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Wolf Creek Water-Quality Monitoring Data
Document Purpose
This Data Analysis Summary presents the water-quality data from Wolf Creek, collected by the
Wolf Creek Community Alliance (WCCA) citizen water-quality monitoring program. Also included
are other pertinent watershed data collected by WCCA and others (e.g. California’s Empire Mine
State Historic Park and the Nevada County Resource Conservation District (NCRCD), as noted in
the report. The report is a reference available to all who are interested in the water-quality data
gathered between 2004 and 2012. Monitoring is on-going. Refer to the current Wolf Creek
Watershed Monitoring Program 2013-2014 Work Plan for details. It can be found on the
WCCA website http://www.wolfcreekalliance.org/, or accessed by control-clicking the link.
Wolf Creek is located in Nevada County, California. WCCA is a non-profit creek stewardship
organization. Questions regarding this report may be directed to Jonathan Keehn, board
president, at (530) 272-2347 / jbkeehn@sbcglobal.net or to BJ Schmitt at (608) 467-3559.
The information in this report is presented in two sections: Parameter Summaries and
Monitoring Site Summaries.
An overview of water-quality conditions throughout the watershed is located in the Parameter
Summaries section. Box-and-whisker plots show the range of values recorded, including
minimums, maximums, and averages for all the sites. For example, below is the plot of pH on
the main stem, which readily shows the range of pH from 4.8 to 8.7, with a tendency to increase
moving downstream (moving left to right, from site 1 in the headwaters to site 15 near the
confluence with the Bear River).

The Site Summaries section gives temporal information on the site data. Data are arranged in
groups for context, e.g. sites 1, 2 and 3 at the top of the watershed are presented together. As
an example, below is the temperature chart for sites 1, 2, and 3. You can see how many data
points were recorded at each site and when they were collected (notice the large gap for site 2).
Seasonal variation stands out as well. Notice that the seasons appear compacted in the later
three years. This is because there are only six data points per year (due to bi-monthly
monitoring) compared to 12 months in the earlier 5 years.
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Throughout the report is text in blue italics, which indicate areas for further study.

Introduction
Wolf Creek is situated in Nevada County, California. It lies within the Sierra foothills and is a
tributary of the Bear River. Wolf Creek flows through the town of Grass Valley and through
rural-residential woodlands and forests. Surrounding land uses have greatly altered and
impacted the creek, its riparian corridor, and upland watersheds. Threats include current land
use, resource use (e.g. irrigation, ranching, and mining), climate change, and severe
development pressure.
WCCA has collected data to help define the baseline conditions of the creek. This data can be
used to identify activities and land uses that threaten or protect the creek and can be useful in
preventing degradation, mitigating problems and restoring degraded areas by:
Helping agencies establish ordinances to promote best management practices (BMPs);
Educating individuals and groups about pertinent watershed health issues and concerns;
and
Providing information to help guide decisions for protection and restoration activities in
the watershed.
Water quality monitoring helps us understand the creek and its relationship to land uses in the
watershed. This is especially important as development increases, climate change intensifies,
and protection and restoration become more important tools for the management of a healthy
watershed.

Wolf Creek Overview
Wolf Creek is a perennial stream whose watershed encompasses roughly 80 square miles and
includes 18 subwatersheds. Its main stem is approximately 23 miles long. Wolf Creek’s
headwaters begin at the south side of Banner Mountain, located just east of Grass Valley,
California at an elevation of about 3,000 feet. The creek flows south to join the Bear River at
the Placer/Nevada county line. Most of the area traversed by the creek outside of Grass Valley
is agricultural and rural-residential land situated in mixed conifer forest and blue oak woodland
habitats. Refer to the map at the end of this section.
The headwaters flow through rural residential and agricultural areas above Grass Valley,
typically at less than 10 cubic feet per second (cfs). The Nevada Irrigation District (NID) diverts

-6up to 50 cfs from Deer Creek, in the Yuba watershed, into Wolf Creek through the DS Canal and
a tributary called Whitewater Creek. NID uses Wolf Creek as a conveyance channel for irrigation
water from mid-April until mid-October. The NID water comprises the majority of Wolf Creek’s
summer flow through Grass Valley.
Wolf Creek flows through the City of Grass Valley, first settled during the California gold rush
era. Grass Valley’s population was reported as 12,860 in the 2010 US Census. The town is
situated in the Sierra foothills at 2,500 feet. Grass Valley is urbanized, with large impermeable
areas, sewage spills and untreated storm drain inflows. In town, the creek is generally
channelized and lined with concrete or is encased underground. Urban development infringes
into its riparian corridor and up to its constrained banks.
Several tributaries join the creek in Grass Valley, including South Fork Wolf Creek. South Fork
Wolf Creek includes the most protected stretch of Wolf Creek (and its watershed) as it flows
through the Empire Mine State Historic Park. Both South Fork and the main stem flow
underground through parts of Grass Valley, and re-emerge at the south end of town, upstream
of the City’s wastewater treatment plant (WWTP). Wolf Creek continues to flow southward
through primarily rural residential and agricultural land, much of it threatened by development.
The NID Tarr Ditch take-out is below the WWTP, where the flow introduced above town is
diverted for irrigation use between mid-April and mid-October.
French Ravine joins the creek below the Tarr Ditch. It is a small creek with a Clean Water Act
Section 303(d) (impaired water body) listing for bacteria. The French Ravine sub-watershed
includes the closed county dump (now converted to a transfer station) and horse farms, both
anecdotal sources of the bacteria. Wolf Creek proper is also 303(d) listed for bacteria.
South Wolf Creek joins the main stem near the bottom of the watershed, with a sub-watershed
area (33 square miles) almost as large as the main stem’s (45 square miles). Shortly after the
convergence of South Wolf Creek and Wolf Creek, the creek joins the Bear River on its way to
the Feather, then the Sacramento, then San Francisco Bay.
The map that follows (Figure 1a) shows Wolf Creek and its designated 18 subwatersheds. The
“Subwatershed Statistics” section below lists basic information about each subwatershed.
Figure 1b that follows superimposes the monitoring site numbers and locations on the
subwatersheds.
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Figure 1a: Wolf Creek Subwatersheds
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Wolf Creek Community Alliance (WCCA) Mission
Wolf Creek Community Alliance, a volunteer-run, 501c3 non-profit organization, exists to
protect, enhance, and restore Wolf Creek, its tributaries, and watershed. We are a collaborative
group involving scientists, farmers, ranchers, conservationists, as well as local, state, and federal
agencies.
Wolf Creek Community Alliance works to preserve and enhance the natural systems of Wolf
Creek’s watershed for future generations. Our goals include:
 Spearhead PRESERVATION efforts in Wolf Creek watershed to protect and improve
watershed health and integrity.
 Engender Community STEWARDSHIP for Wolf Creek and its watershed for present and
future generations to enjoy.
 Spearhead RESTORATION efforts in Wolf Creek watershed to protect and improve
watershed health and integrity.
 Execute successful MONITORING program to inform us of the condition of Wolf Creek
and how it changes.
 To THRIVE as an organization that has a long-lasting presence and effect in the Wolf
Creek Watershed.

Water-Quality Monitoring Program
In 2004 Wolf Creek Community Alliance joined the 772 other volunteer monitoring groups in the
United States in initiating a Citizen Water-Quality Monitoring Program. With sponsorship from
the Sierra Nevada Alliance, WCCA set out to gather ambient water quality data throughout the
Wolf Creek watershed in Nevada County, California.
The primary goals of the Wolf Creek Watershed Monitoring Program are:
Collecting high-quality baseline data available for “before and after” comparisons of
watershed health for anticipated development, restoration, and protection activities in
the watershed;
Screening for water-quality problems typically associated with common practices seen
in the Wolf Creek Watershed. Practices include residential and commercial
development, urbanization, agricultural, livestock and mining (legacy as well as future)
activities;
Empowering citizens to be responsible stewards and decision-makers;
Designing and executing scientifically credible studies that assess the condition of the
Wolf Creek Watershed ecosystem;
Educating the local community on water-quality and habitat issues; and
Filling data gaps relevant to baseline data collection.
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Sites
This report summarizes data gathered by volunteer monitors sampling water-quality at
monitoring sites in the Wolf Creek watershed between July 2004 and August 2012. Table 1
delineates the regular monthly monitoring site locations. Data was also collected irregulary at
other sites, which are included in a full reference of sites located in Appendix C. Some sites have
been retired and are not currently being monitored, but information from all the sites is
included in this document. Figure 1b that follows superimposes the monitoring site numbers
and locations on the subwatershed map (Figure 1a).
Table 1 – Wolf Creek Monitoring Sites
Site
Stream
Site Description
1
Wolf Creek
Headwaters
2
Wolf Creek
Loma Rica above Brunswick
3
Wolf Creek
Above Confluence w/ Olympia Creek
3.1
Olylmpia Cr
Drains Brunswick Basin (Glen Brook)
4
Wolf Creek
Grass Valley (GV) industrial area
5
Wolf Creek
Below industrial area of Grass Valley - Railroad Ave
6
South Fork
Midway along tributary – Empire Mine State Historic Park
6.1
South Fork
Headwaters at Woodrose
7
Wolf Creek
GV, at Bank and Bennett, above WWTP
8
Wolf Creek
North Star Minimg Museum / Glen Jones Park
9
Wolf Creek
Allison Ranch Rd, below WWTP & and Little Wolf Creek
9.5
Wolf Creek
Head of the Tarr ditch
10
Wolf Creek
Below French Ravine at Scopar Rd
10.8 Wolf Creek
Upstream of Lime Kiln Crossing – Mellersch property
11
Wolf Creek
Lime Kiln Crossing
12
Peabody Creek
Walsh/Townsend in Grass Valley above Condon park
13
Peabody Creek
Condon Park above pond
14
South Wolf Creek Major tributary above confluence with Wolf
15
Wolf Creek
Before confluence w/ Bear River
25
South Wolf Creek At Dog Bar Crossing
26
Salt Creek
Tributary of lower South Wolf Cr
27
South Wolf Creek Above Cherry Cr, below Salt Cr
28
Cherry Creek
Tributary of lower South Wolf Cr
30
French Ravine
303(d) listed tributary at Hidden Valley Rd
32
French Ravine
Below horse farms, above dump
34
French Ravine
Upstream at McCourtney Rd

Elevation
3000’
2590’
2564’
2564’
2488’
2400’
2550’
2762’

2271’
1633’
1456’
2522’
2473’
1265’
1200’

1364’
1331’
2019’
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Figure 1b: Wolf Creek Water-Quality Monitoring Sites
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Water-Quality Data Summary: July 2004-August 2012
Introduction
The California Clean Water Team (CWT) identifies five parameters as the vital signs of water
quality essential to supporting life. The CWT is the citizen monitoring program of the California
State Water Resources Control Board (SWRCB) and provides technical assistance, training, and
guidance to citizen monitoring programs and watershed stewardship organizations. These five
parameters are:
Temperature
Dissolved Oxygen
pH

Conductivity
Turbidity

Wolf Creek Community Alliance’s volunteer monitors have tested for these parameters, as well
as others, monthly or bi-monthly since 2004. The data helps define the baseline conditions of
Wolf Creek and identify seasonal variations in water quality. As recommended by the SWRCB,
our baseline data set for any specific site will be considered complete when we have ten years
of data from that site.
This report includes a summary of data collected from July 2004 through August 2012. We will
reach the first of our 10-year baseline collection goals in the fall of 2014 at ten sites. Data for
more sites will follow. Besides the five “vital signs” WCCA volunteers have tested for:
Nitrate-nitrogen
Ammonia-nitrogen
Phosphates

E. coli and total coliform bacteria
Arsenic and other mining toxins
Benthic macroinvertebrates (BMI)

Additional Wolf Creek water quality data has been collected from other sources including the
NCRCD, Nevada Irrigation District (NID), Empire Mine State Historic Park, and the Grass Valley
Wastewater Treatment Plant. Some of this data is included in this report.

Data Quality Assurance and Cleaning
Data samples were collected by volunteers trained in accordance with the Quality Assurance
Policy and Protocols (QAPP), approved by the California State Water Resources Control Board,
the United States Environmental Protection Agency, and the Technical Advisory Committee of
Wolf Creek Watershed Monitoring Program. Specific methodologies are listed in the QAPP and
explained in the Volunteer Field Manual, both of which can be found on the WCCA website.
Data cleansing is used to detect incorrect data in order to improve the data quality. Data was
screened to remove incorrect data before graphing and analyzing, as detailed in Appendix B.
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Subwatershed Statistics
The following table (Table 2) delineates eighteen subwatersheds, as topographically designated
by WCCA. Details include watershed area, stream miles, and monitoring sites located within the
subwatersheds. Refer to the Subwatershed Map presented earlier in this report (Figure 1a).
Watershed
Subwatershed
Wolf Creek Main
Stem Total

Square
Miles

Creek

45

Linear
Miles

Monitoring
Sites

22.7

Upper Wolf Creek

2.3

Wolf Creek

3.0

1 and 2

Grass Valley

4.4

Wolf Creek
-Whitewater Creek

2.7
1.0

3, 5

-Olympia Creek
(aka Glen Brook)
-Matson Creek

0.6

3.1

-Slide Ravine
-Rhode Island Ravine

0.6

-Peabody Creek
-French Ravine (small)

12, 13
0.6

South Fork Wolf Creek
Little Wolf Creek

2.6
2.1

South Fork Wolf Creek
Little Wolf Creek

2.9
1.7

6, 6.1
State Parks

French Ravine

5.3

French Ravine (large)

