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3. Distribution List
All leaders and technical advisors will receive copies of this Quality Assurance (QA) plan, and
any approved revisions of this plan. Once approved, this QA plan will be available to any
interested party by requesting a copy from SARSAS Citizen Science Program Coordinator Bob
Johnson (see address on title page).

4. Project Organization
The SARSAS Auburn Ravine Citizen Science Project focuses on monitoring in the Auburn
Ravine watershed with citizen science volunteers. SARSAS collaborates with other
organizations to implement the monitoring in Auburn Ravine, including Sierra Streams
Institute and Stillwater Sciences.
4.1. Save Auburn Ravine Salmon and Steelhead Monitoring Organization
SARSAS has identified personnel and positions whose responsibility it will be to perform the
following functions:
4.1.1. Project Management
Bob Johnson is the volunteer Program Coordinator and project leader for the SARSAS Citizen
Science Program, and Justin Wood is a River Scientist/Advisor to the Citizen Science Program.
They are responsible for organizing training sessions, locating trainers, and ensuring
compliance with training procedures. Other trainers include Ken Jarrett of Stillwater Sciences
for fisheries and habitat assessments, and Joanne Hild of Sierra Streams Institute for
macroinvertebrates sampling.
4.1.2. Field Data Collection
Citizen scientists will work in field teams and be responsible for collection of data at their
site(s) on Auburn Ravine. Bob Johnson and Justin Wood will be responsible for verification of
procedures and data results.
4.1.3. Equipment and Supply Management
There will be four sets of equipment for monitoring that will be rotated among the field teams.
The project leaders are responsible for ensuring that all equipment is in good working order
before it is used for sampling. Citizen scientists will be trained for the proper calibration, use,
and cleaning of equipment.
4.1.4. Data Management
Bob Johnson and Justin Wood are responsible for data management. Data will be stored and
analyzed following standard data management procedures, both physically and electronically.
Data will be entered into a Microsoft Access database for long-term storage. Citizen scientists
7

will also continue to report observations to iNaturalist.org, an online community for
naturalists, as part of the Auburn Ravine Citizen Science project.
4.1.5. Quality Assurance and Quality Control
Bob Johnson and Justin Wood will be responsible for the quality assurance program and for
establishing the appropriate guidelines for the Quality Assurance program for the biological,
chemical and physical parameters.
4.1.6. Technical Advisors
The technical advisors are resource professionals from the SARSAS Technical Advisory
Committee, and are named below in section 4.2.
4.2. Technical Advisors
Several resource professionals have assisted in the development of this project from its
conception. Additional partnerships will be developed to ensure adequate technical support
to all participating citizen monitoring groups. The QA plan reflects the diversity of
monitoring and organizational support involved in this project.
4.2.1. Technical Advisors of the SARSAS Monitoring Program
The technical advisors of the SARSAS Monitoring Program will oversee and review the tasks
associated with watershed assessment and water quality monitoring. They will recommend,
review, and comment on quality assurance/quality control procedures, help solve technical
problems with the monitoring, review and comment on drafts of manuals and training
materials, review protocols and recommend changes as needed, and assist in interpreting the
results. The technical advisors consist of people with different specialties including aquatic
ecology, hydrology and geomorphology, fisheries, and stream restoration. The technical
advisors are:

 Ken Jarrett, Stillwater Sciences, Fisheries Biologist
 Gretchen Umlauf, National Marine Fisheries Service, Fish Biologist
 Mike Healey, California Department of Fish and Wildlife, Senior Environmental
Scientist

 Beth Campbell, U.S. Fish and Wildlife Service Anadromous Fish Restoration Program
 JoAnna Lessard, Garcia and Associates, Senior Freshwater Ecologist
 Joanne Hild, Sierra Streams Institute, Executive Director/Biologist
8

5. Problem Definition and Background
5.1. Problem Statement
There is insufficient information available to adequately assess the status of water quality and
aquatic resources in the Auburn Ravine watershed. As a result, SARSAS started a citizen science
monitoring program in 2014 to record water conditions at locations along Auburn Ravine, and
to make observations of salmon and steelhead. Expansion of monitoring sites to additional
areas in Auburn Ravine and continued monitoring at existing sites is needed to characterize
habitat conditions throughout the length of the ravine. Similar citizen monitoring efforts have
been formed in nearby watersheds to address their own water quality concerns, including the
Bear River and Yuba River watersheds. The purpose of this effort is to provide valuable
information for watershed management, pollution prevention, and habitat restoration.

5.1.1. Citizen Science Monitoring Mission and Goals
5.1.1.1. Mission
The mission of Save Auburn Ravine Salmon and Steelhead is to work in a collaborative
manner with all individuals, groups, and governmental organizations in order to restore
salmon and steelhead to the entire length of the Auburn Ravine. One of the objectives of the
SARSAS Strategic Plan is to develop and implement a plan for monitoring water quantity and
quality in Auburn Ravine (SARSAS, 2012). This objective is further supported by the
National Marine Fisheries Service Recovery Plan for Central Valley Spring-Run and
Steelhead, with recovery actions for Auburn Ravine targeting development of a baseline
monitoring program (Action AUR-2.8) and an education and outreach program (Action AUR2.9) to encourage river stewardship in the Auburn Ravine watershed (NMFS, 2014). The
purpose of citizen monitoring is to produce environmental information, which is needed to
protect the condition of the Auburn Ravine watershed and aquatic resources. Citizen science
monitoring will also inform and engage the community in effective watershed stewardship
through building awareness of water quality and resource issues.
5.1.1.2 Watershed Goals
This project will supplement existing agency information by monitoring streams in the Auburn
Ravine watershed. The focus of the project is on habitat and chemical, physical and biological
water quality measures that will identify the status of these aquatic resources. The results of
this work will be provided to regulatory agencies for management purposes.
The following statements identify the specific missions and goals of the Auburn Ravine
Monitoring Program.
5.1.1.3. Goals and Objectives of the Auburn Ravine Monitoring Program:
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•
To design and execute scientifically credible studies, which assess the condition of the
Auburn Ravine ecosystem.
•
To use the data collected to identify economically feasible solutions to problems in the
Auburn Ravine Watershed.
•
To sustain a long-term monitoring program for the Auburn Ravine Watershed for the
purpose of assessing and improving resource management.
•
To involve residents in a hands on process of monitoring and improving the specific
watershed in which they live.
•

To empower citizens to be responsible stewards and decision-makers.

