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Section 1
INTRODUCTION
1.1

Purpose of Document

This document presents the quality assurance (QA) management plan for the Kansas subwatershed water quality monitoring program. Quality assurance goals, expectations,
organizational responsibilities, and program evaluation and reporting requirements are
specifically addressed. Standard operating procedures (SOPs), describing sample collection,
preservation, transport and analysis methods, equipment maintenance and calibration protocols,
and other routine program activities, are provided in the appendices of the plan.
1.2

Program Background

Water quality monitoring and assessment operations in Kansas are administered primarily by the
Kansas Department of Health and Environment (KDHE). The department maintains several
ongoing programs that collectively fulfill the environmental surveillance/reporting requirements
of the Clean Water Act and provide the technical data needed to identify and respond to existing
and emerging water pollution problems. Most stream monitoring programs implemented by
KDHE have focused historically on the outlets of major watersheds. Recently, however, KDHE
planning personnel have requested higher resolution (i.e., sub-watershed) monitoring data for a
subset of the state’s water quality-limited streams. This request also has been presented as a
written recommendation in two consecutive long-term planning documents developed by the
department (KDHE 2005a, 2010).
In August 2010, the KDHE Bureau of Environmental Field Services (BEFS) formally agreed to
perform sub-watershed monitoring operations at the request of, and with budgetary support from,
the KDHE Bureau of Water (BOW). The following activities were scheduled for the initial
implementation period, July 1, 2010 through June 30, 2011:
(1)

Secure staff and resources needed to conduct a sub-watershed monitoring
program.

(2)

Develop a written quality assurance management plan for this program.

(3)

Implement the following field and analytical activities:
(a)

Monitor 15 sub-watersheds located within active Watershed Restoration and
Protection Strategy (WRAPS) project areas.

(b)

Monitor one additional watershed as part of a paired watershed study.
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(c)

Prior to beginning the activities described in paragraphs (a) and (b), above,
identify appropriate monitoring locations within sub-watersheds and secure access
to these locations.

(d)

Collect water chemistry samples and measure stream discharge at each
monitoring location on four occasions during March 2010 through October 2011;
also, at all monitoring locations, attempt to collect an additional water chemistry
sample and measure stream discharge during a major runoff event.

(e)

Analyze all water chemistry samples for total suspended solids (TSS), nutrients
(i.e., total nitrogen and total phosphorus), pH, dissolved oxygen, and ambient
temperature; also, analyze samples for atrazine and Escherichia coli in situations
where these parameters are included in current total maximum daily load (TMDL)
implementation efforts.

(f)

For sites included in the paired watershed study, also obtain and analyze
biological (benthic macroinvertebrate) samples and conduct instream habitat
assessments.

(g)

Prepare an annual summary report addressing sub-watershed monitoring activities
and technical findings.

Supervisory staff in BOW and BEFS agreed that monitoring efforts within the targeted subwatersheds should be sustained for a period of at least five years. This was viewed as the
minimal amount of time needed to establishment an accurate water quality baseline. As
envisioned by the two bureaus, baseline data obtained from these sub-watersheds would be
compared to future monitoring results to document changes in water quality coinciding with
TMDL implementation.
In July 2012, reorganization of the Division of Environment transferred the sub-watershed
monitoring operations at KDHE to the newly formed Watershed Planning, Monitoring and
Assessment section (WPMAS) within BOW.
1.3

Program Objective

The KDHE sub-watershed water quality monitoring program endeavors to provide scientifically
defensible information on the physical, chemical, and biological condition of selected streams
targeted for TMDL implementation and long-term TMDL performance evaluation.
.
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Section 2
QUALITY ASSURANCE GOALS AND EXPECTATIONS
The foremost goal of this QA management plan is to ensure that the Kansas sub-watershed water
quality monitoring program produces data of known and acceptable quality. “Known quality”
means that data precision, accuracy, completeness, comparability, and representativeness are
documented to the fullest practicable extent. “Acceptable” means that the data support, in a
scientifically defensible manner, the informational needs and regulatory functions of the KDHE
Division of Environment. The program’s success in meeting this general goal is judged on the
basis of the following data performance criteria and requirements:
(1)

Where practicable, the reliability of program data shall be documented in a
quantitative fashion:
a.