4.5

30, 32, 34

Mid-Upper Wolf Creek

6.6

Wolf Creek

4.8

8, 9, 9.5

Rattlesnake Creek
Middle Wolf Creek

5.0
1.9

Rattlesnake Creek
Wolf Creek

5.3
2.3

Mid-Lower Wolf Creek

7.2

Wolf Creek

5.8

Long Hollow

2.4

Long Hollow

2.4

Lower Wolf Creek

4.8

Wolf Creek

4.1

-Meyer Ravine

-

-Ragsdale Creek

2.3

10, 10.8
15

South Wolf Creek
Total

33

11.0

Woodpecker Ravine

5.7

Woodpecker Ravine

4.5

Upper So. Wolf Creek

4.6

South Wolf Creek

3.2

Middle South Wolf
Creek
Cedar Ravine

6.0

South Wolf Creek

3.3

3.3

Cedar Ravine

2.6

Salt Creek

5.3

Salt Creek

3.8

26,

Cherry Creek

3.4

Cherry Creek

4.0

28,

Lower South Wolf Creek

5.2

South Wolf Creek

4.5

27, 14
(retired)

Long Ravine

Wolf Creek & South
Wolf Creek Total
Table 2 – Subwatersheds

78

-

33.7

25 (retired)
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Section I: Parameter Summaries
This section presents the WCCA data summarized by parameter.
Table 3 summarizes the water-quality goal exceedances for both EPA and California Regional
Water-Quality Control Board Basin objectives. Table 3 delineates the water-quality exceedances
documented by the WCCA monitoring program. “Exceedance” for purposes of this document
can mean levels were too high or too low, they are out of the range in either direction. For
example, temperatures can be too warm for health, so an exceedance means that the
temperature was higher than the objective. Dissolved oxygen can fall below what is needed for
health, so an exceedance was when the level was too low. Healthy pH is a range, so
exceedances can be too high or too low. The criteria are listed in the right-hand column of the
table. The data have been screened for precision (Prec) violations per the criteria listed in the
table. Please see Appendix B for details about precision screening and Appendix D for details on
exceedances.
Parameter

Water-Quality
Exceedance %

# of
Records

# of
Exceedances

Water Temperature
(EPA)
Water Temperature
(State)
Dissolved Oxygen
(EPA)
Dissolved Oxygen
(State)
pH (EPA)

6.6%

1,212

80

4.6%

1,212

56

15%

1,146

174

4.1%

1,146

48

13%

1,041

140

pH (State)

13%

1,041

137

Conductivity

0%

1,204

0%

Turbidity

NA

1,078

NA

Nitrogen (EPA)

0%

Criteria

T > 19 o C
(Precision +/- 1 o C)
T > 20 o C
(Precision +/- 1 o C
DO < 8 mg/l
(Precision > 10%)
DO < 7 mg/l
(Prec > 10%)
pH < 6.5 or > 8.2
(Precision +/- 0.2)
pH < 6.5 or > 8.5
(Precision +/- 0.2)
<1,000 µSiemens

0

Varies w/ T and pH

Phosphates

72%*

88*

64

Detection 0.1 ppm

Bacteria

15%

325

49

>235 MPN/100 ml

Arsenic

39%**

44**

17

Detection ~1.5 ppb

Table 3 – Wolf Creek Water-Quality Goal Exceedances
* Phosphate test locations were targeted
** Most arsenic test locations were targeted

The data summarized in the above table generally infer the following:
Water temperatures exceeding the criteria generally occurred in the lower watershed
during summer.
DO exceedances mirror the high temperatures in the lower watershed, but also
occurred upstream during low-flows, even when temperatures were not as high.
The worst exceedance of the five “vital” parameters is for EPA dissolved oxygen criteria,
with an exceedance of 15%.

- 14 The greatest State Basin Objective exceedance is for pH (13%), waters being primarily
too acidic, especially in the headwaters.
Bacteria test results exceeded the human-health standard 15% of the time. Most of
these exceedances occurred in the summer, although many occurred during the winter
when human exposure to the bacteria would be less likely.
Arsenic testing detected (at least low levels of) arsenic 39% of the time. There were
only 44 tests, and they were at targeted sites where we suspected there could be
mining toxins, so this does not indicate that testing across the watershed would reveal
39% contamination.

Box Plots
Data records are presented in box plots to quickly see the range of data over the eight years and
across the watershed. Box plots are a good way to see non-“normally” distributed data,
showing information for a variety of conditions. They are not overly influenced by extreme data
(for example turbidity spikes). The point marked as “median” is the middle point of the data,
with half of the values being larger and half smaller. A typical “box and whisker” plot graphically
displays the following information:
Range of the data
Variability around
the median

Median
Skew of the data

A limitation of box plots is that they do not adequately convey seasonal variations. These are
addressed in the site summaries. Box plots also do not convey diurnal variation or other
changes in time.

Water Temperature
Water temperature affects water chemistry and the functions of aquatic organisms. Figure 2
presents the summer water temperature data for the main stem sites, from Site 1 in the
headwaters to Site 15 near the confluence with the Bear River. NID water flowing between sites
3 and 9.5 (between the blue vertical lines in Figure 1) maintained cooler water through this
section during the summer. The water temperature increased moving downstream below the
NID take-off. The lower watershed (Sites 10, 10.8, 11 and 15) had water temperatures too high
to support salmonids. Salmonids require cooler water than the high temperatures that were
observed in Wolf Creek (19ο C for adult fish, 9 ο C for spawning, and 13 ο C for embryo survival).
However, there may be cooler water in pools that would act as refugia during times when the
water is so warm.
The effects of urbanization include lack of forested buffer zones and hot pavement, which can
increase water temperatures. These warming effects were most probably moderated each dry
season by cool NID flow and the underground sections of creek through town. Below the NID
take-off (Sites 10 – 15) dry season flows decreased and temperatures rose.
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Figure 2: Wolf Creek Main Stem average Summer Temperatures.
Figure 3 summarizes the monthly water temperature data for the entire Wolf Creek watershed.
Sites are referenced in Appendix C.

Figure 3: Wolf Creek average Temperatures. Note that for our data set, the smallest boxes
generally indicate less data. Sites are referenced in Appendix C.
The temperatures ranged from just above zero ο C (32 ο F) to about 25 οC. Our monitors have
not witnessed the creeks being frozen. On the other end of the temperature spectrum, the
lower watershed has exceeded standards for adult rainbow trout health. WCCA is interested in
determining more specifically when during summer the temperatures get too high (and DO gets
too low), and the corresponding locations where conditions are adverse. This applies to the main
stem as well as tributaries.

- 16 The USEPA identifies water-quality impairment at temperatures above 19ο C.
WCCA data depict temperatures exceeding this federal objective 6.6% of the time. Exceedances
all occurred in the lower parts of the watershed, on the main stem and South Wolf Creek, as
well as Olympia Creek and Peabody Creek.
California’s water-temperature basin objective is 20 ο C or lower.
WCCA data show 4.6% of these records exceed this less-strict state basin objective. Details on
temperature exceedances are located in Appendix D. The map that follows provides a visual
reference of exceedances.

Water Temperature Exceedances
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Dissolved Oxygen
Dissolved oxygen (DO) is the measure of oxygen dissolved in water, required by most aquatic
organisms to survive, grow and reproduce. Some sensitive species, such as trout and stoneflies,
require high levels of DO (11 mg/l). Other more tolerant species, such as catfish, worms and
dragonflies can thrive with lower levels (6.5 mg/l). If there is not enough DO, juveniles and
adults may die, or experience reduced growth. Fish eggs and insect larvae may fail to survive. A
change in species composition may occur with possible growth of toxic or smothering bacteria,
fungi, or algae.
The USEPA identifies water-quality impairment at DO levels below 8 mg/l.
Wolf Creek DO levels fell below this federal objective in 15% of the 1,146 average-DO records.
These “exceedances” (in which the DO level was lower than the objective) were most severe in
the lower watersheds and the tributaries, but also occurred in the headwaters.
The California state DO basin objective is 7 mg/l or higher.
Of WCCA’s 1,146 records, 4.1% were below the state basin objective.
DO levels were not impaired through the section that conveys NID flows (with the exception of
one record at Site 5). Details on DO impairments are located in Appendix D.
Dissolved oxygen in the Wolf Creek watershed varies with the season. There is an inverse
relationship with water temperature, as colder water is able to hold more oxygen. Summer
flows, when water temperatures are generally higher, tend to have lower DO.
Figure 4 presents the WCCA dissolved oxygen data for July 2004 – August 2012. Summer DO
values are generally lower and winter values are higher. Levels drop below the 8 mg/l threshold
that EPA has defined as able to sustain Benthic Macro Invertebrates (BMI) and adult salmonids.
Levels are usually below the 11 mg/l threshold for salmonid reproduction. There may be cool
spots within the creek with higher DO than what was measured that could act as refugia.

Figure 4: Wolf Creek average Dissolved Oxygen. Sites are referenced in Appendix C.

- 18 The DO ranged from a healthy 14 mg/l to an extreme low of just over 1 mg/l. Levels were, with
few exceptions, above 6 mg/l, indicated as sufficient for non-salmonid adult health. With the
exception of two headwater sites (6.1 on South Fork and 34 on French Ravine) average DO levels
(marked with an “0” on Figure 4) were above the 8 mg/l EPA threshold for BMI and adult
salmonid health. DO in the lower watershed (sites 10, 10.8, 11 and 15, as well as in tributaries)
dropped to unhealthy levels, (below 11 mg/l needed for trout reproduction) during the dry
(summer) season.
The map that follows provides a visual reference of dissolved oxygen exceedances.

Dissolved Oxygen exceedances.
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pH
pH is a measure of how acidic or basic the water is. Most aquatic animals need pH levels
between 6.5 and 8.2 to thrive.
The USEPA identifies water-quality impairment at pH levels below 6.5 or higher than 8.2.
Wolf Creek pH levels exceeded this federal objective in 13.4% of 1,041 samples. Exceedances
occurred throughout the watershed, but were most severe in the headwater areas, where
waters were most acidic and fell below a pH of 6.5 in 13.0% of the samples.
The California state pH basin objective is “exceeding” the thresholds when below 6.5 or higher
than 8.5.
Out of 1,034 data points, WCCA had 13.2% that exceeded this State Basin objective. Details on
pH exceedances are located in Appendix D.
WCCA had issues with pH meters reading low from the fall of 2005 through August 2009. The
data that we were confident was wrong was screened out before graphing (see Appendix B for
the screening protocol), but some of the data from that period was retained. There seems to be
a residual decline of pH values through that period, which could be reflecting an issue with
those meters. WCCA has more confidence in the accuracy of the pH values from early 2004 and
after August 2009, although these data points cannot be distinguished on the box plots.
Figure 5 presents a box plot of the WCCA pH data for the main stem of Wolf Creek.

Figure 5: Wolf Creek Main Stem average pH. Sites are referenced in Appendix C.
Wolf Creek tended to have more acidic headwaters, and pH values on the main stem generally
increased moving downstream. The section of NID flow (Sites 3 to 9.5) had more consistent
averages between 7.2 and 7.7. In the lower watershed pH increased again until (in theory) South

- 20 Wolf flow enters the creek between Sites 11 and 15. WCCA would like to more definitively
determine why pH tends to decrease before Site 15.
Figure 6 summarizes the WCCA pH data for the entire watershed.

Figure 6: Wolf Creek average pH. Sites are referenced in Appendix C.
The headwater sites had lower pH values than downstream sites. This is true for the main stem
(comparing sites 1 and 15), South Fork Wolf Creek (sites 6.1 and 6), Peabody Creek (sites 12 and
13), French Ravine (sites 30 and 34), and to some extent South Wolf Creek (sites 27 and 14).
Samples of pH further upstream on South Wolf Creek at Site 25 are not lower, so South Wolf
Creek may have different relative headwater conditions than the rest of Wolf Creek and her
tributaries, although there is little data at Site 25 and none above it. The map that follows
provides a visual reference of exceedances.
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pH exceedances.

Conductivity
Conductivity is the ability of water to conduct an electrical current. It can be used as a measure
of inorganic dissolved solids in the water, such as nitrate, sulfate, phosphate, calcium, and
sodium. Each stream has a relatively constant range of conductivity based on the geology of the
watershed. Once baseline data for a stream is established, significant changes in conductivity
can indicate a change in pollutants.
The allowable potable water range for conductivity peaks near 1,000 microsiemens(S).
The maximum value of the 1,204 records was less than 600 S. Significant influences included
NID, which lowered conductivity seasonally, and feasibly the WWTP or mine drainage from Little
Wolf Creek raising conductivity between sites 8 and 9.
Figure 7 presents the WCCA conductivity data for the main stem of Wolf Creek.
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Figure 7: Wolf Creek Main Stem average conductivity. Sites are referenced in Appendix C.
Conductivity on the main stem of Wolf Creek generally increased moving downstream.
Conductivity varies more seasonally downstream, with higher levels in the winter, which can be
seen in the site-specific summaries section of the report.
Figure 8 summarizes the WCCA conductivity data for the entire watershed by site.

Figure 8: Wolf Creek average conductivity . Sites are referenced in Appendix C.

Conductivity ranged from 10S (sites 3 and 7) to 590S at Magenta Drain. Two regular
monitoring sites tested significantly higher: Site 3.1, Olympia Creek (also known as Glen Brook),

- 23 which drains Brunswick Basin, and Site 26 at the bottom of Salt Creek. WCCA would like to
investigate the source of these high conductivity waters.
As seen by three pairs of small “boxes” on the upper-right-hand side of Figure 8, conductivity
was high during one-time tests of suspected acid-mine drainages:
 near Safeway in Grass Valley (~350S),
 flowing into Wolf Creek along Allison Ranch Road near Site 9 (~450S) and
 Magenta Drain on South Fork (almost 600S).
These sites were sampled during an arsenic testing project. More details are located in the
Toxins section f this report. WCCA would like to investigate to know how many stream miles
have high conductivity water from acid mine drainage or other sources.
Figure 9 presents the data in a histogram, which, like Figure 7, contains all the records from
across the watershed and throughout the eight-year sampling period. The number at the top of
each bar is the number of records in that bin. For example, there were 249 averageconductivity records between 0 and 50 S.