•

To evaluate the effectiveness of restoration and management practices,

•

To evaluate the effect of a particular activity or structure (dams, diversions),

•
To understand and document the relationship between water quality/hydrologic
function and land use/watershed management by monitoring indices of terrestrial and aquatic
ecosystem health.
•
To educate residents about the Auburn Ravine watershed processes and to strengthen
their connection to the ideal of a healthy watershed.

•
To make information available to decision-makers and the public about the in the
Auburn Ravine watershed
5.2. Intended Storage of Data
Auburn Ravine monitoring data will be compiled at 431 Uren Street, Suite C, Nevada City,
California, 95959. A database will be maintained at 431 Uren Street, Suite C, Nevada City,
California, 95959, the Sierra Streams Institute office. Data will also be made publicly available
through the iNaturalist.org Auburn Ravine Citizen Science project. The information will be collated
and shared with the Central Valley Regional Water Quality Control Board, California Department of
Fish and Wildlife, National Marine Fisheries Service and upon request, to other state, federal, and
local agencies and organizations.

6. Project/Task Description
SARSAS citizen scientists monitor water quality and habitat conditions, and make observations
in the Auburn Ravine watershed. Physical, chemical and biological parameters are measured at
established monitoring locations along Auburn Ravine between Coppin Dam and the City of
Auburn (refer to Appendix C Maps).
6.1. Monitoring Parameters
This QA plan addresses citizen science data quality objectives for the following parameters:
•
•

Water Temperature
Dissolved Oxygen
10

•
•
•
•
•
•
•
•
•
•

pH
Conductivity
Turbidity
Nutrients (nitrate and phosphate)
Benthic Macroinvertebrates
Algae
Total Coliform Bacteria
E. Coli bacteria
Total suspended solids
Streamflow (discharge)

Water temperature, dissolved oxygen, pH, conductivity, turbidity, and streamflow will be
measured in the field, and have established Measurement Quality Objectives in Table 7.1.
Nutrient, total suspended solids, benthic macroinvertebrate, algae, Total Coliform, and E. coli
samples will be collected in the field by SARSAS citizen scientists and analyzed at the Sierra
Streams Institute laboratory, and have established Measurement Quality Objectives in Tables
7.2 and 7.3.
6.2. Monitoring Parameters to be analyzed by Outside Laboratory
Monitoring of parameters including heavy metals, herbicides, pesticides, and
hydrocarbons will be completed at select sites as part of specific studies, and not as part
of the regular SARSAS Citizen Science Monitoring Program. The following parameters
will potentially be monitored in the watershed:
•
Pesticides
•
Herbicides
•
Heavy Metals (Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, Cobalt,
Copper, Lead, Mercury, Molybdenum, Nickel, Selenium, Silver, Thallium, Vanadium, Zinc)
•
Total Petroleum Hydrocarbons (TPH)
Data Quality Indicators and their associated Measurement Quality Objectives have been
selected for these substances, although SARSAS intends to contract with an outside laboratory
that is capable of performing the necessary analysis.
The Auburn Ravine Monitoring Program was created to provide baseline monitoring data for
the Auburn Ravine watershed. Chemical monitoring will be done by trained citizen science
volunteer teams on a monthly basis between April 15 - October 15, and on a weekly basis from
October 15 - April 15, under the guidance of Program Coordinator Bob Johnson. Biological
monitoring will be completed on a seasonal basis, with macroinvertebrate and algae collection
in June, and fisheries and habitat surveys weekly between October 15 and April 15. Monthly
monitoring will be done at up to 10 sites along Auburn Ravine, between Coppin Dam and the
City of Auburn. Streamflow monitoring will take place on a monthly basis at up to three sites in
the lower, middle, and upper watershed. This monitoring will give us baseline water quality
and bioassessment data for Auburn Ravine, will help recognize specific concerns that need to
be addressed, and will give a long term perspective of seasonal and annual changes in the
11

watershed including potential human impact. A map of monitoring locations is provided in
Appendix 3.
6.3. Project Timetable
The following table identifies the specific timetables of the citizen monitoring projects included
in this plan.
Table 6-3: Project Schedule, Auburn Ravine
Activity
Task Completion
Identify monitoring leaders
Completed
Obtain training for monitoring leaders
On-Going
Recruit monitors
On-Going
Obtain and check operation of instruments
On-Going
Train Monitors
On-Going
Initiate Monitoring
Completed
Initiate Data Entry
Completed
Data Entry
On-Going
Calibration and quality control sessions
On-Going
Review data with technical advisors
Not Started
Training volunteers to classify/identify macroinvertebrates
Not Started

7. Data Quality Objectives
This section identifies how accurate, precise, complete, comparable, sensitive and
representative the measurements obtained by citizen scientists will be. Objectives for these
data characteristics are summarized in the Tables 7-1 to 7-3.
Table 7-1: Data Quality Indicators and Measurement Quality Objectives for Field
Measurements.
Parameter
Units
Method/Range
Detection
Precision
Accuracy
Limit
Temperature

C

Dissolved
oxygen

mg/L

pH

pH units

Conductivity

uS

Thermometer (10 k
thermistor) /
-35C – 135C
Optical probe and
thermistor /
0 – 20 mg/L or
0 – 300% saturation
0 – 50C

-35C

±0.01C

±0.5C

<0.01 mg/L

±0.01 mg/L
0.01C or better

pH meter/
0 – 14
Conductivity sensor /
three user selected
ranges:

0

± 0.001 units

0.05 µS/cm

<0.05% of full
scale

-±0.6 mg per liter
or ±3.0% right
out of the box
-±0.1 mg per liter
or ±1.0%, after
calibration
-above 200%
saturation, ±10%
± 0.1 units after
calibration
±10% of full
scale without
calibration
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0 – 1,000 µS/cm
0 – 10,000 µS/cm
0 – 100,000 µS/cm
Nephelometer /
0 – 400 NTU
5C – 40C

Turbidity

NTU’s

Streamflow

Velocity: ft/s
Width/Depth: ft
Discharge: ft3/s

Streamflow meter /
Velocity: 0.3 – 13 ft/s
Depth: 0.125 – 7 ft

0 NTU

0.1 NTU

0.3 ft/s
0.125 ft

± 0.01 ft/s

- ± 0.2 NTU for
0 to 20 NTU
- ± 0.5 NTU for
20 to 100 NTU
- ±1 NTU for
100 to 400 NTU
0.1 ft/s

Table 7-2: Data Quality Indicators and Measurement Quality Objectives for Nutrients using
spectrophotometric methods.
Parameter

Method/range

Units

Nitrate
Nitrogen
OrthoPhosphate

Cadmium
reduction
Ascorbic acid

mg/L

Detection
Limit
0.05

mg/L

0.05

Precision

Accuracy

± 10%

± 10%

± 10%

± 10%

Table 7-3: Data Quality Indicators and Measurement Quality Objectives for Bacterial and
Biological Parameters.
Parameter

Method/
range

Units

Detection
Limit

Precision

Accuracy

Benthic
Macroinvertebrates

SWAMP
Bioassessment
Procedures
(Ode, 2007)
Colilert 24
hour

N/A

Family
level

< 5%
difference

< 5%
difference

MPN/ 100 mL

10

Duplicates
within 95%
confidence
limits

E. coli Bacteria

Colilert 24
hour

MPN/ 100 ML

10

Duplicates
within 95%
confidence
limits

Algae biomass

Ash weight
(Fetscher,
2010)

g/m2

10

+ 20%
weight
difference or
1 mg,
whichever is

Positive
standard
within ½ of
an order of
magnitude
Positive
standard
within ½ of
an order of
magnitude
Not
applicable

Total Coliform
Bacteria
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7.1. Accuracy
Description: Accuracy describes how close the measurement is to its true value. Accuracy is
the measurement of a sample of known concentration and comparing the known value against
the measured value.
Procedure: Performing tests on standards at annual training sessions will verify the accuracy of
chemical measurements. A standard is a known concentration of a certain solution. Standards
can be purchased from chemical or scientific supply companies. For all chemical water quality
parameters volunteers shall obtain results within the stated data quality objectives in Tables
7.1 – 7.3. Testing will be done through the analysis of a solution of known concentration, which
will be within 25% to 75% of the range of measurable values.
For benthic macroinvertebrate analysis, accuracy will be determined by having 20% of
the samples re-analyzed and validated to Level 3 by a professional taxonomist.
Instructions for determining accuracy (chemical analyses): Record all results from the test for
each instrument. Determine the average value. Compare the average value to the true value.
Compare this difference to the accuracy objective set in the previous tables. If the absolute
difference is greater, corrective action will be taken to improve performance. We will consult
our technical advisors to determine the appropriate corrective action.

7.2. Standardization of Instruments and Test Procedures (chemical and physical
parameters)
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Procedures: Temperature measurements will be standardized by comparing thermometers used in the
field against a NIST-certified or calibrated thermometer. All meters (pH, conductivity, oxygen) will
be evaluated twice a year using standards of known value. Nephelometers, colorimeters or
spectrophotometers and associated reagents will be evaluated twice a year using standards of known
value.
7.3. Comparability
Description: Comparability is the degree to which data can be compared directly to similar studies.
Procedures: We will use the following methods to ensure that data collected by SARSAS citizen
scientists can be compared to others:
Surface Water Ambient Monitoring Program (SWAMP) Bioassessment Procedures (Ode, 2007;
Fetscher, 2010),
U.S. EPA Volunteer Stream Monitoring: A Methods Manual (USEPA, 1997)
Before modifying any measurement method, or developing alternative or additional methods,
technical advisors will evaluate and review the effects of the potential modification. Concerns about
data quality will be addressed before proceeding with the monitoring program.
7.4. Completeness
Description: Completeness is the fraction of planned data that must be collected in order to
fulfill the statistical criteria of the project. For this project, there are no statistical criteria that
require a certain percentage of data. However, it is expected that 80% of all measurements
could be taken when anticipated. This accounts for adverse weather conditions, site access,
safety concerns, equipment problems, and volunteer availability.
Procedures: Completeness will be determined by comparing the number of measurements that
were planned to the number of valid measurements collected. An invalid measurement would
be one that does not meet the sampling methods requirements and the data quality objectives.
Completeness results will be checked every annually. This will allow problems to be identified
and corrected. Completeness measurements shall meet the requirements stated in Tables 7.1 –
7.3.