For routine water chemistry parameters, data precision shall be evaluated
through the use of duplicate samples and data accuracy shall be evaluated
through the use of field blanks and field spiked samples. The average
relative percent difference (RPD) among duplicate samples shall, for all
parameters, be less than 20 percent; spike recoveries shall average between
80 and 120 percent of the actual spike concentrations; background
contaminant levels (determined through the analysis of field blanks) shall
constitute, on average, less than 10 percent of the reported sample
concentrations.

b.

For routine biological metrics (e.g., species richness, MBI, EPT index and
variants), the precision of the data shall be evaluated via replicate sampling
activities conducted by field staff. RPD shall be applied as the principal
measure of replicate comparability. All metrics are expected to exhibit an
average RPD of less than 15 percent. Accuracy, as the term is applied to
biological sampling in this QA management plan, refers to the correct
identification of biological specimens to the lowest practicable taxonomic
level. Accuracy is evaluated through the use of reference specimens and
through internal and external audits of taxonomic performance (see sections
4.4.1 and 4.5). As a general goal, less than 1.0 percent of the specimens
collected in the course of sampling activities shall be misidentified by
program personnel.

c.

For routine hydrological measurements, data precision will be determined
by performing water depth and current velocity measurements across
multiple (generally 2-4) channel sampling passes and by calculating the
average and standard deviation of the discharge measurements. Accuracy
will be evaluated through participation in stream discharge comparison
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exercises with the U.S. Geological Survey, the Oklahoma Water Resources
Board, or other qualified water resource agencies. In general, discharge
values reported by KDHE should fall within 5.0 percent of the values
measured concurrently by these outside agencies.
(2)

Loss of chemical, hydrological, biological, habitat, or other data due to sample
collection, transport or analytical problems, or to the subsequent mishandling of
data, shall be limited to less than 5.0 percent of the data originally scheduled for
generation. Where problems occur and a substantial quantity of data is lost, an
effort shall be made to re-measure or resample the stream(s) in question to
maximize data completeness.

(3)

Changes in the methods used to obtain and analyze environmental data shall be
documented carefully through formal revisions to the standard operating
procedures (SOPs) appended to this QA management plan. This requirement is
intended to help maintain a reasonably consistent database over time, enhance
knowledge of the effects of any procedural changes on reported environmental
conditions, and facilitate the identification and evaluation of long-term trends in
surface water quality.

(4)

Data generated through this program shall be compared and contrasted with other
available monitoring data to assess the representativeness of program findings
relative to other reported results. Staff shall attempt to ascertain the probable
causes of any noted discrepancies between the various existing databases and
describe, in end-of-year program reports, the magnitude and practical significance
of these discrepancies.
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Section 3
QUALITY ASSURANCE ORGANIZATION
3.1

Administrative Organization

The sub-watershed water quality monitoring program is one of several statewide environmental
monitoring programs administered by the Watershed Planning, Monitoring and Assessment
Section, BOW, Division of Environment, KDHE (see QMP, Part II, BOW QA Management
Plan). Program offices are located in the Curtis State Office Building, 1000 SW Jackson Street,
Suite 420, Topeka, Kansas.
3.2

Staff Responsibilities

Sub-watershed monitoring operations are carried out largely by staff of other established
monitoring programs in the BOW Watershed Planning, Monitoring and Assessment Section.
Specifically, duties associated with the collection of stream chemistry samples are performed
primarily by employees from the stream chemistry monitoring program and secondarily by
employees from the compliance monitoring program. Biological monitoring is implemented by
employees from the stream biological monitoring program, whereas stream flow measurements
are performed primarily by employees from the stream probabilistic monitoring program.
Currently, the watershed monitoring and analysis unit leader serves as the program manager and
is accountable for most program planning, data interpretation, and report writing activities. This
individual also monitors program QC, ascertains any equipment needs or staff training needs,
and participates in the annual review and revision of the program QA management plan (see
section 5). Occasionally, personnel from other BOW programs may assist with sub-watershed
monitoring/assessment activities, especially in the event of staff absences or when additional
people are needed to conduct work in a timely, safe, and efficient fashion.
3.3

