
SLATE CR. AT MOUTH . 15-Jun-00 __1:45:00 PMi 20 o\ 1532 747 1] 846 |
BEAVERCR.ATMOUTH L . 26-Jun-98]  3.4000PM! 133'nfa 4 823n/a  9.54/n/a 05 gop
CHENEY CR. AT 2nd BRIDGE N | 14-Jun-01]  9.07:00AM 133 810 647 ,77779#”7.4_ 45| 0.13] 0.07
CHENEY CR. AT 2nd BRIDGE © 23-Aug-00__ 11:55:00 AM| _ 158] 640  585/na . 652na  nla |na
CHENEY CR. AT 2nd BRIDGE - 10-Aug:00  121500PM| 170 590, 605 1 67va  na 007
CHENEY CR AT 2nd BRIDGE . w0 1so00pw 12 sssl 822t 7dsla e | 002
CHENEY CR. AT 2nd BRIDGE . 10-Julk00  12:15:00PMi 147 618 _ 748 1. 826n/a 'nfa ' 004
CHENEY CR. AT 2nd BRIDGE ) ¢ 27-qun-00; 11:31:00AM’ 150 50.5; _7.04na | 7.82/n/a nfa | 0.05
CHENEY CR. AT 2nd BRIDGE ) ' 14-Jun-00°  1:50:00 PMlnfa__ | 790 695 1! 91na  nla 1| 0.02
CHENEY CR. AT 2nd BRIDGE o  29-8ep-99.  13500PM 122 ___6_7_’_1-___ 723 1. 5,752!, 40. 002 021
CHENEYCR AT2nd BRIDGE | 24-Aug09 110000AM, 16 65| 648 1 7se 48] o024 o002
CHENEY CR. AT 2nd BRIDGE. | 10Auwg9s 112500AM 61 68 671 1 755 40| 022 001
CHENEY CR. AT 2nd BRIDGE -  28Jul-99; 11:0000AM' 157 67 615 1 79 600 035 O
CHENEY CR. AT 2nd BRIDGE o 14—Ju|—99J§r 11:0500AM 144 52 643 1 834na . 02 002
CHENEY CR_AT 2nd BRIDGE | 20-Jun-99  110:00AM 151 53In/a 11 89 40 032 0
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Site Date Time T;C Cond pH  Turb D.O. CaCo03 P04 NO3
CHENEY CR. AT 2nd BRIDGE ] . 18-Jun-99 1;17@977/3\[\/[_‘_____1_1}.8@”77_7777575; 699 18 88/ na | 0
CHENEY CR. AT 2nd BRIDGE ) | 28:Sep98  14800PM; 141, 71 695 1 | 820 58| 0.55 r/a
CHENEY CR. AT 2nd BRIDGE " 28Aug98  114500AM 166 70, 696 O , 778  48na |
CHENEY CR. AT 2nd BRIDGE 7 i7auges’ zoocopM__173]  e7 700l 1 722 daa s
CHENEY CR. AT 2nd BRIDGE | T-Aug-98  9:00:00 AM._ 16 0 70jva 1|7 60 42| 016 n/a
CHENEY CR-AT 2nd BRIDGE 28Jul98_11:00:00AM| 170 72 699 1 814 46na  |na
CHENEY CR. AT 2nd BRIDGE - . A7ul98 1T1500AM, 155 71 704 1 |7 84 44| 021
CHENEY CR AT 2nd BRIDGE . . BJul98  34500PM| 771 es 697l 1 800, 45 033)na
CHENEY CR. AT 2nd BRIDGE . 27-Jun-98  4:30:00PM 143 69] 714 1 | 838 50| 0.27 n/a
CHENEY CR. AT 2nd BRIDGE - . 18Junes| 3:00:00 PM| _141‘ wé?ér; 708 1 } 836* a8l 03102
CHENEY CR AT LITTLE CHENEYCR. - 2§§§p—99________1:10;DQEM; 134, 108|722, 1 7 60| 02 003
CHENEY CR. AT LITTLE CHENEY CR. | 24-Aug-99, 104000AM| 165 82 84 1 722 56 021] 003
CHENEY GR. AT LITTLE CHENEY CR. .  10-Aug-99. 10:40:00 AM,  16.8, 85 6925 1 753 40| 031 001
GHENEY CR. AT LITTLE CHENEY CR. B  28.Jul-99| 1050:00AM! 165 88 elg_j_______ 1 93 48 019 0
CHENEY CR. AT LITTLE CHENEY CR.  14-Jui-99° 10:40:00 AM. 148, 67 675 1] 824nla 025 0.02
CHENEY CR. AT LITTLE CHENEY CR. B  29-Jun-99, 124500PM, 156/  63na 1 872 50 0.38| 0.01
CHENEY CR. AT LITTLE CHENEY CR. - 18-Jun-99] 124B00PM 149 74 705 1\ 8.96| 'z |..025 0
CHENEY CR. AT MOUTH o 23-Aug-00  11:30:00AM| 172  530° 6. 30na | 608nfa  nfa_ Inia
CHENEY CR AT MOUTH ., 1C-Aug- OOI 11:40:00AM° 188 880, 677 1,;1-,581“3 _na o nia
CHENEY CR. AT MOUTH | 26-Juk00. 12:30:00PM_ 177, 850  7.07| 1 806na nfa  |n/a
CHENEY CR. AT MOUTH  {0-Jul00  123500PM 158 74 1,755 1 934|nfa wa  nia
CHENEY CR. AT MOUTH . 27-Jun-00'  11:08:00 AM, 158 69 8|_ 697 1 994'n/a Ina  |wa
CHENEY CR. AT MOUTH - ~ 14-Jun-00.n/a ; 154/ 850 733 2 928‘n/a ~ nia nfa
EAST FORK WILLIAMS CR. AT BROWNSRD. ~ 28-Sep-01__ & 16:00 PM__ 154 1287 786 3] 818nfa 006 004
EAST FORK WILLIAMS CR_AT BROWNS RD. 16-Aug01 11:5800AM| 1911 131.0 794 1 B8.16, 7612 009
EAST FORK WILLIAMS CR. AT BROWNS RD. 11-Ju-01  123800PM 168  1415] 739 3 _7_._5_{_!;1/3 I 0.16] 0.07
EAST FORK WILLIAMS CR. AT BROWNS RD. 14-Jun-01  1259:00PM: 161 1525 764 2 876 40 009 002
EAST FORK WILLIAMS CR. AT BROWNS RD. - 2-Au_g-00; 105:00PM 162 1110/ 7.92\nfa | 86n/a A  na
EAST FORK WILLIAMS CR. AT BROWNSRD. | 9-Aug-00 _ 1:00:00PM| _ 19.0 073 773 1| 802na 0.05
EAST FORK WILLIAMS CR. AT BROWNS RD. ~ 25-Jul-00; _1:2000PM| 187 1213, 782 0 75na_ 'na 0.06
EAST FORK WILLIAMS CR_ ATBROWNSRD. __ 10-Jul-00  10:05:00AM 140 1125; 801 2 LiB.QBin!a_ ~ nla 002
EAST FORK WILLIAMS CR. AT BROWNS RD.  27-Jun-00. 3:00:00PM, 181 1055 787 1| 9.36'n/a na__ 003
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Site Date Time T, C Cond pH Turb_ D.0. CaCO3 PO4 NO3
EAST FORK WILLIAMS CR. AT BROWNS RD. 15-Jun-00. 10:17:00 AI\_AM___UO.Q 753 1 95 n/a}n/a _ ‘n/a
EAST FORK WILLIAMS CR. AT BROWNS RD. _ 24-Sep-99.  10:30:00AM| 145 164 ,,,,J:Z_, 3,868 98 072 008
EAST FORK WILLIAMS CR AT BROWNSRD.  2:8ep99. 11:05:00AM__ 13.4: 158% 726 2 912) 92 037, 0
EAST FORK WILLIAMS CR. AT BROWNS RD:_ _ 17-Aug-99; 12:00:00PM__ 166 150, 75 1 726 _ 100  063:n/a
EAST FORK WILLIAMS CR. AT BROWNS RD. .. 4-%3@93,719;4?200 AM - 16.7 "44 745 1. 788i_. _85 059 004
EAST FORK WILLIAMS CR. AT BROWNS RD. .. 22-Jul-99: 102000AM 151 105l 716 1 914, 88 065 0.03
EAST FORK WILLIAMS CR. AT BROWNS RD. . 9-Jul99  92500AM. 128 88 7.24% 2 932 80 044 001
EAST FORK WILLIAMS CR. AT BROWNS RD. | 21-Jun-99  1.40.00PM__ 136 92 733 2 954 66 025 002
EAST FORK WILLIAMS CR. AT BROWNS RD, | 31-Aug88  12:18:00PM 178 1650 779 1 794" %4 067 nia
EAST FORK WILLIAMS CR. AT BROWNS RD. | 21Aug98  307:00PM 188, ______7__5_1_5_______7-6‘,‘; 182 % na
EAST FORK WILLIAMS CR. AT BROWNS RD. _11-Aug:98  120000PM| 175 1241 778 1 802 B0  g13lna
EAST FORK WILLIAMS CR. AT BROWNS RD. 30-Jul-98: 25200PM 201 131 779 mj - Tee 84 nia nfa
EAST FORK WILLIAMS CR AT BROWNSRD. ~ 20Ju-98| 112600AM 167 140 786 2 8401 B4 023
EAST FORK WILLIAMS CR. AT BROWNS RD. L BJu-oe) T00COPM| 169 84 7 %4 1 814 B4 g5
EAST FORK WILLIAMS CR. AT BROWNS RD. . 26-Jun-98)  12.0000PM| 117 113 __ 767 L,,ﬁ 954 _8nia nla
EAST FORKWILLIAMS CR ATBROWNSRD. | 15:Sep87  1:4000PM|  147/Ma 799mMa g  goma na
EAST FORK WILLIAMS CR. AT BROWNS RD. | .26-Aug:97  35500PM  16.3|1/2 7568 g4 gana i
EAST FORK WILLIAMS CR. AT BROWNSRD. _14-Aug 97 1:40:00PM, 203[7a 786Ma  goma  na  ni
EAST FORK WILLIAMS CR. AT BROWNS RD. . 1-Aug-97  2:22T.00AM  1g4|nfa 8 ”faw; 8.6 _______1__02_&”’8 i”/a
EAST FORK WILLIAMS CR. AT BROWNS RD. Lo 9T 21500PM 172 79na . 88 87 va
EAST FORK WILLIAMS CR AT BROWNSRD, | 18-Jun- 97| 1:30.00AM - A7.0inia 794nja | 85 84n/a l“"”'
FOREST CR. AT HAMILTON RD. o . 28-Sep- o1| 11:32:00 AM. 155 B 2365 741 2| 562na | 023| 0.06
FOREST CR. AT HAMILTON RD. ) 16-Aug-01!  1:20:00 PM, 716.""[7173('37‘].4; 783| 1] 602 136 0.4; 015
FOREST CR. AT HAMILTON RD, - 11-Jul-01]  2:0500PM.  153' 3308 638, 2| 658 n.’a__ 006 0.03
FOREST CR. AT HAMILTON RD, ) __14-Jun-01) _ 2:22.00 PM. 154, 3480, 689 1) 812 200/ 017 024
FOREST CR AT HAMILTONRD. o . 6:Sep-00'  230:00PM 151 2250 685 1| 72inia_ nla 055
FOREST CR. AT HAMILTON RD. B __24-Aug-00] 12:42.00PM: 166 2395 694 1 7.56|n/a nfa 055
FOREST CR. AT HAMILTON RD. - _}___jp_-Aug;gQi_J 150:00AM, 157 2404 722, 1! 7Alna Inja 046
FOREST CR. ATHAMILTONRD. - .26-Ju-00  110500AMi 158 2360 724 1 782 ma  nia } 0.55
FOREST CR. AT HAMILTON RD. ) 11-Jul-00 _ 12:40:00PM.  15.3; 2414 708 1 852na in!a | 055
FOREST CR. AT HAMILTON RD. 22-Jun-00  9:00:00 AM: 139, 3480 692 1; 7.48.n/a }n/a | 054
FOREST CR. AT HAMILTON RD. 23-Sep-99  8:36:00AM 139/ 297 6.9 . 6.16 110{ 0.62° 0.34
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Site
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GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH

GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH

GROUSE CR AT MOUTH
GROUSE CR AT MOUTH
GROUSE CR AT MOUTH

GROUSE CR AT MOUTH

Date Time T;C . Cond
 1-Sep-99.  22500PM. 16 147 3 4040
16-AUg-09  1:00.00PM _ 17.9. 298 1,102
| 2-Aug-99  1045:00AM 156 305 .2 744
_20Jul99 850:00AM 145 248, 74 1 7.18]
__ B-Jul98  12500PM 158 248 3842
. 17-un-99|  40500PM _ 158 328 707, 1 88na
__21Sep98  B4500AM_ 135 313 1., 7.9,
. 12-Aug-98|  83500AM__ 140ina 695/ 0 - 7.10,
. 31Juk9s 14500PM| 170] 335 708 1 . 80O
[..23-Jul98  1:0000PM 175 383, 707| 1 . 868
13-Ju-98  1:00:00PM___ 17.4] 339 0 | 874
 2-Juk88__10:00:00 AM|  155{ 281, 730, 1 | 860
 16-Uun-98_ 11:30:00AM|  14.7; 333 2 838
 6:8ep-00, 1250:00PM 123! 2090 1 96na
24-Aug-00°  2:55:00PM,  17.00  273.0] _ 8 1) 748
10-Aug-00/  8:50:00AM 155 1947 82 4 81
| V-JUR0D] 104300AM 147 1976 835 2 9.34/ma
|26-Jun-00  4:1600PM; 184 2226 L 4 65ma
22-J_p_n-0{) 11:11;00A_N_1§ 14_:_7% 202.0w 8, _4; 8.74{17/37
_4_______2_?3~_S_ep-99 1:30:00 F’M 14.95} 4&1 ” 863
1-Sep-99  1143:00AM. 117 _ 283 3 59
16-Aug-69  11:26:00AM. 138 _ 278  7.95 1 914
2Aug-99  22500PM 185 395 74 2 676
_20ul99. 1140:00AM _ 152, 242° 81 2 882
| 8-Jul-99° 120000PM__ 125 180 4, 818,
 17-Jun-99.  2:1500PM 139 184) 4 914lna_
_21-Sep-98'  12500PM 119 226 ‘9.39!
. 4Sep98  84500AM 157 207 846)
. 25-Aug98  10:00.00AM| 136, 307 834 3 894
L 13-Aug-98  9:1500AM| _ 162 303 @ | 6.84
| 3Aug98  10.40:00AM 162, 236 - 8.10,
23-Jul-98' 11:50:00 AM  17.4 280, 828

n/a

|n/a

nia
n/a

na
n/a

Turb D.O. CaCO3 PO4 NO3

035 033
0.47 nfa

0.98- 0.33
0.57 0.31
021 024
0.27 0.15
045 15

172 nia 008
168

0.43. 015
0.54] g45
04 016
0531 015
039 g4
n/a
0.05
0.05
. 002
002
0,03
051 009
0.29] 0.02
0.56_‘{)/:_;1_
02| 0.03

10.43) 0.01

028 O
025 0.06
076 03
0.44i 0-,.@“.

037/ g8

086l g0

031 005
0.94 013
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Site Date Time T;C Cond pH Turb D.O. CaC0O3 PO4 NO3
GROUSE CR AT MOUTH , 13.0u-98] _123500PM 148 171] 824 5 | 842l 13| 045 007
GROUSE CRAT MOUTH . 2-Juk98’ 110500AM; 131 162 806 3 920, 130 919 0,05
GROUSE CR AT MOUTH . 20Jun-98  10:1500AM° 103 182 821 6 ;976 124 035 o002
GROUSE CR AT MOUTH  12sep97, 11500PM,  15Ma 781|v@ 90 e0a  na
GROUSECRATMOUTH 1gAug97 12000PM, 179" 522  go  pfona |na
GROUSE CRATMOUTH ~ 4-Aug-97 ~ 32000PM| _ 198{™a 817N 84|  fggMa na
GROUSE CR AT MOUTH . 24-Jul-g7  12:55:00PM q7gn/a . gpsna . 78 174|n/a n/a
GROUSE CR AT MOUTH U 440ul97. 14500PM. 169ma | 8.45na J B8nia  Inia  nia
GROUSE CR AT MOUTH - 3Jul-e7l T 2:1500PM 156/n/a :© 814lna | 8O0 144lna n/a
GROUSE CR AT MOUTH %"7"272514?@7"? 2:15:00 PMT""""?%"FI; T 814nia ‘nfa  n/a nfa  |na
HUMBUG CR. AT RT. 238  24-8ep-99]  214:00 PM. 183 143 829, 5 842 128 049 01
HUMBUG CR AT RT. 238 _ 17-Aug-99  2:10:00PM. 209 227] 84 | 788 156]  0.7|v/a
HUMBUG CR. AT RT. 238 i 4-Aug-99) _22500PM| 226 217 813 5 74 128 064| 004
HUMBUG CR. AT RT. 238 22-Ju-99 _13500PM, 202 208, 797 5 848 120, 032 005
HUMBUG CR. AT RT. 238 9-jul-99 _ 2:2000PM__ 207 284, 812, 4 782  19%| 07 009
HUMBUG CR. AT RT. 238 21-Jun-99  3:5200PM, 177,  346] 811 3| 738 184] 077 0.09
JACKSON CR. AT MOUTH . 298ep-99 122500PM: 155 145! 731 8 6.16, 90!  043| 017
JACKSONCR ATMOUTH 24-AUg:99  121000PM: 1775 137 6915 1 48 84 051 005
JACKSON CR ATMOUTH . 10-Aug-99' 122500PM} 177 120 705 1 656 80 024 0.01
JACKSON CR. AT MOUTH . 2BJu-99, 11:25:00AM| 18, 131, 684, 1| 77 76] 029 008
JACKSON CR. AT MOUTH . 14-Jul-99. 11:30:00 AM 17 99, 658 1) 798ma | 026, 0.08
JACKSON CR. AT MOUTH . 290un-98'  1:3500PM 164,  87na . 1 876 60 042| 002
JACKSONCR.ATMOUTH  18-Jun99: 12:20:00 PM, 152| 99 728 1 894ma 03] 0
LITTLE APPLEGATE R. AT TUNNEL RIDGE _ 23-.Sep99 120000PM| 13, 221 805 2 882  140] 058 003
LTTLEAPPLEGATER. ATTUNNELRIDGE ~  1-8ep-99| 10:00.00AM 95  212) 825 5 467 101 026 O
LITTLE APPLEGATE R. AT TUNNEL RIDGE 16-Aug-99, 10:35:00AM 12-3} 195 809 1. 96, 115 028/na
LITTLE APPLEGATE R. AT TUNNEL RIDGE = _ . 2-Aug-98 12500 PMp - 151 181 804 2 8.82 120 0.38] 0.03
LITTLE APPLEGATE R. AT TUNNEL RIDGE  20-Jul-99  10:00:00AM; 131 141 813 3. 668 945 092 002
LITTLE APPLEGATE R. ATTUNNELRIDGE | 8-Ju-99, 10:40:00AM 107 113 782 2. 982 128 016 0
LITTLE APPLEGATE R. AT TUNNEL RIDGE J 17-Jun-99; 12:21:00 PM.  10.7 “El 781 4 84na 018 004
LITTLE APPLEGATE R. AT TUNNEL RIDGE . 12-Sep-87| 2:4000PM 14313 gog™a . g2  1oMa 0/
LITTLE APPLEGATE R. AT TUNNEL RIDGE  18-Aug-97| 2:1500PM___ 166 N3 g.3/va 95 150n/a  n/a
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LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATER.
LITTLE APPLEGATER.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.

Site Date Time T;C _ Cond pH . Turb . D.0. CaC03 PO4 NO3
AT TUNNEL RIDGE o 24ulo7|  1SS00PM - qegiva gs7jva | g5 zeMa nia
AT TUNNEL RIDGE . ST qqs00PM 14ME - aaMa g5 qpMa |
AT TUNNEL RIDGE 18-Jun-97 _ 2.0000PM 152 Ma 8322 | g9 1m0 na
AT YALE CR. 28-Sep-01  10:53.00AM. 141 1548 801, 13 8.54/n/a 022 002
AT YALE CR, . 16-Aug-0tlin/a nNa nla  |nfa  Infa nfa |nja nla  nia
ATYALECR. . M-Jul01 - 2:36:00PM 185 1951 763 2 8.68n/a 0.11] 0.03
ATYALECR. 14-Jun-01]  3:30:00PM, 186 20100 809 2 936 115 015 003
AT YALECR. _ 6-Sep-00] 12:23:00PM: 150 171.0 843 2| 992n/a n/a n/a
AT YALE CR.  24Aug-00] 31500PMi  19.9, 1918 855 1 822 n/a Infa . 004
AT YALE CR . _10-Aug-00|  92000AM| 167 1754 849 1 2660 &  |na
AT YALE CR. - . 26-Ju-00)  1:10:00PM!__ 1871 1727 849 2| 894na  ina | 005
AT YALE CR. o M-Jul-00] 10:30:00 AM; 147 1482, 836 2 902n/a  na . 002
ATYALECR. 26-Jun-00 _ 3:3000PM| 184 1810 817 3 788nla  na  nia
AT YALE CR. . 22-Jun-00; 12:35:00PM. 161 1650, 823, 2, 8.36n/a ima 003
AT YALECR. 23-8ep-99] 125500PM__ 157 | 7.81jna - 7.02]  112' 062, 0.04
ATYALECR  1-8ep-99] 110500AM 126 235 838 18| 88 128 0,165 0.01
ATYALECR. . 16-Aug-99] 11:10.00AM: 153 218 793 2) 9.52 127, 0.78!n/a
AT YALECR. ,,E,,,,,E'AHQ'% 2:0000PM: 196~ 208 8.3 2| 872 124/ 077 0.01
ATYALECR. | 20-Jul-99! 11:07:00AM. 171 100, 815, 2| 9.06; 132| 068! 0.02
AT YALE CR. o 8-Jul-98| 11:15:00AM. 125 128 _ 774l 2| §-,9,Tn,fa 029, 0
AT YALE CR. 17-Jun-99|  115:00PM.__ 122 117 7.82|__ 3: 9.32(n/a - 0.19] 0.04
AT YALE CR. . 21-Sep-98;  24500PM 141 201 840 1 | 990 140| 1.83| 0.05
ATYALECR. . 4-Sep98  91500AM 158 268 822 1 | 740 172 0.26| 006
ATYALECR. . 25-Aug-98  915:00AM  139: 280 822 1 | 9.34. 164 031 0.11
AT YALE CR. ... 13-Aug-98.  940:00AM 170, 268 806 1 . 878 46|  0.73] 0.04
AT YALE CR. . 3Aug98 111500AM. 173] 240 823 4 ! B840 128 027 005
AT YALE CR. ... 23-Jul-98 12:50:00PM 189 228 828 1 | 826 146/  0.32] 0.1
ATYALECR, . 13-Jul-98 122000PM 148 149, 833| 2 | 894 122] 029 0.08
ATYALECR. o 2-Jul-98!  11:55:00 AM: "—1-2‘%'——-“-"1'1'2‘: 817 2 ,,,i,,,,9,-78‘[ 92 0»?55 0.05
ATYALECR. _20-Jun-98,  920:00AM __ 90] = 128 821 5 i10-24i 88| 03’ 0.01
AT YALE CR, o 12-8ep-97|  15T:00PM  164Ma | 74gM@ . g5 q02a  n/a
AT YALE CR. 28-Aug-97/ 12:4300PM  167/M/a g12Ma | g qggnfa  nfa
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LITTLE APFLEGATE R.

LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATER.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATE R,
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R,
LITTLE APPLEGATE R.

LITTLE APPLEGATER

LITTLE APPLEGATER.

LITTLE APPLEGATE R.

LITTLE APPLEGATE R.
LITTLE APPLEGATE R.

LITTLE APPLEGATE R

LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.
LITTLE APPLEGATE R.

Site Date Time T;C Cond pH Turb D.O. CaC0O3 PO4 NO3
ATYALECR. ' 18-Aug97l  1:5500PM  19.6/Ma 835/M@ | g5  1e4na |nfa
ATYALECR  4Aug97,  22500PM 225Ma . 825N g  s4Ma  nia
AT YALE CR. ‘ 24- JH'E_T, 1:31:00 PM 19.4nfa ,L 8-37;'1/8, 76 160|n/a n/a
AT YALE CR. 14-Jul- 97i 124500F’Ml 18.5|n/a ' 8.43|n/a B4 n/ar V:n;'ra n/a
ATYALECR. L 3-Jul- 97 2.00:00 PM ) 18nia 8.2”7 rn/a ! 9.5;L 140in/a Ln/a
AT YALE CR. : 24 Jun- 97 1:57:00 PM 15.9 n/a J 8.31'n/a 8.5 120.n/a ;n{a
AT YALE CR. | 18un97  11:1500AM. 163 | go2Ma _________9_@1 _Mova
AT MOUTH . 28-Sep01  9:4B:00AM 158|21§5 778 3},,@,,7{3)9/@ | 012] 001
AT MOUTH . 16-Aug:01, 14000PM| 246, 2601 825| 1'[ 764 116 09| 08
ATMOUTH 1_1_ig|___9h 3:30:00 PNI‘ 208 2509 7.77! 2, 88 nia 09} 31
ATMOUTH ___j__i_.Jun -0, 42400PM| 225 2343 832 2 84 140, 022 004
ATMOUTH 6-Sep-00  11.30.00AM 158 2140, 854 1 10.1!n/a na  ina
ATMOUTH . 24-Aug-00  11:30:00 ANL177 _______2_30»5i 8.57 1} 10.7'n/a h/a 1“’8
ATMOUTH . 10-Aug:00 10:10:00AM| 17.7 2177 858\ 2/ 88na na | 011
AT MOUTH . 26-Jul-00  8:33:00AM, 154 1926 828 __1‘ 9.02nva  nfa . 007
ATMOUTH ] (.. 11-Jul-00. 2:35:.00PMi 200. 2021 861 2 8.;1}.”/’%3... Cva . 004
AT MOUTH __26-Jun-00i  513:00PM 206  216. oi 823 3 874na  nfa Infa
ATMOUTH | 22-Jun-00| 10:00:00AM 155 207.0 793 3 8660 |nja | 0.04
ATMOUTH . 23-Sep-99]  9:23:00 AM 144 289\ 783 2]888 106] 053| 001
ATMOUTH | 1-Sep-99i 12:27:00PM___15.2 ____2681 841 20852 153 022] O
ATMOUTH _16-Aug99'  115.00PM__ 19! 258 84_5_'_ _____1__2_9;_8%_ 182 054|n/a

AT MOUTH 2-Aug-99  3:25:00 PM 221 246 851 ___2_'__5_5;55__@[1/? Q;Si 0.03
AT MOUTH 20-Jul-99  12:5500PM 192 210, 834 2 816 144, 052, 001
AT MOUTH _ _8Jul99  124500PM 161 169 786 6 872nva | 039 0
ATMOUTH 17-Jun-98|  32000PM__ 157 145] 795 5 954na | 031 004
AT MOUTH 21-Sep-98. 915:00AM: 117/ 307. 838 ____g___%_____s_a_._s_)g__ ) 184i 077, 0.04
AT MOUTH 12-Aug-98'  9:15:00 AM,  16.3/n/a 840' 1 970 164jna  |n/a