Instructions for Determining Completeness:
To determine the percent completed divide the number of valid samples collected and analyzed by
the number of samples anticipated in the monitoring design, then multiply by 100%.
7.5. Precision
Description: Precision describes how well repeated measurements agree. The precision
objectives described here refer to repeated measurements taken by different, trained
volunteers or the same volunteer on the same water sample. Additional variability would be
expected if comparisons were made between different samples taken at the same location.
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Procedures: These precision objectives apply to duplicate and split samples taken as part of
the QC session or as part of periodic in-field QC checks. For chemical and physical
parameters measurements on the same sample read by different volunteers using the same
equipment shall meet the data quality objectives stated in Tables 7.1 – 7.3.
For benthic macroinvertebrate analysis, precision will be determined by having the technical
advisor perform an evaluation on the citizen analysts as discussed in Section 14.2 of this
QAPP and the results shall meet the data quality objectives stated in Table 7.3.
Instructions for Determining Precision (chemical analyses): All volunteers run tests on the
same sample. Record all results from the test for each instrument. Determine the average
value. Calculate the standard deviation and determine the percent precision. Compare the
percent precision result to the precision objective set in Tables 7.1- 7.3. If the precision is
outside of the objectives, corrective action will be taken to improve performance. Technical
advisors will be consulted to determine the appropriate corrective action.
7.6. Representativeness
Description: Representativeness describes how relevant the data are to the actual
environmental condition.
Problems can occur if:
•
Samples are taken in a stream reach that does not describe the area of interest (e.g. a
headwaters sample should not be taken downstream of a point source).
•
Samples are taken in an unusual habitat type (e.g. a stagnant backwater instead of in the
flowing portion of the creek).
•
Samples are not analyzed or processed appropriately, causing conditions in the sample
to change (e.g. water chemistry measurements are not taken immediately).
Representativeness will be ensured by processing the samples in accordance with Section 10,
11, and 12, by following the established methods, and by obtaining approval of this document.
Procedures: The Program Coordinator will conduct a review of sampling procedures and audits
of sampling events. Any deviations noted are to be reported to the Technical Advisory
Committee.

8. Training Requirements and Certification
All citizen scientist volunteers will participate in two hands-on training sessions on water
quality monitoring conducted by the Program Coordinator, or have equivalent training as
specified by the Technical Advisory Committee on a case-by-case basis. The following topics
are covered during the trainings:
•

General hydrology
16

•
•
•
•
•
•

Ecology
Safety and Decontamination Procedures
Quality Assurance and Quality Control Measures
Sampling Procedures
Field Analytical Techniques
Data recording.

For macroinvertebrate bioassessment the Program Coordinator will participate in a training session
provided by the California Department of Fish and Wildlife, the American Fisheries Society, the
State Water Resources Control Board, Stillwater Sciences, or Sierra Streams Institute. The Program
Coordinator and Advisor may train their citizen science volunteers. Individual trainees will be
evaluated by their performance of analytical and sampling techniques, by comparing their results to
known values, and to results obtained by trainers and other trainees.
In addition to completion of the above-described training course, the Program Coordinator or
Advisor will coordinate semi-annual quality control sessions. The quality control sessions will
provide an opportunity for monitors to check the accuracy and precision of their equipment as well as
of their own testing techniques. The monitors will bring his/her equipment to the session and will
conduct duplicate tests on all analyses and meet the data quality objectives described in Section 7. If
a monitor does not meet the objectives, the Program Coordinator will retrain and re-test the monitor.
If there is insufficient time at the QC session to re-train and re-test monitors, the monitor will be
scheduled for an additional training session. The monitor will be encouraged to discontinue
monitoring for the analysis of concern until training is completed.
The quality control trainer will examine kits for completeness of components: date, condition, and
supply of reagents, and whether the equipment is in good repair. The trainer will check data quality
by testing equipment against blind standards. The trainer will also ensure that monitors are reading
instruments and recording results correctly. Sampling and safety techniques will also be evaluated.
The trainer will discuss corrective action with the volunteers, and the date by which the action will be
taken. The Program Coordinator is responsible for reporting back that the corrective action has been
taken. Certificates of completion will be provided once all corrective action has been completed.
Quality control trainers are typically water quality professionals from the U.S. Environmental
Protection Agency, the State Water Resources Control Board, and the Regional Water Quality
Control Boards. Additional qualified trainers will be recruited and designated by these agencies from
experienced citizen monitoring organizations, universities and colleges, commercial analytical
laboratories, and other federal, state, and local agencies. Sierra Streams Institute will act as a
qualified trainer and assist the Program Coordinator during quality control sessions.

9. Documentation and Records
All field results will be recorded at the time of completion, using the data sheets (see Appendix 2).
Data sheets will be reviewed for outliers and omissions before leaving the sample site. The Program
Coordinator will sign data sheets after review. Data sheets will be stored in hard copy form at a
specified location. Field sheets are archived for three years from the time they are collected. These
data sheets can be found in Appendix 2.
Data will be stored electronically every month. Hard copies of all data, as well as computer back-up,
17

are maintained at each group’s center of operations. The Program Coordinator will also keep a
maintenance log. This log details the dates of equipment inspection and calibrations, as well as the
dates reagents are replaced.

10. Sampling Process Design
10.1. Rationale for Selection of Sampling Sites
Sampling sites are indicated on the maps in Appendix 3. The following criteria were evaluated
when choosing sampling locations:
•
•
•
•
•
•

access is safe,
permission to cross private property is granted,
sample can be taken in main river current or where homogeneous mixing of water occurs,
sample is representative of the part of the water body of interest,
location complements or supplements historical data,
location represents an area that possesses unique value for fish and wildlife

If the monitoring program requires reference sites these locations will be selected upstream of any
potential impact, using a list of reference sites compiled by the California Department of Fish and
Wildlife. A site chosen to reflect the impact of a particular discharge, tributary or land use should
be located downstream of the impact where the impact is completely integrated with the water, but
upstream of any secondary discharge or disturbance.
Volunteers are instructed to work in teams of at least two people. If a scheduled team cannot
conduct the sampling together, the available team member will work with the Program
Coordinator to determine how to proceed.
Prior to final site selection, permission to access the stream is obtained from all property owners. If
access to the site is a problem, the Program Coordinator leader will select a new site.
The Program Coordinator will review sample sites. A short report will be made about each site
annually. The report will describe conditions and include photographs. Methods for photographic
monitoring can be found in the SWAMP Bioassessment Procedures (Ode, 2007).
10.2. Sample Design Logistics
Volunteers are instructed to work in teams of at least two people. If a scheduled team cannot
conduct the sampling together, the one of the volunteers will contact the Program Coordinator so
that arrangements can be made for a substitute trained volunteer.
Prior to final site selection, permission to access the stream is obtained from all property owners. If
access to the site is a problem, the Program Coordinator will select a new site following the site
selection criteria identified in Section 10.1.
Safety measures will be discussed with all volunteers at trainings and quality control sessions. No
18

instream sampling will be conducted if there are small creek flood warnings or advisories. It is the
responsibility of the Program Coordinator to ensure the safety of their volunteer monitors.