Figure 9: Wolf Creek average conductivity histogram.
The histogram shows the average conductivity at our testing sites was usually below 200 S,
with high spikes, which have been identified as associated with specific locations in the
watershed:
Olympia Creek
Salt Creek
Tributaries known to have mine drainage, e.g. Magenta Drain.
The main stem of Wolf Creek showed distinct seasonal variation which can be seen on the sitespecific summaries. The highest conductivity occurred during the winter. Conductivity was very
low in the summer months along the stretch of creek that conveys NID flows. Headwater sites
and tributaries did not present such seasonal variation. Olympia Creek and South Fork, for
example, had sudden drops in conductivity in the winter, likely associated with rain. A testing
protocol should be developed to determine why conductivity varies as it does. Is the creek
originating with low conductivity groundwater in the summer (and NID water) and highconductivity runoff in the winter, except when it is diluted with rain?
Figure 10 presents conductivity data for three sites in 2005 and 2006. This chart demonstrates
two streams converging, and is especially interesting because the effect of flow is so evident.

- 24 The dashed line on the bottom shows the low conductivity of Wolf Creek above Olympia Creek.
The gray line at the top shows high-conductivity water of Olympia Creek. The middle black line
shows the conductivity of Wolf Creek just below the confluence, the mixed water. Notice that
Olympia Creek has greater influence during the winter and Wolf Creek has greater influence
than Olympia during the summer. This is because of the relative flows of Wolf and Olympia
Creeks. During the summer, Wolf Creek conveys high volumes of NID irrigation water, and
Olympia Creek has lower volumes. This is a good example of how flows can influence water
quality.
Conductivity comparison of Olympia Creek and Wolf Creek above
and below Olympia Creek
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Figure 10: Olympia Creek conductivity.

Turbidity
Turbidity is a measure of water clarity and how much the material suspended in the water
decreases the passage of light through the water. Algae, suspended sediment, organic matter
particles and even air bubbles can cloud the water making it more turbid. Turbidity can indicate
erosion and changes in flow patterns, as increases in turbidity usually accompany increased
flows.
There is no water-quality goal for turbidity.
It is used, however, as in indicator of conditions in the watershed. For example increased
turbidity can point to the presence of a poorly managed construction site, or a bank failure
upstream. Increased turbidity may also result when rain falls on large expanses of paved areas.
The rain can no longer soak into the ground, but instead runs off quickly into the creek,
increasing flows and creating a more “flashy” creek with more erosion.
Figure11 summarizes the WCCA turbidity data for the entire watershed over the eight-year
monitoring period.
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Figure 11: Wolf Creek average turbidity . Sites are referenced in Appendix C.
WCCA’s maximum turbidity of the 1,078 records was 112 NTU, recorded at Site 12 (Peabody
Creek). Peabody Creek’s average annual turbidity was 10 NTU. Figure 12 below presents the
summer turbidity on the main stem of Wolf Creek. Note the different scale, with a maximum
value of 10 NTU. At this scale some of the maximum values are off the chart, but the averages
(means) are visible. As is evident, most sites had relatively low turbidity, with spikes (the long
“whiskers” at the top). Although not visible on these charts, it is notable that 67% of the
turbidity spikes occurred in December, January, February, and March.

Figure 12: Wolf Creek Main Stem average Summer Turbidity.
As can be seen in Figure 12, turbidity values were higher during the summer in the reach of Wolf
Creek used by NID for irrigation water conveyance, with averages and medians above 2 NTU.

- 26 Figure 13 presents the data in a histogram, which, like Figure 11, contains all the records from
across the watershed and throughout the eight-year sampling period. The number at the top of
each bar is the number of records in that bin. For example, there were 393 turbidity records
between 0 and 2 NTU. The “More” category includes values up to the maximum of 112 NTU.

Figure13: Wolf Creek average turbidity histogram.

Bacteria
Wolf Creek Community Alliance (WCCA) was formed when a group of concerned citizens
gathered in response to a sewage spill from the Grass Valley treatment plant. Wolf Creek has a
Clean Water Act Section 303(d) “impaired water body” designation along its main stem and on
French Ravine due to high bacteria levels. Potential sources of fecal contamination to surface
waters include wastewater treatment plants, on-site septic systems, domestic and wild animal
manure, and storm runoff.
There are two EPA bacteria thresholds referenced in this report. The EPA considers water quality
impaired when E. coli levels exceed a one-time reading of 235 “Most Probable Number per 100
ml” (MPN) or sustained levels of 120 MPN (verified by a multiple-tests protocol over a period of
time). Nevada County uses the 235 MPN threshold.
WCCA considers readings above 120 to be of concern. Figure 14 summarizes the WCCA E. coli
data for the entire watershed over the eight-year monitoring period. Red horizontal lines mark
the 120 MPN and 235 MPN thresholds. All the samples were one-time tests. The figure has a
“happy fish” at the bottom, indicating no impairment, but keep in mind that high bacteria levels
is a human-health hazard. Note that the number of data records is smaller than for
temperature, pH, DO and conductivity (about one quarter). The smaller “boxes” reflects this.
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Figure 14: Wolf Creek E. coli bacteria data. Sites are referenced in Appendix C.
The tests can only detect E. coli up to 2,419 MPN, so the results indicated at the top of the figure
(at 2,419 MPN) are actually at least 2,410 MPN.
Since exposure is more likely in the summer, Figure 15 looks at the summer bacteria levels. The
figure is drawn with a different scale to better see detail at the thresholds.

Figure 15: Wolf Creek summer E. coli bacteria data. Sites are referenced in Appendix C.
Many sites experienced bacteria levels well above the 235 MPN threshold, most notably Site 6
on South Fork, Site 12 on upper Peabody Creek, Site 14 on South Wolf at the confluence with
Wolf Creek, and Site 32 on French Ravine, above the dump but below the horse farms. The map
that follows visually depicts bacteria exceedances.
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E. coli bacteria detection/exceedances.

Nutrients
Nitrogen is found in several different forms and is needed by all living plants and animals to
build protein. Nitrogen is in the air we breathe. Nitrogen (as ammonia) is excreted by animals
and produced during plant and animal decomposition. This breakdown returns nitrogen to the
aquatic system. It is rapidly oxidized by special bacterial groups that produce nitrite (NO2 ),
nitrate (NO3 ), and ammonia nitrogen (NH3 – N), which are used by plants. The natural level of
ammonia-nitrogen or nitrate-nitrogen in surface water is typically low (less than 1 mg/L). In
wastewater treatment plant effluent, it can reach values up to 30 mg/L (ppm).
Ammonia as a nutrient may contribute to the growth of algae and other plants that overload the
natural system. The form of ammonia preferred for plant growth is an important pollutant as it
is relatively common, but can be toxic to fish and other aquatic life, causing low reproduction
and growth.

- 29 Nitrates are essential plant nutrients, but in excess can cause significant water-quality problems.
Together with phosphates, nitrates in excess amounts can accelerate eutrophication, causing
dramatic increases in aquatic plant growth and changes in the types of plants and animals that
live in streams. This, in turn, affects dissolved oxygen, temperature, and other indicators.
Sources of nitrates include wastewater treatment plants, fertilizer runoff, failing septic systems,
runoff from animal manure storage areas, and industrial discharges that contain corrosion
inhibitors.
Phosphates are a very troublesome limiting nutrient, and contribute to the development of
biological nuisances (excess plant and algal growth) and to potential downstream eutrophication
of lakes.
WCCA tested for ammonia-nitrogen, nitrate-nitrogen and phosphates.
The level of ammonia-nitrogen considered by the EPA to impair water quality for aquatic
organisms varies with temperature and pH.

Figure 16: Wolf Creek Ammonia-Nitrogen data. Sites are referenced in Appendix C.
Figure 16 presents the ammonia-nitrogen test results. The maximum level of ammonianitrogen measured was 1 ppm (mg/l). Toxicity depends strongly on water temperature and pH.
Ammonia is more toxic at higher temperatures and higher pH’s. All of our measurements fall
below the toxicity levels (EPA Gold Book “Quality Criteria for Water – 1986” 4-day
concentrations of salmonid-waters). The three spikes at sites 1, 9.5 and 13 occurred during
different months and different years. Note that the number of data records for nitrogen is
smaller than for temperature, pH, DO, and conductivity (about half as many). The smaller
“boxes” reflects this. The mean for Site 9.5 is heavily influenced by the high maximum value.
The level of nitrate-nitrogen considered by the EPA to impair water quality varies with
temperature and pH. The “Primary Maximum Contaminant Level” for drinking water is <10 mg/l
with much higher levels set for health for aquatic life (salmon, trout, bass, bluegill and catfish).
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Figure 17: Wolf Creek Nitrate-Nitrogen data. Sites are referenced in Appendix C.
Figure 17 presents the nitrate-nitrogen data as a box plot. Nitrates were usually at 2 ppm or
below throughout the watershed, with peaks up to almost 7 below the WWTP and in the lower
main stem.
Measured nitrate levels never exceeded EPA water-quality thresholds for corresponding
temperature and pH values. Levels appear to increase below the WWTP seasonally, increasing
in the late summer/early fall.
Phosphates, as a limiting nutrient, can contribute to excess plant and algal growth and
eutrophication.
There is not an applicable contaminant level set for phosphate. Phosphate is a limiting nutrient
and water-quality is of concern when any is present.

- 31 Figure 18: Wolf Creek Phosphate data. Sites are referenced in Appendix C.
Figure 18 presents the phosphate data. All non-zero levels exceeded water-quality objectives.
WCCA has collected data at a limited number of locations, including above and below the WWTP
(sites 8, 9 and 9.5), and Peabody Creek (Site 12). Phosphates were detected at all sites that
were tested. As a limiting nutrient, it would be beneficial to gather information on phosphates
across the watershed and determine the sources.

Toxins
Wolf Creek flows through an area heavy with historical gold mines, which have left the
watershed contaminated with acidic waters and a variety of heavy metal toxins. Figure 19
below shows the location of the many mines in the immediate Grass Valley area.

Arsenic
Arsenic is an element occurring naturally in the environment. It is toxic and may lead to cancer
at low levels if in a bioavailable form. Arsenic in ground water is largely the result of minerals
dissolving naturally from weathered rocks and soils. Mining may accelerate this process.
According to the USEPA, ”For the maximum protection of human health from carcinogenic
effects due to ingestion of water and aquatic organisms, the ambient water concentration of
arsenic should be zero.”
The U.S. Environmental Protection Agency maximum contaminant level of arsenic permitted in
drinking water is 10 g/L.
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Figure 19: Grass Valley Mines

- 33 Other EPA thresholds for arsenic vary widely, depending on the form of arsenic and the
organisms being considered. Figure 20 presents a box plot of the results of arsenic testing of
Wolf Creek’s waters.

Figure 20: Wolf Creek Arsenic water data. Sites are referenced in Appendix C.
WCCA tested for arsenic a total of 44 times across the watershed, with many of the tests
targeted at locations suspected of acid-mine drainage. Seventeen of these had detectable
levels of arsenic in the water.
Magenta Drain (Figure 21), coming from Empire Mine State Historic Park (EMSHP), had arsenic
concentrations at 53 ppb and was the only site with concentrations exceeding the EPA
permitted threshold of 10 ppb. Site 6.8 downstream of Magenta drain (behind Hennessey
School) was sampled once, with concentrations of 6 ppb. EMSHP is aware of and addressing the
contamination. Other sites with detectable arsenic include areas with visible evidence of acid
mine drainage, including the Allison Ranch Road slide area, and a drainage culvert behind
Safeway in Grass Valley.

Figure 21: Magenta Drain. Notice the
distinctive orange color sometimes
called “yellow boy”, a sign of
potential acid mine drainage

- 34 Site 10.8 had detectable levels of arsenic in the water, for which the source is unknown. WCCA
would like to conduct further monitoring to determine the source. Olympia Creek had elevated
levels (sites 3.1 and 3.2), which originate from a high-conductivity culvert upstream of the
confluence.
In conclusion, arsenic testing has been limited, and there is a strong concern regarding arsenic in
the watershed. There are monitoring sites that have not been tested, including sites 1 and 10.
WCCA would like to conduct more testing as funding becomes available.
The following map depicts WCCA arsenic testing and the locations where arsenic was detected.

Arsenic detection.

- 35 Figure 22 is one of many charts from the “Wolf Creek Community Alliance 2009 Soil
Sampling Report,” which can be found on the WCCA website at
http://www.wolfcreekalliance.org/. The report contains the results of soil testing at suspected
mine-contaminated sites in 2009. Thirty-four elements were tested, including mercury and
arsenic.
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Figure 22: Wolf Creek Arsenic soil data.
Other toxins
Toxin testing was completed in November 2004 at Site 6 in Empire Mine SHP. Results were:
439 mg/l of iron (EPA criteria are 1.0mg/l for freshwater aquatic life and 0.3 mg/l for
domestic water supplies) and
15 mg/l of manganese (EPA criterion for domestic water supplies is 50 μg/l).
In June 2006, WCCA tested for nickel, mercury, and lead within the stream at five main-stem
sites, as well as Magenta Drain and South Fork Wolf Creek. There were no detectable levels.

- 36 -

Flow
WCCA flow data are limited for Wolf Creek, but generally measure less than 50 cubic feet per
second (cfs). Flows did exceed this during storm surges, especially in the lower watershed.
Summer flows through Grass Valley where NID conveys irrigation water are generally around 40
cfs. Summer flows drop dramatically after the NID take-out at Site 9.5. Some reaches have no
flow at all during periods of the summer, for example, Salt Creek, a South Wolf tributary.
Flow data was generally not very accurate, and should be considered a rough estimate,
providing order of magnitude information. Some of the monitors were comfortable estimating
the flow, e.g. NID employees and professional boaters. Site 9 data is estimated by NID and is
likely our best data. Other monitors were trained to use a method that can be implemented
easily in the field with no flow equipment. It is adapted from engineering techniques and uses a
float (an object such as an orange, ping-pong ball, pine cone, etc.) to measure stream velocity.
Calculating flow involves using the following fluid dynamics equation:
Flow = W x D x L x C / T where:
W = Average width of the creek used to measure flow
D = Average depth of the stream in section used
L = Length of the stream used to float object
C = A correction factor (0.8 for rocky-bottom streams, 0.9 for muddy streams)
The factor corrects for the fact that water at the surface (where it is measured) travels
faster than near water at the stream bottom, and therefore gives a better measure of
the stream's overall velocity.
T = Time for the float to traverse the length.
These subjective methodologies give good order of magnitude information, and relative flows
when the same monitor is evaluating the flows.
Figure 23 presents the flow data for all our sites, and Figure 24 for the main stem. Keep in mind
when looking at these charts, the data limitations. For example, Site 15 maximum flows are
undoubtedly greater than flows at sites 10 and 10.8 upstream, but the flows were not estimated
the same high flow periods.