Staff Qualifications and Training

Minimum technical qualifications for program staff vary by position. However, all staff must
hold at least a four-year college degree in environmental chemistry, environmental microbiology,
aquatic biology, hydrology, or a related scientific field and be experienced in the performance of
water quality studies and associated data analysis and statistical procedures. The program
manager also must understand the basic principles of supervision, program administration, and
quality control, and possess advanced computer skills and written and oral communication skills.
Additionally, pursuant to Part I of the divisional quality management plan (QMP), the program
manager must complete formal supervisory training offered by the Kansas Department of
Administration and quality assurance training offered by EPA.
Individuals routinely participating in this program must possess a valid Kansas driver’s license
and current certifications in first aid, cardiopulmonary resuscitation (CPR), and the use of
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automated external defibrillators (AEDs). They must review the program’s QA management
plan and SOPs prior to assuming field/laboratory duties and repeat this review at least annually
(QMP, Part I). All participating staff must receive in-house training in applicable work
procedures and related safety requirements. As funding and other agency resources allow, staff
are encouraged to participate in technical workshops and seminars dealing with environmental
monitoring operations and related field, analytical, data management, and statistical analysis
procedures.
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Section 4
QUALITY ASSURANCE PROCEDURES
4.1

Monitoring Site Selection

Sub-watersheds are selected for monitoring based primarily on the TMDL development needs of
the BOW Watershed Planning, Monitoring and Assessment Section (WPMAS). The chief of
this section meets with counterparts in the BOW Watershed Management Section and the BOW
WPMAS at least once annually to discuss sub-watershed sampling priorities. Sites initially
targeted for monitoring are subjected to field reconnaissance and may be changed if needed to
accommodate logistical (e.g., access) or safety considerations. The location of each final site
selection is carefully documented: longitude and latitude are precisely determined though the use
of global positioning system (GPS) techniques (SOP No. SCMP-001, SBMP-006, SPMP-008);
photographs are taken of the monitoring location and periodically updated to track changes in the
physical appearance of the site; and a narrative description of the monitoring location is prepared
and maintained on a computer database to facilitate site identification and confirmation by
program personnel.
4.2

Field Protocols

4.2.1

Stream Chemistry Sampling

Staff of the sub-watershed monitoring program work closely with analysts at the Kansas Health
and Environmental Laboratories (KHEL) to schedule sampling runs well ahead of time and
ensure that the laboratory is prepared to receive incoming samples. Typically, KHEL is
informed of analytical needs at least two months in advance of a sampling run. Prior to each
scheduled sampling run, an electronic run sheet is populated with the appropriate site descriptors,
indexing numbers, and names of the participating field staff. This template is resaved as a
network run file, uploaded onto a Palm data collection application, correctly structured using a
Microsoft Excel analyzer add-in tool, and accessed in the field on a handheld computer (SOP
No. SCMP-006, -011, -012, -013, -014, -015, -016).
A full-sized van with special safety accommodations is utilized for most water chemistry
sampling activities (Appendix A). Upon arrival at a monitoring station, flashing (warning) lights
are engaged and the van is parked on the shoulder or far side of the road (rural areas) or in a
nearby parking lot (urban areas). Program field personnel activate the handheld computer and
access the site information fields, which are used to document: station number, station location,
lab accession number, bottles to be scanned, sampling date, water temperature, water pH, water
conductance, stream flow condition, and sample collector names. Field personnel then initiate
the barcode scanning process by directing the scanner beam onto the designated bottle barcodes
for the station’s entire suite of sample bottles. Each barcode label has a two-letter code at the
end of the four digit number to insure the correct scanning of bottles (e.g., cubitainer “CM,” total
organic carbon “TC,” trace metal “HM,” dissolved oxygen “DO,” nutrient “NT,” bacteria “BC,”
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pesticide “OC”). After scanning the last bottle of the set for the station, field personnel enter the
current date and time using an automated entry procedure (SOP No. SCMP-014).
Upon completion of the above procedures, field personnel approach the bridge on foot wearing
fluorescent orange safety vests or jackets. Water samples are collected from the comparative
safety of the bridge deck with the aid of a rope and a specially fabricated and weighted stainlesssteel bucket or, in the case of pesticide samples, a stainless-steel pail. Samples are collected
from the downstream side of the bridge and from the apparent thalweg (the deepest appearing
portion of the channel) to minimize entanglement with debris and resuspension of sediment. All
samples are transferred to the field vehicle, where preliminary (temperature, pH, and specific
conductance) measurements are performed and recorded on the handheld computer along with
any special comments. Samples are fractionated and preserved prior to delivery to KHEL, as
discussed later in this section.
Strict adherence to approved procedures may not always be possible due to safety considerations
and varying field conditions (e.g., ice formation, woody debris accumulations, bridge repair
work). If a suitable bridge is not available, or if ice formation, shallow water, or other conditions
preclude the collection of samples from a bridge, sampling personnel may attempt to access the
stream from shore within the road public right-of-way or from adjoining private land if this can
be done (a) with the landowner’s advance permission and (b) without undue risk of personal
injury or harm. Streams that are frozen over are sampled by staff only if the ice cover can be
safely broken using a concrete-weighted ice breaker provided for this purpose. Staff are not
permitted to walk on or to drive on frozen streams during sampling or reconnaissance operations.
When collecting samples from shallow streams, care is taken not to disturb the stream bottom
sediments and thereby increase levels of particulate material within the water sample. When
some disturbance of the bottom sediments is unavoidable, the sample is collected and the
questionable nature of the sample is recorded in the comments section of the electronic reporting
form accessed via the handheld computer.
Streams that are obviously pooled and completely lacking in flow generally are not sampled as
part of this program. However, if doubt exists as to the presence or absence of stream flow, a
sample is collected and the questionable nature of the sample is recorded in the comments
section of the reporting form. Any improvisations required during the collection of a particular
sample are documented on the handheld computer and on the backup field sheet under the
remarks column (SOP No. SCMP-014).
Finally, when collecting water quality samples in streams known to contain live zebra mussels
(Dreissena polymorpha), a dedicated rope for these sites is used and the weighted stainless-steel
sample bucket and stainless-steel pail are subsequently double rinsed with demineralized water
before moving to sites outside the known range of this invasive species (SOP No. SCMP-005).
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4.2.1.1