11. Monitoring Requirements
11.1. Monitoring Methods
Water chemistry samples will be taken with PASCO Advanced Water Quality and Turbidity
Sensors. Streamflow measurements will be taken using the PASCO Flow Rate/Temperature
Sensor.
The collector will try not to disturb the sample location prior to sampling. Samples should be
collected in mid-stream, at least one inch below the surface, in the same location during repeat
site visits. Samplers will wear sample gloves when collecting metals and bacteria samples. If it
is necessary to wade into the water, the sample collector should stand downstream of the
sample, taking a sample upstream. If the collector disturbs sediment when wading, the
collector will wait until the effect of disturbance is no longer present before taking the sample.
All metals samples will be collected following the Clean Hands-Dirty Hands techniques
described in EPA method 1669.
The following table describes the sampling procedures for the SARSAS citizen science
program.
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Table 11-1: Sampling Procedures
Parameter

Sample
Matrix

Sampling
Frequency

Dissolved
Oxygen

water

Monthly*

pH

water

Monthly*

Conductivity

water

Monthly*

Turbidity

water

Monthly*

Temperature

water

Monthly*

Total Suspended
Solids
Nitrate

water

Sampling Method

Sample
Container

Sample
Volume

Holding
Time

Field Meter: PASCO PS2230, Optical Probe 00314185
Field Meter: PASCO PS2230, PS-2573 pH
electrode
Field Meter: PASCO PS2230, PS-2571
Conductivity electrode

N/A

N/A

In field

N/A

N/A

In field

N/A

N/A

In field

6 ml vial

6 ml

In field

N/A

N/A

In field

Irregularly

Field Meter: PASCO PS2122 Turbidity meter
Field Meter: PASCO PS2230, PS-2153
Temperature probe
Grab Sample

1000 ml

7 days

water

Quarterly*

Grab Sample

3 x 100 ml

8 hours

Orthophosphate

water

Quarterly*

Grab Sample

3 x 100 ml

8 hours

E. coli

water

Irregularly

Grab Sample

1mL

8 hours

Flow

water

Monthly*

N/A

In field

Macro
invertebrates
Algae biomass

water

Annually (June)
Annually (June)

500 ml plastic
bottle
1000 ml plastic
bottle

Variable, less
than 1000 ml
Less than 500
ml

N/A

water

PASPort Flow Rate
Sensor, PS-2130
SWAMP Bioassessment
SOP, D-net
SWAMP Bioassessment
SOP

1000 ml plastic
bottle
100 ml plastic
bottle
100 ml plastic
bottle
250mL sterile
plastic cup
N/A

14 days

11.2. Site Locations
Table 11.2 provides a summary of proposed monitoring sites for the SARSAS Auburn Ravine
Citizen Science Project. Sites highlighted in yellow are active sites to be monitored in 2016.
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12. Sample Handling and Custody Procedures
12.1. Sample Handling
Identification information for each sample will be recorded on the field data sheets (see
Appendix 2) when the sample is collected. Samples are normally processed in the field. Split
samples and samples that are not processed immediately will be labeled with the waterbody
name, sample location, sample number, data and time of collection, sampler’s name, and
method used to preserve sample (if any).
12.2. Custody Procedures
The conventional water quality monitoring tests do not require specific custody procedures
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since they will, in most cases, be conducted immediately by the same person who performs the
sampling.
When samples are transferred from one volunteer to another member of the monitoring
group for analysis, or from the citizen monitoring program to an outside professional
laboratory, then a Chain of Custody form will be used. This form identifies the waterbody
name, sample location, sample number, data and time of collection, sampler’s name, and
method used to preserve sample (if any). It also indicates the date and time of transfer, and
the name and signature of the sampler and the sample recipient. It is recommended that the
Chain of Custody form used be the one provided by the outside professional laboratory. When
a professional lab performs quality control checks, their samples will be processed under
their chain of custody procedures with their labels and documentation procedures.
For benthic macroinvertebrate samples and algae samples, a standard Chain of Custody
form will be used (Appendix 2).
12.3. Disposal
All analyzed samples including used reagents, buffers or standards will be collected in a plastic bottle
clearly marked “Waste” or “Poison”. This waste material will be disposed of according to
appropriate state and local regulations. This will usually mean disposal into a drain connected to a
sewage treatment plant.

13. Analytical Methods Requirements
Water chemistry is monitored using protocols outlined in the SWRCB compendium. The
methods were chosen based on the following criteria:
•
•
•
•

capability of volunteers to use methods,
provide data of known quality,
ease of use,
methods can be compared to professional methods in Standard Methods.

If modifications of methods are needed, the Technical Advisory Committee will evaluate
them.
Table 13-1 Analytical Methods
Parameter
Temperature
Dissolved Oxygen
pH
Conductivity

Method
Thermometric, EPA 170.1
Membrane Electrode,
EPA 360.1
Electrometric, EPA 150.2
Electrolytic conductivity
meter, EPA 120.1
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Turbidity
Nitrate

Nephelometric, EPA 180.1
EPA 353.2

Orthophosphate

EPA 365.3

Total Suspended
Solids
Metals except
mercury and
methylmercury
Mercury

Filter, Dehydrate, Weigh
EPA 160.2
EPA certified lab
methods*

Methylmercury
Total petroleum
hydrocarbons
Pesticides
Total Coliform and
E. Coli Bacteria
Benthic
Macroinvertebrates
and Algae
Streamflow

EPA certified lab
methods*
EPA certified lab
methods*
EPA certified lab
methods*
EPA certified lab
methods*
Colilert 24 hour
Standard Methods, 9223 B
SWAMP Bioassessment
SOP
USGS Methods
(Rantz et al., 1982)

* An EPA certified lab will be used for these parameters following standard analytical methods.