- 37 Figure 23: Wolf Creek flow data.

Figure 24: Wolf Creek main stem flow data.
Average flow drops after Site 9 where the NID removes creek water for irrigation use during the
dry season.

Benthic Macroinvertebrates (BMI)
BMI sampling is a monitoring technique that samples the variety and abundance of benthic
macro-invertebrates (bugs) that live on the bottom of the stream. Because they live in the creek
all day every day, they experience all conditions, which cannot be captured during monthly
monitoring. Some species are sensitive and need clean water, and some are more tolerant of
adverse conditions. Examining which and how many of different species are present provides
reliable information on creek health.
WCCA volunteer teams were trained in and utilized the Surface Water Ambient Monitoring
Program (SWAMP) for BMI sampling. WCCA sampled BMI and measured physical habitat
characteristics in 2007, 2008 and 2009. Analysis was performed by Sierra Streams Institute.
Results include Index of Biotic Integrity (IBI), species richness, tolerance/intolerance, and sample
count. A link to the full report is located on the WCCA website.

- 38 The IBI is a reflection of stream health. See Table 4 results with the key below.
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Table 4: Wolf Creek Benthic Macroinvertebrate testing results
Sampled sites include sites 2, 5, 6, and 10. BMI sampling data indicate sites 2 and 6 are the least
disturbed.
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Section II: Monitoring Site Summaries
In this section water-quality data is presented as it applies to specific sites. The sites are
grouped for context and efficiency, rather than presented one-by-one.

Main Stem: From Site 1 to 15:
Site 1 is the furthest upstream site, near the top of Banner Mountain.
Site 15 is the most downstream site, below South Wolf Creek, near the confluence with
the Bear River.
Others sites on these charts to provide context include:
Site 5 in Grass Valley - during the summer, this section of Wolf Creek is part of the NID
conveyance of water from Deer Creek to water users in western Nevada County.
Sites 9 and 9.5 are just below Grass Valley, also below the WWTP and Little Wolf Creek.
Either one or the other was monitored on any one day. Site 9.5 is at the head of the
Tarr Ditch which conveys the NID flow out of Wolf Creek.
Site 10 is centrally located on the main stem, below the NID Tarr Ditch takeout and just
below Rattlesnake Creek.

Figure 24a: Site 15 Photo –
Wolf Creek near the Bear
River.

- 40 Water Temperature:

Figure 25: Wolf Creek Water Temperatures
Figure 25 presents water temperatures on the main stem of Wolf Creek at Sites 1, 9, 9.5, 10 and
15. Most notably, water temperatures at sites in the lower watershed were very warm in the
summer. As flows dropped below the NID take-off at the Tarr Ditch, site 10 and 15
temperatures increased and sometimes exceeded the EPA threshold for impairment (above 19ο
C) and the State’s basin objective (20 ο C). Seasonal variations are more pronounced during the
summer in the lower watershed.

Dissolved Oxygen:

Figure 26: Wolf Creek Dissolved Oxygen
Generally, dissolved oxygen is related to water temperature, in that colder water holds more
oxygen. This can be seen in the Figure 26, with seasonal variation that contrasts with water

- 41 temperature. In the summer when temperatures were highest, dissolved oxygen levels were at
a minimum, and vice versa. Summer DO levels were highest in the mid-watershed where NID
conveys water, through sites 3 to 9.5, and lowest at the top and bottom of the watershed, sites
1 and 15. DO in the lower watershed regularly fell below levels needed to sustain BMI and adult
salmonid health. They did not fall below the 6 mg/l needed for non-salmonid health.
pH:

Figure 27: Wolf Creek pH
In Figure 27, pH is charted at the top and bottom of the watershed. pH was consistently higher
at the bottom of Wolf Creek, with more acidic conditions in the headwaters. Though the data
fluctuate, there does not appear to be any seasonal variation. Diurnal variation is expected, but
WCCA does not have the data to verify or characterize this. pH records from the headwater
sites, including this Site 1 data reveals conditions too acidic for most aquatic organisms to thrive.

- 42 Conductivity:

Figure 28: Wolf Creek Conductivity
Figure 28 presents the conductivity of several main stem sites of Wolf Creek, Sites 1, 5, 9, 9.5
and 15.
Site 1 conductivity was relatively constant, at 30 to 40 μS all year.
At the other sites, values varied seasonally, peaking in Oct/Nov/Dec.
During the summer, conductivity increased going downstream to the bottom of the
watershed, as reflected in the minimum values measured.
During the winter, conductivity peaked at or near site 9 (below the WWTP and Little
Wolf Creek), as reflected in the maximum values measured.
Minimum and maximum average-conductivity values were:
o Site 1 measured from 30 to 40 μS.
o Site 5 varied from 40 to 250 μS.
o Site 9 ranged from 57 to 360 μS.
o Site 9.5 varied between 64 and 274 μS.
o Site 15 ranged from 90 to 240 μS.

- 43 Turbidity:

Figure 29: Wolf Creek Turbidity
Figure 29 presents turbidity values from the top and bottom of Wolf Creek, typically low
turbidity at the top and bottom, with irregular peaks in both locations, which might be caused
by winter storms or more local events such as a mud slide.
Although all the data is not presented here, it is notable that 67% of the turbidity spikes
throughout the watershed occurred in in December, January, February, and March.
Bacteria:

Figure 30: Wolf Creek E. coli
Recorded E. coli bacteria levels in 2006 and 2007 were generally below thresholds, with levels
exceeding the 235 MPN threshold at all sites in the fall, August or September, as seen in Figure
30.
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Figure 31: Site 15 E. coli Bacteria
Additional tests conducted by the NCRCD at Site 15 in 2006 resulted in levels exceeding the 235
MPN threshold in December of 2006, as shown in Figure 31.
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There were no phosphate tests at sites 1 or 15. More testing is
needed.
Arsenic and other toxins
Four arsenic tests were conducted at Site 15. Two of three tests conducted in 2005 detected
low levels of arsenic (3.2 ppb). No arsenic was detected during the fourth test, conducted in
2008. Sampling was undertaken at different times of the year. A test conducted at the closest
upstream site (10.8) also detected low levels of arsenic (3.2 in June 2006 and 6 ppb in Feb 2008).

Upper Watershed: Sites 1, 2 and 3
The Wolf Creek headwaters begin on the south side of Banner Mountain. Site 1 is located high
on the mountain in the headwaters. During the period WCCA has been monitoring, we have
witnessed a steady increase in development throughout the watershed. Included is a new
house at Site 1, constructed with permits, in 2007, demolishing the forested headwaters buffer.
The project infringes on the recommended 100-200’ buffer zone1.
Site 2 is near the base of the mountain, below a rare mid-elevation meadow and just above
Grass Valley and the point at which NID flow enters Wolf Creek. Site 3 is just downstream of
Whitewater Creek which is the NID conveyance for approximately 50 cfs of irrigation water. The
NID flow enters Wolf Creek between sites 2 and 3, and is taken out below Grass Valley at Site
9.5.

1

“Supplemental Information RIPARIAN BUFFER ZONE”; NRCS Planning & Design Manual, Natural
Resources Conservation Service.
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Figure 32: Site 1 Photo – Wolf Creek headwaters in 2004, a rural residential area on the south
side of Banner Mountain, just north of Grass Valley, California. As is not uncommon in
headwater sites, the water is relatively acidic, and regularly below what Is considered optimial
for most aquatic life.

Figure 33: Site 1 Photo –Recently-armoured side channel flowing into Wolf Creek at Site 1 in
2011.
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Water Temperature:

Figure 34: Water Temperature
Figure 34 presents the water temperatures of the upper watershed of Wolf Creek, at Sites 1, 2
and 3. There were strong seasonal variations at all three sites, with no temperatures below
freezing or so high as to exceed the EPA or state thresholds being considered.
Dissolved Oxygen:

Figure 35: Dissolved Oxygen
Figure 35 presents the dissolved oxygen records of the upper watershed of Wolf Creek, at Sites
1, 2 and 3. There were strong seasonal variations at all three sites. Contrasted with the
temperatures, DO was highest in the winter and lowest in the summer, which is reasonable

- 47 since cold water holds more oxygen. Sites 1 and 2 had DO levels below the 8 mg/l threshold
considered necessary for BMI and adult salmonid health. Only Site 2 dipped below the 7 mg/l
State Basin objective. Site 3 is the only site that consistently had DO levels of at least 11 mg/l
every year, a level needed for salmonid reproduction, but the last record this high was recorded
in 2009. Because of access issues, water quality sampling did not occur every month. It is
possible that levels were higher after 2009, but never recorded. Monitoring at Site 3 should be
prioritized during the November through February timeframe to collect missing DO data.

Figure 36: Dissolved Oxygen (NCRCD)
Figure 36 presents NCRCD DO data for Sites 2 and 8. Site 2 DO data from NCRCD was similar to
the WCCA data, ranging between about 8 and 11 mg/l, varying seasonallly

Figure 37: Site 2 Photos Site 2 at Loma Rica Ranch, surrounded
by farmland and fields, with a rare lowelevation meadow just downstream
(across road seen in smaller photo).
The bridge was built in 2008 as part of
a Land Trust trail.

- 48 pH:

Figure 38: pH
Figure 38 shows the pH in Wolf Creek at sites 1, 2 and 3. Water was most acidic, with the lowest
pH values near the headwaters, at Site 1. The pH at sites 1 and 2 were often below 6.5, outside
the optimal range for most aquatic life.
WCCA’s pH meters may have been displaying inaccurately low pH values from the fall of 2005
through August 2009. The data that we were confident was wrong were screened out before
graphing (see Appendix B for the protocol), but more accurate data from that period was
retained. There seems to be a residual decline of pH values through that period, which could be
reflecting a problem with those meters. WCCA has more confidence in the accuracy of the pH
values from early 2004 and after August 2009.

Figure 39:
Whitetwater
Creek Photo “Whitewater
Creek” bringing
NID water into
Wolf Creek just
downstream of
Site 2 (at Loma
Rica). The
conveyance flows
along this line of
trees through a
rare low-altitude
meadow just
upstream of
Olympia Creek.

- 49 Conductivity:

Figure 40: Conductivity
Conductivity was lowest at Site 1, generally increasing downstream. This was a continuing trend
with conductivities on lower Wolf Creek reaching over 300S with higher values at some
tributaries. NID flow entering above Site 3 decreased conductivity levels during the summer

Figure 41: Site 3 Photo Wolf Creek below the NID input and just
above Olympia Creek and Grass Valley.
Note severe containment by the adjacent
(Idaho-Maryland) road.

- 50 Turbidity:

Figure 41a: Turbidity
Turbidities were usually well below 10 NTU, with occassional spikes at all sites. The spike in
February 2009 occurred at all three sites, probably indicating a storm event.
Bacteria:

Figure 42: E. coli
Bacteria at the headwaters sites generally fell below the 235 MPN (most probable number)
threshold, with occasional spikes at all sites, as shown in Figure 42. There were three additional
bacteria samples taken at Site 2 by NCRCD, shown in Figure 43. Two taken in May 2005 and
June 2006 were well below the 120 MPN, while the one taken in August 2005 was nearly 500
MPN.
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Figure 43: E. coli (NCRCD)
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There were two phosphate tests, both from Site 2 in 2007. One
result was no detectable phosphate, and one test found 0.5 ppm. Any amount of phosphate is
of concern; therefore, more testing is desirable.
Arsenic and other toxins
Toxin tests included three arsenic tests at Site 2 and two arsenic tests at Site 3. One of the Site 3
tests detected 3 ppb, and the remaining tests did not detect arsenic. Site 1 has not been tested
for arsenic. A Site 3 test (June 2006) found no detectable nickel, mercury or lead.
BMI
Limited BMI data indicate Site 2 is “relatively undisturbed”. See the Parameter Summaries
section on BMI for more details.
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Upper Grass Valley and Olympia Creek (Glen Brook) Sites 3, 3.1 and 5
NID introduces irrigation flow into Wolf Creek just above Grass Valley and upstream of Site 3
each year from approximately April 15 through October 15. This flow dominates Wolf Creek
during the summer as it flows through Grass Valley to the take-out at Site 9.5. Sites 3 and 5 are
within this reach, straddling an industrial area of Grass Valley. Here the creek is channelized and
deforested, frequently lined with concrete or gunite, and subjected to artificially high flows in
the warmer months. These NID flows provided high-quality water, but may have scoured the
creek and denuded the area of BMI, an important indicator of overall health. Site 3.1 is at the
bottom of Olympia Creek (formerly Glen Brook), which drains Glen Brook (Brunswick) basin and
enters Wolf Creek just below Site 3.

Figure 44 : Sites 3 and 3.1
Photo -High-conductivity
Olympia Creek (bottom
left) flowing into Wolf
Creek, with high
springtime flows in both.
Wolf Creek is carrying
cool, high-quality NID
irrigation water. Photo is
taken from Site 3.1 (Oly
Cr) looking at Site 3 (Wolf
Cr) and Idaho-Maryland
Road.

Water Temperature:

Figure 45: Water Temperature

- 53 Figure 45 shows temperatures that varied seasonally and generally met the EPA goal of below
19 oC (EPA) or the state goal of 20 oC. Olympia Creek (Site 3.1) exceeded these goals during
some summers. Summer water temperatures are generally low at sites 3 and 5 because of large
amounts of cool NID water inputs.
Dissolved Oxygen:

Figure 46: Dissolved Oxygen
DO levels were generally above the 8 mg/l threshold considered sufficient for BMI and adults
salmonid health, as seen in Figure 46. The exception was Site 3.1 (Olympia Creek) when high
temperatures (and probably low flow) during the summer coincided with low DO levels. DO
levels considered high enough for successful salmonid reproduction (11 mg/l) were occasionally
recorded at all three sites.