ATMOUTH . _31-Jul-98  12:00.00PM' 184 268 862 1 844 132, 029, 0.03
AT MOUTH 23Ju-98  111500AM: 189 203 832 1 136'n/a 0.06
AT MOUTH N 13.Jul-98’ 11 :00:00 AM 166 ,1941;,': 846 5 9.54| 118 028 0.06
AT MOUTH  2.u-98  92400AM 131 134 812 3 . 944 100 0.77| 0.06
AT MOUTH | leun9s 124500PM 100 145 834 o | 956 g6na  na
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Site Date Time  T;€  Cond pH Turb D.O. CaCO3 PO4  NO3
LITTLE APPLEGATE R. AT MOUTH o 12:Sep-97 __11:30:00 AM| 16512 g31ina 7 170/n/a i”’a
LITTLE APPLEGATER. ATMOUTH  28Aug97] 121500PM 18178 835" 87 qenla  na
LITTLE APPLEGATER ATMOUTH  18Auge7 123000PM, 208"@  e43"@ | g5 7oA e
LITTLE APPLEGATE R. AT MOUTH | 4Aug97 114000AM 20878 gana 89|  1gsma  na
LITTLE APPLEGATE R. AT MOUTH ~ 24-ulg7] 124500PM 493 nia T gava | gs  17gnla  na
LITTLE AFPLEGATE R. AT MOUTH ! 14dulg7 114000 AM‘ 181va 858 9na  nla |na
LITTLE APPLEGATE R. AT MOUTH o 3-Jul-97  12:00:00 PM__ 16.3 na | 819na 84 4 185na nia
LITTLE APPLEGATE R. AT MOUTH 18-Jun-97| 10:30:00AM  155@ i ~ 81g/Ma 75  17|Ma nia
LITTLE APPLEGATE R. AT RD. ML 2.6  28-Sep-01| 10:14:00 AMi 15 ,199”1 8 1 902ma | 013 001
LITTLE APPLEGATE R. AT RD.MI. 2.6 - 14-Jun-01,  4:04.00PM; 187, 229.41‘ 8282 nia | 125 019, 0.08
LITTLE APPLEGATE R. AT RD. MI. 2.6 - | 6Sep 00 1:30:00PM 148  2020] 861 i 11, 5‘nfa na  nla
LITTLE APPLEGATE R. AT RD. Ml. 2.8 | 24-Aug-00| _ 2:35.00 PM)| 1,87,]_7273‘(;.3{7 861 1/ 858na  |nfa 0.03
LITTLE APPLEGATE R. AT RD. MI. 2.6 | 10-Aug-00, B3500AM  16.1' 2065 840 2, 8na  nla  nia
LITTLE APPLEGATE R. AT RD. MI. 2.6 . ..26-Ju-00_ 11:45:00AM__ 18.4 19%_(}}___@_.@_?__ d 8.82 n/a nia  nfa
LITTLEAPPLEGATER. ATRD.ML.26  11-Jul00, 941:00AM| 137 1798  _ 836 2. 9.36 n/a nia | 0.04
LITTLE APPLEGATER.ATRD.MI.26 26-””*09@,,,,,jﬁ@ﬂ\ﬂi,,, 200 2095 816 2 342}”/3 na 003
LITTLE APPLEGATE R. AT RD. MI. 2.6 | .22-Jun-00. 10:30:00AM 148 1920, _ 804] 2 896infa  |nja | 0.03
LITTLE APPLEGATE R. AT RD. MI. 2.6 .. 23-8ep-99;  2:10:00 PM 71715 283 852 1 724 146 0.64‘ 0.02
LITTLE APPLEGATE R. AT RD. MI 2.6  1-Sep-99 _ 12:10:00 F’M o ,1,31 268 B4 3 546 124, 082 O
LITTLE APPLEGATER. ATRD.MI.26 16%9&-9&,,,12,1909,‘"% 159 263 821 1 9-52i 156 0.43ln/a
LITTLE APPLEGATER. ATRD. MI.26 2-Aug99,  25500PM 195 285 832 1 794ma  nfa  na
LITTLE APPLEGATER. ATRD. MI.26 20-Jul-99,  1235.00PM 174 197 828, 1 88 155| 057& 0.02
LITTLE APPLEGATE R. AT RD. MI. 2.8 ____BJul-99  1230:00PMi 144 161 794 5 852 136 021 0O
LITTLE APPLEGATE R. AT RD. MI. 2.6 . A7-Jun-99_ 30000 PMi 144 135 798| 4 95nfa 042 004
LITTLE APPLEGATE R. AT RD. Mi. 2.6 21-Sep-98] 124500PM 130 305 826! 1 | 964 188 042/ 0.04
LITTLE APPLEGATE R. AT RD. MI. 2.6 _ aSep98  BO0O0AM ,,,,J,i%L,ﬁQ?;,,,, 778 2 936 156, 0.51) 002
LITTLEAPPLEGATER. ATRD. M. 26 | 25-Aug-98 _ 11:0C. .00 AM| 147 310, 835 1 894! 176 037| 006
LITTLE APPLEGATE R. AT RD. ML 26 ‘ 1_fo_\_u_gﬁi____é_é@_-_o_o_AM_ 164 287, 809‘ Kl f 8.62| 160j/a 008
LITTLE APPLEGATER ATRD. MI.26 ¢ 3-Aug-98  10:11500AM 159 228 832 4 } 862  138) ozsi 0.07
LITTLE APPLEGATE R AT RD. MI. 2.6 23-0u-98  1100:00AM, 178 255° 816 1 824 160| 087, 0.13
LITTLE APPLEGATE R. AT RD. MI. 2.6 13-Jul-98 1:30:00 PM| 15_5§ 143, | quf 5 ’ 8.04) 136 Ozgl 007
LITTLE APPLEGATE R AT RD. MI. 2.6 2.Jul-98  10:32:00AM| 131 134 812 3 980 1100 0.5 0.07
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Site Date Time T;C Cond pH Turb D.O. CaCO3 .P04 ‘N03
LITTLE APPLEGATE R. AT RD. 20-Jun-98,  11:20:00 AIVI 108, 1 10/ 833 6 | 966 gsin/a 'n/a ,
LITTLE APPLEGATE R. AT RD. ! . 12:8ep:97. 121500 PM 15808 768 na o7 5. 160 nfa - nia
LITTLE APPLEGATE R. AT RD. teauger 12ssc0pm, 198 gaye | gma fma o
LITTLE APPLEGATE R. AT RD. \  4-Aug-97 125500 PM, 23 ga | _sasive i 86 1857;”"3 |Va
LITTLE APPLEGATE R. AT RD. ' 24.u-g7 120000PM 473 ”’af | 839 na o ge 184 nia
LITTLE APPLEGATE R. AT RD. 14 Jul- 97 2:30:00 PM; n/a nfa :nla L wn/a N 8. ?ln!a nfa rn,’a
LITTLE APPLEGATE R. AT RD. I 3k o' 22000PM 20 n/a . 82ma 7 5‘ 260n/a  nia
LITTLE APPLEGATE R. AT RD. - 24-Jun- 97 10000PM 17, 8|nfa s 4‘n/a 68  220nfa  |n/a
MUNGER CR. AT KINCAID RD. L ' 22-Aug- oo 112500AM _1_449% 30| 8, oalpfa 8 ajn/a nfa | 007
MUNGER CR AT KINCAIDRD. ) 9—Agg—0@1'_______ 22000PM, _ 185 872 748 1 8 12nia a1 006
MUNGER CR. AT KINCAID RD.. | 25Ju00.  200:00PM 162, 8911 {3,-,,22,i 0, 866/n/a  |n/a 0.04
MUNGER CR. AT KINCAID RD. ' 10-Jul-00;  8:4500AM, 13.0! 865 800 | 896 n/a nia  0.03
MUNGER CR. AT KINCAID RD. o 27-)un-00  3:20:00PM__ 163 79.7  7.80] | 886in/a  |va |va
MUNGER CR. AT KINCAID RD. | 19-Jun-00; 12:40:00PMI 135 1040/ 831,  9.36|n/a na  nfa
MUNGER CR. AT KINCAID RD. | 24.8ep-99° T1:26:00AM,_ 144] 118 775 9 90‘> 1.33| 0.04
MUNGER CR. AT KINCAID RD.  2.5ep-89, 101500AM _ 122° 115 7.4 944i . 82; 025 O
MUNGER CR. AT KINCAD RD. 17-Aug-99| 10:25:00AM 146 112 726) 878 78| 042/n/a
MUNGER CR. AT KINCADRD. 4-Aug-99, 10.0000AM] 156 107, 725 87, 70 042 002
MUNGER CR. AT KINCAID RD. 22-Jul-99'  11:03:00AM__ 15| 85' 706l 1| 88 60, 0.46| 002
MUNGER CR. AT KINCAID RD. 9-Jul-99 _ 12:00:00PM _ 138. 78 684 0 954 60 072 0.02
MUNGER CR. AT KINCAID RD. 21-Jun-99,  2:05:00PM__ 13.1] 91l 719 1 88l 60| 043 001
MUNGER CR. AT KINCADRD. 24-Sep-98  1:0200PM, 132 97 867 1886 60 027, 004
MUNGER CR. AT KINCAID RD. 31-Aug-98. 12:43.00PM. 162 111 777, 0 , 9.06 56 nia  nia
MUNGER CR. AT KINCAID RD. 21 Aug-08' 3:3’0:00"PMi 15.8! 114| “759l 0 1862 56| 0.33i 0.08
MUNGER CR. AT KINCAID RD. " 11-Aug-98 11500PM 165 112| 787, 0 I"'a"so!  80ha 004
MUNGER CR. AT KINCAID RD. 30Julos 318:00PM; 170 123 765 1 832 72| 0.45/n/a
MUNGER CR. AT KINCAIDRD. 20-Jul- 9’8] T 10:33:00AM 149, 83 7.52] 1 i 9 8" 60 0_15|' 0.04
MUNGER CR. AT KINCAID RD.  9du- 98 1:56:00 PM, 153 86 783 1 , 904 60| 0543 005
MUNGER CR. AT KINGAID RD.  26-0un-98. 1240.00PM 115 97| 764 1 _9_64| 60 011_4_i 0.05
MUNGER CR. AT KINCAIDRD. . 170un-98. _500:00PM| 124 81 770 o | 880 70| 021 0O
MUNGER CR. AT KINCAIDRD. | 15-Sep-97| _11:44:00 AM 138, nia B .00 Ma 1@ ‘goln/a irn/a
MUNGER CR. AT KINCAID RD. 26-AUg-97. 24500 PM. 14, Bln/a 7.81/n/a 8.7 ggNfa  Ina
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Site Date Time - T;C Cond pH Turb D.O. CaCO3 PO4 INOS
MUNGER CR. AT KINCAID RD. 14-Aug-97 1:10:00 PNI§ 7. 9In/a ‘ 7777777977|n!a 9 4,n/a ‘:n.fa !n!a
MUNGER CR. AT KINCAID RD. 1-Aug- 97 12 55 00 PM 15.8, nla 73 nfa 8,8= 64 n/a ‘n/a
MUNGER CR. ATKINCADRD. | 24u67,  31500PM; 1590/ 736va | 85 70nia  n/a
MUNGER CR. AT KINCAID RD. ) ___1j-:|_g_if97_ 3:00:00 PM 15.2]_/3____ . 7esna 95 62n/a  nia
MUNGER CR. AT KINCAID RD. 3-Jui-97° 11:0000AM  126in/a | 78na | 94 60ln/a  infa
MUNGER CR. AT KINCAID RD. " 18-Jun- 97 330:00 PM‘ 14. slnfa T esslva | 94 80 Ina
MURPHY CR. AT BRIDGE 28-Sep-01 1:21:00PM 143 1385 794 2 g6ina . 003 002
MURPHY CR. AT BRIDGE 16-Aug-01 ,,19-,1,2,-00AM5_ ___JZ-_‘____;________18525 833 2/ 81 108 03 004
MURPHY CR. AT BRIDGE 1-Jul-01;  10:43.00AM, 167 1901, 7.75 1‘ 828ma . 005 007
MURPHY CR. AT BRIDGE ___14-Jun-01| 10:3200AM! 128 4711 789 2 876 110 011 006
MURPHY CR. AT BRIDGE _23-Aug-00;  120:00PM 157 1620, = 741infa  8.88n/a wa 008
MURPHY CR. AT BRIDGE _ 10-Aug00 _1:1000PM|  17.3] 1438 741 1 _81na na | 005
MURPHY CR. AT BRIDGE 27-)u-00,  35000PM 165 1364, 754 1 856/na va 003
MURPHY CR. AT BRIDGE . 100uk00,  21500PM 148 1365/ 807 1| 9ima v ‘T 0.02
MURPHY CR.ATBRIDGE = . 27-Jun-00  1:13:.00PM, 157 1238 838 1, 906na  na @ 0.02
MURPHY CR.ATBRIDGE __14-0un-00.  24200PM| 145 1540 750 1 968ma &  nla
MURPHY CR. AT BRIDGE | 29-Sep-09] 11:4500AM' 96 181 796 3 103 82, 038 0.01
MURPHY CR. AT BRIDGE - | 24-Aug-99| 12:30:00 PM_ 165 182 773, 0| 864 110| 03] 0.02
MURPHY CR. AT BRIDGE  10-Aug-99  12:55.00PM 167  173.  7.92| Ol 866 120n/a | 0
MURPHY CR ATBRIDGE  28Jul99  1205:00PM| 16.3] 169 7645 1 821, 995 032 O
MURPHY CR. AT BRIDGE _ o 14Jul99_ 120500PM 142 126, 724 1 91na | 02 004
MURPHY CR. AT BRIDGE ) 29Jun-89°  31000AM 149 119lmva 1| 95 85| 0.37, 0.01
MURPHY CR. AT BRIDGE - © 18-Jun-99' 11:50:00AM, 127|139 683 1 954 n/a 021 o
MURPHY CR. AT BRIDGE B ) . 28- Sep 98 12:23:00 pm_ 126 181 8§22 1 9 34;T 110 092 005
MURPHY CR. AT BRIDGE ., 2BAug98  125000PM 158 172] 804 0 | 814 92nfa  na
MURPHY CR. AT BRIDGE | 17-Aug-98.  1:00:00PM _ 154 171 774 0 ! 882  96lna nfa
MURPHY CR. AT BRIDGE | 7Aug98  104500AM 182 ATinia 0 870 88 025 0.06
MURPHY CR. AT BRIDGE B 28-Jul-98, __920:00AM 172 168 753 1 8.22| 89nla  nia
MURPHY CR. AT BRIDGE ,,r,,,,,ﬂ,é,u*l 98 930.00AM 149 160 77851, 0 886; 96i 018 0.09
MURPHY CR. AT BRIDGE L BJules 21500PM. 16 5 158 797 1 | 684 105 045 008
MURPHY CR. AT BRIDGE | 27-unes  20000PM| 133 142 808 1 930 98 038 004
MURPHY CR. AT BRIDGE 18-Jun-98'  12:00:00 PM,  12.3 137 804 2  9.36 96 037, 001
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Site Date  Time T;C Cond pH Turb D.O. CaCO3 PO4 NO3
MURPHY CR. AT BRIDGE . 17-Sep-97 101500 AM]  12{M@ 76402 | g8 n/a
MURPHY CR. AT BRIDGE __2_1_—_Aug@f 122500 PM 163,02 STerma g8 nia
MURPHY CR. AT BRIDGE 8-Aug-97 10:30:00 AM{ 16, 7In/a 798Ma  gq V\Hfa
MURPHY CR. AT BRIDGE ©3.Jul-e7|  10:00:00 AM 14 7jnia_ 7 04[n/a ' 9.5f n/a
MURPHY CR AT BRIDGE o | 24-dun. 97_. 9700 AM Tiina Bina 99 Inva
PALMER CR. AT PALMER CR. ROAD  14un01_ 508:00 PM| 194 4 786' 1 868 2 o,.1ﬂ4| 0.02
PALMER CR. AT PALMER CR. ROAD | 24-Aug00,__ B:50.00AM  14.8. 786, 1) 854/nfa l 0.02
PALMER CR. AT PALMER CR.ROAD 10-Aug-00! _735:00AM| 159 o g21: 1 ,,,7-,56in/a._ | .08
PALMER CR. AT PALMER CR. ROAD 11-Jul-00  B10:00AM 141, 813, 1, 802na , 0.04
PALMER CR. AT PALMER CR. ROAD © 22Jun-00|_ 310:00PM! 168 4110 _ 815 1 852n/a | 001
PALMER CR AT PALMER CR.ROAD _.13-Jun-00'  2:00:00 PM' 146 3 B39 1] 9.85 n/a | 0.03
PALMER CR. AT PALMER CR. ROAD . 23-Sep-99| 10:28:00 AM| 152 755 2 886 0.79 003
PALMER CR. AT PALMER CR. ROAD 1-Sep-99,  1:20:00PM, 165 822/ 3 562 028‘ 0
PALMER CR. AT PALMER CR. ROAD | 16-Aug99]  9:20:00 AM| 153 795 1883 ! 0.92'n/a
PALMER CR. AT PALMER CR. ROAD  2-Aug-99 114500 AM._ 186 7841 2| 963 0.78] 0.02
PALMER CR. AT PALMER CR. ROAD 20-Jul-99,  1:5500PM|__ 182 . 8O3 2 888 066 003
PALMER CR. AT PALMER CR. ROAD __8-Ju-99 900:00AM, 1365 7. 895 1 908 1 052 -0.02
PALMER CR AT PALMER CR. ROAD . A7-Jun-99]  9:03:00 AM| 14.45 7.885. 1 859 026 0.02
PALMER CR. AT PALMER CR. ROAD 21-Sep-98!  10:40:00 AM. _14.4, 826 1 gwg_aa, o0/ 041 004
PALMER CR. AT PALMER CR. ROAD 12-Aug-98__10:50:00 AM 187 815 O _B76 228 na  lna
PALMER CR. AT PALMER CR. ROAD 31-Jul-98| _100:00PM 187 | 820 o | 880 200 025 003
PALMER CR. AT PALMER CR. ROAD 23-Jul-98  1200:00PM; 195! 421 802 = 850\ _228nla  na
PALMER CR. AT PALMER CR. ROAD 13-Jul-98]  11:45:00 AM  17.2. 820 0 |8 50 0.381 006
PALMER CR. AT PALMER CR. ROAD 2.Jul-88 105000 AM, 153! 809 0 . 8.94; - 048 907
PALMER CR. AT PALMER CR.ROAD _26-Jun-88  3:0000PM__ 14.0 n/a ”g;}ﬂn/a | 93na | 041 go7
SLATE CR. AT SLATE CR.RD. MILE 1.6 | 28-Sep-01, 310:00PM; 152 838 2 smma 0] 001
SLATE CR AT SLATECR RD.MILE16 16-Aug01! _ B4500AM 167 2481 814 al7s 0 003
SLATE CR. AT SLATECR.RD.MILE1.6  11-Jui01__ 948:00AM, 178 826 1 852ina 005 19
SLATE CR. AT SLATECR. RD MILE16 © 14-Jun-01ln/a na_ |nfa L }n/a nia |na nla |na
SLATECR AT SLATECR RD. MILE16 __ | 26-Aug00, 100500AM, 155 825, 0 9na  |nva 002
SLATE CR. AT SLATE CR. RD. MILE 1.6  23-Aug-00]  9:45:00AM._ 150 836n/a . 84ma  na | 004
SLATE CR. AT SLATE CR. RD. MILE 1.6 10-Aug-00 _ 10:40:00 AM___ 17.8] 840| 1] 8.66/n/a n/a 0.01
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Site Date Time T:C Cond | pH Turb D.O. CaCO3 PO4 NO3
SLATE CR. AT SLATE CR.RD. MILE 1.6 . 10-Jul-00, 1:05:00 PM, ___1@_1_@ 2175 8-43i 1|9 08 na lﬂ,fa | 002
SLATE CR AT SLATECR RD.MILE16 . 14-Jun-00 _ 1200:00AM 136 2440, 846 1 9.sin__/_a____ na 0
SLATE CR. AT SLATE CR.RD. MILE 16 . 29-Sep89, 2:10:00PM 11 2 284 BEBES ,‘\ 102 129 0261 0
SLATE CR. AT SLATE CR.RD. MILE 16 | 24-Aug99i = 9:20:00 AM 159 280, 813 ,,,,,0‘ 87, 152 04 005
SLATE CR. AT SLATECR RD MILE16 __10-Aug-99  9:15:00AM 164/ 274 8.3 18 110'“@ 0
SLATE CR. AT SLATECR.RD MILE16 28-Jul-99|  965:00AM| 158, 272 816 ______1_1_____8_;6*}_ 160, 0.33 0
SLATE CR. AT SLATE CR. RD. MILE 1.6 B | 14-Jul-99  9:1500AM 141 go?; 836 1 ¢32ma . 025 O
SLATE CR. AT SLATE CR. RD. MILE 1.6 ©29-Jun-99  10:15:00 AM 14.85§ ~ 199!n/a "TT 9.77] 174,7,5i 0.63 0
SLATE CR AT SLATECR RD.MILE16 18-Jun- 99___ 2.00:00AM: 162 238 825 2 896 na 165 0
SLATE CR. AT SLATECR RD. MLE16 . 28}59 98|  24500PMi 140 293, 835 0 _‘_ 970 150, 095 0.2
SLATE CR.AT SLATECR. RD.MILE16 , 2§f\ggﬁ8_ 9:50:00 AM, ~ 152| 276, 8:4_1_{____9______; 886 164/n/a n/a
SLATE CR. AT SLATE CR RD. MILE 16 ) © 17-Aug-98  4:4500PM| 171 267 846 0 898 158 nfa  'nfa
SLATE CR. AT SLATE CR. RD. MILE 1.6 B 7-Aug-98|  9:30:00 AM __159 279]n/a 0 868 42| 045 007
SLATE CR AT SLATECR. RD.MILE16  28-Jul-98  11:30:00AM 19 11 271 846 1 | 832  164|na nfa
SLATE CR. AT SLATE CR.RD. MILE 1.6 . 17-Jul-98: 11:30:00 AM 7,1@,.787# . 2631 852 0 884 160 022 0.07
SLATE CR. AT SLATECR RD MILE 16 . 8Julgs| 41500PM- 19.3; 248  860] 0 , 814/ 148 039 0086
SLATE CR, AT SLATE CR.RD MILE 1.6 . 27-Jun-98_ __510:00PM_ 16. 0: 186 8.28 _1| 9.32, 145, 0.32) 003
SLATE CR AT SLATECR.RD MILE18 18-Jun-98  3:30:00PM| 153  229; 860 1 ' 890 164 025 O
SLATE CR. AT SLATECR.RD.MILE16 17-Sep-87  122500PM;| 129 nia o7 @3_‘[‘_/?____ . 88 1@7!”’3 - na
SLATE CR.AT SLATECR. RD.MILE16 21-Aug- 973 220:00PM 202 ﬂfa_ ) ____j____gg na . g7 169|Na  |nfa
SLATE CR. AT SLATE CR. RD. MLLEJQW - _ 8-Aug-97 12:10:00 PM,  19.6"2 _ Baslva ’ 9.4 ,190,0,’?, Infa
SLATE CR. AT SLATE CR. RD. MILE 16 14-Jul-97  12:00:00 PM 16.3 nla ~ 834nia 9-3i 156n/a
SLATE CR AT SLATE CR RD. MILE 1.6 24 Jun 97 12 30 00 PM. 13 4'n/a 8.38nfa = 9. 7 164 nfa nfa
SLATE CR. AT MOUTH 28- Sep 01 B 230 00 PIVI\ 174 B 196 91 79 1 22|n/aw 008! 019
SLATE CR. AT MOUTH o ﬁs‘A“SiQLD@ __n.fa_____ _ _Q/a ?n!a nfa n/a na nfa :n_/a
SLATE CR. AT MOUTH . 11-0ul-01 91000 AM 19; 2306 721 ) 3 656 n/a 0.18| 1.8
SLATE CR. AT MOUTH . 14-Jun-01  8:24:00 AM| ?§;§L_£—_§;@_ 7.49_ "‘, 73 110: 013] 016
SLATE CR. AT MOUTH ) | 23-Aug-00{ 10:50.00AM’ 187 1720/ 684 nfa 777”6‘n/a na 007
SLATE CR. AT MOUTH __10-Aug-00, 11:2000AM 202 1570/ 705 1,8 OB\n/a na  0.08
SLATE CR. AT MOUTH . | 26-Jul- 00 _11:00:00 AM| 20,1,,@7%1557.8%77”,,7.,157} ol 34nfa  na | 005
SLATE CR. AT MOUTH | 10-Jui-00  1:50:00 PNI 194 1583  7.78 1| 822 nia nfa | 0.04
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Site Date Time T;€¢ Cond  pH Turb D.O. CaCO3 PO4 NO3
SLATE CR. AT MOUTH ©14-Jun-00'n/a 188/ 1790 749 1 888 na nia | 0.06
SLATE CR. AT MOUTH . 29-Sep-99  31000PM 16 195 783 1 844  100] 089 O
SLATE CR. AT MOUTH 24-Aug-99, ,,Loi@i\,w 19l ey 7Ot 1|7 100] 043] 001
SLATE CR. AT MOUTH . 10-Aug-99 10:1000AM 19 196 7.26]  1: 694 90 015/ 0.03
SLATE CR. AT MOUTH . 28-Jul-98 10:30.00AM 187 179 6.77 1 892 85 02 003
SLATE CR. AT MOUTH . 14-Jul99. 10:10:00AM.  17.7 152 706 1| 7:7372!n!a 015 0.02
SLATE CR. AT MOUTH 29-Jun-99; 12:15:00 PM,  17.9 146ln/a | 1 842 80| 024 001
SLATE CR AT MOUTH ) - _18Jun-99| 24500AM 195 164 74 3 B88oa 017 0
SLATE CR. AT MOUTH  28-Sep98)  347.00PMI 177 219 741n/a 8.06 105 0.29{ 0.06
SLATE CR. AT MOUTH . 28-Aug98 920:00AM’ 174 195 742 1 6.601 92/nfa  nia
SLATE CR. AT MOUTH  i7-Augs 23000PM_ 207 198 729, 1 | 7.96  9%na |ua
SLATE CR. AT MOUTH | 7-Aug98  10:0000AM  194] 185ma 1 738 92 03] 007
SLATE CR. AT MOUTH | 28-J_L71I-987L 1210:00PM 2231 198 727, 1 708, 104n@a nja
SLATE CR. AT MOUTH . 17-0u-98|  12:30:00PM 201 185, 735 1 | 738 102 0.2, 0.09
SLATE CR. AT MOUTH o 8Jul-98°  44500PM 224  180[ 736 1 | 792 84 098 007
SLATE CR. AT MOUTH 27-Jun-98  45500PM, 183 170! 766 1 | 822 120 031 005
SLATE CR. AT MOUTH 18-Jun-g8, 410:00PM| 184/ 164 763 1 782 94 033 O
SLATE CR. AT MOUTH 1__7'_3_%9_-_@75 1:32:00 PM% 16-%!'1/_?__ .. egglna 79‘ 9gMa  'nfa
SLATE CR. AT MOUTH 21-Aug-97| _ 3:120:00 PM, 212Nf@a 77 Ma 73 1p4/0/a va
SLATE CR. AT MOUTH 8-Aug-97| 1:00:00PM __ 208M38 . 7470@ . 7407 nfa  n/a
SLATE CR. AT MOUTH t4-Julo7)  13400PM  195na 769 | 80 108na  [na
SLATE CR. AT MOUTH : 3—Ju|-97.';““_ 2:43:00 PM; 19.9'n/a. . .6‘.8in/a . 8..32 108}n/a n/a
SLATECR ATMOUTH | 24-Jun-97- 1115.00AM - 158n/a 77inva - 86 104infa - nfa
SLATE CR. AT REDWOOD TAVERN | 28-Sep-01  250:00PM 151 2330 802 2 82infa  004] 001
SLATE CR. AT REDWOOD TAVERN .. 16-Aug01, 9:09:00AM__ 176, 253B; 784 1, 6.54! 140i 0.5 0.06
SLATE CR. AT REDWOOD TAVERN  11-0ul01na ina na infa na In/a n/a in!a nfa
SLATE CR. AT REDWOOD TAVERN_ oy 147un:01 nva Ve e Ina lva _infa nfa na na
SLATE CR. AT REDWOOD TAVERN _ 23-Aug-00  10:25:00AM| 1581 2230 7.86nfa 87 n@  ina  nfa
SLATE CR AT REDWOOD TAVERN | 10-Aug-00  11:00.00AM;i_ 182 2072 778 _ 1 _894na  'na | 0.02
SLATE CR AT REDWOOD TAVERN | 26-Jul-00] 10:25:00AM 162 1991, 801 1 9.04/n/a na | 0.02
SLATE CR. AT REDWOOD TAVERN ) 10-Jul-00|  1:30:00PM_ 164 1934 832 1 _9_:9‘}.!0__/9_ ~na 003
SLATE CR. AT REDWOOD TAVERN 27-Jun-00i 104100AM: 160/ 2242 780, 1 94nja }n/a 0.03
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Site Date ‘ Time T:C Cond ‘ pH Turb. D.0. CaC03 PO4 NO3
SLATE CR. ATREDWOOD TAVERN 7”5777147—;@-,@9;,,,1,Q:V§§;gQWAMV§L 138] 2223 802 0 9.14:n/a ln/a 0.01
SLATE CR. AT REDWOOD TAVERN | 20-Sep-99  245:00 PM. 11, 273 835 1 104] 120 055 001
SLATE CR AT REDWOOD TAVERN 24-Aug-99;  94SC0AM 167 262| _T72. 0 84 174 043 003
SLATE CR. AT REDWOOD TAVERN 10-Aug-99|  94000AM 171 2531 & 1‘ 804 110|031 001
SLATE CR. AT REDWOOD TAVERN 28-Ju-99;  10:10:00AM, 164 249 778 1 87 152)  0.37| 0.04
SLATE CR. AT REDWOOD TAVERN o | 14-Jul-99 9:35:00AM| 1515/ 183, 8.005 1 9.07In/a 057 0.01
SLATECR ATREDWOOD TAVERN | 20-Jun-89 1150:00AM 156  18%jna . 1j 98 90 043 O
SLATE CR. AT REDWOOD TAVERN  18-Jun-99  220:00AM 165 215 7.831 2| 9.38/n/a n/a 0
SLATE CR. AT REDWOOD TAVERN 7‘ - 28-5ep-98° 59700 'p7|v|*' 13_8E z?zf 8.02! 0 ‘ gA14: 144 0_57‘ 0.03
SLATE CR- AT REDWOOD TAVERN | 28Aug98 102000AM 156 270 7931| 0 |8se  1sema  |wa
SLATE CR. AT REDWOOD TAVERN . 17-Aug-98,  200:00PM 172|263 814 O 874  140jnfa  |na
SLATE CR. AT REDWOOD TAVERN 7Aug-98  94500AM 167! 264 0 B30 144 04l 00
SLATE CR. AT REDWOOD TAVERN 28-Jul-98  11:50.00AM, 193 245| 808 0 | 814 142|n/a  n/a
SLATE CR. AT REDWOOD TAVERN 17-Jul-98  12.00.00PM 174 243_8200‘902 142|  0.22] 0.06
SLATE CR. AT REDWOOD TAVERN 8-Jul-98  4:30:00PM 196  229¢ 827 1 T 824 140 043] 006
SLATE CR. AT REDWOOD TAVERN 27-4un-98.  5:30:00 PM. 16.4i 178 809 1 844 130 041 005
SLATE CR. AT REDWOOD TAVERN 18-Jun-98, 3B0:00PM. 157 207 831 1 866 120na  wa
SLATE CR. AT REDWOOD TAVERN , 17-Sep-97| 12:49:.00PM| 13.7/n/a _1e7v8 94 132/M/a nia
SLATE CR.ATREDWOOD TAVERN : ____21__-_!‘5_!49_-975 24500PM! 195 Ma J 805.Ma | 88 ,1421"”8 na
SLATE CR. AT REDWOOD TAVERN B 8-Aug-97| 12:2000PM| 181 Ma 1 go3Ma | 90 1fe4Wa N2
SLATE CR. AT REDWOOD TAVERN ] 14-Jul-67' 1230:00PM" 186 n/a 82fnia . 93 1442 |n/a
SLATE CR. AT REDWOOD TAVERN . 3Juo7p 14500PM 16 o 76”’a| 98 145na  na
SLATE CR. AT REDWOOD TAVERN . 24-Jun-97  11:50:00 AM 13.5/n/a  B2sinia 99 133nia |n;'a
STERLING CR AT LITTLEAPPLEGATERD. | 24-Aug-00 _ 2:45:00 P_I\_/]; 19.5§ 4049 818 1 838na nfa 005
STERLING CR_ AT LITTLE APPLEGATE RD. . 10-Aug-00 _ 1220:00PM|__ 195 40§,_4T_ .830 2 702|va na 0
STERLING CR. AT LITTLE APPLEGATE RD. 26:Jul-00, 1211000PM 152 3573 822 1 8.68'n/a na | 0
STERLING CR. AT LITTLE APPLEGATE RD. 11-Jul-00  100000AM 150/ 3549 832 1 888nfa  |na | 001
STERLING CR. AT LITTLE APPLEGATE RD. 26-Jun-00,  4:36:00PM 197, 4642° 814, 4 T8na  |nfa - 0.02
STERLING CR. AT LITTLE APPLEGATE RD 23-Sep-89,  1:50:.00PM 18] 468 814 1 827 = 226] 082 003
STERLING CR. AT LITTLE APPLEGATE RD. _ 1-Sep-99  11:55:00AM- 153 490, 825 4 484 248 031 001
STERLING CR. AT LITTLE APPLEGATE RD. 16-Aug-99  1140:00AM 176 468 818 1 871 272| 066 nia
STERLING CR. AT LITTLE APPLEGATE RD. 2-Aug-99  2:45:00PM’° 205 458 82 1 844nia 0.82' 0.01
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AT LITTLE APPLEGATE RD.

AT LITTLE APPLEGATE RD.
AT LITTLE APPLEGATE RD.

AT LITTLE APPLEGATE RD.

AT LITTLE APPLEGATE RD.
AT LITTLE APPLEGATE RD.
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AT LITTLE APPLEGATE RD.

AT LITTLE APPLEGATE RD.