14. Quality Control Requirements
Quality control samples will be taken to ensure valid data are collected. Depending on the
parameter, quality control samples will consist of field blanks, replicate samples, or split
samples. In addition, quality control sessions (inter-calibration exercises) will be held twice a
year when feasible, in March/April and September/October, to verify the proper working order
of equipment, refresh volunteers in monitoring techniques and determine whether the data
quality objectives are being met.
14.1. Field/Lab Blanks, Duplicate Field Samples, and Split Samples
Table 14.1 describes the quality control regimen.
Field/Laboratory Blanks: For turbidity, blanks will be taken once quarterly. When colorimeters
or spectrophotometers are used for nutrient analysis, a laboratory reagent blank will be
analyzed and recorded for each day of analysis.
Instructions for Field and Lab Blanks: Distilled water is taken into the field or used in the
laboratory and handled just like a sample. It will be poured into the sample container and
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then analyzed. Field blanks are recorded on the normal sampling datasheet. For nutrients
measured with colorimeters, the reagent blanks should be less than 0.05 ppm and the
specific value should be recorded and subtracted from the field sample result.
Duplicate Field Samples: For chemical and physical analysis duplicate field samples will be
taken once annually, or every 5% of samples taken. Duplicate samples will be collected as
soon as possible after the initial sample has been collected, and will be subjected to identical
handling and analysis.
No duplicate field samples will be collected for benthic macroinvertebrate or algae sampling.
Benthic Identification Verification. A minimum 20% of the benthic macroinvertebrate samples
will be subjected to validation by an outside professional taxonomist. Following analysis by
the citizen group the selected samples will be reconstituted and sent out for professional level
3 taxonomic analyses. Reconstituted means opening the vials containing the identified
specimens, pouring the specimens back into the original sample jar, and gently stirring the
contents. In addition, once a year, citizen macroinvertebrate analysts will participate in an
intercalibration exercise in which their subsampling/sorting and taxonomic skills will be
evaluated. A minimum of two teams of analysts will each inspect each other’s processed grids
immediately following completion of the subsampling procedure. There should be no more
than 10% missed organisms. A technical advisor should evaluate each of the citizen analysts
by testing their identification to order and family level on at least 20 specimens, including at
least one representative from each of the major orders and families. Accuracy and precision
can be determined by the results of these validation and evaluation measures.
Table 14-1 Quality Control Requirements
Parameter

Blank

Duplicate Sample

Split Sample
to lab

QC
session

Water quality
Temperature

None

5% or a minimum of once a year

none

Dissolved Oxygen

None

5% or a minimum of once a year

none

pH

None

5% or a minimum of once a year

none

Conductivity

None

5% or a minimum of once a year

none

5%

5% or a minimum of once a year

none

twice a
year
twice a
year
twice a
year
twice a
year
twice a
year

Turbidity

Nutrients (colorimeters or spectrophotometers) and chemical analyses
Nitrate
Daily
5% or a minimum of once a year
twice a year
Phosphate

Daily

5% or a minimum of once a year

twice a year

twice a
year
twice a
year

Biological Parameters
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Benthic
Invertebrates and
Algae
Total Coliform and
E. coli

None

None, instead conduct verification
of identification by outside
professional service
5% or a minimum of once a year

20% per year

once a
year

twice a year

twice a
year

15. Instrument/Equipment Testing, Inspection, Storage, and
Maintenance Requirements
The Program Coordinator will keep a maintenance and calibration log. This log records reagent use,
and any problems noted with equipment. Calibration information is recorded on the datasheets.
15.1. Temperature
Temperature will be measured in the field using the PASCO Advanced Water Quality Sensor, which
includes a temperature probe. The temperature probe should be calibrated semi-annually using a
calibrated or NIST certified thermometer. The temperature probe should be stored in the contained
provided with the PASCO Advanced Water Quality Sensor.
15.2. pH, Dissolved Oxygen, and Conductivity
Before each use, pH, dissolved oxygen, and conductivity meters should be checked to see if they are
clean and in good working order. pH buffers and conductivity standards should be replaced at least
annually or prior to expiration date, whichever is sooner. Conductivity standards should be stored
with the cap firmly in place and in a dry place kept away from extreme heat.
pH: pH will be measured in the field using the PASCO Advanced Water Quality Sensor, which
includes a pH electrode. The pH electrode should be stored in the electrode storage container and
solution provided by PASCO with the pH probe. The pH probe should be stored:
- Short Term (1 week): pH 4 buffer solution or tap water
- Long Term (over 1 week): 4 molar KCl solution (provided with electrode)
The pH sensor life is typically 1-5 years. The following recommendations are made for cleaning the
pH electrode, if it becomes contaminated. After any of these procedures, soak the electrode in a pH 7
buffer solution for 30 minutes:
- General Contamination: For most applications, hot water with domestic cleaning detergent
can be used for general contamination
- Protein Deposits: Soak the electrode in a solution of 1% pepsin in 0.1 molar HCl.
- Inorganic Deposits: Rinse the electrode with 0.1 molar ethylene diamine tetra-acetic acid
(EDTA) tetrasodium solution.
- Oil and Grease Film: Wash the electrode carefully in a mild detergent or a solvent known to
be effective for the particular film, such as limonene or acetone.
- Unknown Contamination: Soak the electrode alternately in 12 molar sodium hydroxide
(NaOH) and 1 molar HCl. Leave it in each solution for one minute. Rinse completely
between soakings. End with HCl. (The NaOH etches the glass and the HCl reestablishes
hydrogen ions on the surface.)
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Dissolved Oxygen: Dissolved Oxygen will be measured using the PASCO Advanced Water Quality
Sensor, which contains an Optical Dissolved Oxygen probe. The Optical Dissolved Oxygen probe
has a sensing layer that can degrade over time, and must be replaced periodically, and also if it is
cracked, scratched, or damaged. Proper cleaning and storage between uses can extend the working
life of the probe. To clean the Sensor Cap, rinse with clean water and dry with a lint free cloth. Do
not use alcohols or organic solvents as they may degrade the sensing layer. When changing the
Sensor Cap, rinse clear the front surface of the nose-piece of the probe using clean water, and dry the
surface with a lint free cloth or lens tissue. Follow proper calibration procedures following
replacement of the Sensor Cap. The Dissolved Oxygen probe should not be allowed to dry out under
any circumstances. For storing the probe, the Sensor Cap should be kept installed on the probe. The
sponge located within the Probe Cover should be moistened, and secured over the probe so the
Sensor Cap is next to the moist sponge. The probe should not be stored directly in water.
Conductivity: Conductivity will be measured using the PASCO Advanced Water Quality Sensor,
which contains a conductivity electrode. The conductivity electrode should be rinsed with deionized
water prior to each use. If the probe needs to be cleaned, use a detergent solution or dilute nitric acid
(1%) and stir the electrode end in the solution for three minutes, and then rinse with deionized water.
To store the electrode, dry the electrode and store it in the box provided by PASCO. Prior to use,
soak the electrode in distilled water for at least 5 minutes.
15.3. Turbidity
Turbidity will be measured in the field using a PASCO PS-2122 Turbidity Sensor, which measures
turbidity in nephelometric turbidity units (NTU) by measuring the amount of light scattered by the
sample at 90° (Appendix 4). Before each use, turbidity tubes should be checked to ensure that they
are clean and unscratched. The turbidity standard (100 NTU, PASCO PS-2511) should be checked
before calibration, and will be replaced prior to expiration date.