- 54 pH:

Figure 47: pH
As seen in Figure 47, the acidity as measured by pH exceeded EPA thresholds occasionally at all
three sites. Sites 3 and 5 both had pH average records below 6.5, and Site 3.1 measured 8.5
during April 2012 This pH value was unusually high for Olympia Creek; therefore, pH values at
Site 3.1 should be closely monitored.

Figure 48: Site
3.1 Photo Abandoned
culverts carry
high-conductivity
water at Site 3.1,
Glen Brook (or
Olympia Creek).
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Figure 49: Conductivity
As seen in Figure 49, Site 5 showed pronounced seasonal variation for conductivity due to high
NID irrigation water flows in the summer months, diluting the high conductivity water from
Olympia Creek (Glen Brook). Some of the highest measured conductivity in the Wolf Creek
watershed was from Site 3.1 at the bottom of Olympia Creek. A study was executed in the
spring of 2007 on Olympia Creek, during which a local 8th grader measured conductivities even
higher from a small tributary upstream on Olympia Creek. The source is unknown, and Olympia
Creek might be a good location to conduct further investigations, including toxin testing. Lower
conductivity levels were recorded in Olympia Creek during the winter and spring seasons of
2005-2009, perhaps from dilution by winter rains.
Turbidity:

- 56 Figure 50: Turbidity
Figure 50 presents turbidity levels, which were usually well below 10 NTU , with occassional
spikes at all sites. The spike in early 2009 occurred at many sites, probably indicating a storm
event. The Site 5 spike in 2011 had a reading of 88 NTU. The cause is unknown, but was
perhaps cause by nearby constuction.

Figure 51: Site 5
Photo - Railroad
Avenue – a
heavily- impacted,
urbanized site.
Deforested,
channelized,
gunited, and
impacted by
roads, culverts,
development, and
artificial flow
(NID) regimes.
Data indicate
good water
quality but poor
habitat.

Bacteria:

Figure 52: E. coli
Figure 52 shows that, while bacteria levels were usually below levels of concern, Sites 3 and 3.1
each tested above the human-health 235 MPN threshold in 2007. There were five additional
tests (total) on these sites in Dec 2005 and Jan 2006 which were all below 33 MPN.

- 57 Nutrients
Ammonia-nitrogen and nitrate-nitrogen levels were below EPA thresholds. Due to funding
constraints, no phosphate sampling was taken at these three sites (3, 3.1 and 5). Tests are
needed.
Arsenic and other toxins
Tests at sites 3 and 5 in 2006 did not detect any arsenic. In February 2008 arsenic was detected
at sites 3, 3.1 and 5 (3 ppb). None was detected upstream at Site 2, and NID was not conveying
water down Whitewater Creek. The source is unknown. More testing would be valuable.
Testing in June, 2006 at Site 5 found no detectable nickel, mercury or lead.
BMI
Limited BMI data indicate Site 5 is “moderately disturbed”. See the Parameter Summaries
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Lower Grass Valley: Sites 8, 9 and 9.5
Site 8 is in Grass Valley’s Glen Jones Park at the downstream end of Grass Valley. Site 9 is
downstream, below the WWTP and Little Wolf Creek, which flows through a contaminated area
of Empire Mine State Historic Park (EMSHP). Site 9.5 is further downstream, at the head of the
Tarr Ditch, which is the NID take-out for irrigation water delivered to western Nevada County.
Site 10 is downstream in the more central portion of Wolf Creek, but data from the site is
included in some of the graphs to provide context.
Water Temperature:

Figure 53: Water Temperature
The temperature of Wolf Creek had pronounced seasonal variation, as seen in Figure 53. Site 10
is included in Figure 53 for context. Temperature spiked dramatically in the summer below the
NID Tarr Ditch take-out, located at Site 9.5. This figure shows that the 2005-2009 temperatures
at Site 10 were above the EPA threshold (19 οC) and the State Basin Objective (20οC).
Monitoring was less frequent in 2010 and 2011 and temperatures exceeding the thresholds may
have been missed.

Figure 54 : Site 8 Photo
- Wolf Creek as it flows
through Grass Valley’s
Glen Jones Park in late
winter. Bacteria levels
were frequently high at
this site.

- 59 Dissolved Oxygen:

Figure 55: Dissolved Oxygen
Figure 55 presents dissolved oxygen results, which, like temperature, varied seasonally, and was
most pronounced at Site 10 below the NID take-out. It dropped precipitously in the summer
with low flows and high tempertures below the NID Tarr Ditch take-out, well below the 8mg/l
objective for BMI and adult salmonid health. The drop does not appear to be as extreme in later
years, which may be a reflection of the reduced monitoring frequency.
pH:

Figure 56: pH

- 60 Figure 56 shows the pH at the lower Grass Valley sites, which was usually within the limits
considered optimal for most aquatic life. Site 10 records were the most varied, and did reach
both limits. There was one high average pH recorded at Site 9.5 in 2012. It looks like an outlier,
and later data should be studied to discern if there was a change in conditions resulting in ongoing high pH readings.

Conductivity:

Figure 57: Conductivity
Figure 57 shows the pronounced seasonal variation in conductivity exhibited at the lower Grass
Valley sites, with values peaking after the dry season at about 300 µS. Values increased
downstream of the WWTP and Little Wolf Creek. Generally, conductivity increases going
downstream, with a spike at Site 9, influenced by the WWTP and Little Wolf Creek. Values
decline downstream. (See section on Sites 10, 10.8 and 11.)

Figure 58: Site 9
Photo Utility tree cut along
tributary / seep in
April 2009.

- 61 Turbidity:

Figure 59: Turbidity
Figure 59 shows turbidity values, which were usually well below 10 NTU, with occassional
spikes. The spike in early 2009 occurred at many sites, probably indicating a storm event. The
Site 8 spike in February 2011 had a reading of 67 NTU. The cause is unknown, but is reflected in
spikes at sites 5 and 11 (not shown here).

Figure 60 : Photo Upstream of Site 9 -This picture is looking at Wolf Creek below Grass Valley,
below the WWTP, below the confluence with Little Wolf Creek coming out of EMSHP. While it
looks remote, there is housing upland just across the creek, and a strip mall (Pine Creek Center)
that backs onto the creek just upstream. E. coli and arsenic are a concern at Site 9, although data
are limited. Phosphate Is present, which, as a limiting nutirent, is a concern.

- 62 Bacteria:

Figure 61: E. coli
Figure 61 presents results of E. coli testing, with some values exceeding the thresholds as
shown. Values greater than 350 MPN (off the chart) are not specified in this chart, but are all
well over the thresholds.

Figure 62: E. coli (NCRCD)
Figure 62 shows E. coli data collected by the NCRCD. Wolf Creek bacteria levels below the
treatment plant twice exceeded the one-time threshold (235 MPN), and only during the winter
(non-swimming) season. Bacteria (E.coli) levels sometimes dropped and sometimes increased
moving downstream from above the WWTP to below it. The plant generally dilutes the bacteria
in the creek, unless there is a problem at the plant. This is most likely to occur during winter
storms when the plant capacity is exceeded.
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Site
8
9/9.5

E. coli Samples
Number of
% > 120
% > 235
Samples
MPN
MPN
31
42

32%
19%

23%
10%

Table 5: E coli Samples
Table 5 shows the percent of samples that exceed the thresholds at sites 8 and 9/9.5.
Nutrients

Figure 63: Phosphate
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. Phosphate tests conducted at Site 9 (or alternate Site 9.5) between
Dec 2005 and Apr 2010 consistently detected phosphates. Starting in May 2010 the upstream
Site 8 was tested for comparison. Site 8 is above the WWTP, and above Little Wolf Creek.
Phosphates are a limiting nutrient and of real concern. More testing is desirable. The apparent
source of phosphates would be the WWTP. It would be useful to verify this, and if it proves to
not be the source, determine the source (Little Wolf Creek?). The plant may even have data.
Arsenic and other toxins
Six arsenic tests were conducted at Site 9 as delineated in Table 6. Between August 2004 and
February 2008 they showed possible seasonal contamination in the winter, although the data is
too limited to be conclusive. Two summer tests at Site 8 did not detect any arsenic. Testing at
Site 9 in June 2006 found no detectable nickel, mercury, or lead.
Site 9 Arsenic Testing (ppb)
8/26/2004
0
2/25/2005
2.7
8/23/2005
0
11/18/2005
3.2
6/22/2006
0
2/14/2008
4.5

Table 6: Arsenic Samples
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Central Wolf Creek: Sites 10, 10.8 and 11
The central Wolf Creek sites are similar to each other, located in forested rural residential areas,
but with distinctions. Perhaps the most notable difference is the summer water temperatures,
which exceeded the adult trout health threshold of 19 o C. The temperature increased going
downstream, and that threshold presumably moves upstream between those sites during the
summer.
A similar situation existed for the dissolved oxygen, with the low DO levels moving upstream in
the summer between Sites 10 and 10.8. WCCA would like to conduct further temperature and
DO monitoring at these sites, so it can more closely define and describe this situation, and
possibly submit a 303(d) listing.

Figure 64 : Site 10 Photo - Scopar Road bridge just upstream of Site 10.
Water Temperature:

Figure 65: Water Temperature

- 65 Temperatures varied seasonally, and regularly exceeded the EPA (19οC) and State Basin (20οC)
objectives during the summer. As seen in the previous section, summer temperatures spike
after the NID take-out at Site 9.5. Water temperatures increased going downstream (from Site
10 to 10.8) summer and winter. Over a quarter of the summer temperatures that were
recorded exceed the 19 oC threshold for adult- rainbow-trout health. Temperatures here should
be studied to determine the extent of the exceedances, defining both the time and duration of
the high temperatures, as well as the location(s). How far up Wolf Creek does the high
temperature extend? And for how long? This reach may be eligible for CWA 303(d)2 listing for
temperature. When the temperatures exceed standards, any nearby pools could be tested to see
if there are lower-temperature refugia.

Figure 66: Site 11 Photo Springtime below Grass
Valley (above the
confluence with South Wolf
Creek). In evidence are
invasive blackberries and
scotch broom, which are
carried by the currents.
When flow drops in the
summer in this stretch (at
sites 10. 10.8, 11) ,
temperatures soar and DO
drops.

Dissolved Oxygen:

Figure 65: Water Temperature

2

Federal Clean Water Act impaired water body designation.

- 66 DO values varied seasonally, opposite to temperature, and regularly fell below the EPA (8 mg/l)
and state basin (7mg/l) objectives during the summer. As seen in the previous section, summer
DO levels drop dramatically after the NID take-out at Site 9.5. Generally, dissolved oxygen
decreases slightly in the summer going downstream. It slightly increases in the winter going
downstream, despite the temperature increasing both seasons. Seasonal variation is more
pronounced than variation between sites. (7 to 9 mg/l+ summer, 9+ to 13 mg/l in the winter).
Dissolved oxygen should be studied to determine the extent of the exceedances, defining both
the time and duration of the low DO levels, as well as the location. How far up Wolf Creek does
it extend? And for how long? This reach should perhaps be 303(d) listed for dissolved oxygen.
pH:

Figure 65: Water Temperature
pH levels within this reach fell generally within the range that is optimal for most aquatic life.
There were high readings in 2004-05 that have not been repeated.

- 67 Conductivity:

Figure 66: Conductivity
Conductivity was less variable downstream at sites 10, 10.8 and 11 than at Site 9 upstream higher in the summer and with lower peaks after the dry season. Conductivity generally
increased going downstream, especially in the summer, with an exceptional spike at Site 9,
which is strongly influenced by the WWTP and Little Wolf Creek.

Figure 67: Site 10 Photo One of our dedicated monitors
cooling off at Site 10.

- 68 Turbidity:

Figure 68: Turbidity
Turbidity decreased slightly going downstream, as if there might be a source just above Site 10.
However, readings were generally low at all 3 sites, usually well below 10, with rare spikes. The
small spike in early 2009 occurred at many sites, probably indicating a storm event. The Site 11
spike in 2011 had a reading of 107 NTU. The cause is unknown, but is reflected in spikes at sites
5 and 8 (not shown).

Figure 69: Site 10.8
Photo -upstream of Lime
Kiln Road. This stretch
sees high summer
temperatures and low
DO when flows drop. pH
tends to be high.
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Figure 70: Site 10.8 Photo - Water
was clear and streambed was not
excessively silted.

Bacteria:

Figure 71: E. coli Bacteria
Bacteria levels were low at Sites 10 and 10.8 (no data on 11). With 13 sampling dates in 2006
and 2007 just one (at Site 10) exceeded the sustained human-health threshold of 120 MPN (and
none above the one-time test threshold of 235). The test results are shown in Figure 71.
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There were no phosphate tests at these sites, but it was detected
at several other sites. Any amount of phosphate is of concern. More testing is desirable.
Arsenic and other Toxins
While data is limited, two tests at Site 10.8 both detected arsenic (3.2 ppb in 2006 and 6 ppb in
2008). Testing at Site 10.8 in June 2006 found no detectable nickel, mercury, or lead.
BMI
Limited BMI data for this reach of Wolf Creek indicate Site 10 is “relatively undisturbed” to
“moderately disturbed” and was worse in 2007 than in2006. See the Parameter Summaries
section on BMI for more details.
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South Fork Wolf Creek Sites 6 and 6.1
Sites 6 and 6.1 are on South Fork Wolf Creek. Site 6 is in a protected, forested area of Empire
Mine State Historic Park (EMSHP). Site 6.1 is upstream in a rural residential area.

Figure 72: Site 6 Photo EMSHP – public, protected land with
wide forested buffers, stable channel
without downcutting. BMI data
indicated good-water quality and some
of the best habitat. Water-quality data
showed an issue with summer bacteria
and one low pH reading.

Water Temperature:

Figure 73: Water Temperature
Water temperatures varied seasonally. None of the records exceeded the 19 oC EPA threshold.
The lowest summer temperatures were recorded at Site 6, through the forested stretch of South
Fork.