Sample Containers

Several types of water sample aliquots or “fractions” are obtained by program staff, and each is
transported and stored in its own specific kind of container with a barcode label incorporating the
appropriate two-letter container code. The stainless steel bucket used to collect the water sample
is gently swirled between each of the poured fractions.
The fraction reserved for
physicochemical (e.g., specific conductance) determinations is transferred to a new one-quart
plastic cubitainer; the fraction reserved for total organic carbon (TOC) analysis is transferred to a
125-ml amber glass bottle; the fraction reserved for trace metal analysis is transferred to a new,
certified, acid-washed 250-ml Nalgene bottle; the fraction reserved for dissolved oxygen (DO)
measurement is transferred to a 200-ml glass bottle; the fraction reserved for nutrient analysis is
transferred to a new, 250-ml amber Nalgene bottle; and the fraction reserved for bacterial
analysis is transferred to a new 100-ml sterile IDEXX polystyrene bottle. The remaining portion
of the sample provides water for pH and temperature measurements. Pesticide samples are
transferred from the stainless-steel pail to a one-gallon dark glass bottle with a Teflon-lined
plastic cap.
4.2.1.2

Sample Preservation

Methods employed in the preservation of stream water samples are described in detail in SOP
No. SCMP-005. In summary, all mineral, nutrient, TOC, pesticide, and bacteriological samples
are stored in the dark, on ice, pending transfer to KHEL. Trace metal sample bottles supplied by
KHEL are pre-acidified with nitric acid, whereas nutrient sample bottles are pre-acidified with
sulfuric acid and TOC bottles are pre-acidified with phosphoric acid. Dissolved oxygen samples
are analyzed by KHEL using the Winkler titration technique and, therefore, must be preserved in
the field using appropriate additions of manganous sulfate, alkaline potassium iodide azide, and
concentrated sulfuric acid (APHA 1998). Once the sulfuric acid is added, the DO samples are
stored in a deeply shaded area of the field vehicle pending transfer to KHEL (SOP No. SCMP005).
4.2.1.3

Preliminary (Field) Measurements

Temperature is measured to the nearest oC using a Fisher model #15-007B stainless-steel dial
scale thermometer, which is placed directly in a 50-ml beaker following transfer of the sample to
the field vehicle. pH measurements are performed on the same 50-ml sample fraction using a
Cole Parmer model #5996-70 portable pH meter or comparable instrument. For data validation
purposes, specific conductance is measured using a Fisher model 09-328 meter. All
measurements are recorded on the handheld computer and on the field recording sheet along with
other pertinent information (SOP No. SCMP-004).
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4.2.2

Stream Biological Sampling

In the collection of quantitative macroinvertebrate samples, a time-based "equal effort" method is
employed that is equivalent in most respects to EPA's Rapid Bioassessment Protocol III (see
Plafkin et al. 1989). During each sampling event, macroinvertebrate specimens are collected by
two individuals using D-frame nets and forceps. Sampling activities continue for thirty minutes
or a combined duration of one person-hour. An effort is made to sample all macrohabitats
(riffles, pools, runs) and microhabitats present at the monitoring location within the allotted time
period. Specific methods of collection include, but are not necessarily limited to:
(1)

Kicking riffles and leaf packets and allowing the current to carry dislodged
organisms into the D-frame nets;

(2)

Sweeping the D-frame nets through submersed or floating aquatic vegetation,
submersed terrestrial vegetation and tree roots, accumulations of woody debris,
and growths of filamentous algae;

(3)

Sieving fine sediments (silt and fine sand) through the D-frame nets; and

(4)

Using forceps to pick organisms directly from logs, large rocks, or other surfaces
not easily dislodged by kicking.