AT LITTLE APPLE@ATEﬁD
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Date Time T;C Cond pH Turb D.O. CaC03 PO4 NG3
_20-Jul-99:  12:00:00 PM_ 77167.8;______{}0657 815 2 7. 38;______ 246 0?7‘ 0.01
__8Jul-9g  12:2000PM 175 388 81 1 8.92° 2000 045 0O
l ﬂ_-x'unrgjé _;?i_“_QEOO,FLV!,i 188; 435 816! 1| 826na_ 0.78] 005

._21-Sep-98 _ 1.00.00PM 164, 489 B26| 1 'Lszz 2761 1071 002
_ 4-Sep-98' _ 820:00AM 161 487, 824 1 | 808 280 028 o
T.___?_.5-A£Jg-§8; __10 35:00AM 165 471 839 1 825 . 270] 029 003

T%AUG-QEJE_ . 11:00:00 AM P 185 428 830 1 828 236 062, 005

3-Aug-98' 12:30:00PM; _ 201 458. 702/ 1 | 7.76.  228| 045| 0.05
| 23-Jul-98, 112500AM  18.7 453] 853 1 826 256 066 0.08
. A3-Jul-98 1:.00.00PM 186, 390 847] 1 . 7.96° 260 062 007

. 2-Ju-88  10:50:00 AM 14\85 350, 834] 1 1900 240 04| 007
. 20Jun-98, 10:50.00AM 139" 332 858 1 - 904 252 032! 002
| 12-Sep-97|  1:03:00 00 PM 17,8 n/a 787 M .7 280nfa na
. 18-Aug-97  1:10:00 PM,_ 20._5_@_/8 ~ B29Ma |nfa na - na  nfa
_ 4Aug97  15500PM 232 8262 | 78]  319Ma ma
24-Jul- 97‘ 12:45:00 PM; 22 3 Nia 83g.n/a 7.9 280! Ma n/a
L 24-Jul T 223 8.36." 2807 -V
3-Jul-97 n/a 1 20in/a 8.2|n/a 7.5 280:n/a n/a
''''' 24 Jun- 97|n/a 1?8n/a - 8.4ln/a 6.8 220/n/a n/a
- 28 Sep- 01 12:23: 00 PM. 16.5 _____1?_1.8;” 74 2 ______g_!n/a, 004, 002
16-Aug- QE___ 12:55:00 PM ,J@,’_ 1801, 789 1 794, 04|  08] 015
oo MJuk01 9:35:00PM] 159, ____21_2-9,!,7,,,, 699 1 806infa | 041 33
| 14-Jun-01,  1:53:00PM.  154| 2489 735  1j 9.16.n/a na  nfa

24-Aug-00|  2:08:00 PM _ 17.6; 1705, 759 1l 824na  na | 0.95

| 10-Aug-00  1125:00AM 165 1738 774 1 832n/a n/a 0.19
_ 26:Jul-00 104500AM: 153, 1831 720, _ 1| 86 ra nfa 0.13
. 11-Jul-00!  1:38:00 PM _162 197.8] 762 1| B.14[nja Infa 0.14
- 14-Jun-00  424:00PMnfa 2600|758 1 862infa  nia |na
| 24:5ep99.  1:55:00PM A7) 234 726] 2| 804  103] 046 014

 2-Sep-99;  12.40:00PM, 161 _ 258 7395 2 66?’ 156, 0.31) 0.01
o 17-Aug89 - 1:4000PM 172 256 ,,,,,Z-5§J_ 2 793 150!___ 0.49'n/a
- 4Aug-89)  2:00:00PM __ 16.9|  240{ 721 ol 7.42| 130 0.74; 0.03
- 22-Jui-99  12:30:00 PM| 16 200 7217 2. 772 80, 0.5 0.18

Applegate River Watershed Council
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Applegate River Watershed Coungil

Date Time T;C Cond ~pH Turb D.0. CaC03 PO4 NO3
. 911,“'“9_9? _1:23:.00PM 158 _._QOBL, ___5:86*, 0 812 7201.. 0.53 0.17
21-Jun98  BS500AM, 1405 284 728 1 8.6/ 148 0694 0.17
24-Aug-00.  111:00PM' 174 2256 796 1] 874“‘/9 nfa nia
10-Aug:00;  11.90:00AM,  17.3 2280 8.02, 1 868 n/a  nfa | 004
27900, 90000AM_ 1472250 75¢ o s72ma  |wa  oos
| 26-0u-00. 102300 AM|_ 152 L2075 780] 1, 856 a ‘ 0.05
o 11-Jul-60 1:20:00 PM_ 155_,__ 2094 776 1 868/n/a infa 008
. 10u-00]  41500PM| 162 2528, 759 1 g68ma na | o1s
_ 14-Jun-0C_ 1:20:00PM, 163, 2120 759, 1 99_5!”@, . nfa nia
24Sep9s  12800PM 159 207 704 2l ses, 147 086l 0.6
,,,,QT_S_QP@Q?,_.______1.-'@90!:_’!\/‘_%714&‘ 292 805 1_}_?-36,1 168, 052 0
N17-Aug-99  1:20:00PM 172! ,,285_{ 8.02. 1 828, ___152| 0_68,!","’3 _
_ A4-Aug-99' _ 1:30:00PM, 18l ._290:,,, 784 1 8,—,1,9.[ 160 065, 004
(229 11000PM 168 2460 7951 1 834 1:2) o2 0.02
_ 9Julk99  15500PM' 17, 251 784, 1, 87 172, 0.41] 006
L 21Jun-990 10:1000AM, 135 248" 774 1 94j 136' 072, 0.03
. 24.Sep-9s,  3:32.00 PM 1520 170 807 8.86 886 0-34i 006
31Aug-98 10:12:00 AM, 156, 15,6._ T4 832 832, 009
| 21-Aug-98  12:00:00 PM 180 182 778, B4 ,,8“6| ,0-43_,‘_nfa
| 11-Aug-98 " 930.00AM 1881 156 780], 832 832nm s
30088 9:42:00 AM) 02 184 BOln, 874 874 37 gog
_20-Ju-g8' _22B00PM - 182 180]  7.98, | 7.94 794| 027 0.16
SJUSEO1800AM 152 168 807, 990l 810 g5 g1
26-Jun-g8 24500 PM 143 144 a8l Tago 9900 os' pog
_ 24-Sep-99| 1__]_§400AM 1275] 82, ,777.5@ ) 3_4___9.18? = 004 0
I7-Aug9s 104500AM| 128 87, 725 1 952 56 0.42n/a
__22Jue9) 114000aM_ 125l 60 7170 1 s 0 05l ool
. Aloln®o 24000PMI 1S 72 7e2 1, e82 48 o031 0o
22AU00. 110000AM| 136 1060 810nma  9selwa  nma | 005
_ S-Aug-00|  3:00:00 F’_M_ 176 1018 785]  1 83ma  va | 0.04
26000 23000PM. 183 1069 8O0, 1 85wa wa | 00s
10-Jul-00 81500 AM, 127, 1008  8.27 1. 9.12n/a nia__ . 0.05
4/12/2002




Site Date Time ¥;C Cond ‘ pH ITurb D.Q. CaC03 PO4 NO3
WEST FORK WILLIAMS CR. AT CAVES CAMPRD.~ 27-Jun-00  3:50:,00PM 167, 98-5§ 805| 1) 9\351_n/,a na  n/a
WEST FORK WILLIAMS CR. AT CAVES CAMPRD. ~ 16-Jun-00  11:30:00 AM|  122| 1140 200 2 102.na  |na nia
WEST FORK WILLIAMS CR. AT CAVES CAMP RD. | 24-Sep-99. 11.07:00AM| 135 147; 782 3 8 68|_ 94, 08 0
WEST FORK WILLIAMS CR. AT CAVES CAMP RD. : 2-Sep-99! 10:40.00AM 118, 146! 7.16 2[ g, 6' 88) 0.35, 0.01
WEST FORK WILLIAMS CR. AT CAVES CAMP RD. 17—Aug—99i 11:15:00 AM 14.5‘ 138 746 1) 8.86 84|  0.45|n/a
WEST FORK WHLLIAMS CR. AT CAVES CAMP RD. 4-Aug-99.  10:22.00AM| 149 131 752 1 874 80l 038 0.03
WEST FORK WILLIAMS CR. AT CAVES CAMP RD. o 22-Jut99) 111500AM| 141 @6 728, 1 6.4% 80: 049, 0.02
WEST FORK WILLIAMS CR. AT CAVESCAMPRD. ' 9-Jul-99  12:30:00PM; 135 92| 741, 9.16‘ 84/ 074 002
WEST FORK WILLIAMS CR. AT CAVES CAMP RD. 21-Jun-99  3:00:00 PM  13.6 103 719 1| 9.4, 52, 0.24; 001
WEST FORK WILLIAMS CR. AT MOUTH . 28-Sep01  527:00PM 164, 1235 747| mgjﬂg,gqm/a 1129 0.04
WEST FORK WILLIAMS CR. ATMOUTH | 16:Aug-01  113600AM 184l 1314 8/ 2/ 82 7801 |00f
WEST FORK WILLIAMS CR. AT MOUTH . 11.ul01 1:01:00 PM| 17.4| 1424, 74 3 84infa 009 0.07
WEST FORK WILLIAMS CR. AT MOUTH 14-Jun-01, 12:41:00PM  16.8, 1442|785 1 98] 100; 016 008
WEST FORK WILLIAMS CR. AT MOUTH 22-Aug-0C 12500PM 174 950, 8.07/na | 9.14na nla  |n/a
WEST FORK WILLIAMS CR. AT MOUTH  9-Aug-00  12:0000 PM' 187 1005  7.79| 1’ 806na  |na 0.03
WEST FORK WILLIAMS CR. AT MOUTH  25.0u-00 10000 PM|  182] 1112 806 01 84 n/a na | 0.03
WEST FORK WILLIAMS CR.ATMOUTH _ 10-Jul-00. 9:15:00 AM| 139, 1053 801 2 914jna  nfa | 003
WEST FORK WILLIAMS CR. AT MOUTH 27-Jun-00  2:40:00PM| 196 1045 767 1 911 \n/a nfa 001
WEST FORK WILLIAMS CR. AT MOUTH . 15-Jun-00, 92500 AM; 139 1221 793 1, 9.8;nfa 2 nia
WEST FORK WILLIAMS CR. AT MOUTH 24-Sep-99; 104500AM| 152 144 7.33) 3} 824 76/ 078 0.05
WEST FORK WILLIAMS CR. AT MOUTH 2-Sep-99°  11:20:00 AM'  15.1 138  695| 4] 882 92| 047] 009
WEST FORK WILLIAMS CR. AT MOUTH 17-Au9-99!, 12:35:00 PM 16&5,, 137 744 1! 802 84| 0.58|n/a
WEST FORK WILLIAMS CR. AT MOUTH  4-Aug-99  11:10:00AM:  17.8] 133 743, 1. 7.76 84/ 0.68| 0.02
WEST FORK WILLIAMS CR. AT MOUTH 22-Ju-98  10:05:00 AM} 156'  102] 6.78 1762 92 037 002
WEST FORK WILLIAMS CR. ATMOUTH 1 9-Jui-99  9:36:00AM' 141 94| 706 1 978 55, 0.47 003
WEST FORK WILLIAMS CR. AT MOUTH 21-Jun- 99°  1.10:00PM  14.4 108! 767 1}» 8.58! 72| 053 001
WEST FORK WILLIAMS CR. AT MOUTH 24-Sep-98, 33200PM 152 258. 807 g 88 170 g39na
WEST FORK WILLIAMS CR. AT MOUTH 31-Aug- 98 10:12:00 AM; 15.61 327 7.743 1 | 832 _ 156 nla
WEST FORK WILLIAMS CR. AT MOUTH 21-Aug-98  12:00.00PM; 160/ 282 778 1 846 1320 04 008
WEST FORK WILLIAMS CR. AT MOUTH 11-Aug-98  9:30:00AM| 158 325 70l B2 s8] m
WEST FORK WILLIAMS CR. AT MOUTH o © 30-Jul-98 9:42:0(5’2\’[\’/{""" 1”6’[2}“ S 322 801 1 874 164 0.2'1 0.04
WEST FORK WILLIAMS CR. AT MOUTH 20-Jul-98  2:2800PM, 182" 320 798 0 | 7.94 160 o188 0.07

Applegate River Watershed Council
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Site Date Time T;C Cond Turb D.O. CaCO3 PO4  NO3
WEST FORK WILLIAMS CR. AT MOUTH | 9Jul98i  91B00AM; 152 4’ 807 1 | 810 168 g 23| 0.04
WEST FORK WILLIAMS CR. AT MOUTH  26.Jungs 24500 P'V‘ 143 297, 19 90 144 41 0.04
WEST FORK WILLIAMS CR AT MOUTH _ G 17-dun- 98\ 11:50. OGAM 48] 118 8| 1 | 900  90na  |na
WEST FORK WILLIAMS CR. AT MOUTH " y5.8ep-97  13000PM 148 na | 757 Ma ,,.,,9,-00,i 7gnfa nia
WEST FORK WILLIAMS CR. AT MOUTH | 26-Aug-97|  34500PM: 16, 7|nia R 1A | g0 84[n_fa |
WEST FORK WILLIAMS CR. AT MOUTH | 14Aug97  140:00PM| 22 Ma gna  gggn/a  nla nia
WEST FORK WILLIAMS CR. AT MOUTH  1-Aug97  2:10:00 AM 1g9.8infa na i 910 oginia  |nia
WEST FORK WILLIAMS CR. AT MOUTH T 24-Jul-97]  5:0000PM| 21 1|n15 nfa | 81C  B4lnia  |n/a
WEST FORK WILLIAMS CR. AT MOUTH 3.Jul97 2:30:00PM 194 nia Onia 890,  82nla  nia
WEST FORK WILLIAMS CR. AT MOUTH .18 JErTé?’ ot 30 00 AM,,,T,,,,, 1Tln/a N 7.52n/a . 8.60 85/n/a "%’nfa
WILLIAMS CR. AT POWELL CR.  24-Sep99.  9:37:00AM| 152 177 705, 2| 734 110 0868 007
WILLIAMS CR. AT POWELL CR. 2-Sep-99' 9:20:00 AM. 1ﬁ;§_,r________ _1GTT 2| 5.66| .20, ©020p 002
WILLIAMS CR. AT POWELL CR. 17-Aug-99  9:3200AM, 161, 160 1,788 80 031n/a
WILLIAMS CR. AT POWELL CR. | 4-Aug-99  12:15:00PM 1845 178 7 2 758 875 085 013
WILLIAMS CR. AT POWELL CR. _22.Jul-99  B:56:00AM 158 124! 881 ‘8.39! 91| 041 01
WILLIAMS CR. AT POWELL CR. TS0 ”171:00:007,5\!\;1; 155 109, 1923 76 1.1 008
WILLIAMS CR. AT POWELLCR. _i.21-dun-89)  113500AM: 15 117 . 9] . .86 031 004
WILLIAMS CR. AT POWELL CR. . 15-Sep-97] 10:40:00AM__ 156" | e 900 sona
WILLIAMS CR. AT POWELL CR. 28-Aug-97- 9:53:00 AM' 16.9 n/a Vg 20 10&“:"8 in/a
WILLIAMS CR AT POWELLCR. 14-Aug97_ 120000PM 22308 7 ____;r?_{e____'m ooI ogMa  nla
WILLIAMS CR AT POWELLCR. = __1-Aug97, 111400 AM  18.1.7a 9200 gaana
WILLIAMS CR. AT POWELL CR. 24-Jul-97°  1:00:00PM  20.2n/a nia | 825 9gin/a  Inia
WILLIAMS CR. AT POWELL CR. ””175-39;9777_ 12.3_9_._@_54;__'_ ) 18.1?n/§i J B :n.’a | 9.0 QQJ Qs?n/a ;n."a
WILLIAMS CR. AT POWELL CR. 3-Jul-97,  4:30:00 PM' 24in/a 770in/a  9.00 92nfa  |n/a
WILLIAMS CR. AT POWELL CR 18-Jun-971 10:30:00 AM. 1_'}7/'5'1 | 8olna 940 8snia  |nia
WILLIAMS CR. AT RT. 238 BRIDGE | 28-Sep-01  3:56:00 PMﬂ 184 1519 7 2 752|n/a 01 0.02
WILLIAMS CR. AT RT. 238 BRIDGE  16-Aug01: 10:4400AM 204 1622 7. | 63 8604 007
WILLIAMS CR. AT RT. 238 BRIDGE 11-0u-01. 111600 AM| 205 1768 674 2 736na | 005 007
WILLIAMS CR. AT RT. 238 BRIDGE . 14-Jun-01_ 111300AM. 181 1783 727 2 9.28 115 019 0.05
WILLIAMS CR. AT RT. 238 BRIDGE | 22-Aug-00.  241:00PM__ 207 990  696n/a  972Ma  nfa_ nia
WILLIAMS CR. AT RT. 238 BRIDGE _9-Aug00; 11:15:00AM 187 1285 _ 708, __‘ 674nla  |n/a | 0.05
WILLIAMS CR_ AT RT. 238 BRIDGE 25-Jul-00:  3:00:00 PM| 220 1292  7.47] 8.8 n/a infa__ | 0.04

Applegate River Watershed Council 4{12/2002




Site Date Time - T;C Cond pH Turb D.O. CaCoO3 PO4 NO3
WILLIAMS CR. AT RT. 238 BRIDGE. ."_717@-Ju_l_—_0_0i____11:05:00A_l_\/|5 186 137;_1i___ 761_7 1j 9.04 n/a na | 002
WILLIAMS CR AT RT. 238 BRIDGE . 27-Jun-00,  1:5000PM. 213 _1410{ 767 2 974§:n!a______ Ma 1 0.02
WILLIAMS CR. AT RT. 238 BRIDGE ) ., 24:Sep:98  125500PM 186 150 7.5 3666 88 093 006
WILLIAMS CR. AT RT. 238 BRIDGE 2-Sep-99  9:15:00 AM 166 _148 701, 1 7@@,1;, 98! 025 0.03
WILLIAMS CR. AT RT. 238 BRIDGE o . 17-Aug-99) 8:15:00 AM‘ S 179] 155 6705,  1.784, 90 036|ma
WILLIAMS CR. AT RT. 238 BRIDGE ] [ 4-Aug- 99‘ 1214800 F’ML____ 2071 147, €96 11 7.04. 80 051 005
WILLIAMS CR. AT RT. 238 BRIDGE _ 22:0u-98  8:3000AM!_ 176 125| 633 2/ 56/ 84| 052| 008
WILLIAMS CR. AT RT. 238 BRIDGE ) .. SJur99i  1:00:00AM, 195  122' 671 1. 988 76 058 0.06
WILLIAMS CR. AT RT. 238 BRIDGE 21-Jun-99!__11:0000 AMi 159 122 7.02 1 852 80 043 007
WILLIAMS CR. AT RT. 238 BRIDGE 24-Sep-98  914.00AM 148 74| 780, 1 760 100 026|n/a
WILLIAMS CR. AT RT. 238 BRIDGE 31-Aug-98.  10:59:00AM 189 168/ 721 1 | 8.72! 82va  In/a
WILLIAMS CR. AT RT. 238 BRIDGE 7 _ 21-Aug-98  1:00:00PM. 181 1769? 727 8.90! 88 033wa
WILLIAMS CR_ AT RT 238 BRIDGE 11-Aug-98| 10:15:00 AM| 196 166 725 1 812 88 /g 002
WILLIAMS CR. AT RT. 238 BRIDGE 30Jukes 102200AM 196l 177 761 0 782 68 3] go7
WILLIAMS CR. AT RT. 238 BRIDGE ., 20u88  TS500PM 201 165 749 1| 820 1100 o48] o
WILLIAMS CR. AT RT. 238 BRIDGE T s ese0am 183 184 740 1 800 80 g7 006
WILLIAMS CR. AT RT. 238 BRIDGE ) . 26-Jun- 98 91500AM! 13 8 184, 773 1 7720 100 025 0.05
WILLIAMS CR. AT RT. 238 BRIDGE | 47-Jun-98  1:00:00 PM 160 125 7.83) 1 | 8.86 76| 029] 0.01
WILLIAMS CR. AT RT. 238 BRIDGE _ 15-Sep-97  10:20:00 AM 15,na o _I8ima 82 80jnia In/a
WILLIAMS CR. AT RT. 238 BRIDGE 28-Aug-97;  9:30: OOAMj , 177”’8 L 7.05|n/a 77 104nfa n/a
WILLIAMS CR. AT RT. 238 BRIDGE 14-Aug-97; | ?1 45:00 AM 7777722 4'.n/a1 71 1 7.49 n/a,,,,,, 1Q__!_5_7n."a 7 n,.’am n/a
WILLIAMS CR. AT RT. 238 BRIDGE . 1-Aug97  10:23:00 AM; 193 Ma | 773na 83 1o5/Ma  na
WILLIAMS CR. AT RT, 238 BRIDGE . 18-Jun-97  9:30:00 AM, ,,l@ﬁﬂi__ 779 g8y ggna Ve
WILLIAMS CR. AT WILLIAMS HWY. BRIDG ______ 28-Sep-0iinfa nla _na v nfa_ |nja  nia na  nla
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE | _16-Aug-01  111500AM 199 1437 792 1t 594 76104  0.04
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 1 -Jui-01:nfa inia in!a in/a _ n/a nla |n/a ) En/a in/a
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE - 14-Jun-01  1:25:00 PM 183, 1445 728 2 7.68 100:  0.19! 0.07
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE L 22-Aug00  2:00:00 PM ,,19;52_____199-0,;,,,, 744|n/a | 818 nva na  na
WILLIAMS CR. AT WILLIAMS HWY BRIDGE ~ 9-Aug-00  10:30:00 AM. 193 1119, 749 1 7.4/nja nfa | 002
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 25-Jul-00|  3:30.00PM' 206 1096 735 0 68na va - 0.04
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 10-Jul-00 10:45:00AM _ 156 1116, 772 2, 9.22infa |n/a 003
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 27-Jun-00  2:26:00PM__ 202 1118 739 1 9.14ln/a na | 003

Applegate River Watershed Council 4/12/2002
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Site Date Time T.C Cond pH Turb D.O. CaCo3 P04 NO3
WILLIAMS CR. AT WILLIAMS HWY, BRIDGE _ 19:Jun-00/ _ 1:25:00 PM,| 171, 128, o7 53! n/a ; 8.74! nfa _in[a___ In/a
WILLIAMS CR. AT WILLIAMS HWY. qqu(_a_E, . 16-dun- oo; 124500PM| 157, 126, DT 77,7__4;_ 1y 804 Ma  na |na
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE = . 24-ep- 99, 10:0500AM| 154 153, 736 3 7.7_4i 1001 038/ 0.07
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE ' 2.Sep-gg 10.0000AM 146" 146 655 31 8.44, 1000 035 @
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE . 17-Aug-99i 9:4800AM 164 142) 687 TIn/a _ 88' 0.578|‘n/a
WILLIAMS CR. AT WILLIAMS HWY BRIDGE =~ - AAUg99 114200 AM, 187, 138‘ _ 69 1 768 70| 054/ 0.01
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE _ 22-ul-99,  9:30: OOAM_‘___ 16 _ 108 647, 1 _7.,72_"_ 841 0721 0.02
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE o, 8Jul-gg: LO-?@QAM,, _148i 95_L. _ .68 1 88, 56! 047| 0.03
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 21-Jun-99 122500 PM, 14, 3. 103 7125‘___ 1! 856 70, 049, 0.02
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE | 24-Sep-98, 11 0500 AMI 14 9I 1211756, 0 0 656' 95, D.31!nja
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 31-Aug-98| 7771 :40:00 AM: B 186, - 150L ?69 T 898;_“ 82| na
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 21-Aug-98° 21000 PM' 2001 148 7.66i 0 . 844, 76| 047 0.05
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE 11-Aug-98'  11:00:00 AM! 18,31 ""1&5? 782 1. 8’.’821; ) '721 ' 001
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE ~ ~ ~ ~ ~ " — 30-Jul-68° T 1:30-00 PM Eo'._sf 144, 790l il geg ?GT 0'29; 0.05
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE  ~ ~ — ~ ™ - - 20- JUI98 12:12:00 PM 183, T138]  Te2 17 gog '84f 03 008
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE~ ~ =~~~ 9Jul 98 10 54 OOAMF 164‘ N “1”08’} EEA T | é.?"of" " 70) 0"'277 0.08
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE . 2 Jungfﬁ_ 11:00:00 AM_! 127 _.Me 7sol g :78._8§_!.__ _84{_____ 05’ 0.06
WfLLIAMS CR AT WILLIAMS HWY BRlDGE e 17-dun 98 . 3:00.00 PMI 15, 3|_ 1113__ ) 74g| 1 l 860| 55l 049! 0.02
WILLIAMS CR. AT WILLIAMS HWY. _BRIDGE . _|_ 15-Sep- 977‘ _11:08:00AM'_ 1590/ 755\”/3 ai.@pT ~go|n/a __l‘n/a
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE - BAUGSTL 41000PM, 1758 pggina 870, BaMa  Ina
WILLIAMS CR AT WILLIAMS HWY BRIDGE (AT 123000PM je7E - ggpia sooive nfan/a
WILLIAMS CR. AT WILLIAMS HWY. BRIDGE - 1-Aug-97  12:02:00PM°  1961Ma .. 7e7Ma . 890 gs|N/a  na
NILLIAMS CR. AT WILLIAMS HWY. BRIDGE | 24-Jul97. 6:00:00 PM Aera v 700 e7ima  Infa
MILLIAMS CR. AT WILLIAMS HWY, BRIDGE L Sl 97‘ 33000 PM 208 ”fa_ 1 780 8.301 81lnia ;""a
NILLIAMS CR. AT WILLIAMS HWY. BRIDGE - 18 -Jun- 97 12 04 oo PM ) 161 na 78R ;,, 870 88;_nfa va
’ALE CR. AT MOUTH 28 Sep__Q1 10 34:00 AM 13, 4| 2@,0;_:;777 793 1y aizzf;"g/q_ ~_na | oo7
‘ALE CR. AT MOUTH 1 16-Aug-01: n/a o ,1_”_/3, _ 'nia _ Na_ 'nla B _in/g _|nfa ) jn/a_ _;_n/a
‘ALE CR. AT MOUTH _ Mduro1! ‘24800PM: 164 2434 748 3 846infa . 0.11) 006
ALE CR. AT MOUTH _14-Jun- 01 . 34500PM,_ 144 2080 803 _2_: 876, 1o 018 0.06
ALE CR. AT MOUTH . 6:Sep:00l  12:14:00 PM - 122, 23100 799 2 102l wa
ALE CR. AT MOUTH _ 10-Aug-00  9:10:00 AM! 148, 2207 832 2 812 /a. - inia 1 0.08
ALE CR. AT MOUTH 26.Jul00;  1:08:00PM'_167. 2303 817 41 8.8/n/a nla OJ
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Site Date Time T;C ‘ Cond pH Turb D.O. CaCO3 .P04 ‘N03
YALE CR. AT MOUTH )  41-u00'_10:30:00AM° 129 1820 839 2 976[wa  wa | 003
YALE CR. AT MOUTH _ . 26-Jun-00, __ 2:36:00PM, 16.0! 214.0, 836 2| 8.84n/a Ma 003
YALE CR. AT MOUTH L | 22-Jun-00  115500AM 136/ 2080' 808 2| 7“[:44!n!a nia 007
YALE CR. AT MOUTH . 23-Sep99| 12:3500PM 144 334 823 13,,,,&88‘ 174, 076 003
YALE CR. AT MOUTH 1-Sep-99  10:55:00AM,  11)  314_ 826] 3] 622  172| 032) 001
YALE CR. AT MOUTH . 16-Aug-89, 11:00:00AM. 134 292, 807 1 983, . 176 0.53'n/a
YALE CR. AT MOUTH ..2Aug-89  1:5300PM 187 270 795 4 994, 132 0-39; 005
YALE CR. AT MOUTH B © 20-Ju-99. 10:50.00AM{ 138 198 808 2 882 148 091 005
YALE CR. AT MOUTH ) o 8-Jul-99' 11:0000 AM__ 112, 1763’________7’18: 77§-7777101'n._f§1___ 0.39| 0.01
YALE CR. AT MOUTH - _ | 17-Jun-99_ 1:3500PM 135|167 802! 3| 872 n/a - 021 0.04
YALE CR. AT MOUTH ~ | 21-Sep-98,  240:00PM 123 258 839 3 | 944] 195 0-58'1 0.04
YALE CR.ATMOUTH . | aSep9s, 94000AM| 148/ 320 825 1 | 800 182, 04 o003
YALECR.ATMOUTH . . 25Aup-98| 94000AM 126 123 828 2 | 9.50, 176|029 008
YALE CR. AT MOUTH ] _ . 13-Aug-98  9:40:00 AM, 15_1}r 29%,,,,,8,-18! 2 foes2 176 079 005
YALE CR. AT MOUTH ] . 3Aug98_ 111000AM 153  278| 828 1  894| 160 05 006
YALE CR. AT MOUTH - | 23-Jul-98) 12:15:0@_PM______15.7}777”,”25& _____ng 2 814 144 92 009
VALE CR- AT MOUTH , 13-Ju-e8_ 114500AM| 132 173] 830 2 910 132 929 0.08
YALE CR. AT MOUTH . _2:ulesl 11:37:00AM 118, 148 828 2 o84 110l 922 o5
YALE CR. AT MOUTH . 20Junes  83000AM 88 175 825l & 1016 118 02 002
YALE CR. AT MOUTH  12-Sep-97  1:4000PM| 14.9 M@ 791N 9o igo/Ma  n/a
YALE CR. AT MOUTH B 28-Aug-97 12:35:00PM__ 15.4Ma . gaz2nfa I g9 2008 n/a
YALE CR. AT MOUTH . ] 18-Aug-97  14000PM, 17472 . gasMd ma - pona na
YALE CR. AT MOUTH ) _ 4-Aug-97,  220:00PM  19.4/"/a ~s4zMa | g5 1gg/Ma  |n/a
YALE CR. AT MOUTH . ~24-ulg7i 111500 PMi 162!Ma . gana@ 9-3i _1ggma |na
YALE CR. AT MOUTH 14-Jui-97 1.05:00 PM 15.6?1‘1/8 8.56\n/a 9.0'n/a n/a nia
YALE CR. AT MOUTH N o 3-Ju-e7, 15000PM  143nia 8,21T.n/§*"" 9.0; “158lnfa |2
YALE CR. AT MOUTH ) 2,4"]“”'97?. . 1:50:OQ PM?, jESln/a i _ 8.44in/§”4 ) 74‘ 15(.)_‘.n_fa y.n.’a
YALE CR. AT MOUTH 18-Jun-87 . 11:00:00 AM] 15/n/a gilva | 94 120 0/a  n/a

Applegate River Watershed Council
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JDFW Fish Presence Surveys

Stream | Tributary to [ERE Miles] ChF Use | Co Miles | Co Use | StS Mites| StS Use [SIW Miles| StW Use Trout Miied Trout Use| Comments ]

Squaw Creek Applegate Lake c 0 0 o] 8 s.m.r
Eiliot Creek Applegate Lake o] 0 0 0 14 sm,r
Mule Creek Applegate River 0 0] 03 5.m.r o] 25 s,m,r  Stseen up to RM 0.3 {P&B survey 197Q)

Slagle Creek Applegate River 0 0 12 smr 0 1.2 smr  ODFW survey 1888; fish found up to 20 yds below
Star Gulch Applagate River 0 0 4 s,m,r 0 85 s.m,  Stand CT use verified to RM 4 (BLM survey 1976},
Slate Creek Applegate River 8.1 s,m 1 s.mr 12.9 s,m.r 128 s,m,;r 13.3 s,mr  cehouse confirmed (USFS 1997)

Onion Creek Applegate River 0 o] 08 smpr 0 ODFW survey 1998; Pond at mouth of stream

Jackson Creek Applegate River 0 1 s.m.r 15 s.Mm.r 0 15 smy  CT, St confirmed use confirmed (ODFW 1997); coho
Chapman Craek Applegate River 0 0 0 0 2.4 sm,r CT; BLM survey 1980 and 1997

Oscar Creek Applegate River o] 0 041 s,mr 0 ODFW survey 1898

Palmer Creek Applegate River o] 1.5 s,m.r 7 smr 0 7 smy  *Stverified up to RM 1.75; assumed up to RM 3 (P&B
lron Creek Applegate River o] 086 s.mr 0.25 s,m.r 0.25 smr Coho presence determined by BLM; St use confirmed

Williams Creek Applegate River 7.3 s.m 71 s,m.r 71 s,m,r 71 s,m,t 71 s,mr  Stuse verified (P&B survey 1965}, Co use verified
Murphy Creek Applegate River 2 s,m 45 s.mr 4.5 sm,r 8] 65 smr  Co, St, CT confirmed to RM 0.25, 5t confirmed to RM 3
Thompson Creek Applegate River 1 5,m 86 smr 86 s.m.r 88 smr 1035 sm,;  Stuse verified (P&B survey 1869), CO use confirmed
Board Shanty Creek Applegate River 0 8] 14 s.m,r 0 2 s,mr* 515 found up to RM 1.4 in 1988 (QDFW); no fish found
Grays Creek Applegate River 0 086 s,m,r 3 5,m,r 0 3 smr  coho presance determined by BLM; t, CT confirmed to
Butte Fork Applegate River Applegate River 0 o] o] 0 8 s,m,r
Cheney Creek Applegate River 15 5,M 35 s,m.t 5 s.m,r 5 smr 5 s.mr  Coconfirmed to RM 3.5 (CDFW 1998);

Caris Creek Appiegate River 0 0 2.8 s,m,r* o] 3 smr*  StSand CT found enly up to RM 2.5in 1998 (ODFW

Beaver Creek Applegate River 0 12 smr 5 s,.m,r 0 6.8 sm,;  trout use confirmed (Medite 1995); St confirmed to RM
Bul Creek Applegate River 0 o] 0 0 2 s,mr  CT use confirmed (BLM 1988)

Littla Applegate River Applegate River 5 5,m 6 s.m.,r 6 m.r 19 s,m,r* 19 sm.r  Steelhead fry observed at RM 12.25; suitable habitat to
Humbug Creek Applegate River 0 0 1.3 smys” 0 25 sm,;  Stredds seen to RM 0.5; habitat suitabte to RM 1.3
Miller Creek Applegate River 0 0 08 s.m,r 4] 2 s;m,* *Trout and steethead only found up to RM 0.8 in 1998
Middie Fork Applegate River Applegate River a 0 6 0 6 s,mr
Carberry Creek Applegate River (Lake) Q 0 o] o] 8.3 smys  P&B survey 1970
Petes Camp Creek Beaver Creek 0 0 0 8] 1 s.m,r Visual survey 1995 (Medite)
Bear Wallow Creek Bilt Creek 0 Q 0.2 s,m.r 0 0.2 s.m.r 51, CT use confirmed (ODFW fish presence survey,

Knight Creek Butcherknife Creek o] 05 smr 0 o] Coho presence determined by BLM

Steve's Fork Carberry Creek Carbearry Creek 0 0 0 0 111 s,m.r
Sturgis Fork Carberry Creek Carberry Creek 0 o] 0 4] 85 5,m,r
Cougar Creek Carberry Creek 0 0 0 0 1.5 s,mr
Brush Creek Carbarry Creek o] 0 0 o] 4 sm,r

Rocky Creek Caris Creek 0 0 0 0 0.1 s,m,r  CT; ODFW survey 1988

Miners Creek Catis Creek 0 0 01 s,m.r 0 0.1 smr  ODFW survey 1698
Little Cheney Creek Cheney Creek 0 08 s,m,r 0 smr 0 0.8 sms Coand Stuse determined by BLM; trout use assumed.