- 71 Dissolved Oxygen:

Figure 74: Dissolved Oxygen
Dissolved oxygen levels, shown in Figure 74, were below the BMI threshold twice during our
data gathering at Site 6. At Site 6.1, DO levels were usually below the 8 mg/l threshold during
the summer (54% of all records). The most sensitive BMI collected in the watershed (a stonefly
in the Pteranarcys family) were located at Site 6. We collected BMI at four sites: 2, 5, 6 and 10.
pH:

Figure 75: pH
As shown in Figure 75, waters at Site 6.1 were acidic, regularly outside the range that is optimal
for aquatic life (71% of the time), while levels at Site 6 were nearly always within the optimal
range (99% of the time).
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Figure76: Site 6.1 Photo Upper South Fork watershed–
culvert heading under Brunswick
Road. This site has low pH, which
is typical of the headwater sites.

Conductivity:

Figure 77: Conductivity
As seen in Figure 77, conductivity values increased from Site 6.1 to Site 6, with more seasonal
variation at Site 6.

- 73 Turbidity:

Figure 78: Turbidity
Turbidity values are shown in Figure 78. They were generally low at the South Fork sites, well
below 10 NTU, with rare spikes. The small spike in early 2009 occurred at many sites, probably
indicating a storm event. The Site 6 spike in 2011 had a reading of 98 NTU. The cause is
unknown, but is reflected in spikes at sites 5, 8 and 11 (not shown), and was likely due to a
storm.
Bacteria:

Figure 79: Water Temperature
On Figure 79, data shown as 800 MPN (most probable number) was reported from the lab as
“greater than 2,419.6 MPN”, the upper limit of the testing detection. As seen in Table 7 below,
bacteria levels at Site 6 exceeded the 235 MPN threshold 16% of the time over the course of
WCCA testing (33% of the time in the summer, when people are most likely to swim). Recorded
values were highest during August, although data is limited. Only a few E. coli tests were
conducted at Site 6.1, and more testing is needed, at both sites 6 and 6.1.

- 74 Total Samples
Site->

6.1
(Woodrose)

6 EMSP

Number of
Samples

2

19

% > 120
MPN

50%

% > 235
MPN

50%

Winter Samples
6.1
(Woodrose)

Summer Samples

6 EMSP

6.1
(Woodrose)

6 EMSP

2

10

0

9

26%

50%

0%

na

56%

16%

50%

0%

na

33%

Table 7: South Fork Wolf Creek E. coli Bacteria
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There was one phosphate test, a sample from Site 6.1 in 2007,
which measured 0.5 ppm. Any amount of phosphate is of concern. More testing is desirable.
Arsenic and other Toxins
Seven tests at Site 6 and one at Site 6.1 all found no detectable levels of arsenic. Arsenic was
detected in South Fork Wolf Creek behind Hennessey School, downstream from Magenta Drain.
Of all WCCA sites tested, Magenta Drain tested highest in arsenic, over 50 ppb.
BMI
Limited BMI data indicate Site 6 is “relatively undisturbed” to “moderately disturbed” and was
worse in October than in June. See the Parameter Summaries section on BMI for more details.
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Peabody Creek Sites 12 and 13
Peabody Creek is a small tributary in Grass Valley that flows through neighborhoods and Condon
Park into Rhode Island Ravine. Site 12 is a heavily disturbed site in a neighborhood. A
restoration project was recently installed upstream of the site after this WCCA data was
collected. Vegetation has been periodically removed between the two sites to assist flow
through the creek.

Figure 80: Site 12 Photo Looking upstream at Peabody Creek as
the creek flows through a Grass Valley
neighborhood towards Condon Park. A
small restoration project was installed
upstream, but was thwarted by a severe
drought year.

Water Temperature:

Figure 81: Water Temperature

- 76 Figure 81 shows the expected seasonal variation at the Peabody Creek sites, with concerning
high summer temperatures, at the threshold for salmonid health (19-20 oC).
Dissolved Oxygen:

Figure 82: Dissolved Oxygen
Low DO levels associated with warm temperatures were evident at the Peabody Creek sites
during the summers, below the 8 mg/l needed for BMI and adult salmonid health.

Figure 83:
Site 13
Photo Peabody
Creek’s pond
in Grass
Valley’s
Condon
Park, just
below Site
13 - full
from a
storm.

- 77 -

Figure 84: NCRCD Dissolved Oxygen Data
The NCRCD data at Sites 12 and 13 from 2004 and 2005 included high DO readings in late
summer of 2005, seen in Figure 84. Water was normally warm in late summer, and
corresponding DO low.
pH:

Figure 85: pH
The pH at the monitoring sites on Peabody Creek tended to be acidic, with records often outside
the range that is optimal for most aquatic life. The lowest readings, which were taken in
2007/2008, may have been in part due to equipment problems. Refer to the earlier section on
pH.
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Figure 86: Site 13 Photo Site 13 before concerns about
fire safety at nearby apartments
became an issue. The streambed
is heavily silted here. DO levels
were frequently low, and pH was
acidic. Bacteria levels are a
concern. Possible sources include
leaking from old septic or sewer
lines. Bacteria was much higher
at Site 12 than at Site 13.

Figure 87:
Site 13
Photo Riparian
vegetation
stripped
from the
banks of
Peabody
Creek near
Site 13 by
contractors
for “fire
safety” –
January
2011. A few
blackberries

- 79 were left right at the creek.
Conductivity:

Figure 88: Conductivity
Conductivity data from the two Peabody Creek sites was consistently between 70 and 90 µS, as
presented in Figure 88.
Turbidity:

Figure 89: Turbidity
As seen in Figure 89, turbidity values were generally low at the Peabody Creek sites, usually
below 10 NTU, with spikes, most frequently at Site 13. The Site 12 spike in 2007 had a value of
112 NTU. The cause is unknown.

- 80 Bacteria:

Figure 90: E. coli Bacteria
Levels shown in Figures 90 and 91 as 800 MPN or more are reported from the lab as “greater
than 2,419.6 MPN”, the upper limit of the testing detection. Human health thresholds were
exceeded at both sites.

Figure 91: NCRCD E. coli Bacteria

Total Samples

Winter Samples

Summer Samples

Site->
Number of
Samples

12

13

12

13

12

13

11

11

6

6

5

5

% > 120
MPN

64%

18%

33%

0%

100%

40%

% > 235
MPN

45%

9%

33%

0%

60%

20%

Table 8: Peabody Creek E. coli Bacteria

- 81 As seen in Table 8, bacteria levels were, on average, higher at Site 12, and were reduced by Site
13. Generally, there are large amounts of vegetation along the banks of the creek between
these two sites, which may reduce bacteria levels.
Nutrients

Figure 92: Phosphates
None of the nitrogen tests at sites 12 and 13 exceeded EPA water-quality thresholds for
corresponding temperature and pH values. A series of phosphate tests were conducted at these
sites starting in 2007 as presented in Figure 92. About half of these tests detected phosphate
levels up to 2 ppm. Any amount of phosphate is of concern. More testing is desirable at both
sites 12 and 13.
Arsenic and other Toxins
Testing in February 2008 resulted in detectable arsenic, at less than 3 ppb at both sites.
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French Ravine Sites 30, 32 and 34
French Ravine is a larger tributary situated below Grass Valley, winding through horse country,
and draining the area below the (capped and retired) McCourtney Road dump. Most of French
Ravine is Clean Water Act Section 303(d) listed for bacteria, making it an officially impaired
water body, along with the main stem. Of the three sites on French Ravine, Site 30 is most
downstream, Site 32 is below the horse farms and upstream of the dump, and Site 34 is most
upstream, above a majority of the horse farms and the dump.
Water Temperature:

Figure 93: Water Temperature
Water temperatures along French Ravine show the expected seasonal variation shown in Figure
93. The temperature at the three sites tracks well, with the middle site presenting warmest
peak temperatures.

Figure 94: Site 34 Photo French Ravine from
McCourtney Road, above
the horse farms. There is
low flow (headwater site),
low pH (common in
headwaters), low DO, low
bacteria and lots of trash and lots of horses near the
creek directly
downstream.

- 83 Dissolved Oxygen:

Figure 95: Dissolved Oxygen
As seen in Figure 95, French Ravine dissolved oxygen levels were sometimes very low upstream
(Site 34), which often has very low flow and no tree cover. DO was highest at Site 32.
pH:

Figure 96: pH
pH levels within this reach of French Ravine fell generally within the range that is optimal for
most aquatic life, as shown in Figure 96. There was one day when pH at all three sites read
below the 6.5 threshold. This was an unusual event, and could have been due to equipment
malfunction or operator error. Site 34, in the headwaters had some acidic readings straddling
pH 6.5.

- 84 Conductivity:

Figure 97: Conductivity
Figure 97 presents the French Ravine conductivity, with (upstream) Site 34 varying the most,
from 50 µS to summer peaks (with low flows) of 160 µS in 2010. Site 30 varied from 80 to 180
µS, and Site 32 from 70 to 160 µS.
Turbidity:

Figure 98: Turbidity
Turbidity readings in French Ravine peaked at 20 NTU, as seen in Figure 98. Sites 30 and 32 had
higher average turbidity levels recorded than other sites in the watershed, although other sites
had higher peaks, as high as 112 NTU at Site 12 on Peabody Creek.
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Figure 99 : Site 34
Photo -Site 34 with its
abandoned bridge
support (and abandoned
road).

Bacteria:

Figure 100: NCRCD E. coli Bacteria data
The NCRCD tested for bacteria at sites 30 and 34 on French Ravine in 2005 and 2006, finding
levels of concern. WCCA did further testing in 2007 and 2008. Levels looked highest at site 30
(downstream) and there was a theory that the bacteria source was the old McCourtney dump.
The area around French Ravine, especially below Site 34 and above Site 30 has lots of small
horse farms, which is another possible source of contamination. In late 2008 through Nov 2009
WCCA tested at three sites, “isolating” the dump. Site 32 is above the dump and captures horse
farms, but not the dump. Bacteria results are presented in Figures 100 and 101.
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Figure 101: E. coli Bacteria

Figure 102 : Site 30 Photo Picturesque reach of French
Ravine, designated as a
Clean Water Act impaired
water body - due to high
bacteria levels. Water
quality otherwise tested
generally good. The shaded
stream is downcut but
appears stable without
silting. This would be a
good site at which to do
BMI monitoring.
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Site->

Total Bacteria (E. coli) Samples
34
32
McCourtney
Rd (upstream)

Number of
Samples

30

Hidden Valley
(downstream)

Above
Landfill

15

12

28

% > 120
MPN

13%

75%

46%

% > 235
MPN

7%

42%

25%

Summer Samples
Number of
Samples

8

6

15

% > 120
MPN

13%

100%

67%

% > 235
MPN

0%

67%

33%

Winter Samples
Number of
Samples

7

6

13

% > 120
MPN

14%

50%

23%

% > 235
MPN

14%

17%

15%

Table 9: French Ravine E. coli Bacteria
As Table 9 shows, when all three sites were tested, levels were highest at site 32, below the
horse farms and above the dump. DNA testing could provide more confidence in the source, be
it horses, wildlife or human waste. Then a plan could be developed to reduce the bacteria and
delist this stretch of creek. For example, with verification that horses are the most likely source
of bacteria, a program could be implemented to educate owners and fence the horses away from
the creek.
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There were no phosphate tests. Because of the proximity of the
horse farms and closed dump, phosphate testing, would be especially beneficial on French
Ravine.
Arsenic and other Toxins
WCCA did no testing for arsenic or other toxins on French Ravine before August 2012. Testing is
recommended.
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South Wolf Creek Sites 25, 27 and 14
South Wolf Creek is Wolf Creek’s major tributary, and encompasses 44% of the total Wolf Creek
watershed area. Site 25 is in the top third of that subwatershed, below Woodpecker Ravine.
Site 27 is towards the bottom of the watershed, just above Cherry Creek, and Site 14 is at the
confluence with Wolf Creek. The South Wolf Creek watershed has larger parcels and has not
been explored by WCCA as much as the main stem areas.
Water Temperature:

Figure 103: Water Temperature
South Wolf Creek water temperature data are presented in Figure 103. Site 27 is at a low-water
crossing and is shallow and sunny. Temperatures are relatively very high. Twenty percent of the
average recorded temperatures exceeded the 20 oC threshold. Keep in mind that these figures
are from monthly monitoring, and it is unlikely that the monthly peak temperatures were
captured. Site 27 would be a good location to collect additional temperature data whenever
temperatures exceed 19 oC, finding a nearby pool or shaded spot that might provide cooler
refuge.

Figure 104 : Site 27 Photo South Wolf Creek – Sunny,
shallow road crossing,
directly accessible to
livestock.

- 89 Dissolved Oxygen:

Figure 105: Dissolved Oxygen
Not unexpectedly, coincident with high temperatures were low DO readings, regularly below the
8 mg/l threshold, as seen in Figure 105. Site 27 DO was regularly recorded below the 7 mg/l
State basin objective. WCCA would like to collect and study BMI on South Fork Wolf Creek under
these low DO conditions. There may be cooler refugia with more DO in nearby pools or shaded
areas.
pH:

Figure 106: pH

- 90 The pH at the South Wolf sites was usually within the limits considered optimal for most aquatic
life. Site 27 records show low pH in 2008. This may be residual effects of the pH meter problems
(see section on pH) but should be watched, as another low reading of 6.5 occurred in 2011. If the
exceedance reoccurs, WCCA should look for the cause.
Conductivity:

Figure 107: Conductivity
Average conductivity ranged from about 50 S to21 0S at the South Wolf sites, as seen in
Figure 107.
Turbidity:

Figure 108: Turbidity
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notably in 2006. The spike was seen across the watershed (e.g. sites 3, 3.1, 9 and 15). The small
spike in 2009 occurred at many sites also, and these likely indicated a storm event.

Figure 109: Site 14 Photo South Wolf Creek in flood
flowing under Hwy 49.