Field staff endeavor to collect a combined total of at least 200 organisms. The minimum
acceptable sample size is a total count of 100 organisms. Where multiple habitats are present, no
more than 50 organisms may be collected from a single microhabitat. Specimens of a given
taxon are collected in numbers roughly proportional to their relative abundance in the stream
community. Specimens are placed in 120-ml glass jars containing 70–80 percent ethyl alcohol.
The station number and date of collection are written with indelible marker on label tape affixed
to the outside of the jars. Upon completion of sampling, a field collection form is filled out by
one of the workers. Information recorded on the form includes station number and location, time
and date of sample collection, names of field workers, and flow conditions at the time of
sampling (SOP No. SBMP-003a). Staff also record observations of any living unionid mussels
encountered in the targeted stream reaches, whether or not these organisms are included in
quantitative samples. Representative collections of any encountered (freshly dead, weathered or
relict) shells likewise are retained to provide information on recent and/or historical mussel
communities (SOP No. SBMP-003b). Prior to leaving the monitoring location, stream
temperature is measured and an HDI form is completed (SOP No. SBMP-002, -005).
Taxonomic procedures used in this program are equivalent to those used in the stream biological
monitoring program (SOP No. SBMP-004). Macroinvertebrate samples are identified to the
lowest practicable taxon utilizing literature specific to the Kansas fauna or the most appropriate,
up-to-date taxonomic literature available. Voucher specimens of newly discovered or rarely
encountered taxa are added to the reference collection on an ongoing basis. Opinions of outside
taxonomic experts are solicited as needed. Samples are retained for a minimum of five years
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following specimen identification. Historical data may be adjusted to accommodate ongoing
changes in the scientific nomenclature, as reflected in the Kansas Biological System Database
(KBSD) reference file table (see sections 4.7.2 and 4.7.6).
4.2.3

Stream Hydrological Measurements

Water chemistry samples generally are obtained from bridges, and in many instances these
structures also provide the most convenient platforms for measuring stream height or “stage.”
Following water sample collection, a calibrated metal tape is used to determine the distance
between the surface of the water and a pre-determined (and clearly marked) point on the side of
the bridge. The stage data can be applied in the quantitative estimation of stream discharge
based on a site-specific mathematical relationship between stage and discharge. This
relationship is determined by measuring discharge and stage under a variety of flow conditions.
In the sub-watershed water quality monitoring program, stream gauging is attempted at each
monitoring location at least twice annually. If at least one of these occasions coincides with a
rapidly changing stream flow condition (i.e., with a major runoff event), stage/discharge
measurements may be performed several times during the course of a few hours to improve the
accuracy of the calculated stage-to-discharge relationship.
During wadeable stream conditions, discharge is measured using a SonTek FlowTracker acoustic
Doppler velocimeter, a Swoffer 2100 mechanical flow meter, or a Parshall flume. Under nonwadeable conditions, discharge is measured using a SonTek M9 RiverSurveyor acoustic Doppler
current profiler (Mueller and Wagner 2009; SonTek/YSI 2010). Standard operating procedures
for identifying appropriate stream gauging locations, performing gauging activities, and
measuring stream stage are presented in SOP No. SWMP-001, -002, -003, -004.
4.3