Sugarloaf Gulch Clapboard Gulch 0 [ C a 075 smr  CT; ODFW survey 1995
Raock Creek East Fork Williams Creek a] 0 1 5,M.1 0 15 5,m,r

Clapboeard Gulch East Fork Williams Creek 0 o] o] 8] 0.8 smys CT; ODFW suivey 1995

Dutch Creek Ellict Creek 0 0 0 0 2 s,m.r

Silver Fork Eliiot Craak 0 0 0 0 1.75 5 m.r
Poormans Creek Forest Creek 0 0 0 0 1 AUl

Trib GL - A Glade Greek 4] 4] 8] 0 01 sm,y;  T40S, R1W, Sec. §; CT - OCOFW survey 1996
Hendricks Creek Glade Creek o &) 0 0 01 smr CT: ODFW survey 1996

Garvin Gulch Glade Creek o] o] o 0 0% sm,r  CT use confirmed (CDFW survey 1996)

Trib GL-C Glade Creek o] 0 o] 0 0.1 sm,r T408 R1W, Sec 18; CT - ODFW survey 1996

Wrangle Creek Glade Creek 0 0 0 o] 0.1 s,m,yr CT - ODFW survey 1996
Trib A Little Applegate River o] 0 0 o] 0.6 smr visual survaey 1995 (Medite}
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ODFW reach habitat summaries



JDFW Fish Presence Surveys

Stream | Tributary to [ERE Miles] ChF Use | Co Miles | Co Use | StS Mites| StS Use [SIW Miles| StW Use Trout Miied Trout Use| Comments ]

Squaw Creek Applegate Lake c 0 0 o] 8 s.m.r
Eiliot Creek Applegate Lake o] 0 0 0 14 sm,r
Mule Creek Applegate River 0 0] 03 5.m.r o] 25 s,m,r  Stseen up to RM 0.3 {P&B survey 197Q)

Slagle Creek Applegate River 0 0 12 smr 0 1.2 smr  ODFW survey 1888; fish found up to 20 yds below
Star Gulch Applagate River 0 0 4 s,m,r 0 85 s.m,  Stand CT use verified to RM 4 (BLM survey 1976},
Slate Creek Applegate River 8.1 s,m 1 s.mr 12.9 s,m.r 128 s,m,;r 13.3 s,mr  cehouse confirmed (USFS 1997)

Onion Creek Applegate River 0 o] 08 smpr 0 ODFW survey 1998; Pond at mouth of stream

Jackson Creek Applegate River 0 1 s.m.r 15 s.Mm.r 0 15 smy  CT, St confirmed use confirmed (ODFW 1997); coho
Chapman Craek Applegate River 0 0 0 0 2.4 sm,r CT; BLM survey 1980 and 1997

Oscar Creek Applegate River o] 0 041 s,mr 0 ODFW survey 1898

Palmer Creek Applegate River o] 1.5 s,m.r 7 smr 0 7 smy  *Stverified up to RM 1.75; assumed up to RM 3 (P&B
lron Creek Applegate River o] 086 s.mr 0.25 s,m.r 0.25 smr Coho presence determined by BLM; St use confirmed

Williams Creek Applegate River 7.3 s.m 71 s,m.r 71 s,m,r 71 s,m,t 71 s,mr  Stuse verified (P&B survey 1965}, Co use verified
Murphy Creek Applegate River 2 s,m 45 s.mr 4.5 sm,r 8] 65 smr  Co, St, CT confirmed to RM 0.25, 5t confirmed to RM 3
Thompson Creek Applegate River 1 5,m 86 smr 86 s.m.r 88 smr 1035 sm,;  Stuse verified (P&B survey 1869), CO use confirmed
Board Shanty Creek Applegate River 0 8] 14 s.m,r 0 2 s,mr* 515 found up to RM 1.4 in 1988 (QDFW); no fish found
Grays Creek Applegate River 0 086 s,m,r 3 5,m,r 0 3 smr  coho presance determined by BLM; t, CT confirmed to
Butte Fork Applegate River Applegate River 0 o] o] 0 8 s,m,r
Cheney Creek Applegate River 15 5,M 35 s,m.t 5 s.m,r 5 smr 5 s.mr  Coconfirmed to RM 3.5 (CDFW 1998);

Caris Creek Appiegate River 0 0 2.8 s,m,r* o] 3 smr*  StSand CT found enly up to RM 2.5in 1998 (ODFW

Beaver Creek Applegate River 0 12 smr 5 s,.m,r 0 6.8 sm,;  trout use confirmed (Medite 1995); St confirmed to RM
Bul Creek Applegate River 0 o] 0 0 2 s,mr  CT use confirmed (BLM 1988)

Littla Applegate River Applegate River 5 5,m 6 s.m.,r 6 m.r 19 s,m,r* 19 sm.r  Steelhead fry observed at RM 12.25; suitable habitat to
Humbug Creek Applegate River 0 0 1.3 smys” 0 25 sm,;  Stredds seen to RM 0.5; habitat suitabte to RM 1.3
Miller Creek Applegate River 0 0 08 s.m,r 4] 2 s;m,* *Trout and steethead only found up to RM 0.8 in 1998
Middie Fork Applegate River Applegate River a 0 6 0 6 s,mr
Carberry Creek Applegate River (Lake) Q 0 o] o] 8.3 smys  P&B survey 1970
Petes Camp Creek Beaver Creek 0 0 0 8] 1 s.m,r Visual survey 1995 (Medite)
Bear Wallow Creek Bilt Creek 0 Q 0.2 s,m.r 0 0.2 s.m.r 51, CT use confirmed (ODFW fish presence survey,

Knight Creek Butcherknife Creek o] 05 smr 0 o] Coho presence determined by BLM

Steve's Fork Carberry Creek Carbearry Creek 0 0 0 0 111 s,m.r
Sturgis Fork Carberry Creek Carberry Creek 0 o] 0 4] 85 5,m,r
Cougar Creek Carberry Creek 0 0 0 0 1.5 s,mr
Brush Creek Carbarry Creek o] 0 0 o] 4 sm,r

Rocky Creek Caris Creek 0 0 0 0 0.1 s,m,r  CT; ODFW survey 1988

Miners Creek Catis Creek 0 0 01 s,m.r 0 0.1 smr  ODFW survey 1698
Little Cheney Creek Cheney Creek 0 08 s,m,r 0 smr 0 0.8 sms Coand Stuse determined by BLM; trout use assumed.

Sugarloaf Gulch Clapboard Gulch 0 [ C a 075 smr  CT; ODFW survey 1995
Raock Creek East Fork Williams Creek a] 0 1 5,M.1 0 15 5,m,r

Clapboeard Gulch East Fork Williams Creek 0 o] o] 8] 0.8 smys CT; ODFW suivey 1995

Dutch Creek Ellict Creek 0 0 0 0 2 s,m.r

Silver Fork Eliiot Craak 0 0 0 0 1.75 5 m.r
Poormans Creek Forest Creek 0 0 0 0 1 AUl

Trib GL - A Glade Greek 4] 4] 8] 0 01 sm,y;  T40S, R1W, Sec. §; CT - OCOFW survey 1996
Hendricks Creek Glade Creek o &) 0 0 01 smr CT: ODFW survey 1996

Garvin Gulch Glade Creek o] o] o 0 0% sm,r  CT use confirmed (CDFW survey 1996)

Trib GL-C Glade Creek o] 0 o] 0 0.1 sm,r T408 R1W, Sec 18; CT - ODFW survey 1996

Wrangle Creek Glade Creek 0 0 0 o] 0.1 s,m,yr CT - ODFW survey 1996
Trib A Little Applegate River o] 0 0 o] 0.6 smr visual survaey 1995 (Medite}
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Glade Creek
Sterling Creek
Cinnabar Guich
Grouse Creek
McDonald Creek
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Cook and Green Creek
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Trib 1
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South Fork Round Prairie Creek
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Round Prairie Creek
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CT; ODFW survey 1995
Visual survey 1995 (Medite)

CT; ODFW survey 1985

T375, RBW, Sec. 36, ODFW survey 1998

Coho presence determined by BLM

CT use confirmad (Medite visual 1995)

T408, R2W, Sec. 18; visual survey 1995 (Medite)
CT; ODFW survey, 1995

CT; BLM survey, 1983

CT: ODFW survey 1995

ChF use verified (P&B survey 1974), Co, Stuse

5t, CT cenfirmed to mouth of Bear Wallow {ODFW
Coho use determined by BLM; St verified to RM 05
Co, St and CT use confirmed (ODFW 1997); ChF use
Co and St use determined by BLM; ChF upto RM 0.5
Coho use confirmed (USFS 1297)

CT use to RM 0.25 {P&B survey 1974)

ChF use verified (P&B survey 1974); Co verified

trout use confirmed (BLM 1982)
CT; BLM survey 1982

trout use confirmed (BLM 1882)
CT, St use confirmed (BLM 1984)

Residents reported St use reperted by landowners
CT; ODFW survey, 1995

Co, St presence datermined by BLM: ChF verified (P&B
coho presence determined by BLM; ChF use verified
Coho use confirmed {USFS 1997)

CT - ODFW survey 1596

CT; ODFW survey 1985

St use confirmed (P&B 1965); Trout use assumed

St use confirmed (P&B survey 1965)- 12' falls;CT use
CT; BLM survey 1988

ODFW survey 1995

CT; ODFW survey 1993

CT use verified (ODFW survey 1995); St use verified
ODFW survey, 1985
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Co and 5t use confirmed to RM 3.2 (ODFW 1592); 5t
QODFW survey, 1995

CT; ODFW survey 1996

CT - CDFW survey 1996

T40S, R2W, Sec. 15; CT - ODFW survey 1996



Appendix A.5
Reaches and Suitability Scoring



. Winter and Summer Mabitat suitability . _

Summer Winter

Suitability Suitability
Basin __ Stream Reach Temperature DO CWPool Score LwD FP Gravel Score
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Summer Winter
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Basin _ _ _ Stream Reach Temperature DO CWPaool Score LWD FP Gravel Score
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ABSTRACT

Several species of anadromous salmonids including coho and chinock salmon and steefhead trout.
inhabit the Applegate Basin. Warm summer stream temperatures and simplified stream habitat along the .
lower river, however, may inhibit salmonid survival, and the lack of complex, off-channel rearing habltat:'i;
along the mainstem Applegate likely limits rearing success.

In 1997 Copeland Sand and Gravel, Inc. began expioring options through which aggregate
extraction operations could enhance or restore off-channe! habitat, effectively linking aggregate extraction
with watershed restoration. As a result, several experimental off-channel alcoves were constructed during
the summer of 1998. These alcoves were intended to provide high-flow refugia for juvenile salmonids
during winter; in summer alcoves were planned to provide cool, hyporheic water inputs to benefit mainstem
rearing juveniles. Additional proposed benefits included: increased spawning area, increased bank stability,’
and increased area for fry to rear in interstitial spaces. :

Throughout the spring and summer of 1999, the Applegate River Watershed Council evaluated :
water quality and fish use in constructed alcoves in an effort to appraise the success of this project. Most
water quality data were collected during July and August, while fish surveys were conducted between :
March and September. High flows precluded momtonng during the winter to assess the alcoves as win
refugia.

We found the constructed and natural off-channel units provided habitat for chinook saimon and’;
rainbow/steelhead trout. Redside shiners and juvenile northern pikeminnow, however, were the most
commonly observed species within constructed habitat units. Juvenile salmonids utilized constructed
off-channel habitat for summer rearing, but natural, flowing off-channel reaches appeared most lmportant,
and juvenile salmonids utilized pool and riffle with pocket habitat more often than alcove habitat. e

During summer, constructed alcoves and glides provided habitat most suitable for warm water ﬁs h,
species. Redside shiners and northern pikeminnow were the most commonly observed fishés in’ the“‘
constructed areas, and adult bluegill were observed to have spawned along the banks of the alcoves. The-_}_'
presence of newly emerged minnows and redside shiners suggested that other warm water fish spawned and
reared in constructed alcove areas as well. The lack of flowing water and suitable substrate, however,
likely precludes the use of the alcoves for salmonid spawning.

On a daily average, constructed alcoves did not provide significantly cooler conditions than the
mainstem Applegate. Nonetheless, during short periods of time (~6-15 hours) when mainstem temperatures
approached summer maximums, localized areas of cooler water appeared to exist at several alcove
focations.

Continuous temperature data demonstrated that most alcoves were stratified (i.e. warmer at the
surface). Stratification was also obvious in longitudinal profiles of pH and dissolved oxygen levels. The
stratification of dissolved oxygen levels and pH likely reflected poor vertical mixing in combination with
significant plant and algal growth (eutrophication).

Based on our observations, the constructed alcoves did not provide critical salmonid habitat during
daylight hours between March and September. Rather, alcoves appeared to enhance habitat for compedi-
tory (redside shiner) and predatory (northern pikeminnow) species to salmonid fishes. In addition, water
quality parameters in both the mainstem river and constructed alcove areas were below recommended
standards for salmonid health.

This project was supported by Grant 149-99 from the Department of Environmental Quality and
Grant 98-275 from the Governor’s Watershed Enhancement Board.
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The photograph was taken from near the closed end of the alcove and looks northwest to the
mouth of the alcove and the Applegate River
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INTRODUCTION

Copeland Sand and Gravel Inc. is the major producer of aggregates for industrial and domestic
construction in Josephine County, OR. The company realized that their work in the Applegate River, if
appropriately designed, might improve aquatic habitat for salmonids, and initiated a program to integrate
gravel extraction with fish habitat enhancement. Working with Pacific Habitat Services, Oregon
Department of Fish and Wildlife, and David Newton and Associates, Copeland Sand and Gravel devised a
novel plan that entailed the construction of several experimental, off-channel alcoves in areas of aggregate
extraction on the lower Applegate River (Pacific Habitat Services 1997).

Permits for the project were obtained at the county, state, and federal levels. Copeland Sand and
Gravel and the Applegate River Watershed Council submitted a fill and removal permit application to the
Army Corps of Engineers and Division of State Lands which was also reviewed by all state and federal
agencies with regulatory authority over fish, water quality, and fill and removal.

Alcoves were constructed near river mile 16 of the Applegate River in 1998. As a co-applicant on
this project, the Applegate River Watershed Council recognized the need to ascertain if the goals had been
met. In an effort to determine salmonid and non-salmonid use, as well as suitability for use, of the
constructed off-channel sites, we monitored fish populations, water chemistry, and stream temperature in
intact alcoves during the spring and summer of 1999.

BACKGROUND

Historically, the lower Applegate River maintained complex aquatic habitat that included
perennial multiple channel sections, high-flow flood channels, sloughs, alcoves, and large woody debris
complexes. A complex mosaic of mature floodplain and riparian tree species stabilized the river channel,
and historical flooding maintained many off-channet features. Stable and complex low-gradient river and
stream reaches provided important off-channel rearing habitat for native saimonids (Bjornn and Reiser,
1991). Throughout settlement history, however, land use practices, residential development, aggregate
mining, dam release schedules, and channelization projects have destabilized the Lower Applegate River
channel and reduced the complexity of off-channel habitat areas.

Three species of anadromous salmonids, coho and chinook salmon and steelhead trout, inhabit the
Applegate basin. Each of these species utilizes the lower Applegate River during some stage of their life
history, and portions of the mainstem Applegate provide essential habitat for saimonid spawning, holding,
migration, and rearing. However, warm summer stream temperatures and simplified stream habitat along
the lower river may inhibit salmonid survival, and the lack of complex, off-channel rearing habitat in the
Applegate may limit rearing success.

During winter, the alcoves were intended to provide high-flow refugia for juvenile saimomds, while
in the summer they were planned to provide cool, hyporheic water inputs for mainstem rearing juveniles.
Additional proposed benefits of constructed alcoves included increased areas for spawning fish to deposit
eggs, increased bark stability, and increased area for fry to rear in interstitial spaces (Van Staveren et. al.,
1997).

The alcoves are in an unconstrained, low gradient reach (.032-.039 slope) of the Applegate River.
The floodplain width at this site approaches 1000m, and the project area is underiain by fluvial deposits of
unconsolidated sand. silt, gravel, and cobble. Figure 1 shows the topography and general location of the
site; Figure 2 displays the proposed locations of constructed alcoves. Winter flows reconfigured many of
the constructed alcoves, yet several alcoves, located along the west side of the Applegate, remained intact
throughout 1999 (Figure 2).

APPLEGATE RIVER WATERSHED COUNCIL Alcove Study Page 1



MONMORING SITE SELECTION

Monitoring sites were selected to compare and contrast the different off-channel conditions created
by natural stream processes and alcove excavation (Figure 3). Sites D, C, and F are constructed alcoves.
Site H, a constructed channel, has visible hyporheic tlow entering from the Applegate River through a
gravel bar, and site 1, the junction of the two constructed alcoves, is where a natural alcove, present before
construction, terminated. Site G, near the mouth of the long alcove system, was chosen to determine if
conditions near the alcove mouth were similar to those of the Applegate River. Site B is a constructed
channel, and Sites A and ] represent natural off-channel habitat that was present prior to alcove
construction.

OBECTIVES

This project set out to determine if the constructed alcoves provided improved summer habitat for
Applegate salmonids. We recorded fish use of constructed and natural off-channel areas and monitored the
following water quality parameters: temperature, conductivity, pH, turbidity, alkalinity, dissolved oxygen,
and the nutrients, nitrate and phosphate. Biological oxygen demand was checked and the presence of
aquatic plants and or algae at each monitoring site was noted. Additionally, longitudinal water chemistry
profiles (pH, temperature, and dissolved oxygen at the surface and the bottom) were measured in the
alcoves. The methods used are described in the Appendix.

' — A Y ; A Figure 1.

3 FRCAD Vicinity Map
taken from the
plan prepared by
David J. Newton
Assoctates, inc
{David J. Newton
Associates 1997)
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Table 1. List and numbers of fish species or group observed in an off-channel complex of the Apple-
gate River, April to September, 1999.

common name scientific name total number of observations
Unidentified salmonids Oncorhynchus spp. 49
Chinook salmon Oncorhynchus tshwytscha 300
Steelhead and rainbow trout Oncorhynchus mykiss 736
Redside shiners Richardsonius balteatus 2385
Northern pikeminnow Ptychocheilus oregonensis 1152
Bluegill Lepomis macrochirus 7
Mosquito fish Gambusia affinis 1
Sculpin Cottus spp. 7
Unidentified minnows Family Cyprinidae 1126
5763
RESULTS
Fish Surveys

A total of 5763 fish observations were made during six snorkeling surveys conducted roughly
monthly from 30 March to 22 September. No species were observed during the 30 March survey. Water
temperature at this time was below 7° C and visibility was poor due to turbidity and high flows. During the
remaining surveys, however, a total of seven fish species were observed in the off-channel survey area
{Table 1), including two species of the family Salmonidae: Oncorhynchus tshawytscha and O. mykiss. The
most abundant species present were redside shiners and northern pikeminnow (a.k.a. northern squawfish)
followed by steelhead trout and chinook saimon.

The total number of fish observations and fish types varied between habitat units (Table 2). Of
4622 total fish observations for the major species observed, 36.6% were in glide, 27.5% in alcove, 24.3%
in pool, and 11.7% in riffle with pocket habitat.

Table 2. Number of fish observations within each habitat unit type of the off-channel study site.

Fish alcove glide pool riffle total
salmonids 23 187 541 3 1092
redside shiners 743 1056 394 192 2385
n. pikeminnow 500 448 188 16 1152
total 1266 1691 1123 549 4629

Salmonids were most often observed in pool (50%) and riffle with pocket habitat (31%), and
least often in the constructed alcove habitat (2%). In contrast, northern pikeminnow and redside shiners
were most commonly observed in the constructed alcove (44 and 31%) and glide habitat (39 and 44%),
and least often observed in the riffle with pocket habitat (1 and 8%).

The timing and relative abundance of different species changed during the study period and are
shown in Figure 3. Redside shiners were observed throughout the survey period, and the number of
redside shiner observations generally increased over the summer. Northern pikeminnow were observed
during August and September and may have been present as early as 2 June, as recently hatched young
of the year minnows (family Cyprinidae) were observed on 2 June and believed to be northern
pikeminnows. No northern pikeminnow of piscivorous size (>10 in. Poe et. al., 1991) were observed.
The most common size class noted was 1.5-3.0 in., however most appeared to be approximately 3 in. in
length.
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Figure 4. Number of fish observed during snorkel surveys at the off-channel complex along the main-
stem Applegate River.

Sreelhead trout were first noted on 22 April and were not found in considerable numbers until 9
July. The number of observations was similar during July, August, and September. Chinook salmon were
the most abundant species noted during the 22 April survey. Numbers of observations consistently
decreased during subsequent surveys and chinook were last noted on 6 August.

Water Chemistry

Temperature

Continuous temperature dataloggers were used to monitor alcove and main channel temperatures
throughout the summer. Dataloggers were deployed in the mainstem Applegate and in constructed alcoves
near the bottom and the surface in order to obtain comparative temperature data and to detect any cool
subrheic flow entering the alcoves. These data are presented in F igures 5-7 and Table 3. Temperature data
loggers are accurate to £0.5°C, and temperature differences between locations within this range should not
be considered significant.

Mainstem temperatures for the Applegate follow a diurnal warming and cooling pattern with a
24-hour average daily fluctuation of approximately 4 to 5 °C (Figures 5-7). The mainstem temperature
data in these figures provide a baseline with which to compare alcove data.

Temperature data graphs from alcove monitoring sites are also shown in Figures 5-7.
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Figure 5. Continuous Temperature data for July 9 through 20.

Temperatures obtained from the surface and bottom of Alcove D indicate that surface and bottom
temperatures of this alcove have a marked diurnal fluctuation. The surface temperature closely follows that
of the mainstem, but is about | degree warmer. The bottom datalogger indicates a slightly cooler range of
temperatures with a diurnal fluctuation that is damped (Figures 5 and 7).

The data shown in Figure 6 show a very different pattern for Alcove F. The temperature patterns
near the surface of alcove F resemble the diurnal fluctuations found in the mainstem. The maximum
temperatures at the surface at the upper end were somewhat cooler than the mainstem; while at the lower
end the surface is warmer than the mainstem. However, the average temperatures arc warmer and the
diurnal change at the upper end of the alcove is about a third that of the mainstem. More remarkable is that
at both ends of this alcove, temperatures found near the bottom exhibit a negligible diurnal change. This
observation indicates poor mixing between the surface and lower levels. Temperatures near the bottom of
the alcove, however, remain relatively constant and maintain an average temperature similar to the
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Figure 6. Continuous Temperature Data for the Mainstem
and Alcove F. July 24 through August 3.

mainstem Applegate.

Continuous temperature data, summarized in Table 3, suggest that alcoves often maintain warmer
temperatures both at the surface and the bottom than the mainstem Applegate River. However, when
maximum temperatures in the Applegate are near their peak, select sites near the bottom of alcoves D, C,
F, and [ maintain lower temperatures than the adjacent mainstem river.

Longitudinal Profiles of Water Chemistry

Other water quality parameters reflected the temperature stratification found in the alcoves.
Longitudinal profiles of surface and bottom water layers were conducted in three alcoves (C, D, and F).
Temperature, pH, and dissolved oxygen were measured in grab sampies taken from the two water levels at
regular intervals along the alcoves. Figure 8 on page 10 shows the results obtained in alcove F. In this data
set, the values of all parameters were greatest near the surface. This observation conforms with the
expected as mid-day sample collection occurs during maximum surface heating and peak photosynthesis.
Levels of dissolved oxygen were higher at the surface than at the bottom. Observed dissolved oxygen
values of 150% to 210% of saturation are indicative of heavy plant growth, and the abundant vegetation
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Figure 7. Continuous Temperature Data for the Period August {3 through 18.

within alcoves suggests that photosynthesis near the surface contributes to high daytime dissolved oxygen
levels. Lower oxygen levels found at the bottom of alcove F may reflect a lower rate of
photosynthesicaused by shading from surface leve!l vegetation. There may aiso be an excess of respiration
at the lower level due to the accumulation of large amounts of detritus. In addition to oxygen producion,
photosynthesis increases the pH of water. This is reflected in the higher pH values found at the surface.
A pH value of 10 was recorded for the upstream end of alcove F. This value is significantly higher than
normal pH values for the area, and pH values in excess of 8.5 are considered to be detrimental to
salmonids (Oregon Plan Water Quality Monitoring Guide Book). Nearly all surface pH values in Alcove
F exceed this level.

The data collected from Alcove C resembled values from Alcove F. In this instance, however,
neither the pH nor the levels of dissolved oxygen were as great as those observed for Alcove F, but
stratification was again obvious except near the mouth of the alcove (data shown in appendix). Here,
interaction with water flowing past the mouth of the alcove may have provided sufficient mixing to
eliminate stratification. Temperature in this alcove was also stratified (Figure 6).
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Table 3. Summary of Continuous temperature data from locations in the alcoves.

Dates i Average Temperatures (C) for the Period Studied
July 25 through Aug. 5 Minimum Maximum Average Daily change
Mainstem 17.7 22.9 202 52
Surface Upper End” 20.3 221 21.2 1.8
Bottom at Upper End* 19.7 20.2 18.9 0.4
Surface Lower End* 201 246 223 45
Bottom at Lower End* 18 19.2 19 0.2

* Data from Alcove F

Aug. 13 through Aug. 18

Mainstem 16.3 20.8 18.5 4.4
Alcove C Surface 16.9 17.9 17.4 1
Alcove C Bottom 17.8 21.1 19.4 33
Alcove D Surface 18.5 21.9 20.3 35
Alcove D Bottom 18.2 21.3 19.8 3.2
Alcove | Surface 18.4 20.5 16.3 21
| Lower 18.2 20.1 19 1.9
Juty 9 through July 18

Mainstem 17.2 22.4 19.7 53
Alcove D Surface 18.9 231 21 4.1
Alcove D Bottom 18.3 21.8 20.3 3.4
Surface Alcove B 16.7 223 19.5 5.6
Surface Alcove F 19.8 28.7 235 8.9

Results from Alcove D differed from both alcove F and C (data shown in the appendix). While the
stratification of temperature was similar to alcoves F and C, the stratification of pH and dissolved oxygen
was reversed: values for these parameters were greatest at the lower level. Plant and algal growth was also
different in this alcove, as there was little plant material near the surface but significant growth near the
bottom. This observation may account for the difference in pH stratification. Temperature stratification
was evident in the continuous temperature data obtained for this alcove (Figures 5 and 7).

A summary of the data obtained by the longitudinal surveys of the alcoves is given in a table in the
appendix.

Continuous Monitoring of pH, Dissolved Oxvgen and Temperature

A data sonde was deployed in Alcove F during the second week of July. The sonde was located
near the alcove midpoint, approximately one foot above the bottom. pH was found to have a diurnal cycle
with maxima and minima of 8.8 and 6.7 respectively. Dissolved oxygen varied from 58% to near 0 %
saturation during the first two days. A figure in the appendix displays this data.

Water Chemistry

Water chemistry was monitored on alternate weeks from early July until mid-August. Water from
the alcoves and mainstem was analyzed for pH, dissolved oxygen, temperature, conductivity, alkalinity,
turbidity, and the nutrients nitrate and phosphate. Detailed monitoring data and nutrient analyses are
provided in the appendix.

Conductivity monitoring can pinpoint groundwater intrusion into surface water by showing the
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Figure 8. Longitudinal Chemical Parameters for Alcove F. Data obtained on 8/5/99

enhanced concentration of dissolved salts and minerals in subsurface water. The average conductivity for
all sites over time was 118+17 pS. The only value exceeding this range was found in an alcove with
obvious ground water intrusion (site H).

Turbidity values ranged from | turbidity unit (NTU) at most locations to 9 NTU in Alcove F,
which consistently had the highest turbidity readings. Alcove F maintained abundant aigae and aguatic
vegetation throughout the summer, and often, a bluish-gray film was on the water surface near the bank.
These factors likely contributed to the higher turbidity.

Alkalinity is a measure of water’s ability to resist changes in pH. The average value, 74 mg/L (as
CaCQy;), represents the capacity for a modest resistance to change in pH. The range of alkalinity in
constructed alcove areas (60 to 90 mg/l.) did not vary significantly from day to day at individual sites.
Alcoves, side-channels, and mainstem Applegate channels maintained similar alkalinity values throughout
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the study period.