16. Instrument Calibration and Frequency
Instruments will be calibrated accordingly to the following schedule based on recommendations from
the equipment manuals (Appendix 4). PASCO notes that sensor calibration is an optional step that
can help to make measurements more accurate. Standards will be purchased from a chemical supply
company or prepared by a laboratory certified by U.S. EPA for chemical analysis of water or
wastewater. Calibration records will be kept at a location where they can be easily accessed before
and after equipment use. Records for the calibration of instruments used by contract laboratories are
referenced in their laboratory quality manual, which can be viewed upon request.
Table 16-1: Instrument Calibration and Frequency for Conventional Water Quality Parameters
Equipment Type
Calibration Frequency
Standard or Calibration
Instrument Used
Temperature
Every 6 months
NIST calibrated or certified
thermometer
Dissolved Oxygen
Every sampling day
At a minimum, water saturated air,
according to manufacturer’s
instructions.
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pH
Conductivity
Turbidity
(nephelometer)

Quarterly (monthly
sampling) or Monthly
(weekly sampling)
Quarterly (monthly
sampling) or Monthly
(weekly sampling)
Every sampling day

pH 4.0, 7.0, 10.0 buffer
conductivity standard
0 NTU distilled water and 100 NTU
standard

Temperature: PASCO recommends a 2-point calibration for the temperature sensor, using two
standards of known temperature. PASCO notes that the temperature measurement can be calibrated,
but for most applications calibration is not necessary. Based on feedback from PASCO, the
temperature probe should be calibrated semi-annually if proper maintenance and storage of the
equipment is followed (see Section 15.1). Details about calibrating the temperature sensor can be
found in the sampling manuals (Appendix 4).
Dissolved Oxygen: The Dissolved Oxygen probe is calibrated by PASCO at the factory, and does not
need to be re-calibrated under most circumstances. Upon replacing the Sensor Cap, the Sensor Cap
Calibration Code Coefficients must be updated and entered into the sensor using the PASCO data
acquisition software, and the sensor will then need to be re-calibrated. PASCO recommends either a
1-point calibration with a known standard of 100% dissolved oxygen saturation, or a 2-point
calibration with two standards of 100% and 0% dissolved oxygen saturation. Details about
calibrating the dissolved oxygen sensor can be found in the sampling manuals (Appendix 4).
pH: PASCO recommends a 2-point calibration for the pH sensor, with two buffer solutions of known
pH. PASCO recommends using buffer solutions of pH 4.0, 7.0, and 10.0. Buffer solutions can be
obtained through PASCO or a local chemical supply company. PASCO notes that the pH
measurement can be calibrated, but for most applications calibration is not necessary. Based on
feedback from PASCO, the pH sensor should be calibrated quarterly, if proper maintenance and
storage of the equipment is followed (see Section 15.2). Details about calibrating the pH sensor can
be found in the sampling manuals (Appendix 4).
Conductivity: PASCO recommends 1-point calibration with a standard solution of known
conductivity, for the conductivity electrode. PASCO notes that the conductivity measurement can be
calibrated, but for most applications is not necessary. Based on feedback from PASCO, the
conductivity electrode should be calibrated quarterly, if proper maintenance and storage of the
equipment is followed (see Section 15.2). Details about calibrating the conductivity electrode can be
found in the sampling manuals (Appendix 4).
Turbidity: PASCO recommends calibrating the turbidity sensor before the first time the sensor is
used, as well as when solutions of varying temperatures are being measured, and when different
cuvettes are used. The turbidity sensor is calibrated following a 2-point calibration method. The
PASCO Interface stores all calibration information. Based on feedback from PASCO, in order to
obtain the highest quality data the turbidity sensor should be calibrated before each use in the field,
following the procedures in the equipment manual (Appendix 4). Turbidity calibration is rapid,
taking less than 15 seconds, and follows a clear 10-step process that is outlined in the equipment
manual (Appendix 4). If the 100 NTU turbidity standard has not been used for more than a month,
the cuvette will be shaken vigorously for 1 minute to stir up particles, allowed to sit for five minutes
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to eliminate air bubbles, then inverted five times, and cleaned for analysis. Details about calibrating
the conductivity electrode can be found in the sampling manuals (Appendix 4).
Table 16-2: Standardization Frequency for Nutrients
Equipment type
Nitrate
Ortho-Phosphate

Standardization frequency (test
standard)
Every day of analysis
Every day of analysis

Standard or Calibration
Instrument Used
nitrate standard
phosphorous standard

17. Inspection/Acceptance Requirements
Prior to each use and upon returning from the field, sampling equipment will be inspected for
broken or missing parts, and will be tested and calibrated to ensure proper operation.
Calibration solutions should be replaced before they exceed the manufacturer’s recommended
shelf life. These shelf lives are typically one to two years. Calibration solution replacement
dates should be noted in the maintenance and calibration log.