Sample Transport, Chain-of-Custody, and Holding Times

All water chemistry and microbiological samples must be handled and stored in a fashion that
minimizes contamination, leakage, and damage during transport. Samples collected during oneday sampling runs are delivered to KHEL that same day, prior to the close of business. Samples
gathered on two- or three-day sampling runs are delivered to the laboratory on the last day of the
sampling run prior to the close of business. In the event field personnel are unavoidably
detained, every effort is made to contact KHEL by telephone to arrange for the late afternoon or
evening transfer of samples. As a rule, no sample arrives at KHEL later than 72 hours after
collection. Only those samples collected during three-day runs and submitted for DO, turbidity,
E. coli bacteria, nitrate, nitrite, and/or ortho-phosphate analysis routinely exceed the maximum
holding times established by KHEL. Quality control studies conducted by BOW have shown no
short-term holding time effect for DO once the samples are acidified. However, reported
concentrations of some parameters such as E. coli, nitrate, nitrite, and ortho-phosphate may be
somewhat less than the actual ambient levels owing to bacteriological die-off, microbial
assimilation of phosphorus and nitrogen, or other processes occurring within the samples. The
magnitude of any change in concentration is ascertained through the use of field spikes (section
4.4.6) or through special QC (time-course) studies conducted by BOW and KHEL. A
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standardized electronic sample submission (chain-of-custody) form accompanies all samples
submitted to KHEL. The form identifies sampling location, date and time of sample collection,
comments (flow conditions) and other field observations, personnel involved in the collection of
the sample, and analytical parameters of interest. Personnel participating in the collection and
transfer of water chemistry samples sign and date two copies of the sample submission form.
Subsequently, KHEL personnel sign both copies, marking the date and time of custody transfer
on each copy and retaining one of the copies to acknowledge receipt of samples. The other copy
is retained by field staff delivering the samples (SOP No. SCMP-006).
Biological (macroinvertebrate) samples and associated paperwork are transferred to the BOW
central office in Topeka. In the unlikely event a sample is delivered by someone other than the
staff involved in sample collection, the courier’s signature and the date and time of sample
transfer are recorded on the field collection form. Samples and paperwork are retained in the
possession of, or delivered to, stream biological monitoring program personnel. These
employees store the biological samples in a secured location pending taxonomic determinations.
Similarly, all field collection forms and HDI forms are permanently filed by these individuals for
future reference.
4.4

Internal Procedures for Assessing Data Precision, Accuracy, Representativeness and
Comparability

4.4.1

In-house Audits

The section chief (or designee) is expected to audit field and laboratory personnel, systems, and
procedures on at least an annual basis. These actions may include system audits, consisting of
qualitative, onsite reviews of QA systems and physical facilities for monitoring, measurement,
and calibration, or performance audits, during which quantitative assessments are made of the
bias (accuracy) and variability (precision) of analytical measurements. During system audits,
program personnel responsible for sample collection and field operations are required to
demonstrate a proper understanding of the requirements imposed by the QA management plan
and accompanying SOPs. During performance audits, individuals involved with water sample
collection are required to conduct field measurements in the presence of the section chief and to
report measured values for temperature and pH that fall within 5.0 percent of the values
established by the section chief. Individuals participating in biological sampling activities are
required to conduct field measurements and taxonomic determinations in the presence of the
section chief (or designee), to report measured values for stream temperature that fall within 5.0
percent of those established by the section chief, and to report measured values for HDI and
selected community metrics that fall within 20 percent of those established by the section chief
(or designee). Employees conducting hydrological measurements likewise are expected to report
values falling within 5.0 percent of those established by the section chief (or designee). Should
the measurements or determinations made during these audits fall outside established control
limits, the section chief and participating staff initiate corrective actions as described in section
4.62, below.
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4.4.2

Instrument Calibration and Standardization

At yearly intervals, the performance of thermometers used in the field is checked against a
reference thermometer traceable to the National Institute of Standards and Technology (NIST).
Before leaving for the field, staff conducting water chemistry sampling also must calibrate the
pH and specific conductance meters and test the instruments for normal operation. The pH and
specific conductance meters are standardized in the field, immediately prior to use, using NISTtraceable pH buffer solutions and commercially certified conductance standards (SOP No.
SCMP-003, SCMP-004).
The instruments must meet all manufacturer performance
specifications. Should the meters be found to drift significantly, more frequent calibrations are
performed or corrective action procedures are invoked (section 4.6).
In general, the equipment employed in stream gauging operations is pre-calibrated or pre-set by
the manufacturer. However, monitoring personnel perform a computer-facilitated check of the
acoustical beam on the FlowTracker at least twice annually, a compass calibration is performed
on the RiverSurveyor the first time each non-wadeable site is gauged, and a “moving stream
bed” test is performed on the RiverSurveyor whenever a non-wadeable site displays evident bed
instability or extreme turbidity during gauging activities (SOP No. SWMP-002, -003, -004).
4.4.3