Nitrate concentrations were found to be between 0.01 and 0.06 mg/L. These concentrations are
tow and do not suggest nitrogen loading at any location. Phosphate levels were also low, ranging from (.12
to 0.74 mg/L. These values are typical of those found at ARWC’s water quality monitoring stations
throughout the Applegate Basin (Summer Program: Water Quality, Stream Ecology: 1998). Alcove C had
the highest phosphate level. The amount of algae and plant growth observed in alcoves C. D. and F
indicated eutrophication, a result of excess plant or algae growth, and reflected excess nutrient levels. Since
plants and algae utilize nutrients for growth and assimilate the nutrients as they enter the system, a system
may be eutrophied even though low nutrient levels are found.

Biological oxygen demand (BOD) was determined and found to be representative of clean or,
moderately clean water.

Relative Abundance of Aquatic Plants and Algae.

The presence of plants and or algae was estimated in the alcoves on several occasions. At each
longitudinal monitoring station, the presence of algae or aquatic vegetation was noted when sampling
procedures encountered algae or vascular plant material. In Alcove F (August 5), all 13 samplings of water
at the bottom of the alcove contacted either plant or algal material, and on the surface 11 of 13 locations
supported plant or algal material. In Alcoves C and D (August 12), all samplings from the bottom level (6
per site) reflected plants or algae. In contrast, sampling surface areas within Alcove C found 3 of 6 sites
with algal or plant growth, while Alcove D maintained only 2 of 6 such sites. These quantitative
observations substantiate visual estimates of plant and algal growth. In fact, by September 1, Alcove F was
virtually filled with aquatic plants, and cattails were occupying marginal areas.

D1sCUsSION

These alcoves in the Applegate River were constructed as part of an aggregate mining operation.
The hope and expectation was that constructed alcoves would provide off-channel habitat for salmonids.
As such, the alcove project could effectively link aggregate extraction with watershed restoration. We
evaluated water quality and summertime fish use in constructed alcoves in an effort to evaluate the success
of this project. Most water quality data were collected during July and August 1999, while fish surveys
took place between March and September 1999.

The constructed and natural off-channel habitat surveyed along the mainstem Applegate River
during summer 1999 provided habitat for several species of fish, including chinook salmon and steelhead/
rainbow trout. Redside shiners and juvenile northern pikeminnow, however, were the most commonly
observed species within constructed habitat units (alcoves and glides).

Off-channel habitat for juvenile salmonid rearing in summer was provided in the area surveyed,
however pre-existing, flowing off-channel reaches appeared most important, and juvenile salmonid fishes
utilized pool and riffle with pocket habitat more often than glide and alcove habitat.

Alcoves provide little concentration of drifting macroinvertebrates for juvenile salmonid feeding,
and this may partly explain the lack of daytime usage of these areas. During summer, juvenile saimonids in
fresh water streams typically occupy areas of low to moderate velocity, where food, cover, and suitable
water quality are present. Moreover, the most important food source for juvenile salmonids in streams is
aquatic macroinvertebrates, and as some juvenile salmonids grow, they select stream areas with increased
stream velocities, in order to improve access to passing drift (Chapman and Bjornn, 1969). In comparison
to other stream habitats, riffles and heads of pools appear to provide the greatest concentration of drifting
macroinvertebrates. Alcoves, in contrast, have essentially no velocity and consequently provide little
concentration of drift.

Water quality may also explain the limited use of alcoves by salmonids. Water temperatures in the
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Applegate can reach levels critical for survival of salmonid fishes (chinook >26.2°C ., coho >26.0°C.,
steelhead >23.9°C. Brett 1952; Bell 1986). One proposed benefit of this project was to provide thermal
refugia for native fish during summer months. This was to be achieved through construction of dendritic
alcoves that would promote delivery of cool, sub-surface flow to the off-channel area. There is evidence
that this occurred in isolated pockets, but warmer alcove waters (maximum 28.7°C) in the immediate
vicinity of cool water inputs may have restricted cool temperature benefits. Extreme pH and dissolved
oxygen values may have also reduced the benefits of cool water input into alcove areas. Salmonid growth
and survival, for example, appear to be limited in stream environments with less than 6mg/1 dissolved
oxygen, and 3mg/1 is the limit to avoid acute mortality (MacDonald er. al., 1991). Dissolved oxygen values
recorded for an alcove location remained below 3mg/] for an extended period (>12 hours). The pH of the
alcoves also varied in space and time, and high pH values (9.95 maximum) may also interfere with
salmonid use of alcove areas.

Nonetheless, as mainstem Applegate temperatures itncreased throughout the summer to above
22.9°C, salmonids were observed in non-flowing constructed alcove areas. During the 6 August survey, in
fact, over 50 juvenile steelhead/rainbow were observed in a constructed alcove area with visible hyporheic
flow {Alcove H). This alcove remained a part of the mainstem wetted channel throughout June, but as river
levels dropped during July and August this site lost surface water inputs and took on alcove characteristics.
As a result, this habitat unit was only sampled during August and September. Because this area evolved
from a mainstem river reach into an alcove over the course of our survey period, related snorkel data are
not included in summary tables or figures.

During summer, constructed alcoves and glides seemed to provide the most suitable habitat for
warm water fish species. Redside shiners and northern squawfish were the most commonly observed fishes
in constructed areas, and adult bluegill were observed to have spawned along the banks of the alcoves,
where temperatures ranged from 19.8-28.7°C. Moreover, the presence of newly emerged minnows and
redside shiners suggests that other warm water fish spawned and reared in constructed alcove areas as
well. The lack of flowing water and suitable substrate, however, likely precludes their use for salmonid
spawning.

One projected outcome of the alcove construction was that the alcove trenches would receive an
influx of cooler ground water. Indeed, small seeps of cooler water were detected during fish surveys, and. -
salmonids were observed in the vicinity of cool water inputs. Although surface alcove temperatures were
consistently warmer than the mainstem Applegate, temperatures recorded near the bottom of Alcove C and
at the bottom near the open end of Alcove F were less than those found for the average maximum of the
mainstem Applegate. Data suggest that during a 24-hour period, alcoves do not provide significantly cooler
conditions than the mainstem Applegate.

Alcove water surface elevations are approximately one foot lower than the adjacent mainstem
{Figure in the appendix). This difference may not generate sufficient hydrostatic pressure to promote
subrheic through the tightly packed sands, gravels and cobbles present in the study site. As a result,
hyporheic water input is not sufficient to offset warm alcove temperatures. None-the-less, during short
periods of time, when mainstem Applegate temperatures reach summer maximums, localized areas of
cooler water appear to exist at several alcove locations.

Salmonid health is considered to be impaired if the 7-day average maximum temperature exceeds
17.8°C (Oregon Plan Water Quality Monitoring Guide Book). The average maximum temperatures
observed for the mainstem Applegate and constructed alcoves were above this value. However, average
water temperature near the bottom of Alcove F remained close to the maximum acceptable level.

Constructed fentic alcove areas appear to promote both algal and vascular aquatic plant growth.
Alcove areas are unshaded and apparently maintain sufficient nutrient levels to support luxuriant vascular
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plant communities. As a result, aquatic vegetation virtually filled several alcoves and contributed to
stratification and eutrophication.

Continuous temperature data clearly demonstrated this stratification. Temperature data collected
at two depths in Alcoves F and C showed marked differences between surface and bottom levels (Figures
5 and 6). Lesser, but distinct, stratification was found in Alcove D and there was minor stratification in
Alcove 1 (Figures 5 and 7). Stratification results from poor mixing and it is not surprising that a long
alcove such as Alcove F remains isolated from the mixing effects of the river. [n addition, heavy aquatic
plant growth shades the deeper areas and serves to dampen vertical mixing by wind. While Alcove C is
short, flowing water appears to bypass its mouth and little mixing was observed. In contrast, the mouth of
Alcove D is deep and mixing between side-channel and alcove water is apparent.

Stratification was also obvious in the longitudinal profiles of temperature, pH and dissolved
oxygen (Figure 8 and figures in the appendix). Alcoves F and C had similar patterns of stratification, with
temperature, pH and dissolved oxygen greatest at the surface. The plants and algae near the surface absorb
sunlight and photosynthesis seems to be greatest in this zone. Photosynthesis is also an alkalization process
and it follows that the pH at the surface should be and, indeed, was greater than at the bottom.

Alcove D showed temperature stratification in the longitudinal profile of a magnitude that was not
apparent from temperature dataloggers. This may simply reflect that grab samples were collected nearer
the surface and the bottom. The stratification of pH and dissolved oxygen, which was inverted—when
compared to Alcove F—was most likely a resuit of the location of plant and algal growth in this alcove.
There was little surface plant life; most plants were on the bottom, making that the primary locus of
photosynthesis.

Eutrophication of the alcoves appeared to have two consequences. One was that pH values well
outside of the range considered to be safe for salmonids (pH 6.5 to 8.5) were observed in the lateral profiles
of Alcoves D and F. These extremes undoubtedly resulted from sampling at the upper and lower most
levels, and hence, represent extreme values within the alcoves. This pH range was rarely exceeded in the
grab samples collected at intermediate levels during monitoring visits (table in the appendix).

The additional consequence was that surface and bottom levels of dissolved oxygen contrasted
significantly. Longitudinal profiles displayed super-saturation in the zones of high photosynthesis and low
levels of oxygen in the shaded regions. The continuous dissolved oxygen data obtained by the sonde
indicate nearly anoxic conditions during the night in Alcove F (data in the appendix). Oxygen
concentrations considered detrimental to salmonid survival (<6 mg/ or approximately 70% of saturation at
21°C) were found within the lower layer of Alcove F at approximately half (n=14) of the data collection
points.

Alcove temperatures were uniformly above the level recommended for salmonid health, and the
extremes of pH and dissolved oxygen were also outside of the preferred range. Nonetheless, salmontds
were found in and around the alcoves during several snorkel surveys, with roughly 2% of salmonid
observations in constructed alcove habitat (Table 2).

Based on observations collected during summer 1999, alcoves did not provide significant salmonid
habitat, and they appeared to enhance habitat for compeditory (redside shiner) and predatory (northern
pikeminnow) species to salmonid fishes. An alternative restoration approach, providing off-channel
flowing water habitat with complex structure and cover might provide summer and winter rearing habitat
for juvenile salmonids, while limiting the use of these areas by other predatory or compeditory fishes.

The importance of these alcoves as a velocity refuge for salmonids during winter high flows 1s not
known and should be examined. Furthermore, nocturnal surveys may also document different patterns of
alcove use.

As constructed off-channel habitat units evolve, habitat parameters, including cover, stability,
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temperature, and algal and aquatic plant productivity wiil likely change, and the importance of these areas
for summer salmonid use may increase. At present, vegetation from piantings and natural colonization of
constructed off-channel areas is growing rapidly. Willow, cottonwood, and alder are stabilizing the study
area, and in the absence of a 15-20 year flood event in the near future, mature vegetation will begin to
stabilize off-channel areas, trap passing woody debris and sediment, and provide shade to constructed
alcove habitat. Copeland Sand and Gravel Inc.'s commitment to set this site aside and allow revegetation
may see the entire area evolve into a stable and complex off-channel lotic and wetland area. Future fish and
wildlife benefits could be significant.
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APPENDIX

Methods

Most of the methods used are described in the Methods and Procedures Manual of ARWC .
Other methods were as follows.

Biological oxygen demand (BOD) was estimated by determining the difference in oxygen
concentration in a fresh sample of water and one that had incubated in the dark for 5 to 7 days at 20°C.
The difference between the initial value and the dissolved oxygen at the fifth day is called BOD;.
Biological oxygen demand shows the presence of organic material that bacteria can oxidize (Baron
1997). During incubation the sample temperature was kept at approximately 20°C.

Temperature was continuously recorded by temperature dataloggers (Hobos® or OpticStow-
Aways®) at several locations in the alcoves and in the mainstem. Temperature monitors placed in the
alcoves were stratified. The lower device was weighted to hold it near the bottom, while the upper
temperature datalogger was held within a foot of the surface by a piece of Styrofoam. A short length of
cord connected the dataloggers. These devices recorded the temperature every 30 minutes.

Dissolved oxygen, pH temperature, and conductivity were continuously determined by a sonde,
which was deployed in Alcove F from July 9 to 14. The sonde was calibrated by procedures provided by
YSI Inc. Yellow Springs, OH .

Longitudinal profiles of water chemistry were determined at the surface and at the bottom of the
alcoves at regular increments from the end of the alcove to its mouth. Distances between measurements
were approximated by strides. For this study dissolved oxygen was measured with a YSI Model 95
Dissolved Oxygen and Temperature Meter. With this unit oxygen is detected by a Clark type voltametric
microelectrode array. The instrument was calibrated by procedures provided by YSI Inc.

Fish use and relative abundance were monitored monthly at the study site from March to
September 1999. During day light hours, two people snorkeled through waterways of the study site
beginning at the downstream end of the study reach and continued upstream to the southern-most alcove.
Surveys included pre-existing side channel areas, constructed side channel, and constructed alcoves.
Number of fish per species and size class was recorded for each of 11 pre-designated habitat units, Notes
were also made of fish behavior and location relative to cover, velocity, and other factors. Fish species
present in the mainstem Applegate River was observed by snorkeling around two large woody debris
accumulations south and upstream of the off-channel survey area during each survey.
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YSI 600XLM Multiparameter Water Quality Monitor Manual. YSI Inc, Yellow Springs OH.
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Monitoring Data for the Alcoves. An * indicates the number is the average of two determina-

tions

Alcove Study Page 16

. . . DO |Oxygen
Site location Date Time {Temp.| Cond.{ pH {Turb.| Alk. ma/L | % Sat.
A end of road 7/8 10:40! 186.3 8.27 10.3 | 1088

716 906 ¢ 17* | 100" ; 7.03* 1 1 56" | 8.45* | 90.5"
7123 10:11) 18.5% | 104* | 769~ | 2* | 84"
8/5 942 | 185 | 119 | 6.66 1 80 | 7.36 81
B  side channe! up from road 7/8 11:.00| 16.8 8.36 8.48 | 909
7116 9:43 | 17.0 | 101 | 7.08 2 68 | 7.84 | 84.1
7/23 10:23( 188 | 106 | 7.89 2 60
8/5 9:54 | 186 | 119 | 6.86 1 80 | B.15 | 897
C  alcove above bend 7/8 11.08 | 16.7 8.49 8.76 | 925
7116 950 | 172 | 103 | 6.53 3 72 | 658 | 70.5
7/23 10:32| 185 | 105 | 7.89 2 70
8/5 1:10| 195 | 123 8.7 7 70 | 564 | 631
D  alcove nearest pump 718 11:15) 17.2 993 99 | 106.1
716 10:08( 183 ¢ 104 | 6.81 2 68 | 658 | 724
7/23 10:40| 203 1 107 | 7.94 1 94
8/5 10:25( 18.7*{ 121* | 7.31*| 5 | 75| 7.32* | 823"
E  Applegate River 7/8 12:07 | 18.0 8.8 9.1 99.6
7/16 11:18| 204 | 109 | 7.39 1 70 | 6.12 70
7123 11:15) 196 1 107 | 8.18 1 65
8/5 11:06| 184 7 118 7.6 2 80 | 864 | 951
F  long alcove, up from trunk 7/8 11.40| 194 7.61 8.34 | 933
7116 10:25| 20.0 | 120 | 6.45 7 68 | 7.4 83
7123 10:51| 209 | 123 | 7.65 8 80
8/5 10:50) 212 | 131 | 6.38 9 70| 654 | 756
G Mouth of iong alcove 718 12:40| 206 9.15 7.76 | 88.7
7116 11:35(| 221 115 | 7.53 1 76 | 6.62 782
7/23 11:271 211 114 | 7.98 3 70
815 1140 211 122 | 7.34 1 70 | 6.66 77
H  Side alcove with gr. Water 7/8 12:50 ) 18.7 8.12 6.74 | 742
7116 11:.00( 203 | 188 7.7 2 72 | 7.34 |} 839
7/23 11:12( 209 § 113 | 8.06 1 70
8/5 11:24 | 205 § 122 | 717 2 80 | 6.24 | V1.3
! junction of two alcoves 718 1;10 | 21.3" 8.36* 8.21*| 954"
7116 1042 207 § 115 | 7.24 2 76 | 764 | 873
7123 11:.00( 21.7 § 117 | 7.78 3 80
8/5 11:551 21.3 | 138 7.3 2 85| 504 | 694
Overall Average 118 271 74
Standard Deviation 17 2.4 7
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. . Nitrate | Phosphate
Site tocation oL g/l
A lend of road 0.04° 0.23"

0.01 0.18

B |side channei up from road 0.05 0.4
0.02 .33

C |alcove above bend 0.03 0.54
0.02 0.74

D |alcove nearest pump 0 0.12
0.027 0.27°

E |Applegate River 0.03 0.25

0.02 04

F llong alcove, up from trunk | 0.01 0.53
0.0 0.64

G |Mouth of long alcove 0.03 0.18
0.02 0.52

H |Side alcove with gr. Water| 0.06 0.41

0.05 0.66

1 junction of two alcoves 0.01 023

0 0.42

Overall Average 0.02 c.41

Standarg Deviation 0.02 0.19
Nutrient Analysis of Water Samples from the

Alcoves.

For each monitoring location the top number is
data for samples collected on July 23, the lower
number is for samples from August 5.

An * indicates the number is the average of two
determinations

Relative Elevation of the Monitoring

Sites. All sites are relative to the edge
of the Mainstem of the Applegate just
above Alcove D. The units are in feet.
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Alcove C D F

Date 8/12/99 8/12/99 8/5/99
Average A T (°C)' 3.6 3.3 3.5
Range of T Extremes” 19-24 20-25 20-26
Average A pH' 0.6 -0.4 0.9
Range of pH Extremes’ 7.0-8.3 8.5-9.2 7.0-10.0
Average A % DO' 37 -39 115
Range of % DO Extremes” 76-135 132-172 19-212

| Represents surface values minus bottom values.

2 Represents the smallest and largest values. These values may or may not occur at the same

point. In determining the range, one value was taken from the surface and the other from the

bottom.

A Summary of the Variations in Values of Chemical Parameters Found for the Longitudinal Profiles

of Alcoves C, Dand F.
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Dissolved oxygen as mg/L. and % saturation found in Alcove F.

Date Parameter Minimum Maximum Mean
pH . 7.00 8.25 7.48

10-Jul DO, mgil 0.43 444 2.91
Temp C 17.50 18.00 17.80

pH 6.97 7.76 7.30

11-Jut DO, mg/l. 0.36 3.52 2.44
Temp C 17.70 18.20 18.00

Summary of data obtained by the sonde in Alcove F
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Appendix C

Little Applegate Streamflow and Habitat Enhancement
Monitoring



Little Applegate Streamflow and Habitat Enhancement Project
Monitoring Activities Summary

I. Introduction

The Applegate River Watershed Council together with numerous private and public
cntities are undertaking a project which changes a point of diversion from the Little
Applegate River to the mainstem Applegate River. Pumps and pressurized pipes
from the mainstem will replace two diversion structures in the Little Applegate.

The role of the monitoring plan is to identify and quantify the biological and physi-
cal ctiects from the Little Applegate Streamflow and Habitat Enhancement Project
(LASHEP) . Key questions raised during project development and project expecta-
tions molded the monitoring study. This document outlines the technical cvalua-
tions in place to answer those key questions and verify expectations.

Data explanations and investigations are on-going. Therefore, procedures and data
summuaries, rather than findings and conclusions are presented. Fach section con-
tains an issue statement, monitoring tool, and representative data.

[t 1s the hope of'this program that information and lessons learned will assist others
working on similar projects or confronted with similar issues.

1. Issues and Design

A. Streamflow

Proposition: Streamtlows will increase tn the lower 3 miles of' the Little Applegate
River.

In May 2000, a continuous water stage recorder and staff plate were installed near
the mouth of the Little Applegate River. The instrument records water surface ele-
vations every /2 hour. The staff plate has been “rated™, establishing the relation-
ship between water surface elevation and discharge. Together we are able to deter-
mine flows for any time period. as well as observationally. via the staff plate. Year
2000 and 2001 data will provide two seasons of low flow record prior to project
implementation. Equipment will remain tollowing implementation. The before and
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after set of information will ailow us to quantify tlow and vield benefits from the pro-
ject. Chart 1 compares hydrographs above and below the project location during the
2000 irrigation season. Chart 2 displays the 2000 and 2001 hydrographs near the
mouth of the Little Applegate River,

Chart 1 Hydrograph upstream and downstream of project site

Little Applegate Hydregraphs
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B. Fish Habitat
Proposition: [ncreased streamflows will increase available aquatic habitat.

During the summer of 2000. crews conducted a physical habitat survey from the mouth of

the Little Applegate River upstream to Yale Creek. The Protocol followed the Oregon De-

partment of Fish and Wildlife (ODFW) stream habitat survey. The survey provides pool-

" riffle. width to depth, substrate, instream wood, and riparian vegetation information(see ap-
pendix 1). The survev will be repeated following project implementation. The comparison

will depict the change in habitat quality and composition.

C. Fish Use and Passage

Proposition:  Increased streamflows and the removal of obstructions to fish migration will
increasc available spawning and rearing habitat.

Following the aforementioned ODFW habitat survey, crews snorkeled every fifth pool and
every tenth riffle. Appendix la presents findings. Fish surveys will be repeated in 2001 and
following project implementation.

Additionally, nearly every two weeks in the spring of 2001, tield personnel conducted steel-
head spawning surveys. The survey followed established ODEW protocols. Five reaches
were surveyed and inciude:

Farmers Ditch to Buck and Jones Ditch (Reach 1)
Buck and Jones Ditch to Grouse Creek (Reach 2)

FS boundary @ RM 14.2 to Waters Guich (Reach 3)
Yale Creek ‘@ Mouth to First Waters Gulch

Yale Creek — Unnamed tributary to Box Canyon

* & &+ »

Assembly and collation of data is underway; ergo. all data ts not available at this time. Chart
3 displays comparative data between reach 1 and reach 2. The drop in fish observation in
reach 2 is attributed to flashboard installation at the Buck and Jones Diversion.

Littls Appiegate Stealhead Spawning Surveys

Chart 3 Spawning surveys
results of Reach I and 2
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D. Water Quality

Proposition: Increased streamflows will improve water quality

The Applegate River Watershed Council maintains a very active water quality monitoring
program. The program, established seven years ago, tracks water temperature and chemustry
i over 25 sites throughout the Applegate. From a water quality perspective, temperature is
the most limiting factor to the aquatic system. The lower Little Applegate is consistently one
of the warmest stream reaches in the Applegate watershed; every year ranking in the top five

Table 1 Dissolved Oxvgen and pH Summarv

reaches in number
of days exceeding

Date MinofpH  Maxof pH deltla  Min DO mgl_Max DO mgil deita | | /-8 C (temperature
4-Aug-00 8.59 8.81 0.22 71 111 4.0, harmful to fish)
25-Aug-00 7.97 8.83 0.86 7.1 1.3 42| (Table 2).
26-Aug-00 7.96 8.81 0.85 7.3 110 37
27-Aug-00 7.97 88 083 7.7 10.7 30| Through our routine
28 Aug-00 7.98 873 075 78 104 26
29-Aug-00 7.96 87 074 77 101 oa3jgrab sample proto-
30-Aug-00 8.05 8.78 0.73 76 1.3 3.7| col we found no in-
31-Aug-00 8.02 8.74 072 77 11.1 3.4/ dication of DO
01-Sep-00 8.03 873 0.7 8.0 116 36| problems anywhere
02-Sep-00 8.04 8.71 0.67 8.8 117 29|in the basin. In
03-Sep-00 8.05 8.71 066 9.0 116 26 2000, we deployed a
04-Sep-00 8.06 843 037 9.2 115 23] ontinuous dis.

solved oxygen (DO) and pH probe (Sonde). The sonde data indicated that DO in many
streams “bottoms out” between midnight and 6 am. Little Applegate is included in this list
(Table I, Chart 4). Photosynthesis — respiration cycles of algae are responsible for the day-

time high and night-time low DO values.

Temperature and water quality data collection continues and will continue following project
implementation. The pre- and post-project data will be used to determine how increased

flows influence water quality.

Table 2 Temperature Surmmary

Year Days >17.8
1997 78 ' T
1998 69 .
1999 72 :
2000 88 C

PHL DU mgi

Chart 4 Continuous Dissolved Oxygen and pHi

Lettle Appiegate pH ang DO
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E. Sediment and Channel Morphology

Key Question: How will the removal of two dams, and release of stored sediment, change
upstream and downstream channel condition

To identify changes in channel morphology, pre— project longitudinal and cross sectional
profiles were established The surveys documented water surface and streambed profile ele-
vations above, through. and below Farmer’s

Dam (Chart 5). Cross sections are indicated Chart 5 Longitudinal survey

on the longitudinal sur-
vey. The cross sections
detail width, depth and
water surface elevations .1
at various flows. Cross -
sections are also perma- .
nently surveyed down-  § | L
stream, near the mouth. e e .
The channel bed above s

the dam will lower in o o - o e
the vicinity of the pri- N
vate bridge shown in L o o S
chart 5 The destabiliza-

tion of the bridge abutments is being evaluated.

Little Applegata f§ Farmer s Jam Lengatudinal Profile

—— b —lr'f' .
"
|
I

wvatar ko

ta‘
3

Surveys will be repeated following project implementation. Comparing the two surveys,
ARWC will be able to quantify changes in channel structure due to the release of stored sedi-
ment

Pool filling, by the release of stored sediment, is another sediment refated issue. Several
pools, spaced between the dam location and the mouth, have been identified. At each pool
site, pool-bottom topography was recorded using a grid of cross sections. The surveying of
pools through the lower mile is designed to track the movement of sediment downstream,
Upstream pools are also being surveyed as a control population. Topographic surveys will be
repeated following project impiementation to determine level of pool filling.

L
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ODFW AQUATIC INVENTORY PROJECT

STREAM: Little Applegate River

BASIN: Applegate River

DATES: August 9-21, 2000

CREW: David M. Livingston / Stephen Sagmiller

REPORT PREPARED BY: David M. Livingston w/ assistance ODFW Corvallis R&D
STREAM ORDER: 5

BASIN AREA: 300 km®

USGS MAPS: Ruch, Sterling Creek

ECOREGION: Klamath Siskiyou

GENERAL DESCRIPTION:

The Little Applegate River survey began at the confluence with the Applegate River. The survey proceeded
9.6 km ending at the confluence with Yale Creek. The entire length of the survey is contained within a
broad valley with constraining terraces. The land use within this survey is predominately rural residential.

Reach Descriptions:
Reach 1:(T39S-R3W-10NW) Reach 1 begins at the confluence with the Applegate River and ends
at the Farmer’s Ditch dam. The channel is constrained within a broad valley. The valley width
index is > 5. The dominant riparian vegetation is shrub and deciduous (1-3cm DBH) with land
use being rural residential. The average gradient is 2.2%. Scour pools comprise the greatest
number of habitat type in reach 1. Large woody debris is 1.3m’ / 100m within this reach.

Reach 2:(T39S-R3W-11SE) Reach 2 begins at the Farmer’s Ditch dam and continues to the Buck
& Jones Dam. The channel is constrained with in a broad valley. The valley width index is > 5.
The dominant riparian vegetation is shrub followed by a deciduous component (3-15¢m DBH).
The land use is rural residential. The average gradient is 1.3 %. Riffles comprise the greatest
number of habitat type in reach 2. Large woody debris is 2.4m’/ 100m.

Reach 3:(T39S-R3W-13NW) Reach 3 begins at the Buck & Jones dam and continues to the
confiuence with Sterling Creek. The channel is constrained with in a broad valley. The valley
width index is >5. The dominant riparian vegetation is mix of conifer and deciduous (30-50cm
DBH) with a shrub under story. Land use is predominately agriculture. The average gradient is
0.5%. Riffles comprise the largest number of habitat type in reach 3. Large woody debris is
10.3m’/ 100m.

Reach 4:(T39S-R3W-13SE) Reach 4 begins at the confluence of Sterling Creek and ends at
Grouse Creek. The valley width index is >5. The dominant riparian vegetation is grass dominant
with a sub-dominant deciduous component (1-3cm DBH). Land use is rural residential. Scour
pools along with riffles both comprise the greatest number of habitat type in reach 4.

Reach 5: (T39S-R3W-24SE) Reach 5 begins at the confluence with Grouse Creek and ends at the
confluence with Yale Creek. The channel is constrained with in a broad valley. The valley to
width index is > 5. The dominant riparian vegetation is grass with a sub-dominant component of
deciduous (30-50cm DBH). Land use is predominately rural residential. The average gradient is
1.1%. Scour pools comprise the greatest number of habitat types in reach 5. Large woody debris
is 3.7m’ / 100m.