18. Data Acquisition Requirements
18.1. Analytical Data
Only certified analytical laboratories or academic laboratories will be used for quality assurance
checks. The Technical Advisory Committee (TAC) or technical advisors will review these
laboratories’ data as well as data collected by volunteers’, and will review the lab’s own quality
control data to ensure data validity.

19. Data Management
Field data sheets will be checked and signed by the Program Coordinator after sample collection.
The Program Coordinator will flag as unusable any results where holding times have been exceeded,
sample identification information is incorrect, samples were inappropriately handled, or calibration
information is missing or inadequate.
Independent laboratories will report their results to the Program Coordinator. The Coordinator will
verify sample identification information, review the Chain-of-Custody forms, and identify the data
appropriately in the database. The TAC will also review this data to assess any relevant
environmental implications of the data.
The Program Coordinator, Advisor, or volunteers will review the field sheets and enter the data
deemed acceptable by Program Coordinator and the technical advisors. Data will be entered into an
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MS Excel or Access format spreadsheet or a database using a format that is compatible with the State
Water Resources Control Board or Regional Water Quality Control Board’s database guidelines.
The data coordinator will review electronic data, compare to the original data sheets and correct entry
errors. After performing data checks, and ensuring that data quality objectives have been met, data
analysis will be performed.
Raw data, once approved by the TAC, will be provided to the SWRCB and RWQCB in electronic
form at least once every year, so that it may ultimately be included in the 305(b) report. Appropriate
quality assurance information can be provided upon request.

20. Assessment and Response Actions
Review of all field and data activities is the responsibility of the Program Coordinator and Advisor,
with the assistance of the technical advisory committee. The Program Coordinator or Advisor will
accompany volunteers on at least one of their first 5 sampling trips. When feasible, volunteers in
need of performance improvement will be retrained on-site. All volunteers must attend an annual
refresher course offered by SARSAS. If errors in sampling technique are consistently identified,
retraining may be scheduled quarterly or semi-annually.

21. Reports
The technical advisors will review raw data to be included in reports to ensure accuracy, precision,
and proper data analysis. After approval by the TAC raw data reports will be made available to data
users per their request. The individual citizen monitoring organizations will report their data to their
constituents after quality assurance has been reviewed and approved by their technical advisors.
Every effort will be made to submit approved data and/or reports to the State and/or Regional Board
staff in a fashion timely for their data uses (e.g. 305(b) report or special watershed reports) on an
annual basis minimum.

22. Data Review, Validation and Verification
Data sheets or data files are reviewed every six months by the technical advisors to determine if the
data meets the Quality Assurance Project Plan objectives. They will identify outliers, spurious results
or omissions to the citizen monitoring leader. They will also evaluate compliance with the data
quality objectives. They will suggest corrective action that will be implemented by the citizen
monitoring leader. Problems with data quality and corrective action will be reported in final reports.
A quorum should be established (1/2 + 1) and used for technical advisory committee decisions. If a
quorum does not show up at the meeting, work can still proceed. The work product (e.g., review and
comments on monitoring results) must then be sent out to the whole committee for approval with a
30-day review period. This approach will prevent delays and make for efficient and timely feedback
to the monitors.
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23. Validation and Verification Methods
As part of standard field protocols, any sample readings out of the expected range will be reported to
the citizen monitoring leader. A second sample will be taken as soon as possible to verify the
condition. It is the responsibility of the citizen monitoring leader to re-train volunteers until
performance is acceptable.

24. Reconciliation with DQOs
The Technical Advisory Committee will review data every six months to determine if the data
quality objectives (DQOs) have been met. They will suggest corrective action. If data do not meet the
project’s specifications, the following actions will be taken. First, the technical advisors will review
the errors and determine if the problem is equipment failure, calibration/maintenance techniques, or
monitoring/sampling techniques. If the problem cannot be corrected by training, revision of
techniques, or replacement of supplies/equipment, then the technical advisors and the TAC will
review the DQOs and determine if the DQOs are feasible. If the specific DQOs are not achievable,
they will determine whether the specific DQO can be relaxed, or if the parameter should be
eliminated from the monitoring program. Any revisions to DQOs will be appended to this QA plan
with the revision date and the reason for modification. The appended QA plan will be sent to the
quality assurance panel that approved this plan. When the appended QA plan is approved, the citizen
monitoring leader will work with the data coordinator to ensure that all data meeting the new DQOs
are entered into the database. Archived data can also be entered.
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Appendix 1 Data Quality Forms
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Appendix 2 Data and Observation Sheets
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Benthic Macroinvertebrate and Algae Field Sheet
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Appendix 3 Maps

Map of the Auburn Ravine watershed showing the location of dams and diversions on the Ravine. Some of the proposed
SARSAS sample sites are shown on this map, including Coppin and Hemphill Dam.
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Map of the Auburn Ravine watershed showing the location of major features on the ravine. SARSAS sampling sites are
shown including Coppin Dam, Nelson Lane, NID Gauging Station, and Hemphill Dam.
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Map of Auburn Ravine showing the location of active and inactive SARSAS monitoring sites.
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Appendix 4: Sampling Manuals
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