Field Blanks

The possibility of sample contamination during water chemistry sample preparation, handling,
storage, and analysis is assessed through the use of field blanks prepared with glass distilled
water (inorganic analyses) or demineralized water (organic analyses) and subjected to the same
treatment as surface water samples. (Contamination is an especially important consideration
when sampling for trace metals and metalloids, as ambient concentrations of these parameters
are often less than 1.0 μg/L, and sample concentrations may be greatly augmented through
exposure to airborne particulate matter, etc.). On each sampling run (or, minimally, on one run
during any given week of sampling), the weighted stainless-steel bucket is filled under field
conditions with glass distilled water initially meeting ASTM Type-I specifications. This distilled
water (blank sample) is transferred to a complete set of randomly selected sample containers and
subjected to the same preservation, handling, storage, and analysis procedures as the actual
surface water samples (SOP No. SCMP-009). For the organic sample fraction, field blanks are
prepared using the stainless-steel pail and demineralized water (SOP No. SCMP-009). If the
limits for sample contamination presented in section 2, paragraph (1) are exceeded, corrective
actions are implemented in accordance with section 4.6, below.
4.4.4

Container Blanks

Bottles used to transport and store sample fractions cannot be regarded as clean and
uncontaminated without some form of empirical verification. This is true even when new bottles
are used or when reusable bottles have undergone extensive cleaning and preparation. Such
bottles can (and sometimes do) contribute to imprecision and bias in the environmental data
collection process. Container blanks provide an indication of the potential chemical and/or
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microbiological contamination resulting from sample containment. On an approximately
monthly basis, staff obtain a container of ASTM Type-I quality water from the KHEL inorganic
laboratory. Prior to leaving the lab, this water (blank sample) is transferred directly to a
complete set of randomly selected sample containers (or transported in the sampling vehicle and
then poured directly into sample bottles under field conditions) and subjected to the same
preservation, handling, storage, and analysis procedures as the actual field samples (SOP No.
SCMP-010). If the limits for sample contamination presented in section 2, paragraph (1) are
exceeded, corrective actions are implemented in accordance with section 4.6, below.
4.4.5

Field Duplicate (Replicate) Samples and Measurements

Quality control activities implemented in the field include the collection of sequential and
concurrent duplicate (replicate) water chemistry samples. Sequential duplicate samples
(collected approximately five minutes apart) are obtained from a minimum of one site during
each sampling run to assess variability among samples resulting from collection, processing,
transport, and laboratory procedures. Concurrent duplicate samples are periodically collected by
filling separate sample containers concurrently from the same sampling device to assess sample
homogeneity (SOP No. SCMP-008). Should the precision of the data fall outside the control
limits established in section 2, paragraph (1), corrective action procedures are invoked in
accordance with section 4.6, below.
The corresponding protocol for replicate macroinvertebrate samples involves two field staff
working simultaneously within the same general stream reach (SOP No. SBMP-003a). The
subsample obtained by one of the workers is pooled with that of the other to form a single
sample. Duplicate (or replicate) pooled samples are collected successively (i.e., during the same
site visit). Collectively, these samples comprise about ten percent of the total number of samples
collected on an annual basis. Overall precision (i.e., combined sample collection and taxonomic
precision) is estimated for various metrics based on data obtained from these duplicate (replicate)
samples. Field staff must take great care not to resample any substrate that has been physically
disturbed by prior sampling or impacted by drift (movement of dislodged organisms) from
upstream invertebrate sampling activities. In the event precision levels indicated by the
successive sampling method fail to meet the QC requirements of section 2, paragraph (1), the
program manager and section chief invoke the corrective action measures described in section
4.6, below.
Stream discharge measurements made with the RiverSurveyor usually entail multiple (2–4)
passes across the stream channel and, therefore, provide a basis for estimating measurement
precision. For work involving the FlowTracker or Swoffer 2100, duplicate measurements are
performed on at least 10 percent of the regularly scheduled gauging trips to allow for an estimate
of measurement precision (SOP No. SWMP-003). If the reported precision levels fail to meet
the QC requirements of section 2, paragraph (1), the program manager invokes the corrective
action measures described in section 4.6, below.
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4.4.6

Field Matrix Spiked Samples

At least four times each year, a set of spiked water chemistry samples is prepared in the field
through the addition of known concentrations of selected parameters to one of two (or more)
replicate samples (SOP No. SCMP-009). Following laboratory analysis, measured levels of
these parameters in the spiked samples are compared to those in the unaltered samples to provide
an overall indication of sample degradation and analytical recovery. Field spikes are prepared
using high accuracy and high precision fixed- and adjustable-volume pipettes, volumetric
glassware, and certified reference standards obtained from EPA, USGS, or appropriate
commercial vendors. Should the accuracy of the data fall outside the control limits established in
section 2, paragraph (1), corrective action procedures are invoked in accordance with section 4.6,
below.
4.4.7