OREGON DEPT. FISH AND WILDLIFE

HABITAT INVENTORY Report Date: 03/08/01

LI..LE APPLEGATE
Survey Date: 08B/09/00

REACH SUMMARY

REACH 1

T39S -R3IW-10NW

REACH 1

Valley and Channel Summary

Valley Characteristics
Narrow Vallev Floor

{Percent Reach Length)
Broad Valley Floor

Steep V-shape 0 Constraining Terraces 100

Moderate V-shape 0 Multiple Terraces o]

Open V-shape Q Wide Floodplain 0
Valley Width Index avg: 5.0 range: 5.0-5.0

Channel Morphology

(Percent Reach Length)

Constrained Unceonstrained
Hillslope 0 Single Channel 0
Bedrock 0 Multiple Channel 0
Terrace 100 Braided Channel 0
Alt. Terrace/Hill 0
Landuse Q

Channel Characteristics

Tvype Length (m} Area (m2) Dry Units
Primary 2,779 20,396 0
Secondary 122 725 0

Channel Dimensiocns{m)

Wetted Active Floodprone First Terrace
Width 7.3 Wwidth Q% - 15.4 51.3
Depth 0.67 Height 1.9 3.3 6.3

W:D ratic 10.1i Entrenchment 8.3
Stream Flow Type: LF Watey Temp: 70.0-70.0°C
Avg. Unit Gradient: 2.2% Habitat Units/100m: 2.9

Riparian, Bank, and Wood Summary

Primary Secondary
Land Use: RR NU
Riparian Vegetation: 5 D1
Bank Condition and Shade

Bank Status Percent Reach Length Shade (% of 180)
Actively Eroding 0% Reach avg: 56%
Undercut Banks 0% Range: 0- 94

Large Weody Debris

Total Total/100m
All pieces (»3m x 0.15m) 1le 4.2
volume (mz) 38 1.3
Key pieces (>10m x $.6m) 0 0.0




ORBGON DEPT. FISH AND WILDLIFE Ll..LE APPLEGATE
HABITAT INVENTORY Report Date: 03/08/01 Survey Date: C8/16/00

REACH SUMMARY

T39S-RIW-115W

REACH 2

Valley and Channel Summary

Valley Characteristics {(Percent Reach Length)

Narrow Valley Floor Broad Valley Floor
Steep V-shape 0 Constraining Terraces 100
Mcderate V-shape Q Multipie Terraces 0
Open V-shape 0 Wide Flcodplain 0

vValley Width Index avg: 5.0 range: 5.0-5.0

Channel Morphclegy (Percent Reach Length)

Constrained Unconstrained
Hillslcpe 0 Single Channel 0
Bedrock 0 Multiple Channel 0
Terrace 0 Braided Channel 0
Alt. Terrace/Hill 1Q0
Landuse 0

Channel Characteristics

Tvpe Length (m) Area {(m2 Dry Units
Primary 1,825 17,775 0
Secondary 331 1,107 1

Channel Dimensions (m}

Wetted Active Flocdprone First Terrace
Width 8.4 Width 9.1 14.3 283.0
Depth 0.48 Height 0.7 1.4 3.0

W:D ratio 132.5 Entrenchment 1.7
Stream Fiow Type: LF Water Temp: 58.0-58.0°C
Avg. Unit Gradient: 1.3% Habitat Units/100m: 2.7
Riparian, Bank, and Wood Summary
Primary Secondary

Land Use: RR ST
Riparian Vegetation: S D3

Bank Condition and Shade

Bank Status DPercent Reach Length Shade (% ¢f 180)
Actcively Eroding 0% Reach avg: 66%
Undercut Banks 1% Range: 19-10¢C

Large Woody Debris

Total Total/100m
all pieces (23m x 0.15m} 108 5.9
Volume (m>) 41 2.4
Key pleces (z10m x 0O.ém) 1 0.1




OREGON DEPT. PFISE AND WILDLIFE

HABITAT INVENTORY Report Date: 03/08/01

LITTLE APPLEGATE
Survey Date: 08/17/00

REACH SUMMARY

REACH 3

T3I9S-RIW-13INW

REACH 3

Valley and Channel Summary

Valley Characteristics {(Fercent

Narrow Valley Flcor

Reach Length)

Broad Valley Flocox

Steep V-shape G Constraining Terraces 100

Moderate V-shape 0 Multiple Terraces 0

Open V-shape 0 Wide Floodplain 0
Valley Width Index avg: *** * range: 999.0-0.0

Channel Morphology

{(Percent Reach Length)

Constrained Unceonstrained
Hillslope 0 Single Channel 0
Bedrock 0 Multiple Channel a
Terrace 100 Braided Channel ¢
Alt. Terrace/Hill 0
Landuse 0

Channel Characteristics
Type Length (m}) Area (m2) Dry Units
Primary 217 2,586 0
Secondary 156 1,340 0
Channel Dimensions {(m)

Wetted Active Floodprone First Terrace
width 11.6 width Ak k K kK Kk 0.0
Depth 0.74 Height *k & kK 0.0

W:D ratio #***_ % Entrenchment **_ *
Stream Flow Type: LF Water Temp: 64.0-64.0°C

Avg. Unit Gradient: 0.5%

Habitat Units/100m:

2.1

Riparian, Bank, and Wood Summary
Primary Secondary
Land Use: AG RR
Riparian Vegetation: M30 s

Bank Condition and Shade

Bank Status Percent Reach Length

Shade (% of 180)

Actively Eroding 8% Reach avg: 75%
Undercut Banks 0% Range: 53- 81
Large Wocdy Debris

Total Tgtal/100m
All pieces (z3m x 0.15m] 43 19.8
Volume (m>) 22 10.3
Key pieces (>10m x 0.5m) 0 6.0




OREGON DEPT. FISH AND WILDLIFE LITTLE APPLEGATE
HABITAT INVENTCRY Report Date: 03/08/01 Survey Date: 08/17/00

REACH SUMMARY

T39S-RIW-13SE

REACH 4

Valley and Channel Summary

vValley Characteristics (Percent Reach Length)

Narrow Vallev Flogr Bread Valley Floor
Steep V-shape 0 Constraining Terraces 0
Moderate V-shape ¢ Multiple Terraces 0]
Open V-shape a wide Flocdplain 0
vValley Width Index avg: 5.0 range: 5.0-5.0
Channel Morpholegy (Percent Reach Length)
Constrained Unconstrained
Hillslope 4] Single Channel 0
Bedrock 0 Multiple Channel o
Terrace o Braided Channel 0
Alt. Terrace/Hill 0
Landuse Q
Channel Characteristics
Type Length (m) Area (m2 Drv_Units
Primary 0 0 0
Secondary 1,174 11,45¢C 0
Channel Dimensions {m)
Wetted Active Floodprone First Terrace
Width 10.3 wWidth 10.6 47.0 216.7
Depth  0.50 Height 0.8 1.6 1.8

W:D ratioc 13.3 Entrenchment 4.5

Stream Flow Type: LF Water Temp: 55.0-55.0°C
Avg. Unit Gradient: **.*% Habitat Units/100m: 2.0

Riparian, Bank, and Wood Summary

Primary Secondary
Land Use: RR NU

Riparian Vegetation: G D1

Bank Cecndition and Shade

Bank Status percent Reach Length Shade (% of 180)
Actively Erocding 0% Reach avg: 70%
Undercut Banks 0% Range: 21-100

Large Woody Debris
Total Total/100m

All pieces (>3m X 0.15m} 54 wA k&
volume (m>) 22 Tk *
Key pleces (21Cm x 0.6m) 0 Q.0




CREGCN DEPT. FISH AND WILDLIFE LITTLE APPLEGATE
HABRITAT INVENTORY  Report Date: 03/08/01 Survey Date: 08/21/00

REACH SUMMARY

T3ISS-RIW-24SE

REACH 5§

Vallay and Channel Summary

Valley Characteristics (Percent Reach Length)

Narrow Valley Floor Broad Valley Flgor
Steep V-ghape o} Constraining Terracea 100
Moderate V-shape 0 Multiple Terraces 0
Cpen V-shape 0 Wide Floodplain 0

Valley Width Index avg: 5.0 range: 5.0-5.0

Channel Morphology {Percent Reach Length)

Constrained Unconstrained
Hillslope 0 Single Channel 0]
Bedrock 0 Multiple Channel o]
Terrace 100 Braided Channel 0
Alt. Terrace/Hill 0

Landuse 0

Channel Characteriastics

Type Length (m) Area (m2) Dry Units
Primary 3,493 26,543 0
Secondary 548 4,918 0
Channel Dimensions (m)
Wetted Active Flcodprone First Terrace
Width 7.4 Width 9.3 16.7 211.4
Depth 0.60 Height 0.9 1.7 3.9

W:D ratie 11.2 Entrenchment 1.8
Stream Flow Type: LF Water Temp: 60.0-60.0°%C
Avg. Unit Gradient: 1.1% Habitat Units/100m: 2.7
Riparian, Bank, and Wood Summary
Prima Secondary

Land Use: RR NU
Riparian Vegetaticn: G D30

Bank Condition and Shade

Bank Status Bercent Reach Length Shade (¥ of 180)
Actively Eroding 0% Reach avg: 75%
Undercut Banks 2% Range: 8-100

Large Woody Debris
Total Total/1G0m

All piagces (23m x 2.135m) 182 5.2
Yolume (m3) 123 3.7
Key pieces (>10m x 0.6m) 1 g.0




OREGCON DEPT. FISH AND WILLLIFE L TLE APPLEGATE

HABITAT INVENTORY Report LDate: 03/08/01 Survey Date: 08/09/00
HABITAT UNIT SUMMARY
REACH 1 T398-RIW-10ONW REACH 1
HABITAT DETAIL
Number Total Avg Avg Total Large Substrate

Habitat Type

Units Length wWidth Depth Area Boulders

Percent Wetted Area

(m) (m}  (m} (m?) (#»0.5m) 8/0 Snd Grvl Cbbl Bldr Bdrk
CASCADE/BEDROCK 4 61 4.4 0.30 245 2 1 2 4 4 13 7
GLIDE 1 24 10.0 0.30 242 3 2 26 34 13 g 17
PCOL-DAMMED 3 71 10.7 1.07 859 4 3 15 14 16 26 g
FOOL~-LATERAL SCOUR 8 2593 6.7 1.03 2,057 i7 2 21 22 21 3 3.
PCOL-PLUNGE 2 42 12.9 1.65 533 5 20 29 & 5 3 37
PCOL-STRAIGHT SCOUR 24 827 7.3 0.87 5,881 31 2 23 18 16 6 3ic
PCOOL-TRENCH 4 205 5.6 1.03 1,274 4 2 18 17 10 3 S0
RAPID/BOULDERS 1 24 5.8 0.30 140 40 5 25 25 25 20 G
RIFFLE 25 1,069 7.3 0.37 7,909 485 1 18 21 24 14 2
RIFFLE W/ POCKETS 8 229 7.8 0.31 1,810 66 1 19 28 18 10 23
STEP/BEDROCK 1 50 2.5 1.20 125 0 a 0 5 5 0 90
STEP/STRUCTURE 2 4 8.8 0.40 39 0 0 0 0 8 93 0
Total: 83 2,500 7.3 0.67 21,121 657 Avg: 2 19 19 18 11 31
HABITAT SUMMARY
Total Avg Avg
Habitat Group No. Length Width Depth Wetted Area Large Boulders
Units (m)} {m) {rm) (m2) Percent Number #/100m2
Dammed & BW Pools 3 71 i0.7 1.07 859 4.07 4 0.5
Scour Pools 318 1,387 7.3 0.96 9,751 46.17 57 0.6
Glides 1 24 1¢.0C 0.30 242 1.15 3 1.2
Riffles 33 1,258 7.4 0.3¢ 9,719 46 .02 551 5.7
Rapids 1 24 5.8 0.30 140 0.66 40 28.5
Cascades 4 6L 4.4 0.30 245 1.186 2 c.8
Step/Falls 3 54 6.7 0.67 164 0.78 0 0.0
Dry 0 0 - - 0] 0.00 o} 0.0
POOL SUMMARY
Total #/Km
All Pools 41 14.1
Pools >1m deep: 16 5.5
Complex pools (LWD piecesz3}: 7 2.4
Pool Frequency (channel widths/pool): 10.2

Residual pool depth (avg) 0.71lm




OREGCN DEPT. FISH AND WILDLIFE

LITTLE AFPPLEGATE

HABITAT INVENTORY Report Data: 03/08/01 Survey Date: 08/16/00
HABITAT UNIT SUMMARY
REACH 2 T39S -RIW-11SW REACH 2
HABITAT DETAIL
Number Total Avg Avg Total Large Substrate

Habitat Type

Units Length Wwidth Depth Area Boulders

Percent Wetted Area

(m) (m)  (m) (m?) (#>0.5m) S/0 snd Grvl Ctbl Bldr Bdrk
CASCADE/BEDROCK 6 143 6.3 0.41 638 20 0 3 5 1 s 88
DRY UNITS 1 28 3.3 0.10 33 4 0 8] 20 60 5 15
POOL-DAMMED 2 142 13.4 1.05 1,512 ] 2 41 41 10 5 o
POQL-LATERAL SCOUR 5 208 9.7 0.34 2,245 14 1 36 30 17 7 8
POOL-STRAIGHT SCQCUR 17 613 8.0 0.66 5,128 35 0 20 32 22 4 22
RAPID/BEDRCCK 1 45 5.0 0.30 225 7 o} 11 11 c 22 S6
RIFFLE 22 867 8.7 0.24 7,895 124 1 11 31 37 13 &
RIFFLE W/ POCKETS 3 1G9 6.5 0.52 741 52 0 28 23 18 15 17
STEP/STRUCTURE 1 ¢ 16.7 0.00 5 o 0 0 0 0 Q 0]
Total: 58 2,156 8.4 0.48 18,882 262 Avg: 1 17 27 24 9 2L
HABITAT SUMMARY
Total Avg Avg
Habitat Group No. Length Width Depth Wetted Area Large Boulders
Units {m) {m} {m) (m?) Percent Number #/100m2
Dammed & BW Pools 2 142 13.4 1.05 1,912 10.12 a 0.3
Scour Pools 22 821 8.4 0.73 7,373 39.05 45 0.7
Glides o] 0 - - o c.00 ¢ 0.0
Riffles 25 976 8.4 0.27 8,636 45.73 176 2.0
Rapids 1 45 5.0 0.30 225 1.19 7 3.1
Cascades 6 143 6.3 0.41 638 3.38 20 3.1
Step/Falls 1 0 16.7 0.00 5 0.03 0 0.0
Dry 1 28 3.3 0.10 93 0.49 4 4.3
POOL SUMMARY
Total #/Km
All Pools 24 11.1
Pocls >1m deep: 5 2.3
Complex pools (LWD pieces»3): 5 2.3
Pcol Frequency (channel widths/pool}): 9.8

Residual pocl depth (avg) 0.53m




CREGON DEPT. FISH AND WILLLIFE

L .TLE APPLEGATE

HABITAT INVENTCRY Report Date: 03/08/01 Survey Date: 08/17/00
HABITAT UNIT SUMMARY
REACH 3 T3I9S-R3IW-1INW REACH 3
HABITAT DETAIL
Number Total Avg Avg Total Large Substrate
Habitcat Type Units Length Width Depth Area Boulders Percent Wetted Area
(m) (m}  (m)  (m?) (#>0.5m) S/0 Snd Grvl Cbbl Bldr Bdrk
POCL-DAMMED 1 167 12.5 1.70 2,084 3 5 30 20 35 10 C
POOL-STRAIGHT SCOUR 2 50 11.7 G.65 610 0 1 35 7 24 7 2%
RIFFLE 4 156 9.5 0.30C 1,230 19 0 8 25 43 3 14
STER/STRUCTURE 1 0 1%.2 1.7¢ 2 c G 0 0 o} c C
Total: 8 373 11.6 0.74 3,925 22 Avg: 1 17 17 32 8 13
HABITAT SUMMARY
Total Avg Avg
Habitat Group No. Length Width Depth Wetted Area Large Boulders
Units (m) (m} (m} (mz) Percent Number #/100m2
Dammed & BW Pools 1 187 12.5 1.70 2,084 53.09 3 0.1
Scour Pools 2 50 11.7 0.65 610 15.54 o] 0.0
Glides 0 o - - 0 0.00 0 0.0
Riffles 4 156 8.5 0.30 1,230 31.33 19 1.5
Rapids 0 0 - - 0 0.00 o] 0.0
Cascades 0 0 - - 0 0.00 0 g.C
Step/Falls 1 0 19.2 1.70 2 0.05 0 0.0
Dry 0 0 - - 0 0.G0 a 0.0
POOL SUMMARY
Total #/Km
All Pools 3 8.1
Pcols >1lm deep: 1 2.7
Complex pools {LWD pieces>3): 2 5.4
Pcol Frequency (channel widths/pool): Ak x
Residual poocl depth (avg) 0.82m




OREGON DEPT. FISH AND WILDLIFE

LITTLE AFPLEGATE

HABITAT INVENTORY Report Date: 03/08/01 Survey Date: 08/17/00
HABITAT UNIT SUMMARY
REACH 4 T39S-R3W-13SE REACH 4
HABITAT DETAIL
Number Total Avg Avg Total Large Substrate
Hapitat Type Units Length Width Depth Area Beoulders Percent Wetted Area
(m) (m}  (m}  (m?) (#»0.5m) S/0 Snd Grvl Cbbl Bldr Bdrk
CASCADE/BOULDERS 1 20 9.2 0.40 184 13 0 ¢ 1¢ 20 40 30
FOOL-DAMMED 1 68 13.3 1.20 308 o] 5 38 43 14 0 o]
POOL-LATERAL SCOUR 1 28 20.8 0.65 589 o Q 20 25 35 20 0
POOL-STRAIGHT SCOUR 10 346 9.8 0.65 3,730 24 o 13 24 30 12 21
RIFFLE 11 712 $.6 0.29 6,039 90 0 106 20 38 13 13
Total: 24 1,174 10.3 0.50 11,450 133 Avg: O 12 22 33 16 16
HABITAT SUMMARY
Total Avg Avg
Habitat Group No. Length Width Depth Wetted Area Large Boulders
Units {m) {m) (m) (m?) Percent Number #/100m2
Dammed & BW Pools 1 68 13.3 1.20 908 7.93 0 0.0
Scour Pools 11 374 10.8 0.65 4,319 37.72 24 0.6
Glides Q 0 - o 0.00 C ¢.0
Riffles 11 712 9.6 0.28 6,038 52.74 S0 1.5
Rapids 0 0 - - 0 0.00 4] 0.0
Cascades 1 20 9.2 0.40 184 1.61 19 10.3
Step/Falls 0 0 - - 0 0.00 0 0.0
Dry 0 0 - - o 0.00 0 0.0
POOL SUMMARY
Total #/Km
All Pools 12 10.2
Pocls >1lm deep: 3 2.6
Complex pools (LWD piecesz3): 3 2.6
pool Frequency {(channel widths/pool}: .3

Residual pocl depth (avg)

0.43m




OREGCN DE®PT. FISHE AND WILDLIFE

LITTLE APPLEGATE

HABITAT INVENTORY Report Date: 03/08/01 Survey Date: 08/21/00
HABITAT UNIT SUMMARY
REACH S T39S-R3W-24SE REACH 5
HARITAT DETAIL
Number Total Avg Avg Total Large Substrate
Habitat Type Units Length Width Depth Area Boulders Percent Wetted Area
{m} {m) {m) (m*} {#>0.5m) §/0 sSnd Grvl Cbbl Bldr Bdrk
CASCADE/BEDRCCK 7 117 7.5 0.46 851 27 0 4 4 6 139 68
DEBRIS JAM 1 121 3.3 0.05 399 0 o 15 3C 30 25 0
POCL-ALCOVE 1 4 3.3 0.75 14 0 C 55 10 a5 0 0
PCCL-DAMMED 3 140 5.8 0.78 773 1 2 24 30 35 8 0
POOL-ISCOLATED 1 8 2.5 0.50 21 0 20 8¢ 0 C 0 o
POOL-LATERAL SCOUR 7 185 6.1 0.99 1,114 4 0 23 23 22 11 22
POOL-PLUNGE 3 87 10.5 1.27 887 15 Q 13 30 11 14 3z
POOL-STRAIGHT SCCUR 40 1,616 8.1 0.81 14,734 94 0 21 25 25 11 18
POOL-TRENCH 1 i8 2.1 0.60C 37 0 0 5 5 0 o S0
RAPID/BEDROCK 2 48 3.4 0.38 147 5 0 8 12 28 34 18
RAPID/BQULDERS 1 29 3.2 0.30 269 30 0 11 21 26 37 5
RIFFLE 35 1,621 7.1 0.30 11,741 477 o 13 20 29 24 13
RIFFLE W/ POCKETS 1 33 8.3 0.45 276 20 o 15 5 40 40 C
STEP/BEDRCCK 4 12 7.3 0.24 B89 7 0 1 0 4 5 50
STEP/STRUCTURE 3 1 10.0 1.00 11 Q 0 0 0 G 0 0
Total; 110 4,039 7.4 0.60 31,462 680 Avg: 0 16 20 23 16 22
HABITAT SUMMARY
Total Avg Avg
Habitat Group NG. Length Width Depth Wetted Area Large Boulders
Units {m) {m} (m) (mz) Percent Number #/100m2
Dammed & BW Pools 5 153 4.7 0.72 808 2.57 1 0.1
Scour Pools 51 1,905 7.8 0.85 16,771 53.31 113 G.7
Glides 0 0 - - g 0.00 0 0.0
Riffles 38 1,654 7.1 0.30 12,017 38.20 497 4.1
Rapids 3 77 5.3 0.35 416 1.32 35 8.4
Cascades 7 117 7.5 0.46 951 3.02 27 2.8
Step/Falls T 13 8.5 Q.56 100 0.32 7 7.0
Dry 0 0 - - 0 0.00 0 c.0
POCL SUMMARY
Total #/Km
All Pocls 56 13.9
Pools >1m deep: 16 4.0
Complex pools (LWD piecesz3): 10C 2.5
ool Frequency {chamnel widths/pool): 7.8
Residual pool depth {avg) 0.60m




STREAM SUMMARY LITTLE APPLEGATE

Total Avg Avg Total Substrate Total
Number Length Width Depth Area Percent Wetted Area Large
Units (m)  (m) {m) (m2)  $/0 sand Grvl Cbbl Bldr Bdrk Boulder
283 10,641 7.9 0.58 B6,841 1 17 21 23 13 23 1,754

Wetted Area

Habitat Group (m?) Percent
Scour Pool 38,825 44 .7
Backwater Pools 6,571 7.6
Glide 2472 0.2
Riffle 37,641 43.3
Rapid 781 0.9
Cascade 2,018 2.3
Step 271 0.3
Dry 83 c.1
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Little Applegate Fish Survey Data
Survey Date: August 8-21, 2000

REACH

Speciea
ONMY
ONTS

ONKI

Age Class

1+
2+
3+

1

SPECIES
HABITAT TYPE
SPS ONMY
CONTS
SP10 ONMY
ONTS
R10 ONMY
SP15 ONMY
ONTS
SP20 CNMY
ONTS
R20 ONMY
ONTS
SP25 ONMY
ONTS
SP30 CNMY
R30 ONMY
5P35 ONMY
ONTS
SP40 ONMY
ONTS
ONKS
SP45 ONMY
R40 ONMY
SPs50 ONMY
SP55 ONMY
R50 ONMY
P80 ONMY
RE0 ONMY
5P65 ONMY
R70 ONMY
SPT70 ONMY
S5P75 ONMY
R8O ONMY
5P80 ONMY
P85 CNMY
RS0 ONMY
P95 ONMY
R100 ONMY
P100 ONMY
P105 ONMY
P110 CONMY
R110 ONMY
P115 ONMY
P120 ONMY
R120 ONMY
P125 QONMY
P130 ONMY
R130 ONMY
Stesihead/Rainbow Trout
Chinoock Salmon
Coho Samon
< 1 year old; length= 1-3"
~ 1 year okf; length= 3-6"

~2 years oid; length=6-8"
~3 years oid; length >8"

Sizes vary depending on local conditions

10/18/01

AGE CLASS Reach Totals
01+ 2w 3+
18 3 8 ONMY 0O ONMY 1+ ONMY 2+ ONMY 3+ ONTSO ONKIO
1 828 99 41 13 23
120 7
4
40
55 3 1
1
90 5 2
2
80
3
70 7 1
3
140 4 3
5 .
100 20 8
8
100 50 20
3
1
35 10 5 ONMY O ONMY 1+ ONMY 2+ ONMY 3+ ONTSO ONKIO
50 12 2 275 113 56 3
35 30 12
20 20 15
20 7 5
20 20 2
40
as 7 3
20 7 2
50 20 10 ONMY O ONMY 1+ ONMY 2+ ONMY 3+ ONTS0 ONKIG
50 20 10 1
a5 5 2
15 5 2 ONMY 0 ONMY 1+ ONMY 2+ ONMY 3+ ONTSO ONKIQ
45 15 2 85 25 6
113 20 8 ONMY O ONMY 1+ ONMY 2+ ONMY 3+ ONTSC ONKIO
100 3 4 898 236 120 24
az 8 12
12 12 2
17 4 1
35 15 10
17 10 35
56 25 7
15 25 5
30 12 3
35 18 4
160 45 17
47 27 5
29 15 7
Applegate River Watershed Council Fish Survey
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OREGON 319 PROGRAM MIDYEAR/FINAL REPORT

Project name: Project Number: OR-99-35- DEQ Contract No. Amendment No.

All Season Monitoring 319 149-99

Contractor: Applegate River Watershed Council

Start Date: 6/99 End Date: 12/31/00 Date of report; 1/12/01
Reporting Period: 6/99-12/31/01

Abstract

The Applegate River Watershed Council’'s monitoring program has collected water
quality data since 1997. Monitoring activities include temperature, turbidity,
conductivity, pH, DO, and nutrients. Thirty sites have been monitored bi-weekly. A
network of volunteers has been established across the Applegate Valley to collect
turbidity samples during rain events throughout the winter/spring months. The program
aiso tracks project effectiveness of riparian restoration in feedlots.

Project Status

Two years of summer water quality data, on thirty sites, have been compieted during
the report period. Turbidity, with the help of numerous volunteers, has been collected
over the last two winters. Water quality monitoring capturing flows from the feedlots on
Forest and Bishop Creeks was completed. In 1999 and 2000, a continuous multi-
parameter water quality instrument was placed in several locations to monitor diurnal
and season changes in DO, pH and temperature.

Permanent cross sections on Forest and Bishop creeks riparian planting sites have
been established. Baseline channel geometry, and shade values were recorded. The

sites will be revisited each year to quantify changes in shade, water quality and
channel condition.

DEQ Contact Brad Prior Phone 541-776-6010x242
Project Contact Mike Mathews

Status of planned outputs and milestones for this report period based on tasks in
workplan

1. PLANNED: Establish a network of volunteers to collect turbidity samples
throughout the year.

STATUS: A coordinated network of volunteers has been established.
Twenty volunteers covered over 30 sites. Sample bottles are mailed to each volunteer
complete with a seif-addressed, postage paid envelope. Samples were mailed to our
lab for processing. Sampling occurred on a time schedule and during rain events (when
turbidity is likely highest). The two-year project will again be initiated in early winter.
Attachment A — Winter turbidity includes findings and data summary.

2. PLANNED: Water Quality monitoring in the Applegate




STATUS: Since 1997 Applegate River Watershed Council (ARWC) has
monitored water quality throughout the Applegate Valley. Water quality attributes
include dissolved oxygen, alkalinity, conductivity, pH, temperature, and turbidity. In
1999 and 2000 ARWC deployed a multiparameter continuous monitoring device
(Sonde) at several locations. The Sonde continuously recorded pH, dissolved oxygen,
and temperature. These parameters undergo a diurnal cycle of which the extremes can
stress salmonids and other aquatic life. Attachment B — Water quality in the
Applegate includes findings and data summary.

PLANNED: Conduct project effectiveness monitoring at riparian planting
sites on Forest and Bishop Creeks. Track water quality on Forest and Bishop Creeks.

STATUS: Water quality monitoring capturing flows from Forest and Bishop
Creeks have been completed. Permanent cross sections on Forest and Bishop creeks
have been established. Baseline channel geometry and shade values were recorded.
The sites will be revisited each year to quantify changes in shade, water quality and
channel condition. Attachment C — Riparian Monitoring includes findings and data
summary.

Additional Information

Support information, such as maps, photographs, notices of meetings, etc.
Data, cross section profiles, and charts are included in the Appendices.

Evaluation of Project Implementation and Effectiveness TO DATE

On-the-ground Protection Improvement (if applicable): Water quality and
turbidity data collected over the last two years is very useful in directing future data
collection efforts. The data also identified high priority areas for ARWC's restoration
program.

Public Involvement and Education (if applicable): Numerous volunteers
assisted with turbidity and discharge collection. Through these efforts, volunteers
gained a basic understanding of watershed processes and conditions. The data results
and findings have been presented to the public and land management agencies.

Research (if applicable):

Monitoring (if applicable): Monitoring procedures and locations have
been established for riparian planting sites. Determining project effectiveness will
require consecutive years of monitoring; hence, effectiveness of project not yet known.

Institutionalization (if applicable}:

Possible Improvements:

The monitoring program examines the physical (channel geometry), the chemical
(nutrients), and the biological components of the basin. in 1999, continuous water
quality data supplemented our grab sample program. The continuous data indicate
large diurnal fluctuations, which is missed with routine grab samples (details in
Attachment B). In the future, an increase in continuous data will improve our
understanding of water quality cycles and the mechanisms driving water quality.

Success of riparian planting will not be known for several years. Therefore, possible
improvements have not been identified.
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I. Introduction

Sediment is a natural component of streambeds. However, excessive sediment can fill pore spaces
between gravels and cobbles. Salmen lay their eggs in gravel, and salmon fry hide and feed in these
spaces. Insects and insect larvae also live here and provide food for fish. Large increases in sediment
can impair or eliminate fish and aquatic macroinvertebrate habitat and can even alter the structure of
the stream.

In winter and spring, rains and snowmelt introduce new sediment into streams, and high stream
flows mobilize instream sediment. In summer, the most likely causes of increased turbidity are human
activities or animal disturbances.

In 1998, the Applegate River Watershed Council (ARWC) established a network of volunteers to
monitor stream turbidity. The suspended fines that constitute turbidity may move some distance before
settling. Therefore, turbidity can reveal zones of active upslope erosion. Applegate Basin volunteers
collected monthly samples during fall, winter, and spring and during exceptionally high flow events.
There were twenty volunteers in 1998-2001 who monitored over thirty sites (Figure 1). Although the
grant expired in November of 2000, the volunteer turbidity program will continue through, at least, the
winter of 2000-2001. Samples are mailed to ARWC for determination of turbidity. In addition,
ARWC staff coliected samples from areas not covered by volunteers.

The data are reported in Nephelometric Turbidity Units (NTU). The Oregon Watershed Enhance-
ment Board recommends 50 NTU as the upper level for fish bearing streams. Turbidity above 50 NTU
is not lethal for fish but can impair sight feeding and small particles may damage gill tissue.

II. Discussion

Turbidity values are driven by rain intensity and stream flows. Chart 2, displays turbidity values and
date for winter *99-"00. Three distinct storms are evident {November 20-23, January 19-22™ Febru-
ary 6-7%). The November storm was associated with the highest precipitation intensity at 4.44 inches,
but the event generated the lowest discharge. The January storm had a precipitation intensity of 2.05
inches, but generated the highest flows. The February storm had a precipitation intensity of 1.21
inches and fell between the November and January storm in discharge generation. Turbidity values in
1999 (chart 4) were considerably lower. In 1999, both rainfail intensity and discharge values were be-
low those observed in 1998,

Due to the variability of sedimentation and transport. caution should be used in interpreting turbidity
data. The high tlows that scour out fines and the rains that bring sediment in from roads, cuitivated
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fields and other disturbed areas are uneven with respect to time and space. Nonetheless, with a sufficient
number of samples from each site and a few storms to track, our data provide some quite useful informa-
tion.

From the collected data, the Little Applegate River and Williams Creek, major tributaries of the Apple-
gate River, carry high loads of suspended sediment during peak flow events. The Little Applegate River
seems (o be the most turbid. Our data serve to show that the Little Applegate River has high turbidity for
as far up as river mile 13. Yale Creek, a major tributary, is as turbid as the Little Applegate, while an-
other major tributary, Sterling Creek, is refatively clean. Grouse Creek, which is quite small, runs clean.

In the Willtams Basin, the East and West Fork turbidity values were nearly equally, but are slightly fess
turbid than the mainstem. Munger Creek is a clean stream.

Thompson Creek was quite turbid in 1998 during the November and February storms. This stream was
not sampied during the January storm. Slate Creek remained relatively clean at all times. Both these
streams are important anadromous spawning tributaries of the Applegate River.

What Next...

Ore of the goals of monitoring is to enable us to locate areas where restoration projects could have
maximum benefit. Preliminary findings point to high priority subbasins needing further investigation.
With more detailed and refined data combined with existing assessments, it will be possible to localize
sediment sources, enabling us to pinpeint project sites.

In the winter of 2000-2001, based on past turbidity findings, ARWC will focus sediment studies in the
Little Applegate River and Williams Creek basins. Four sites, in both the Little Applegate and Yale
creeks, will be monitored for suspended sediment. Depth integrated suspended sediment sampling will al-
low us to identify geographic areas contributing the greatest amount of sediment. The information will be
used as a monitoring tool for the Pilot Integration Team (PIT) and for restoration prioritization.

In the East Fork of Williams creek, a combination of road inventories, turbidity measurements, and sus-
pended sediment measurements will further help us identify sediment sources.

Applegate River Watershed Council Winter Turbidity Page 2
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1999-2000 Turbidity - NTU

*

350

300 -

150

ynow IE B[EL
Aasdesn age sjey

WBID HI0Y AQE SWENNM
i1amod @ sweilim
pnouwl @ swen|ipm
abpug Ay @ swelnm
Juo3 @ surenip

yinow P SWefjjiim Im

D AU BAOQE M.