Bacteria:

Figure 110: E. coli Bacteria
Note that values at “800” MPN at the top of Figure 110 are actually at least 800, well above the
thresholds. All sites had E. coli bacteria levels exceeding the human health criteria.
Nutrients
None of the nitrogen tests exceeded EPA water-quality thresholds for corresponding
temperature and pH values. There were no phosphate tests on South Fork Wolf Creek.
Phosphate testing on South Wolf and her tributaries is needed.
Arsenic and other Toxins
During testing in February, 2008, arsenic was not detected at sites 14 and 27. No other tests
have been completed. Metals testing on South Wolf and her tributaries is needed.
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South Wolf Tributaries Sites 26 and 28
Salt Creek (Site 26) and Cherry Creek (Site 28) are tributaries on lower South Wolf Creek. Cherry
Creek flows through a rural residential area along Highway 49. Salt Creek is known (anecdotally)
as an area that was historically used as a salt source. It had relatively high conductivity during
low flows.
Water Temperature:

Figure 111: Water Temperature
Site 14 (South Wolf Creek) is included in this Figure 111 as the receiving body for Cherry Creek
(Site 28) and Salt Creek (Site 26), and the most downstream site of South Wolf below these two
tributaries. Temperatures on Cherry Creek regularly exceeded the EPA threshold (19 oC) and
State Basin Objective (20 oC).
Dissolved Oxygen:
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Coincident with high temperatures were low DO readings, commonly below the EPA 8 mg/l
threshold, shown in Figure 112. Site 28 DO regularly was below the 7 mg/l State Basin Objective.
WCCA would like to study BMI on Cherry Creek under these low DO conditions, to determine if
there are cooler refugia with more DO in nearby pools or shaded areas.
pH:

Figure 113: pH
Site 26 and 28 pH are presented in Figure 113. The pH at Site 26 was within the limits
considered optimal for most aquatic life. Site 28 records reflected low pH values in 2008-2009.
This may be due to residual effects of the pH meter problems (see section on pH) but should be
watched, as another low reading below 6.5 occurred in 2010.

Figure 114 : Site 28 Photo Cherry Creek In 2007. The site
was relocated a short distance
downstream. Summer
temperatures were high and
summer DO leverls were low, pH
was acidic and high bacteria
levels were common.
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Conductivity:

Figure 115: E. coli Bacteria
Although Salt Creek is a newer site with less data, high conductivity readings are evident,
regularly over 200 NTU, as shown in Figure 115. The conductivity of Cherry Creek varied
seasonally, from less than 100 NTU in the summer to about 150 NTU in the winter. This pattern
of higher conductivity in the winter is common throughout the watershed, and may reflect
different substances washing into the creek with rains. WCCA would like to identify the source of
seasonal conductivity throughout the watershed.

Figure 116: Site 26 Photo Looking “upstream” at Salt Creek - dry in
the summer - at the culverts under
Brewer Road. Salt Creek is a highconductivity tributary of South Wolf
Creek. This is a newer monitoring site for
which we have relatively little data, and
no bacteria or arsenic data.
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Turbidity:

Figure 117: Turbidity
Turbidity was usually less than 10 NTU, as presented in Figure 117, with occassional spikes, still
below 20 NTU. The spike in early 2009 occurred at many other sites, and likely reflected a
storm event.
Bacteria:

Figure 118: E. coli Bacteria
Bacteria levels in Cherry Creek were tested in 2007 and were usually below the 235 MPN
threshold. Data is shown in Figure 118. One record was very high, greater than 2,419.6 MPN in
February. Data on main stem South Wolf sites was presented in the previous section.
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None of the nitrogen tests at sites 26 or 28 exceeded EPA water-quality thresholds for
corresponding temperature and pH values. There were no phosphate tests. Phosphate testing is
needed for all South Wolf Creek watershed sites.
Arsenic and other Toxins
Testing in February 2008 detected no arsenic at site 28, (the same as sites 14 and 27). No other
tests have been completed in the South Wolf Creek watershed. Metals testing on South Wolf
Creek and her tributaries is needed.
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Little Wolf Creek and Magenta Drain:
Newmont Mine / Empire Mine State Historic Park data (no WCCA data)
Little Wolf Creek flows through Empire Mine State Historic Park (EMSHP) downstream of South
Fork Wolf Creek (which also flows through the park). It flows through an area with well-known
and documented mining toxins. As part of the park’s clean-up efforts of this legacy mining
contamination, they have been responsible for data collection on Little Wolf Creek.

Figure 119: EMSHPS Streamflow and Conductivity data.
Figure 119 presents EMSHP stream flow and conductivity data from 2010-2011. Conductivity
was recorded at approximately 100 µS during the winter ramping up to 400 during the summer.
Fifteen-minute average stream flows were generally less than 10 cfs, with storm surges.
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Equipment recorded pH values for Little Wolf Creek between approximately 6.5 and 7.5, and
temperatures between freezing and about 18 oC, as shown in Figure 120.

Figure 121: EMSHP Magenta Drain Conductivity and Water Temperature Data.
Magenta Drain is an underground connection between South Fork Wolf Creek and Little Wolf
Creek. Figure 121 present EMSHP data on Magenta Drain conductivity (~450 µS), pH (~6-7) and
water temperature (~14 oC) in 2010-2011.

Figure 122: EMSHP Magenta Drain pH and Water Temperature data.

- 99 Magenta Drain pH was recorded between approximately 6.2 and 7.5, shown in Figure 122.

EMSHP data is from the report described to the left, prepared
in January, 2012.
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Section III: Additional Information
Streamwalk Surveys (Physical Parameters)
Our monitors conducted quarterly and bi-annual streamwalk surveys at many sites. The
purpose of the streamwalk surveys is to visually assess the physical characteristics of the stream
over time. Our current data serves as a baseline, observations of approximately 1/4 mile
reaches at the different sites. Observations included streambed and bank conditions, odor,
flow, color, algae, and vegetation, adjacent land use, erosion, and potential fish barriers. Hard
copies of this data are available for viewing from WCCA.

Photo Monitoring
Photo Monitoring is completed as part of the streamwalk surveys. Photo monitoring serves as a
visual record of the monitored stream reaches, documenting conditions during different
seasons. Examples of the usefulness of the photos include the two photos below taken at Site 5
in November 2004 and May 2005, showing the difference in the creek’s low flow and typical
summer flow, and differences in vegetation.

November 2004 –
Normal ‘low flow”.

May 2005 –
Typical Summer “NID” flow.

Figure 123: Site 5 Photo–Monitoring Example
Streamwalk photomonitoring reflects the adage “A picture paints a thousand words”.
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Figure 124 : Site 5 Photo - Succumbing to urbanization pressures.
Figure 124 vividly depicts development pressure on Wolf Creek at Site 5: Impermeable surfaces
which lead to increased runoff, increased pollutants, increased erosion, increased flooding. The
new construction is setback more than 100 feet from the creek, but with no riparian buffer it
still has very negative impacts. Photos are available for viewing from WCCA.
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Section IV: Conclusions
For a summary of the Wolf Creek water-quality data, see the Executive Summary.
Several of the Wolf Creek monitoring sites will have complete (10-year) baseline data in 2014.
This includes -at least- water temperature, dissolved oxygen, pH, turbidity and conductivity
data. The near-term goals of the monitoring program are to complete the baseline data sets
already started (through 2014 and beyond), collect data on subwatersheds that have not been
tested yet (e.g. Rattlesnake Creek), and gather additional data on flow, nutrients, toxins
(especially mercury), bacteria and BMI. It would be very beneficial to add storm and first-flush
testing, and to collect hourly (diurnal) data during different seasons. This data can be used in
conjunction with information on land use and ownership, permeability, and zoning to guide
protection and restoration efforts.
With continued efforts from our volunteer monitors, and funding from donors, members and
grants, Wolf Creek Community Alliance will continue the water-quality monitoring program
under the existing Quality Assurance Project Plan through 2014. We have received a generous
grant from Bella Vista Foundation and will monitor water-quality at all sites with streamwalks,
photo-monitoring and standard parameter testing, and expanded bacteria, toxin and BMI
testing. New monitor training will allow WCCA to expand testing to include sites in all
subwatersheds. Subwatershed-by-subwatershed details are located in the Wolf Creek
Watershed Monitoring Program 2013-2014 Work Plan (Work Plan).
In 2015 the program can transition to the long-term monitoring plan with a combination of:
 Sentinel sites for long-term monitoring, with six sentinel sites as identified in the Work
Plan.
 Evaluative sites for characterization. Valuable future sites have been identified in the
Work Plan.
 Target sites/studies for specific analysis or short-term change detection, many of which
are identified in this document and in the Work Plan.
Throughout this report are narratives in blue italics, which identify areas for further study, the
“target sites and studies”.
We will continue to monitor and use the data to help guide city, county, and local groups and
individuals in methods to best manage, protect and restore the Wolf Creek watershed.

Thank you to ECorp Consulting for their help with the subwatershed delineation.
Thank you to the Rose Foundation for their generous support, and again,

Thank you amazing, dedicated monitoring team.
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Appendix A: Resources and Referenced Reports
The following reports can be found on the WCCA website (www.wolfcreekalliance.org) or
accessed with the hyperlinks by control-clicking on the links.

Wolf Creek Water-Quality Monitoring Program Data Analysis 2004-2012 Executive
Summary
Wolf Creek Watershed Monitoring Program 2013-2014 Work Plan
Wolf Creek Benthic Macroinvertebrate Analysis 2007-09
WCCA WWTP Bacteria Report 2010
Wolf Creek Community Alliance 2009 Soil Sampling Report
Quality Assurance Policy and Protocols (QAPP)
Volunteer Field Manual
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Appendix B: Data Quality Assurance and Cleaning
Data samples were collected in accordance with the Quality Assurance Policy and Protocols
(QAPP) as approved by the State Water Resources Control Board (SWRCB), USEPA, and
Technical Advisory Committee of Wolf Creek Watershed Monitoring Program. Specific
methodologies are listed in the QAPP and explained in the Volunteer Field Manual, which can
be found of the WCCA website (www.wolfcreekalliance.org).
Some of the data that was collected is not included in the graphs and charts in this report. A
data-cleaning quality-assurance protocol was followed as described below. Data quality
assurance is the process of examining data to discover inconsistencies, and other anomalies in
the data and performing data cleansing activities to improve the data quality.
Data cleansing is defined as “the process of detecting and correcting (or removing) corrupt or
inaccurate records from a record set, table, or database”. Used mainly in databases, the term
refers to identifying incomplete, incorrect, inaccurate, irrelevant, etc. parts of the data and then
replacing, modifying, or deleting this data.
Intentionally deleting real data is falsifying data. To reiterate, data cleansing is used to detect
incorrect data in order to improve the data quality. Data was deleted before graphing for this
data summary using screening techniques as described.
Data was removed as follows:
Inaccurate pH data was removed due to meter problems when WCCA did not replace pH probes
in as recommended by the manufacturer. This was discovered over a period of years as the pH
values were decreasing, and the cause investigated. Low readings were eventually attributed to
erroneous readings from the old probes. pH data from the old probes was systematically
removed from the data set before graphing.
It is critical to data quality to have accurate data. While every effort is made to ensure accurate
data by training volunteers and maintaining and calibrating equipment, accuracy cannot be
measured. Precision can be measured however, and is related to accuracy, and can be used as
an indirect indication of accuracy. Accuracy is how close the data value is to the true value.
Precision is a measure of the degree to which different measurements show the same results, or
are reproducible. For illustration:

Near the bulls-eye, high accuracy, low precision.

Close grouping, high precision, low accuracy.
It is not possible to reliably achieve accuracy in individual measurements without precision—if
the arrows are not grouped close to one another, they cannot all be close to the bull’s-eye.
(Their average position might be an accurate estimation of the bull’s-eye, but the individual
arrows are inaccurate.) Calibration of the equipment is used to give confidence to the accuracy
of our equipment. Imprecise data can indicate other problems with the accuracy of the data
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data has been removed from the data set used for graphing based on the QAPP precision
standards or as described in the table below.
Most of the data graphed in this report is generally, as QAPP requires, the average of three
readings. This allows for the analysis of precision which helps assure data quality. There are
some data records retained in the dataset for which only one or two values were recorded.
These values were compared with values from nearby sites, and similar months as a subjective
sanity check. None of this data was excluded.
Exceptions to the triplicate tests include:
Air temperatures readings were taken using a non-digital thermometer and generally
only one value was recorded.
Lab samples such as bacteria were tested with just one sample per data point.
Most flow data was calculated using estimated length, width and depth of the stream
channel, and several measured float times for an object floating a length down the
creek. This was not performed in triplicate, and is understood to be a rough estimate of
the order-of-magnitude of flow.
Parameter
Water Temperature
(EPA)
Water Temperature
(State)
Dissolved Oxygen
(EPA)
Dissolved Oxygen
(State)
pH (EPA)

Water-Quality
Exceedance % *
6.6%

Exceedance and Screening Criteria

13%

T > 19 deg C
(Precision screening +/- 1 deg C)
T > 20 deg C
(Precision +/- 1 deg C
DO < 8 mg/l
(Precision > 10%)
DO < 7 mg/l
(Precision > 10%)
pH < 6.5 or pH > 8.2 (Prec +/- 0.2)

pH (State)

13%

pH < 6.5 or pH > 8.5 (Prec +/- 0.2)

Conductivity*

0%

Turbidity**

NA

<1,000 µSiemens
(Precision >10% and values vary >10 µs)
(Precision > 20% and values vary >0.2 NTU)

Nitrogen (EPA)

0%

Varies w/ T and pH

Phosphates***

72%

Detection 0.1 ppm

Bacteria

15%

>235 MPN/100 ml

Arsenic***

39%

Detection ~1.5 ppb

4.6%
15%
4.1%

* QAPP precision standard for conductivity is the greater of [ < 10% or < 5 µs ].
** QAPP precision standard for turbidity is the greater of [ < 10% or 0.2 NTU ]
*** Targeted locations – exceedances not expected to represent entire watershed
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Appendix C: Monitoring Sites
Site
1
2
3
3.1
3.2
4
5
5.5
6
6.01
6.02
6.1
6.5
6.8
7
7.51
7.52
8
8.01
8rb
9
9.1
9.5
10
10.8
11
12
13
14
15
25
26
27
27.1
28
30
32
34
FRD
FRG
101
110
120
130
140
MG ds
MG src
Allison Ranch Slide
ARS ad
ARS rb
Safeway Culvert
SC
SCrb
Sl Rav