-} py dwey aaen P 4m

pnow @ waaun vesduwoy
%D xoqmelie) @ vesduoy)
Y 10w g @ vosdwoyf
wnow @ 1D SuipAs
5,897 @ 10 buip:ns

Wiaa poompey P aels
sqooer @ Aeis

%2 HOOY

15 Jawed

Naalo Aydang

30 Jabungy

Site

abpry -1 miq ayebarddy amy
wpnow @ aebsddy apy
ajeA @ v et

17 vosyoer

A2 Brquang

13 @snols

A331D 2pE|

wnow @ yaaud 1saloy
\RNoW @ sWelim 43
wio4 Bog

19 AesdesD

%334 BUIUD

12 Asuays

\Bnow @ a0 Aer anig
l1aaBag

1635 Mo|aq ayebatddy

uosdwol | aaoqe ajebajddy

-+ N3O UOSHIR[ JACQE Webaddy

laAtag aaoqe ayebaddy
anow & avebajddy
310 sAeso @ aebaddy

Aapjong jenuen @ agebaiddy

Chart 3



1998-1999 Turbidity - all samples
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Volunteer Monitoring 1999-2000
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Water Quality in the Applegate River
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1. Introduction

The Applegate River Watershed Counci! (ARWC) has an ongoing water quality-monitoring pro-
gram that involves collecting dissolved oxvgen, alkalinity, conductivity, pH, and turbidity. Phosphorous
and nitrates were also collected to assess nutrient loading. Since 1997 ARWC has collected biweekly grab
samples at more than two dozen sites during the summer (Figure 1). Grab (instantancous}) samples for de-
termining these parameters are usually taken during mid-day through late afternoon and, only represent
conditions at that time. The water quality parameters have a diurnal cycle responding to solar radiation,
photosyathesis and respiration. These parameters are also influenced by weather (air temperature or pre=
cipitation) and adjacent land use. Consequently, grab samples do not sufficiently characterize water qual-
1ty OVeT a range on conditions.

in order to obtain more comprehensive information, we have deployed sondes to continuously
monitor pH and dissolved oxygen. continuous monitoring allows the evaluation of selected parameters
throughout the day. ARWC has two sondes. Onc (YSI model 600XLM) records DO, temperature, pH,
and conductivity: the second sonde (Y SI model 6920) additionally determines turbidity at set intervals (30
minutes is the time interval used in these studies). In 2001, the continuous turbidity data will assist with a
sediment TMDL study currently underway in Beaver Ck Sonde information could be used to evaluate

TMDLs for pH, DO and, indirectly, nutrient load.

I1. Results

Grab Sampling

Tables 1-4 in appendix A display average water quality values for years 1997,1998,1999, and 2000
receptively. Table 4 m appendix A displays 2000 water quality data in EPA’s standard format.

Samples were collected on a bi-weekly interval. The methods used are described in the Methods and
Procedures Manual of the Applegate River Watershed Council. The samples are considered grab sam-
ples; the sample represcnts watcr quality at one particular time during the 2 week rotation. The grab sam-
ple technique greatly limits the ability to establish trends. Immediate environmental factors such as tume of
day, weather pattern and land activity greatly influence individua! readings. Due to the variability of these
factors developing a statistically valid trend is not possible. However, nitrate levels in Forest Creek have
been steadily climbing. Nitrate values have increased from .09 mg/L in 1997 to .53 mg/L n 2000 with
values of .17 and .28 in 1998 and 1999 respectively.

Our grab sampling program indicates that water chemistry and nutrient values are within DEQ stan-
dards.

Continuous Sampling

-
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Since representative data can be obtained at a site in less than a week, the sondes can be
moved from site to site during the critical time of the year so that a number of sites can be covered.
The locations for placement of the sondes are shown in the map on the following (Figure 1). A sonde is
an instrument that continuously collects DO, ptl, conductivity, temperature, and turbidity data, In ana-
lyzing our data, we have ignored the conductivity determinations, since these values are not relevant to
water quality in the Applegate. While the temperature data could be useful in locating warm or cool
locations, the sondes were usually placed at locations already covered by temperature dataloggers
placed for ARWC’s temperature monitoring program. The temperature data will appear in our com-
prehensive temperature monitoring report as weli as in BL.M’s data for the Applegate.

Dissolved Oxygen and pH is the focus of this report. The Department of Environmental Qual-
ity (DEQ) has set a standard for cold water fisheries of 8 mg/L or 90% saturation, if the first value is
aot attained because of high stream temperatures. According to DEQ’s standards, the pH of a stream
for cold water fisheries should be between pH 6.5 and 8.5.

Representative results obtained by the sondes are shown in Figures 2--5. Figure 2 shows the
DO levels found for Yale Creek near its mouth from July 17" to the 23" The data exhibit a diurnal
variation in oxygen concentrations and pH, which is typical for all the streams. Oxygen levels are
maximal from midday till late in the day and then drop at night. This simply reflects oxygen produc-
tion by photosynthesis during the day and utilization at night by respiration. Oxygen varied in concen-
tration from about 8.2 to 9.2 mg/L. Expressed as percent saturation this would be from 80 to 90. This
figure also shows the daily changes in pH obtained at this location during this time. The pH shows a
diurnal variation ranging from about pH 8.0 to 8.3. Clearly, during this time, Yale Creek was in good
shape with respect to both pH and oxygen levels.

Figure 3 shows data obtained in Williams Creek during the middle of August. While the pH
values were all in the safe range, the concentration of DO rarely rose above the minimal level required
for salmonid health. Figure 4 displays data collected in the Little Applegate River near its mouth dur-
ing the last week of August. Approximately 25 percent of DO observations fell below 8 mg/l and
about 1/3 of the pH values recorded at the site were greater than 8.5.

Figure 5 shows data obtained on the Applegate River below the mouth of the Little Applegate
River. The DO levels spike in the afternoon of nearly ail the days. On the first two days, the spike is
marked and occurs early in the afternoon. The last four days display lesser spikes and these occur at
6:00 in the afternoon. The location of the sonde was on the east bank of a south north—flowing, rela-
tively wide, river. Thus it seems doubtful that a brief exposure to full sunlight would be responsible for
the burst in oxygen production. The sonde was located near the intake of an irrigation pump, which
was not run daily. At this time we are at a loss to account for this spike in fevels of DO.

Table [ shows all the 2000 data collected for all sites. Columns “percent of DO Measurements
<8 mg/l” and “Percent of pH measurements > 8.5 describe the percentage of time the parameters
were measured out of compliance. Additionally, in the columns of table I entitled “minimum DO ob-
served and maximum pH observed” values that exceed DEQ standards are in bold type.

We have selected six criteria to present as indicators of water quality: fraction of data points
that exceed limits set by DEQ, i.e.. pH greater than 8.5 and DO less than 8 mg/L, the maximum pH
and minimum DO found and the average daily change for DO and pH. The reasons for choosing the
first four criteria are obvious. The last two were selected because large fluctuations of DO and pH in-
dicate increased photosynthesis, and hence potential eutrophication.

The data from the individual sites were ranked with respect to these parameters, with the sites
with the “least detrimental™ data being awarded the lowest score. Tables 1l and 111 show the results

Continuous Monitoring Study ~ Page 2 APPLEGATE RIVER WATERSHED COUNCIL
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with the sites listed in increasing average score.

Table 1 displays sites with moderate fluctuation in DO also had moderate fluctuation in pH.
Examination of data reveals that there are two driving mechanisms for DO levels in our streams. One
is temperature and the other is primary productivity. In data sets displaying a high positive correlation
between temperature and DO, primary productivity drives DO values. Figure 6. Little Applegate at
Mouth s an exampie of a system where primary productivity drives DO. In this case, as sunlight in-
creases transpiration also increases. generating high DO values; at night respiration consumes oxygen
decreasing dissolved oxygen. Conversely, Beaver Creek {figure 7) is a systems where temperature is
the primary driver of DO. This is evident in the high negative correlation between temperature and
DO; as temperature increases DO decreases. [n the first case DO is biologically driven, in the latter
gas exchange. In Beaver, Yale, East Fork Williams and Slate(Slate Creek Rd.} crecks DO values are
temperature driven. While the West Fork and mainstem Wiiliams and the Little Applegate DO values
are biologically driven. Assoctated with a biological DO driver is large diurnal tluctuations in pH val-
ues; pH fluctuation averages 0.66. In contrast, the average pH fluctuation in temperature driven DO
systemns is 0.23. This study demonstrates that pH values indicate primary productivity.

Riparian site characterization is consistent within the two groups. In the biologically driven
systems riparian canopy cover is open and vegetation is fragmented. In contrast, riparian cover is
greater and less fragmented in the temperature driven system. This is in agreement with logic that
states solar radiation is the energy source for primary productivity,

The sonde data has greatly increased our understanding of water quality and restoration needs.
With this information we are better able to target high priority stream reaches for restoration. While
temperature is stresstul to salmonids in nearly all stream segments, we have identified reaches which
are also stressful in regards to DO and pH. Riparian planting that tmproves not only temperature but
also water chemistry will generate greater restoration success.

Deploying the sonde in 2001 will help us further identify specific reaches sensitive to DO and
pll fluctuations.

Continuous Monitoring Study  Page 4 APPLEGATE RIVER WATERSHED COUNCIL



Figure 2 Yale Creek
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Figure 4 Little Applegate River /@ Mouth
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Figure 6
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Table |

Stan
Location Date

End Date

Sonde

Corrections
to observed

DO (mail )

Corrections
1o observed

pH

Percent of DO
measurements <
8 mg/L observed

Minirmum
oo

Average | Percent of pH
Datly DO| measurements

Change

Maximum

[

Average

pH Daily pH
*pHE&5 observed | C

hange

Notes

Williams
Ck at

Willams
Hwy Br

16-Jun

23-Jun

600 XLM

-1.58 and
for slope

none

33

6.9

1.5

7.75

026

Slate Ck at
Road mile | 27-Jun
1.6

02-Ju]

600 XI.M

no data

none

NA

NA

NA

Mouth of
Little 07-Jut
Applegate

14-Jul

600 XLM

none

none

B5

16

8.52

0.38

Little
Applegate 17-Ju!t
Below Yale

24-Jul

600 XLM

none

26

7.7

.7

8.6

026

— -

Yale Creek| 17-Jul

23-Jut

B00XLM

none

none

8.1

0.8

see graph

Applegate
above Little] 26-Jul
Applegate

29-Jul

600 XLM

no data

noneg

NA

NA

NA

30

Data after
7/29
discarded

Appiegate
below Litle | 26-Jul
Applegate

02-Aug

5920

none

none

18

7.6

23

35

Wiikams
Ck at
Willams

Hwy Br

04-Aug

11-Aug

6320

none

59

5.2

21

8.8

772

see graph

E Fk
Wiliiams 14-Aug
Ck,

18-Aug

600 XLM

none

19

7.7

13

7.66

0.27

wF
Williarms 19-Aug
Ck

23-Aug

600 XLM

noneg

27

7.7

2.0

0.69

Williams
Ck at
Wiltlarns
Hwy Br

14-Aug

22-Aug

6920

none

79

6.1

2.2

Beaver

Creek 24-Aug

29-Aug

600 XLM

-1.45

ncne

8.1

Mouth of
Little 24-Aug
Applegate

29-Alg

£§920

-7 as well
as siope

noneg

32

7.1

26

27

see graphs

Mouth of
Little 30-Aug

Applegate

04-Sep

6920

fnone

none

7.6

3.0

28

0.64

Applegate
below Little | 31-Aug
Applegate

04-Sep

600 XLM

none

none

a8

1.7

24

8.6

Little
Applegate | 05-Sep
Below Yale

20-Sep

6920

none

none

8.1

1.3

8.34

Listle
Applegate
@ Road
mile 26

05-Sep

20-Sep

S00X1LM

none

none

7.8

1.8

8.75

DO data
after 9711
discarded
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Table 1l

Average Rank for Dissolved

Location Start Date Cxygen

Yale Creek 17-Jul 13

Beaver Creek 24-Aug 17

Little Applegate Below Yale 05-Sep 2.0

Mouth of Little Appiegate 07-Jul 2.0

Applegate below Little Applegate 31-Aug 20

Litle Applegate Below Yale 17-Jul 30

E Fk Williams Ck 14-Aug 3.3

Little Appiegate @ Road mile 2.6 05-Sep 33

Applegate below Little Applegate 26-Jul 43

Williams Cx at Williams Hwy Br 16-Jun 47

W Fk Williams Ck 18-Aug 47

Mouth of Little Applegate 30-Aug 4.7

Mouth of Little Applegate 24-Aug 57

Wiliams Ck at Williams Hwy Br 14-Aug 5.0

Williams Ck at Wiliams Hwy Br 04-Aug 6.7

Table IT1
Average Rank fo:“

L ocation Start Date pH
E Fk Williams Ck 14-Aug 1.3
Williams Ck at Williams Hwy Br 16-Jun 1.7
Williams Ck at Williams Hwy Br 14-Aug 1.7 |
Yale Creek 17-Jul 2.0
Williams Ck at Wiliams Hwy Br 04-Aug 20
Beaver Creek 24-Aug 23
Littie Applegate Below Yale 05-Sep 27 1
W Fk Williams Ck 19-Aug 37
Little Applegate Below Yale 17-Jul 40
Mouth of Little Applegate 07-dul 40
Slate Ck at Road mile 1.6 27-Jun 43
Little Applegate @ Road mile 2.6 05-Sep 6.0
Mouth of Little Applegate 30-Aug 73
Applegate below Litlle Applegate 31-Aug 73
Mouth of Little Applegate 24-Aug 8.0
Applegate above Little Applegate 26-Jul 8.0
Applegate below Little Applegate 26-Jul 9.3

APPLEGATE RIVER WATERSHED COUNCIL Continuous Monitoring Study ~ Page 9



Methodology

The sondes were calibrated for DO determinations by two methods. The first is the manufacturer sugges-
tion and entails exposing the DO probe to air saturated with water. The elevation is entered into the sonde’s inter-
nal program and after a 135 minute wait for the probe to equilibrate the instrument is calibrated. This method as-
sumes that the film of water on the probe is saturated with oXygen al its partial pressure in air. ARWC also has a
DO meter (YSt model 95) which is calibrated in the same manner. The sondes and DO meter gave similar DO re-
sults. The second method is Winkler titration. The results obtained by Winkler titration were about 10% lower. In
attempting to resolve this difference, a large volume (~ 1 gallon) of water was saturated by sparging with air with
a fritted tube and a “fish tank™ air pump. in this instance, the DO level in the water should have been 8.6 mg/L
{after making a +2% correction for using air that was not saturated with water. This is a correction for partial
pressure of water in air saturated with water). The DO concentration in this sample by Winkler titration was 8.1
mg/L and by the 600XLM sonde was 9.2 mg/L.. Similar results were obtained in severa! such trials.

Winkler titration using different lots of sodium thiosulfate from HACH Chemical Co. were compared to
Winkler titration by Karen Williamson from Oregon Department of Environmental Quality. The results were very
similar. Although sodium thiosulfate is not suitable as a primary standard for oxygen determinations. the values
obtained by the Winkler method were assumed to be correct. Therefore, The DO data collected by the sondes were
corrected to values obtained by Winkler titrations. Using Winkler titration, our data would be consistent with field
determinations and at other locations in the state. The corrections used are indicated in Table 1. The corrected
sonde data are within a few percent of DO levels found by Winkler titration of grab samples from this site at this
time.

The sensor on the sondes’ DO probes consists of a pair of electrodes that are covered by a drop of KCL
electrode solution. This, in turn, is covered by a Teflon membrane that is held in place by an O ring. The electrode
solution is replaced periodically and the assembly of the membrane with its retaining ring can be tricky. Over time,
results obtained with a probe with aged electrode solution or with a micro-leak in the assembiy will give a steadily
decreasing signal. If this is slow enough, the results can be normalized by correcting for the slope of this decay,
which was determined by DO levels (Winkler titration) before and during deployment. The table indicated indi-
cates the two instances in which this correction was made. If the leak is {00 great, no useful data are collected.
This is alse noted in Table 1.

The sondes were calibrated for pH by using standard buffers in the range of pH 7 to 10. Field audits and
post deployment determinations indicated little or no drift in the values recorded by the sondes. Consequently, no
corrections to the data obtained were necessary.

The sondes were set to record DO, temperature, pH, conductivity and turbidity every 15 minutes and
placed at sites for approximately one week intervals. Sondes were calibrated in the “laboratory” prior to deploy-
ment and with grab samples taken in the field. In analyzing our data, we have ignored the conductivity determina-
tions, since these values are not relevant to water quality in the Applegate. While the temperature data could be
usetul in locating warm or cool locations, the sondes were usually placed at locations already covered by tempera-
ture dataloggers placed for ARWC’s temperature monitoring program. The temperature data will appear in our
comprehensive monitoring report as well as in BL.M’s data for the Applegate.
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Appendix A
1997 — 2000 Average Water Quality Values



Water Quality 1997 - Average Values

Nutrients- mg/L

Site ripHued [ sD0s 7| Phosphatet{Nitrate ="
Applegate River above Grays Ck. 7.90 0.40 0.03
Applegate River above Little Applegate 8.41
Applegate River at Beaver Creek 8.18 0.32 0.03
Applegate River at Cantrall Buckly Park B.07 0.46 0.04
Applegate River at Fish Hatchery Park 7.88 0.41 0.04
IBeaver Creek 8.20 B.89 207 1.04 0.05
Cheney Ck below little Cheney

Cheney Creek at 2nd br. 6.9 8.22 50 0.53 0.06
East Fork Williams at Contiuence 7.88 8.58 89 1.00 0.10r
Forest Creek at mouth 7.27 8.57 164 0.75 0.09
Grouse Creek at mouth 8.18 8.37 177 0.66 0.07
Humbug Creek at Rt. 238

Jackson Creek at mouth

Little Applegate River at mouth 8.36 8.33 167 0.87 0.04
Little Applegate River at Road Mile 2.6 822 8.10 202 0.87 0.10
Littie Applegate River at Tunnel Ridge 8.30 9.14 126 1.02 0.05
Littie Applegate River at Yale Creek 8.14 8.78 139 0.78 0.08
Munger Creek at Kincaid Rd. 7.59 9.21 70 0.68 0.05
Murphy Creek at Bridge 7.75 9.40 101 0.49 0.04
Palmer Creek at mouth 8.08 9.14 239 0.62 0.0BJ
Slate Creek at mouth 7.29 7.92 105 0.e8 0.08
Slate Creek at Redwood Tavern 7.97 9.33 143 0.71 0.05
Slate Creek at road mile 1.6 8.23 9.25 166 0.79 0.05
Steriing Creek at mouth 8.23 7.36 272 0.89 0.06
Thompson Creek at mouth

Thompson Creek below Tallowbox 7.55 8.24 166 0.68 0.07
Upper Munger Ceek 7.62 9.10 50 0.38 0.02
West Fork Williams Ck. at Caves Camp Rd.

West Fork Williams Creek at confluence 7.78 8.87 81 0.56 0.03
Williams Creek at Powell Ck. 7.69 9.13 96 0.39 0.04
(Williams Creek at Rt. 238 bridge 7.57 872 97 0.64 0.37
Williams Creek at Williams Hwy 7.46 8.45 B8 0.51 0.05
‘Yale Creek at Mouth 8.29 8.81 177 0.92 0.08

Table 1



Water Quality Average Values 1998 Nutrients - mg/L

—_ S — pH - | DO% [ Alkalinity [Conduclivily_Turbidry | NUMBeTViSHS JPRospRaa T Nale T rumberl
Applegate River at Fish hatchery Park 8.03 100 83 149 2 9 0.25 0.05 6
Applegate River above Grays Ck. 8.02 101 81 150 2 8 0.22 0.05 5
Applegate River at Cantrall Buckley Pk. 8.15 98 105 121 2 6 0.15 0.05 3
Applegate River above Little Applegate 8.1 94 68 102 1 6 0.29 0.05 4
Applegate River at Palmer Ck 8.21 96 64 103 1 7 0.20 0.04 6
Forest Creek 7.25 86 178 326 1 7 0.45 0.17 7
Palmer Creek B.18 93 219 395 0 7 0.39 0.05 5
Beaver Creek 8.35 96 187 340 1 7 0.50 0.05 5
Mouth of Little Applegate River 8.38 96 133 209 3 7 0.53 0.08 4
Little Applegate River at 2.6 miles 8.19 92 147 231 2 9 0.49 0.07 7
Little Applegate River at Yate Ck. 8.24 94 133 208 2 9 0.43 0.06 8
Little Applegate River at Tunnel Ridge 8.30 95 118 177 2 8 0.39 0.04 7
Sterling Creek 8.24 90 255 429 1 9 0.51 0.04 8
Grouse Creek 8.20 a8 157 239 4 9 0.49 0.06 8
Yale Creek at mouth 8.30 93 156 226 2 9 0.48 0.06 8
Mouth Slate Creek 7.42 85 99 189 1 9 0.42 0.06 6
Slate Creek at Redwood Tavern 8.13 91 140 241 0 9 0.41 0.04 5
Slate Creek at 1.6 mi. Slate Ck. Rd. 8.46 94 1556 257 0 9 0.43 0.04 6
Cheney Creek at 2nd Br. 7.02 83 47 70 1 9 0.31 0.05 6
Cheney Creek at 380 Cheney Ck. Rd. 7.12 82 53 90 1 9 0.29 0.05 5
Murphy Creek at bridge 7.83 51 97 162 1 9 0.31 0.06 7
Williams Creek at Rt. 238 bridge 7.45 89 88 148 1 9 0.30 0.05 7
Williams Creek at Powell Ck. 7.61 84 94 152 1 9 0.33 0.05 7
Williams at Williams Hwy. Br. 7.65 91 77 132 1 9 0.38 0.07 4
East Fork Williams Creek 7.78 93 84 127 1 8 0.30 0.05 6
Munger Ck at Kincaid Rd. 7.71 92 62 100 1 9 0.24 0.04 8
Upper Munger Ck. 7.60 B9 50 78 1 8 0.30 0.03 3
West Fork Williams at Confluence 7.68 83 75 128 1 8 0.43 0.05 6
Thompson Creek at 3905 Thompson 7.95 91 156 267 1 8 0.41 0.10 5

Table 2



Water Quality Average Values 1999

Nutrients - mg/L.

number
Site PH DO% | Alkalinity | Turbidity | Visits | Phosphate Nitrate  analyses
Applegate above Grays Creek 7.9 102.7 73 2 7 0.31 0.02 7
|Applegate at Cantrall Buckley Park 7.8 945 67 2 7 0.28 0.03 6
Applegate at the mouth of Little Applegate 8.1 G2.2 67 2 6 0.23 0.03 5
Applegate River at Beaver Creek 8.0 04.3 76 2 7 0.34 0.01 [+
Applegate River at Fish Hatchery Park 7.7 992 76 2 7 0.22 0.02 5
Beaver Creek at Mouth 8.0 85.1 192 1 7 0.54 0.03 6
Cheney Creek at 2nd Bridge 6.7 84.4 46 1 7 0.23 0.04 7
Cheney Creek below Little Cheney Ck. 6.8 83.7 51 1 7 0.25 0.01 7
East Fork Williams Creek at Browns Rd. 7.3 887 84 2 7 0.52 0.03 6
rForest Creek at Hamiiton Road 6.9 77.9 143 2 7 0.62 0.28 6
Grouse Creek at mouth 7.9 B81.5 169 2 7 0.46 0.04 6
Humbug Creek at Rt. 238 82 90.1 152 5 8 0.60 0.07 5
Jackson Creek at mouth 7.0 76.9 78 2 7 0.35 0.06 7
Little Applegate River at Mouth 8.2 95.9 139 3 7 0.49 0.02 6
JLittle Applegate River at Road Mite 2.6 8.2 B45 143 2 7 0.48 0.02 5
Little Applegate River at Tunne! Ridge 8.0 831 116 3 7 0.41 0.02 6
Little Applegate River at Yale Creek 8.0 92.0 125 5 7 0.50 0.02 6
Munger Creek at Kincaid Rd. 7.2 91.6 68 1 7 0.58 0.02 6
Murphy Creek at Bridge 7.6 92.7 99 1 7 0.28 0.01 7
Palmer Creek at Bridge 7.9 88.8 210 2 7 0.60 0.01 6
Slate Creek at mouth 71 86.2 91 1 7 0.31 0.02 7
Slate Creek at Redwood Tavern 8.0 93.6 129 1 7 0.42 0.01 7
Slate Creek at road mile 1.6 8.3 94.4 140 1 7 0.59 0.01 7
Sterling Creek at Little Applegate Rd. 8.2 B6.4 238 2 7 0.64 0.02 6
Thompson Creek at mouth 7.3 82.1 127 1 7 0.54 0.12 6
Thompson Creek at Tallowbox Ck. 7.9 92.7 165 1 7 0.62 0.04 6
Upper Munger Creek 7.2 83.2 54 1 4 0.32 0.01 3
West Fork Williams Ck. at Caves Camp Rd. 7.4 87.8 80 1 7 0.49 0.02 6
VWest Fork Williams Creek at Confluence 72 87.2 79 2 7 0.55 0.04 6
Williams Creek at Powell Ck. 6.9 82.2 90 1 7 0.56 0.07 6
Williams Creek at Rt. 238 Bridge 6.8 83.3 85 1 7 0.51 0.086 8
Williams Creek at Williams Hwy. Bridge 6.9 726 81 1 7 0.80 0.02 6
Yale Creek at mouth 8.1 90.5 160 2 7 0.50 0.03 6
Average 7.6 B88.2 112 2 0.45 0.04

Table 3




Water Quallty 2000 - Average Values

Nutrients - mg/L

T BHe Conductivity|. .. pH. .| Turbidity]: .%:DO%:|Nitrate =~ Phosphate
Applegate River at Fish Hatchery Park 124 97 7.82 2.00 0.94 0.05 0.37
Applegate at Cantrall Buckley Park 105.10 8.27 2.00 0.94 0.02 0.38
Applegate at the mouth of Little Applega 60.22 B.26 1.20 0.87 0.03 0.40
Applegate @ Beaver Creek 80.86 8.26 1.60 0.81 0.01 0.34
Slate Creek at mouth 184.42 7.26 1.00 0.83 0.06 0.43
Slate Creek at Redwood Tavern 211.53 7.97 0.80 0.88 0.02 0.49
Slate Creek at road mile 1.6 228.38 8.38 0.75 0.85 0.02 0.67
Cheney @ Mouth 75.82 7.01 1.20 (.81 0.04 0.47
Cheney Creek at 2nd Bridge 61.63 6.60 1.00 0.70 0.04 0.42
Murphy Creek at Bridge 142.75 7.72 1.00 0.84 0.03 0.43
Williams Creek at Rt. 238 Bridge 131.35 7.38 1.20 0.9 0.08 0.47
Williams at Williams Hwy. Bridge (Care 115.41 6.56 1.00 0.86 0.03 0.50
West Fork Williams @ Renz (mouth) 106.43 7.92 1.00 0.87 0.03 0.35
West Fork Williams @ Caves Camp 104,72 7.00 1.20 0.88 0.05 0.54
Munger Creek @ Kincaid 86.58 7.97 0.80 0.83 0.05 0.52
East Fork Williams at Browns Rd. 111.27 7.81 1.00 0.84 0.04 0.72
Thompson Ck at mouth 197.04 7.55 1.00 0.82 0.35 0.41
Thompson Creek at Tallowbox Ck. (JD's 222.90 7.75 0.86 0.83 0.07 0.78
Little Applegate at Mouth 211.46 8.39 1.86 0.89 0.07 0.56
Little Applegate at Road Mile 2.6 201.73 8.38 1.57 0.84 0.03 0.57
Little Applegate at Yale Creek 172.30 8.39 1.86 0.74 0.04 0.562
Sterling Creek at LA Rd. 397.34 8.23 1.80 0.80 0.02 0.67
Grouse Creek at mouth 216.48 8.21 2.67 0.77 0.03 0.76
Yale at Mouth 214.33 8.22 2.33 0.81 0.06 0.68
Forest Creek at Hamilton Road 255.05 7.06 1.00 0.72 0.563 0.64
Beaver Creek at Mouth 302.57 8.23 2.00 0.79 0.05 0.76
Palmer at Bridge 34598 8.16 1.00 0.82 0.04 0.44

Table 4
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Forest Creek Water Quality

Forest Creek at Hamilton Road Water Quality 2000

Site Date Time T;C Cond pH Turb % DO D.O. NO3 PO4
Forest Creek at Hamilton Road 06/22/00 9:00 13.9 348.0 6.92 1 68 7.48 0.54 1.05
Forest Creek at Hamiltlon Road 07/11/00 12:40 15.3 241.4 7.09 1 80 852 0.55 0.51
Forest Creek at Hamilton Road 07/26/00 11:05 15.8 236.0 7.24 1 74 7.82 0.55 0.56
Forest Creek at Hamilton Road 08/10/00 1150 15.7 240.4 722 1 68 7.1 0.46 0.57
Forest Creek at Hamilton Road 08/24/00 12.42 16.6 2395 6.94 1 74 7.56 0.55 0.23
Forest Creek at Hamilton Road 09/06/00 14:30 151 225.0 6.95 1 67 7.2 0.55 0.9
Forest Creek at Hamilton Road Water Quality 1999

Site Date | Temp. | Cond. pH Turb. Alk. DC % | DO mg/L [NG3 PO4
Forest Creek at Hamilton Road 06/17/99 15.8 328 7.07 1 915 8.8 0.15 0.27
Forest Creek at Hamilton Road 07/08/99 15.8 243 6.52 3 178 87.5 8.42 0.24 0.21
Forest Creek at Hamilton Road 07/20/99 14.5 248 7.1 1 148 73.2 7.18 0.31 0.57
Forest Creek at Hamilton Road 08/02/99 15.6 305 8.75 2 158 77.3 7.44 0.33 0.98
Forest Creek at Hamilton Road 08/16/99 17.9 298 7.07 1 138 111.8 10.22 0.47
Forest Creek at Hamilton Road 08/01/99 16 147 7.15 314 128 42 4 4.04 0.33 0.35
Forest Creek at Hamilton Road 08/23/98 13.9 297 6.9 110 61.6 6.16 0.34 0.62
Forest Creek at Hamilton Road Water Quality 1998
Site Date T.,°C Cond. pH Turb. JAlk. % DO DO mg/L NO3 PO4
Forest Ck. 6/16/98 147 333 7.80 1.9 170| 78.24463 B38| 7/3/97 0.09 7/3/97 1.14
Forest Ck. 7/2/98 155 281 7.30 06 200| 81.09382 860l 7/5/97 . 7/5/97 0.31
Forest Ck. 7/13/98 17.4 339 7.33 0.4 184| 85.81247 8741 7/14/97 0.13{ 7/14/97 (.38
Forest Ck. 7/23/58 17.5 353 7.07 0.5 182| 86.11111 8.68] 8/4/97 0.071 8/4/97 0.56
Forest Ck. 7131/98 17.0 335 7.08 0.5 168 78.54688 8.00] 8/18/97 0.08| 8/18/97 1.51
Forest Ck. 8/12/98 14.0 5.95 0.4 172| 65.01832 7.10| 9/12/97 0.08] 9/12/97 0.62
Farest Ck. 9/21/98 135 313 7.20 0.7 1721 72.19855 7.95
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% Saturation
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Elevation

Little Applegate Riparian Planting Cross Section
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Winter Monitoring

Nutrients
Site Date Time Stom? T..°C pH pHDBbup DO DODup % Sat. % SatDup Cond. Turbidity Pi  PiDup NO3 NO3 Dup TPC4 Duplicate
Bishop Creek at Rt 238 03/18/99 ©50 No 0.47 0.03
Bishop Creek at BLM Rd 03/18/98 930 No 7.4  7.48 10.86 96 258 4 0.48 0.02
Forest Creek at 238 Bridge 03/18/89 10:50 No 8.7 8.02 10.98 98 276 4 0.48 0.05
Forest Creek at 238 Bridge 04/21/99 955 No 8.8 78 10.5 98 307 3 0.57 0.04 0.62
Forest Creek at 238 Bridge 05M19/99 10:50 No 122 8.02 10.4 101 327 1 0.51 0.01
Forast Creek at 238 Bridge 06/03/99 2.00 No 128 78686 9.92 a8 354 3 0.5 0.02
Forest Creek at 6480 Hwy 238 03/168/99 900 No 8.8 733 10.7 g2 265 3 0.68 0.02 Yes
Forest Cresek at 6480 Hwy 238 04/21/99 10:20 No 95 717 10.2 94 307 2 0.37 0.01
Forest Creek at 6480 Hwy 238 05/19/39 11:40 No 116 762 10 97 333 1 0.5% 0.01
Forest Creek at 6480 Hwy 238 06/03/99 3:00 No 11.9 7.81 8.5 93 351 2 Q.36 0
Forest Creek at Biilie's (Dam) 04/21/69 1010 No 8.8 8 10.88 101 305 8 0.63 0.03 0.2
Forest Creak at Billie's (Dam) 05/19/99 11:05 No 11.8 82 11.2 108 a2¢ 2 0.47 Q.02
Forest Creek at Billis's (Dam) 06/03/99 2115 No 124 B8.01 10 g8 55 2 0.33 0.04
Forest Creek at Mouth 03/18/39 10:30 No 8.4 8 9.24 83 271 3 0.58 0.12
Forest Creek at Mouth 04/21/99 945 No 9.8 7.7 10.38 98 304 3 0.51 0.08 0.31
Forast Creek at Mouth 05/19/99 10:30 No 117 755 1.1 107 324 1 0.6 064 008 008 Yes
Forast Cresk at Mouth 06/03/99 110 No 129 794 9.68 g8 350 2 037 041 002 0.01 Yes
Forest Crook at ODOT 04/21/39 10:55 No 9.1 81 10.3 54 309 2 0.41 0.c2
Forest Creek at ODOT 05/19/89 11556 Neo 112 788 78 948 034 91 B9 334 1 049 058 001 0.01% Yes
Forest Creek at ODOT 068/03/89 2:35 No M7 777 782 81 81 88 88 350 3 046 03 001 oM Yes
Poormans Creek at Longernecker 04/21/69 10:45 No 88 76 9.8 82 285 2 042 0.02
Poomang Creek at Longermecker 05/19/89 12:15 No 123 71 9.54 95 31 0 c.37 0.01



Notes
Access very difficult through Forest Ck

DO samples rushed, due to Christov.

Sod clumps from church scarttered around @ 238 bridge
Large school of fingerling slamonids

Margins coverad by filamentous green algas.

100% algae covered, appears to be decaying

100% covered in algas (some decaying).

Brown and green algas covering 65% of reach

No algae present @ mouth; weather overcast and drizzle
Water clear, no glgae presant

Large school of fingerling slamonids

No algae present.

Very low flow
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SUMMARY

During the winter of 1998-99 the Applegate River Watershed Council (ARWC) established a
network of volunteers to assist in monitoring stream turbidity. Turbidity is the cloudy or murky look that
water can have and is an indicator of suspended sediment. The suspended fines that constitute turbidity are
slow to settle and move some distance before settling, making it possible to detect disturbances downstream
from the site of erosion. High turbidity is anticipated in winter, since high flows scour and remove sediment
from streambeds and banks and rains wash sediment from roads.

Sediment is a factor that contributes to the impairment of saimonid habitat in the Applegate. Too
much fine sediment in the stream or streambed degrades aquatic invertebrate and fish habitats. Excess
sediment can also alter the structure and width of stream channels and adjacent riparian zones. Monitoring
the sources of sediment, its transportation by streams, and deposition trends can provide important
information for better management decisions. Monitoring turbidity addresses one component of the
erosional cycle, the transport of fine sediment.

The volunteers, 16 in all, collected samples monthly from early November till early April and
during exceptionally high flow events. ARWC staff collected samples from areas not covered by
volunteers. A total of 273 samples from 41 sites were analyzed.

The data that was collected provided useful information. We found that the Little Applegate River
and Williams Creek, major tributaries of the Applegate River, had high turbidity during high flows. The
Little Applegate River was apparently the worst and had high turbidity as far as 13 miles from its mouth.
Two major tributaries to the Little Applegate River had widely differing turbidities. Yale Creek was as
turbid as was the Little Applegate River, while turbidity values of Sterling Creck were low. Grouse Creek,
a small tributary, was very clear.

In the Williams Basin the East and West Forks of Williams Creek were nearly equally turbid, but
were slightly clearer than the mainstem. Munger Creek was a clear stream.

Thompson Creek was quite turbid during the first of the three major storms, while Slate Creek
remained relatively clean at ail times. Both are important tributaries of the Applegate River.

The primary goal of monitoring turbidity is to locate areas where restoration projects could have
maximum benefit. This study identifies the Little Applegate River, and Williams and Thompson Creeks as
sub-basins where sediment reduction projects should have high priority. More detailed and refined data
should enable us to more closely localize sediment sources and, consequently, restoration project sites.
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Introduction

Sediment is composed of clay, sand, small gravel, and decomposing leaves and is a natural
component of streambeds. However, excessive sediment can clog the spaces between the larger gravels and
cobble, spaces that are important for the health of the stream. Salmon lay their eggs in gravel, and salmon
fry hide and feed in these spaces. Insects and insect larvae also live here and provide food for fish.

In winter and spring, rains and melting snows bring new sediment into streams, and high stream
flows wash sediment downstream. 1f sediment input is greater than that flushed out, our streams may
suffer. Large increases in sediment can impair or eliminate fish and aquatic macroinvertebrate habitat and
can even alter the structure of the stream.

Last year, the Applegate River Watershed Council (ARWC) established a network of volunteers
to monitor stream turbidity. Turbidity or suspended sediment can be measured easily. The suspended fines
that constitute turbidity may move some distance before seitling, thus making it possible to detect
disturbances downstream from the site of erosion. High turbidity is anticipated in winter, since high flows
scour and remove sediment from streambeds and banks. Rains wash sediment from roads and can reveal
zones of active erosion. In summer, the most likely causes of increased turbidity are human activities or
animal disturbances.

Applegate Basin volunteers collected samples monthly during fall, winter, and spring and during
exceptionally high flow events. There were sixteen volunteers in 1998-99 who monitored twenty-two sites.
Samples were mailed to ARWC for determination of turbidity. In addition, ARWC staff collected samples
from areas not covered by volunteers. A total of 273 samples from 41 sites were analyzed.

The data are reported in Nephelometric Turbidity Units (NTU). The Oregon Watershed Enhance-
ment Board recommends 50 NTU as the upper level for fish bearing streams. Turbidity above 50 NTU is
not lethal for fish but can impair sight feeding and small particles at that level may damage gill tissue.

A more comprehensive discussion of streams, sediment and turbidity can be found in the appendix.
Methods and a complete listing of the data are also in that section of the report.

Results

Data were collected from early November through early April. In addition to volunteers, ARWC
staff collected samples, especially during high flow events. A map showing the location of the forty-one
monitoring sites is given in Figure 1. Figure 2 shows the turbidity of these sites (273 samples) graphed as
a function of the date of sample collection. This graph shows quite clearly that there were three brief
periods in the fall and winter of *98-*99 that had high levels of stream turbidity. Not surprisingly, each
event was associated with a storm. The inset on this graph shows the precipitation recorded in Medford
during the same period: 4.44 inches for November 20-23; 2.05 inches for January 19-22; and 1.21 inches
for February 6-7. The latter two storms were rain-on-snow events,

Turbidity During Storms

The turbidity data can be utilized to locate sources of sediment in the system as well as locations
where turbidity seems not to be a problem. Figures 3A-3C show turbidity of the three different storms
graphed to show the location (site) of sample collection. The vertical lines in this graph are used to
delineate the sub-basin or area from which the data were collected. The names and locations for the various
sites are given in the Jegend of Figure 1. Figures 3A-3C show that the strcams of the Williams and Little
Applegate sub-basins had high turbidities during all three storms.

Table 1 shows the data from the different sites in Little Applegate and Williams Basins for these

storms. These data show that the turbidity generally increases as the Little Applegate River progresses
towards its mouth. (It should be noted that turbidity values are not additive as two bodies of water mix. For
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Figure 1.
Location of Turbidity Monitoring Sites

List of Sites and Site Numbers S

Applegate above Grays Creek 110 _ [lLittle Applegate at Tunnel Ridge 740
Applegate at Cantrall Buckley Park 120 [Litile Applegate at Brickpile Ranch 750
Slate Creek at Wilderville 210 [iSterling Creek at Little Applegate Rd. 760
Cheney Creek below Little Cheney 310 ||Grouse Creek at mouth 770
Murphy Creek at Mouth 400 |[Yale Creek at Mouth 780
Williams Creek at Rt. 238 Bridge 500 | Yale Creek at .6 mile bridge 782
Williams Creek at Powell Ck. 510 |Yale Creek below Dog Fork 786
Woest Fork Williams at E. Fk. Bridge 540 |Dog Fork of Yale Creek 788
West Fork Williams at 2455 Cedar Flat Rd 560 ||Glade Creek 790
Munger Creek at Kincaid Rd. 580 [Jackson Creek 810
Upper Munger Creek 585 [[Caris Creek 8156
East Fork Williams at Browns Rd. 580 i[Slagle Creek 820
East Fork Williams at Browns Rd. 590 jMiller Creek 830
East Fork Williams below Rock Ck. 595 jlHumbug Creek at Ri. 238 Bridge 840
Thompson Creek at mouth 600  ||Humbug Creek at 4088 Humbug Ck. Rd. 845
Thompson Creek at Mile 2 605 ||Forest Creek at Hamilten Road 850
Thompson Creek at Tallowbox Ck. 610 |\Beaver Creek at Mouth 860
Little Applegate River al Mouth 700 ||Beaver Creek above mouth 865
Little Applegate at road mile 2.6 710 {|Palmer Creek at Bridge 870
Little Applegate at Yale {Bridge) 725  {|Carberry Creek at 4 mile mark 880
Little Applegate at 9868 Little Applegate Rd. 730
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Figure 2. Levels of turbidity at all sites during the Winter of 1998-99.
The inset shows precipitation (inches) recorded in Medford, OR during this period.

example, if two streams of similar discharge and identical turbidities converge, the resulting stream should
have the same turbidity as each of the tributaries.) From this table, it is apparent that Yale Creek’s
turbidity is similar to that of the Little Applegate where they converge; and that Sterling and Grouse
Creeks are usually not major contributors of suspended sediment.

Table 1 also shows a similar analysis for the Williams Basin. Here the mainstem had higher
turbidity than the East and West Forks, its major tributaries, for nearly all determinations for these three
storms. The data in these tables show that for the first day of the November storm the Little Applegate
River and Williams Creek had comparable turbidity levels. For the second day of that storm as well as for
the January and February storms the Little Applegate River was considerably more turbid than Williams
Creek.

Turbidity During Storm-Free Periods

Locating streams with low suspended sediment is just as important as finding those with a high
output. Table 2 lists sites where the turbidity was 50 or less during the three storm cvents of last winter.
Very important primary drainages did not have high levels of turbidity. These were Slate, Murphy,
Sterling, Beaver, and Palmer Creeks. Tributaries in the sub-basins or smaller tributaries with low turbidity
were, in the Williams Basin West Fork of Williams Creek and Munger Creek; in the Little Applegate
Basin, Grouse Creek, and the upper Yale Creck area; and on the Mainstem, Jackson Creek, and the
north-side streams, Caris and Miller Creeks.

A final look at the turbidity data is given in Figures 4A and B. All non-storm data are depicted in
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Figure 3

Turbidity at all sites for which data
was collected during the three
storms.
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Table 1. Turbidity (N'TU) During Storms
Little Applegate Basin

Little Applegate 21-Nov 23-Nov 22-Jan 08-Feb

at Mouth 358 498 960 285

at Road Mile 2.6 736 83

above Yale Creek 336 179 265

at Tunnel Ridge 270 82

at Brickpile Ranch 137

Tributaries

Yale Creek 267 865

Sterling Creek 18 8 173

Grouse Creek B

Williams Basin

Williams Creek 21-Nov 23-Nov 22-Jan 06-Feb

at Rt. 238 Bridge 340 101 387 79

below Powell Ck. 334 85 456

Tributaries

W. Fk. At Confluence] 210 39 260 47

E. Fk. At Confluence 263 63 290 92

Munger at Kincaid 4 10

Upper Munger 9 48

‘Fable 2. Sites with turbidity of 50 NTU or less during storms

Site November | January | February
Code Storm Storm Storm

Slate Creek at Wilderville 210 16
Cheney Creek below Little Cheney 310 30
Murphy Creek at mouth 400 46
West Fork Williams at confluence 540 39 47
Munger Creek at Kincaid Rd. 580 41 7 10
Upper Munger Ck. 585 9 12 48
Littte Applegate at 9868 Little Applegate Rd. 730 12
Sterling Creek at Little Applegate Rd. 760 6, 18
Grouse Creek at mouth 770 8
Yale Creek below Dog Fork 786 26 47
Dog Fork, Yale Creek 788 15 40
Jackson Creek 810 22
Caris Creek 815 50
Miller Creek 830 40 40, 48
Beaver Creek near mouth 865 19
Palmer Creek at Bridge 870 24, 27 41
Carberry Creek at 4 mile mark 880 16

these figures. Turbidity values are on a logarithmic scale so that the lower values can be spread for easier
viewing. The data are divided into two graphs for the same reason. It is possible to identify virtually all of
the data points by a quick inspection of these figures. A line at fifty NTU, which represents the upper
“safe” turbidity level for salmonids. is projected on both graphs. Most turbidity values in these figures are
below 50, and sites 110 (Applegate River above Grays Creek) and 210 (Slate Creek at its mouth) never
had vatues greater than [0 NTU. Three high turbiditics stand out. The 1000 N'TU was obtained for the
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Little Applegate River at a stte nearly ten miles
upstream trom its mouth. The extremely high tur-
bidity was a result of a large landslide on Rush
Creck Road. which resulted in the delivery of a
large vofume of muddy water to the Little Apple-
gate River (Figure 5). The sediment plume was
clearly visible alf the way to the mouth of the Little
Applegate River. The other two high values were of
173 NTU at the mouth of Humbug Creegk on Jan-
uary 27" and of 61 NTU found for Carberry Creek et e

on February 28" The reasons for these high tur- w e Cr e
bidities are not known. Figure 5. Sediment entering the Little Applegate
River from the Rush Creek road landslide (3/19/99).

1

The Influence of the Applegate Dam

The Applegate Dam acts as a huge settling
pond for the upper Applegate River, so that the water discharged from the dam is relatively clean during
winter flows. We did not sample the Applegate River above Cantrall Buckley Park, so we do not have a
direct measure of the effectiveness of the dam in removing fines. Figure 6 shows that the mainstem is
considerably cleaner than Beaver Creek, one of the streams with consistent low turbidity. In addition, one
can estimate from data that we collected. Samples taken from the Applegate River at Cantrall Buckley
Park include contributions from the Little Applegate River and Beaver and Palmer Creeks. During the
November storm the turbidity at Cantrall Buckley Park was 161 and 106 NTU. while the Litile Applegate
was contributing water with turbidities of 358 and 498 NTU) to the mainstem just a few miles upstream.
This dilution in turbidity indicates that the river above the Little Applepate was relatively clean.

During the summer the Applegate River is clear below the dam. Average turbidity at the
 monitoring site above Palmer Creek in 1998
was 1 NTU. In 1999 turbidity above
Beaver Creck ranged from [ to 3 NTU.
Consequently, it was a surprise that in mid-
October of 1999 that we noticed that the
Applegate River below the dam was turbid.
For several weeks the turbidity was found to
be in the 15 to 25 NTU range. At that time
the Little Applegate and Palmer Creek had
turbidities of | or less NTU. Quite obvi-
ously the water collected behind the dam
£ , _ was more turbid than other streams. What
Figure 6.The mouth of Beaver Creek (2/18/99) duringa | may have happened was that the water level

[.2 inch period of precipitation of Applegate Lake was so low that the dam
was no longer efficiently trapping sediment.
Disturbances such as rain or increased inflow from tributaries to the lake were probably stirring up fines
that had been collected behind the dam. The level of the lake was so low that it was now contributing fine
sediment rather than removing it. This i1s unfortunate, since this is the time that coho salmon wold be
spawning or would have spawned and the fines would infiltrate the gravels of new redds.

Consuhtation with the Corps of Engineers. operators of the dam. revealed the lake inadvertenily
had been drawn too far down late tn the summer. Since it was necessary to maintain sufficient flow in the
Applegate River to cover redds. it was not possible to decrease the outflow so that the lake could rise to a
level at which it could function as a sediment trap.
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Discussion

Caution should be used in interpreting turbidity data. The fines that cause turbidity can settle in a
matter of hours or days. The high flows that scour out fines and the rains that bring sediment in from roads,
cultivated fields and other disturbed areas are uneven with respect to time and space. Ideally the streams
should be sampled near the top of a rising hydrograph. Since we cannot anticipate this time and since we
lack the number of samplers necessary to cover the Applegate Basin in a few hours, our data are but an
approximation. Nonetheless, with a sufficient number of samples from each site and a few storms to track,
our data provide some quite useful information. Clearly the Little Applegate River and Willtams Creek,
major tributaries of the Applegate River, carry high loads of suspended sediment during high flow events.
The Little Applegate River seems to be the most turbid. Our data serve to show that the Little Applegate
River has high turbidity for as far up as river mile 13. Yale Creek, a majortributary, is as turbid as the
Little Applegate, while another major tributary, Sterling Creek, is relatively clean. Grouse Creek, which is
quite small, runs clean.

In the Williams Basin the East and West Fork contribute nearly equally, but are slightly less turbid
than the mainstem. Munger Creek is a clean stream.

Thompson Creek was quite turbid during the November and February storms. This stream was not
sampled during the January storm. Slate Creek remained relatively clean at all times. Both these streams
are important tributaries of the Applegate River.

One of the goals of monitoring is to enable us to locate areas where restoration projects could have
maximum benefit. This study clearly points out areas where sediment reduction projects should have a high
priority. With more detailed and refined data it should be possible to more closely localize sediment sources
and consequently enable us to pinpoint project sites.
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APPENDIX

Background

Sediment is the product of erosional and fluvial processes. Erosion involves detachment of
sediment particles, transporting them from the original site with eventual deposition elsewhere. Site
characteristics such as geology, soils, slope and length, vegetation, precipitation, channel and stream flow
characteristics all influence erosion rates. Erosion and the delivery of sediment to stream systems are
complex and naturally occurring processes in all watersheds. However, by modifying the landscape, human
activities can increase rates of erosion.

Sediment is a factor that contributes to the impairment of salmonid habitat in the Applegate. Too
much fine sediment in the stream or streambed degrades aquatic invertebrate and fish habitats. Excess
sediment also alters the structure and width of stream channels and adjacent riparian zones (MacDonald et
al. 1991). Increased sediment input may elevate suspended sediment concentrations and turbidity. Excess
fine sediments fill intergravel spaces used by aquatic insects and young fish. Pool frequency and depth
may diminish, and channel sinuosity and other channel characteristics can be appreciably changed. Land
management activities contribute to these impacts by affecting watershed processes and altering sediment
delivery to a stream network.

Monitoring the sources of sediment, its transportation by streams, and deposition trends can often
provide important information for better management decisions. Monitoring turbidity addresses one com-
ponent of the erosional cycle—the transport of fine sediment.

Sediment particles are characterized by their size. They range from the finest clays and silt
particles to sand, pebbles, gravels, and boulders. Once sediment particles have been introduced to a stream
system, the smaller particles (silts and clays) are typically transported as suspended sediment in the water
column before eventually settling out and depositing. Suspended sediment is difficult and expensive to
measure. Turbidity, which is relatively easy and inexpensive to measure, is frequently used as an indirect
measure of suspended sediment and is often a basis for determining water quality. Monitoring turbidity
provides valuable information to help us understand bascline trends as well as the effects of specific
projects on water quality,

Turbidity varies with the number and size of particles present in the water column. Turbidity is the
optical property of a sample that causes light to be scattered and absorbed. Clays and silts are primarily
responsible for light scatter. The relationship between suspended sediment and turbidity vartes greatly
between sites. For example, a watershed with coarse soils may have large fluctuations in suspended
sediment with little change in turbidity. A watershed with fine clay soils may have high turbidity with low
concentrations of other suspended sediment.

Turbidity levels are generally influenced by the same factors as suspended sediment and, in
general, turbidity can be expected to increase during high stream flow events, but this will vary within a
given storm and between storms.

For example, the first storm of the year may produce higher turbidity than a storm of the same
magnitude later in the scason. Likewise, as stream flow initially rises during a storm event, turbidities may
be high. The equivalent flow as the stream recedes may produce lower turbidity levels. Because of these
characteristics, the variability in turbidity between sites and over time can make it difficult to establish
background levels and trends. It is important to use caution when drawing conclusions with turbidity data.

Information taken from L. H. MacDonald et.al. (1991), Monitoring Guidelines to Evaluate the
Effects of Forestry Activities on Streams of the Pacific Northwest and Alaska, EPA 910/9-91-001. and
Water Quality Monitoring; Technical Guidebook (1999), The Oregon Plan for Salmon and Watersheds.
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A Complete List of Data by Site and Date

Site
Applegate above Grays Creek

Applegate at Cantrall Buckley Park

Slate Creek at Wildervitle

Cheney Creek below Littie Cheney

Murphy Creek at Mouth

Williams Creek at Rt. 238 Bridge

ApPLEGATE RIVER WaTERSHED COUNCIL

Code
110

120

210

310

400

500

Date
06-Nov-98
21-Nov-28
23-Nov-98
09-Dec-98
07-Jan-99
22-Jan-99
04-Feb-99
09-Mar-99
06-Apr-99
02-Nov-98
21-Nov-98
23-Nov-98
02-Dec-98
05-Jan-99
18-Jan-99
09-Feb-99
04-Mar-99
19-Mar-99
06-Nov-98
21-Nov-98
23-Nov-98
09-Dec-98
07-Jan-99
04-Feb-99
09-Mar-99
06-Apr-99
06-Nov-98
21-Nov-88
23-Nov-98
09-Dec-98
07-Jan-89
04-Feb-99
09-Mar-89
06-Apr-99
06-Nov-98
21-Nov-98
09-Dec-98
07-Jan-99
18-Jan-99
22-Jan-99
04-Feb-99
09-Mar-99
06-Apr-99
02-Nov-98
21-Nov-98
23-Nov-98
02-Dec-98
05-Jan-99
18-Jan-99
22-Jan-89

Storm?

storm
storm

storm

storm

storm

storm

storm
storm

storm
storm

storm

storm

storm

storm

storm

storm
storm

Turbidity
2
315
131
3]
2
240
9
11
3
3
161
106
27
3
9
16

N )] -
N WWwDo = BN

—
~l

- B (<]
m—-k.hc)I\Jl’\Jc‘)-hl\JoJO

101
42
1
19
387
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Site Code Date Storm?  Turbidity

06-Feb-99 storm 79
09-Feb-99 10
04-Mar-99 7
Williams Creek at Powell Ck. 510 02-Nov-98 1
21-Nov-98 storm 334
23-Nov-98 storm 85
02-Dec-98 41
05-Jan-99 1
18-Jan-99  storm 19
22-Jan-89  storm 456
09-Feb-89 10
04-Mar-99 7
West Fork Williams at E. Fk. Bridge 540  02-Nov-98 1
21-Nov-98 storm 210
23-Nov-98 storm 35
02-Dec-98 37
04-Dec-98 5
05-Jan-99 1
07-Jan-99 1
18-Jan-99  storm 12
22-Jan-99  storm 260
06-Feb-98  storm 47
09-Feb-89 7
04-Mar-99 9
09-Mar-98 3
09-Apr-99 L
West Fork Williams at 2455 Cedar Flat Rd 560 03-Jan-89 1
01-Mar-99  storm 10
05-Apr-99 2
Munger Creek at Kincaid Rd. 580  21-Nov-98  storm 41
23-Jan-99 7
08-Feb-99 storm 10
17-Dec-98 1
Upper Munger Creek 585  21-Nov-98 storm 9
23-Jan-99 12
06-Feb-99  storm 48
17-Dec-98 1
East Fork Williams at Browns Rd. 590 02-Nov-98 1
21-Nov-98 storm 263
23-Nov-98 storm 63
02-Dec-98 20
04-Dec-98 5
05-Jan-99 1
07-Jan-99 1
18-Jan-99  storm 16
22-Jan-99  storm 290
06-Feb-99 storm 92
09-Feb-99 9
04-Mar-99 7
09-Mar-99 5
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Site Code Date Storm?  Turbidity

East Fork Williams at Browns Rd. 590  09-Apr-99 1
07-Dec-98 i
East Fork Williams below Rock Ck. 585 13-Jan-99 4
19-Jan-99 9
06-Mar-99 2
Thompson Creek at mouth 600  02-Nov-98 1
21-Nov-98 storm 222
23-Nov-98 storm 78
02-Dec-98 7
05-Jan-99 1
18-Jan-99¢  storm 15
09-Feb-99 13
04-Mar-99 7
Thompson Creek at Mile 2 605 06-Feb99 storm 74
07-Feb-99  storm 81
27-Feb-99  storm 40
07-Mar-99 3
Thompson Creek at Tallowbox Ck. 610 07-Dec-98 1
04-Jan-99 1
06-Feb-9¢ storm 215
08-Mar-99 3
Little Applegate River at Mouth 700  02-Nov-98 1
21-Nov-98 storm 358
23-Nov-98 storm 498
02-Dec-98 5
05-Jan-99 1
18-Jan-99  storm 24
21-Jan-99  storm 20
22-Jan-99  storm 960
06-Feb-99 stomn 285
09-Feb-99 14
04-Mar-99 1"
Little Applegate at road mile 2.6 710  18-Jan99  stormn 15
21-Jan99 storm 17
22-Jan-99 storm 736
06-Feb-99  storm 83
07-Feb-99  storm 127
07-Mar-99 4
04-Apr-99 1
Little Applegate at Yale (Bridge) 725  02-Nov-98 1
21-Nov-98 storm 336
23-Nov-98 storm 179
02-Dec-98 4
05-Jan-99 2
21-Jan99 storm 7
06-Feb-99 storm 265
09-Feb-99 10
04-Mar-99 9
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Site Code Date Storm?  Turbidity

Little Applegate at 9868 Little Applegate Rd. 730 05-Jan-99 2
07-Feb-98  storm 12
06-Mar-89 3
18-Mar-99 1000
Little Applegate at Tunnei Ridge 740  21-Nov-98 storm 270
23-Nov-98 storm 82
02-Dec-98 4
05-Jan-99 2
18-Jan-99  storm g
21-Jan-89  storm 5
19-Mar-99 26
Little Applegate at Brickpile Ranch 750  21-Nov-98 storm 137
02-Dec-98 5
Sterling Creek at Littie Applegate Rd. 760  02-Nov-98 C
21-Nov-98  storm 18
23-Nov-98  storm 6
02-Dec-98 1
05-Jan-99 1
18-Jan-99  storm 4
21-Jan-99  storm 42
06-Feb-99 storm 173
09-Feb-99 16
04-Mar-99 10
Grouse Creek at mouth 770 23-Nov-98 storm 8
02-Dec-98 1
21-Jan-99  storm 17
Yale Creek at Mouth 780 23-Nov-98  storm 267
02-Feb-99 3
01-Mar-99  storm 21
05-Apr-99 1
Yale Creek at .6 mile bridge 782 02-Nov-98 1
21-Nov-98 storm 456
02-Dec-98 6
05-Jan-99 2
21-Jan-99  storm 18
06-Feb-99 storm 865
09-Feb-99 16
04-Mar-99 11
Yale Creek below Dog Fork 786  22-Nov-98 storm 26
13-Jan-99 2
07-Feb-99 storm 47
10-Mar-99 4
Dog Fork of Yale Creek 788  22-Nov-98  storm 15
13-Jan-99 1
07-Feb-99 storm 40
10-Mar-99 2
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Site Code Date Storm?  Turbidity

Glade Creek 790 21-Nov-98 storm 193
23-Nov-98  storm 57
02-Dec-98 3
18-Jan-89  storm 7

Jackson Creek 810 04-Jan-99 3
22-Jan99  stormn 22
08-Feb-99 storm 18
28-Feb-99 storm 13
02-Mar-99 5]
06-Apr-99 2

Caris Creek 8156 03-Jan-99 1

w
-

18-Jan-99  stom
06-Feb-99 storm
07-Feb-99 storm
09-Mar-99
08-Apr-99

Slagle Creek 820 03-Jan-99
18-Jan-99  storm
06-Feb-99 storm
07-Feb-98  storm
09-Mar-938
08-Apr-99

Miller Creek 830 21-Nov-98 storm
09-Dec-98
03-Jan-99
07-Jan-99
18-Jan-99  storm
04-Feb-99
06-Feb-99 storm
07-Feb-99 storm

Prof-onBuug8BAnwaRE

09-Mar-g9 5
06-Apr-99 1
08-Apr-99 1
Humbug Creek at Rt. 238 Bridge 840  06-Nov-98 2
21-Nov-98  storm 136
09-Dec-98 2
03-Jan-99 2
07-Jan-99 1
18-Jan-99 storm 25
04-Feb-99 3
09-Mar-89 5
06-Apr-99 2
Humbug Creek at 4099 Humbug Ck. Rd. 845 03-Jan-99 2
27-Jan-93  storm 173
05-Feb-89 5
17-Dec-98 3
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Site
Forest Creek at Hamilton Road

Beaver Creek at Mouth

Beaver Creek above mouth

Palmer Creek at Bridge

Carberry Creek at 4 mile mark

Code

850

860

865

870

880

Date
02-Nov-98
21-Nov-98
23-Nov-98
02-Dec-98
05-Jan-99
18-Jan-99
09-Feb-99
04-Mar-99
21-Nov-98
23-Nov-98
02-Dec-98
05-Jan-99
21-Jan-99
09-Feb-99
04-Mar-99
10-Mar-99
04-Jan-99
07-Feb-99
10-Mar-99
04-Apr-99
21-Nov-98
23-Nov-98
02-Dec-98
07-Dec-98
05-Jan-99
21-Jan-99
06-Feb-99
09-Feb-99
04-Mar-99
07-Feb-99
18-Feb-99
28-Feb-99

Storm?

storm

storm

storm

storm
storm

storm

storm

storm
storm

storm
storm

storm
storm
storm

Turbidity
0
132
65
5
1
14
33
15
136
205
3
0
19
15
10
4
1
19
4
1
24
27
3
0
0
11
41
10
5
16
7
61

Methods

Turbidity was determined with a HACH Model 2100P turbidimeter. Samples collected by ARWC
staff were measured on site. Volunteers mailed their samples to ARWC for analysis. These were usually
measured within two days of collection. Cool temperatures and low levels of nutrients made it unlikely that
bacterial growth could have effected turbidity levels.

Some turbid samples were retained for more than a week and their turbidity checked periodically.
If these samples were thoroughly shaken before reading, the turbidity values did not change over this time

period.
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