Location
Headwaters - south side of Banner Mountain
Loma Rica above Brunswick Rd
Wolf Creek just above Olympia Creek (Sutton/Idaho-Maryland)
Olympia Creek at Wolf confluence
Culvert upstream on Olympia Creek – stream right
Idaho-Maryland Rd at "For the Love of Pets" - retired
Below Railroad Ave
Idaho Maryland and Main streets- one-time testing
South Fork Wolf Creek- Empire Mine State Historic Park
Sulphuret works downstream from site 6 - one-time test
Sulphuret works downstream from site 6.01 - one time test
South Fork Wolf Creek headwaters at Wood Rose and Brunswick
South Fork Wolf Creek across from Summer-Thyme's Bakery - flow data
Culvert behind Hennessey – South Fork Wolf Creek arsenic test March 2008
Bank and Bennett streets downtown Grass Valley– retired
Peabody Creek - West Fork - NCRCD fecal bacteria test
Peabody Creek at Main Street - NCRCD bacteria test
Glen Jones Park/ North Star Mining Museum
Culvert upstream of Site 8, below North Star Mining Museum parking lot
Upstream of Site 8, receiving body for Site 8.01
Allison Ranch Road below WWTP
ARR near Auburn Rd - bacteria data 7/06
Head of Tarr Ditch (alternate to site 9 when it is inaccessible)
Scopar Road (near Auburn/49)
Paul Mellercsh property upstream of Lime Kiln - replaced Lime Kiln. Retired 2012
Lime Kiln Crossing
Peabody Creek at Walsh and Townsend Streets upstream of Condon Park
Peabody Creek above the Pond at Condon Park
South Wolf Creek @ Wolf Creek confluence
Just above Bear Confluence - McDonald Property
South Wolf Creek above Dog Bar crossing
Salt Creek at confluence with Wolf Creek, above Brewer culvert
South Wolf Creek above Cherry Creek
South Wolf Creek at June Bug (between 27 and 28)
Cherry Creek (So Wolf tributary just above confluence w/ Wolf)
French Ravine at Hidden Valley Rd (below dump and horses)
French Ravine at Hayman's btwn Hidden Valley and McC (above dump, below horses)
French Ravine at McCourtney Rd (above dump and horses)
French Ravine at Dakota - between Hidden Valley and McC (above 32 Hayman)
French Ravine at Godfrey - below Hidden Valley
Downstream of Scopar Rd Site 10
Safeway in Grass Valley
South Fork at Hwy 49 - just downstream of 6.8
Magenta Drain- approximately the same as “MG src”
Wolf Creek at Old Auburn Hwy
Magenta Drain downstream of source at private yard
Magenta at source outlet
Flow coming off the Allison Ranch Road slide
Addit near Allison Ranch Road slide
Wolf Creek receiving flow from addit
Same as “SC”
Culvert behind Safeway in Grass Valley
Wolf Creek receiving flow for Safeway Culvert (SC)
Slide Ravine at Church and Doris Streets
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Appendix D: Data Exceedances by Site
The report summarized the data exceedances. Details for each parameter are located in this
appendix for those interested in specific site details.

Water Temperature exceedances by site.
Site
15
27
14
28
10.8
11
25
10
3.1
12
1
2
3
4
5
6
6.1
7
8
9
9.5
13
26
30
32
34
Other
Totals

# Tests
70
54
50
56
64
17
9
74
78
54
81
46
71
15
79
97
40
17
16
73
13
59
6
20
15
19
19
1,212

> 19
deg C
27%
24%
24%
23%
16%
12%
11%
9.5%
2.6%
1.9%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

> 20
deg C
21%
20%
14%
20%
9.4%
5.9%
11%
5.4%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
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Site
3.2
6.1
34
12
13
28
27
14
3.1
15
26
10.8
2
30
25
32
11
10
6
5
1
3
4
7
8
9
9.5
27.1
Totals

# Tests
1
39
15
53
58
54
54
48
75
65
6
64
44
18
9
11
13
70
91
78
79
70
15
17
15
72
11
1
1,146

< 8 mg/l
100%
54%
53%
40%
34%
33%
30%
21%
20%
20%
17%
14%
11%
11%
11%
9.1%
7.7%
7.1%
4.4%
1.3%
1.3%
0%
0%
0%
0%
0%
0%
0%

<7 mg/l
0%
23%
47%
11%
3.4%
17%
13%
0%
2.7%
1.5%
0%
1.6%
2.3%
5.6%
0%
9.1%
0%
1.4%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
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pH exceedances by site.
Site
6.2
8.01
9.01
Safeway Culvert
6.1
1
12
13
34
28
2
5
32
30
3
27
15
6
9.5
11
10.8
10
3.1
4
6.01
6.02
7
8
9
14
25
26
27.1
8rb
Allison Ranch Slide
ARS ad
ARS rb
MG ds
MG src
SC
SCrb
Sl Rav
# tests
Percent

# Tests
1
1
1
1
35
66
45
51
17
46
38
62
12
19
62
45
61
74
12
15
54
63
70
15
1
1
17
16
71
43
8
6
1
1
1
1
2
1
1
1
2
1
1,041

% <6.5
100%
100%
100%
100%
71%
62%
38%
26%
24%
22%
16%
10%
8.3%
5.3%
4.8%
4.4%
1.6%
1.4%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
135
13.0%

% > 8.2
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
8.3%
6.7%
1.9%
1.6%
1.4%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
5
0.5%

%> 8.5
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
8.3%
6.7%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
2
0.2%
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TOTAL SAMPLES

WCA
Site

Max MPN

SUMMER SAMPLES

WINTER SAMPLES

Number
of E.
coli
Sample
s

% that
exceed
s 120
MPN

% that
exceed
s 235
MPN

Number
of E. coli
Samples
2

% that
exceeds
120
MPN3

% that
exceeds
235
MPN4

Numb
er of
E. coli
Sampl
es5

% that
exceed
s 120
MPN6

% that
exceed
s 235
MPN7

1

387

14

14%

7%

6

33%

17%

8

0%

0%

2

488

12

17%

8%

7

29%

14%

5

0%

0%

3

276

14

7%

7%

6

0%

0%

8

13%

13%

3.1

387

13

15%

15%

5

20%

20%

8

13%

13%

5

201

13

15%

0%

6

17%

0%

7

14%

0%

6

2,420

19

26%

16%

9

56%

33%

10

0%

0%

6.1

238

2

50%

50%

0

0%

NA

2

50%

50%

7.52

4

1

0%

0%

0

0%

0%

1

0%

0%

8

1,968

31

32%

23%

17

18%

12%

14

50%

36%

9

2,420

41

20%

10%

20

25%

5%

21

14%

14%

9.1

68

1

0%

0%

1

0%

0%

0

0%

0%

9.5

29

1

0%

0%

0

0%

0%

1

0%

0%

10

179

11

9%

0%

4

25%

0%

7

0%

0%

10.8

140

12

8%

0%

5

0%

0%

7

14%

0%

12

2,420

11

64%

45%

5

100%

60%

6

33%

33%

13

921

11

18%

9%

5

40%

20%

6

0%

0%

14

1,300

14

43%

29%

6

67%

50%

8

25%

13%

15

326

17

6%

6%

9

11%

11%

8

0%

0%

25

248

2

50%

50%

1

100%

100%

1

0%

0%

26

NA

0

NA

NA

0

NA

NA

0

NA

NA

27

461

14

29%

14%

6

50%

33%

8

13%

0%

28

2,420

12

17%

8%

5

40%

20%

7

0%

0%

30

2,420

28

46%

25%

15

67%

33%

13

23%

15%

32

2,420

12

75%

42%

6

100%

67%

6

50%

17%

34

488

15

13%

7%

8

13%

0%

7

14%

14%

101

93

1

0%

0%

1

0%

0%

0

0%

0%

140

157

1

100%

0%

1

100%

0%

0

0%

0%

FRD

308

1

100%

100%

1

100%

100%

0

0%

0%

1

0%

0%

1

0%

0%

0

0%

0%

FRG

70
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Site
# Tests
9
6
15
10.8
3
5
3.1
3.2
6.8
12
13
130
Allison Ranch Slide
Safeway Culvert
6
2
8
6.1
14
27
28
110
120
ARS rb
SCrb
Totals

4
2
2
2
1
1
1
1
1
1
1
1
7
3
2
1
1
1
1
1
1
1
1
44

Detected
3
2
2
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
17
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Appendix E: Additional Data
This appendix contains miscellaneous data and charts not previously presented in the report.
Temperature:
Summer data was presented in the report because that is when the temperatures exceeded
objectives. The winter data is presented below.

pH (including probe replacement info)

WCCA had problems with the pH meters between 2005 and 2009, when older meters were
reading low because the probes were not being replaced as often as recommended by the
manufacturer. These two graphs show the data before it was screened to correct for the
problem, so it includes erroneously declining data in the 2005-2009 timeframe. The Site 9
monitors used different pH meters owned by NID that did not have this problem.

- 113 -

The screening process removed data from probes more than 18 months old, as well as any that
had calibration problems. The following table gives more information about the screened data.

Probe
number
4
5
6
6
9
10
11

Beginning
date

Ending
date

Other
dates

Nov 07
Mar 06
Jan 07
May 09

Dec 08
Jan 08
May 07
Aug 09

Aug 09

Mar 09
Nov 07

Apr 09
Jun 09

May 09

Total #
of
months
w/ bad
probes

Total
Tests
removed

15
23

41
38

9
1
2
20
70

19
4
3
35
140

The following two figures compare the earliest 12-months of data with the most recent 12-months of
data, of notable interest because of the issues with pH values.
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It is interesting to see how pH’s at the bottom of South Wolf Creek (Site 14) and at the bottom
of the main stem of Wolf (Site 15) track so closely.
The following five graphs present NCRCD data for various sites. This data is included for
reference, but has not been screened for accuracy or precision or by any other method.
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Turbidity
The volunteer monitors from NID used an NID turbidity meter with an in-creek probe to take
dynamic turbidity readings in the creek, capturing the turbidity of the water with entrained air
bubbles and sediments, etc. This figure illustrates the comparison of this “dynamic” data with
the “still” or “static” turbidity data read from the grab samples. The dynamic reading is always
higher than the turbidity of the settled water. It is represented by the equation:
Dynamic Turbidity = 3.3651 Still Turbidity – 2.4312
(R2 = 0.8987, indicating a good fit of the equation to the data (a perfect fit has an R2 = 1.0).)
The important thing to note is that the still WCCA turbidity values are lower than those values
taken “dynamically”, which have bubbles and sediment that increase turbidity.

- 116 -

Nutrients
Ammonia and nitrate level goals depend on temperature and pH. All our data was checked and
there were no exceedances. Below are graphs of some of the nutrient data.

Phosphates, as a limiting nutrient, are always in exceedance when they are detected.
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Flow

This flowchart shows the relationship between the marked water height in feet (x axis) at the Hwy 74
culvert near Summerthyme’s bakery and the flow in cubic feet per second (y axis). Typical flows are less
than 10 cfs with a gauge height of less than 1 foot.

- 118 This flowchart shows the relationship between the marked water height in feet at Site 5 (Railroad Ave) (y
axis) and the flow in cubic feet per second (x axis). Typical summer flow is 50 cfs, stage height about 0.3
feet.

Sites 10 and 10.8/11 Redundancy Analysis:
Site 10 is located in the middle reach of Wolf Creek below Rattlesnake Creek. Site 10.8 is about
2 miles downstream. Site 11 is an alternate site to 10.8; one or the other is monitored, but not
both. Dropping site 10 or 10.8/11 has been considered, because of limited resources and the
possibility of redundancy. Following is a closer look at these sites.

Sixteen percent of these summer tests resulted in one site (10 or 10.8/11) above the EPA
threshold and one site (10 or 10.8/11) below, indicating the DO threshold moved between these
sites. This might be an important reason to continue to monitor both, to more closely define
this threshold location.

Summer conductivity generally increased going downstream from 9/9.5 to 10 to 10.8/11.
Conductivity increased from Site 10 to Site 10.8/11 in 91% of these summer tests.

- 119 -

Winter conductivity tended to decrease going downstream from Site 9/9.5 to 10 (75% of the
time), but was about the same at sites 10 and 10.8/11 (again, 75% of the time).

- 120 Sites 12 and 13 Redundancy Analysis
This table presents information that can be used to see if testing sites 12 and 13 is redundant.
Water Temp
Q1
min
mean
median
max
Q3
Dissolved Oxygen mg/l
(ppm)
Q1
min
median
mean
max
Q3
count
pH
Row Labels
Q1
min
median
mean
max
Q3
count
count if <6.5
count if > 8.2
> 8.5
Conductivity
Row Labels
Q1
min
median
mean
max
Q3
count
Turbidity
count
site
Q1
min
mean
median
max
Q3

degree C
12
11.9
7.9
14.3
14.3
19.3
16.4

13
11.0
5.9
13.4
12.8
18.7
16.1

12
7.7
6.0
8.3
8.4
10.1
9.17
53

13
7.8
6.5
8.6
8.5
10.9
9.20
58

12
6.3
5.0
6.6
6.6
7.4
6.8
45
17
0
0
microsiemens
12
70
70
73.0
70
90
77.5
52
NTU
32
12
1.4
0.0
6.2
2.1
112.3
3.6

13
6.5
5.8
6.8
6.7
7.6
7.0
51
13
0
0
13
70
70
73.7
70
90
80
58
35
13
1.4
0.0
4.3
2.3
26.4
4.6

- 121 Nitrogen and Phosphate Relationship
The question was raised by a member of the Technical Advisory Committee that nitrates levels
might be related to phosphate levels. The following chart plots nitrates versus phosphates. The
very low R2 value (and the nearly horizontal trend line) indicates the levels are not related.