Preventative Maintenance

Periodic inspection of sampling and analytical equipment and the routine maintenance of this
equipment is necessary to minimize malfunctions that otherwise could result in the loss of
program data or disruption of program activities. Field instrumentation routinely must be
inspected prior to use and calibrated at intervals recommended by the manufacturer. Equipment
maintenance logs must be maintained for all field thermometers, pH meters, specific
conductance meters and flow gauging devices. Vehicles used for field activities must be
maintained in a reliable condition and kept free of trash, debris, tobacco products, or other
materials that could significantly increase the risk of sample contamination (section 4.6.2).
Entries must be made in the vehicle log upon completion of each field trip. Instrument and
vehicle malfunctions must be reported to the program manager as soon as possible to expedite
necessary repairs or the acquisition of new equipment (sections 4.6.1 and 4.9).
4.4.8

Safety Considerations

Attention to job safety protects the health and well-being of program staff and helps maintain a
work atmosphere that ultimately enhances data quality and consistency. Program staff must be
familiar with proper precautionary measures and the use of available safety equipment prior to
assuming field duties. Each vehicle used in the sub-watershed water quality monitoring program
must be maintained in proper operational condition and equipped with a first aid kit, safety
glasses, portable eye wash station, fire extinguishers, spare tire and tire changing equipment, rain
gear, emergency road reflectors and/or flares, and at least one operable flashlight. A cellular
phone is assigned to each monitoring vehicle, and field personnel are required to turn these on
when in the vehicle so that communication can be maintained with the central office in the event
of vehicle mishaps, medical problems, or other emergencies. The use of a cellular phone is
especially important when traveling alone or overnight or during periods of potentially severe
weather. As an added safety feature, a fully operational, automated external defibrillator (AED)
is carried in the field vehicle to provide aid in the event of cardiac emergencies. This lifesaving
device guides the rescuer step-by-step through the entire rescue process pending the arrival of
trained medical personnel. All field staff must exercise care when handling glassware and
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chemical reagents in the field. Chemicals reagents used in the field include manganous sulfate
(eye and mucous membrane irritant), alkaline potassium azide iodide (oral toxin), concentrated
sulfuric acid (strong acid and oxidizer), dilute sulfuric acid (skin, mucous membrane, and eye
irritant), nitric acid (strong acid and oxidizer), and pH buffer solutions (eye and mucous
membrane irritants). Staff should not engage in the use of these reagents or breakable glassware
if the weather, terrain, traffic or any other concern impedes concentration, reduces visibility,
jeopardizes footing, or otherwise precludes the safe handling of these materials. Rather, staff
should move to a level, dry, protected, and well lighted area before preserving or analyzing
samples. If the wind is blowing strongly, staff also should avoid handling samples and reagents
immediately upwind of their face and eyes. Additional safety considerations are presented in the
SOPs accompanying this QA management plan.
4.5

External Procedures for Assessing Data Precision, Accuracy, Representativeness and
Comparability

At the discretion of the section chief, bureau QA representative, or higher level administrative
staff, the sub-watershed water quality monitoring program may, from time to time, participate in
independent audits or in cooperative, inter-laboratory sample comparison programs or reference
sample programs. Participation in such activities promotes scientific peer review and enhances
the technical integrity and overall credibility of the program.
4.6

Corrective Action Procedures for Out-of-Control Situations

4.6.1

Equipment Malfunction

Any equipment malfunction discovered by staff during routine calibration/standardization
activities or during an internal or external performance audit shall be recorded in the appropriate
log chart and immediately reported to the program manager. The program manager is
responsible for appraising the scope and seriousness of the problem and, if necessary, for
determining whether the instrument should be repaired or replaced. The program manager also
is responsible for ensuring that backup instrumentation is available for all critical field and
laboratory (e.g., taxonomic) activities. Similarly, arrangements for a backup vehicle must be
made in advance of any mechanical problems or mishaps that might render the primary vehicle
inoperable over an extended period.
4.6.2

Sample Contamination

Blank concentrations outside the control limits established in section 2, paragraph (1), detract
from the quality and credibility of the stream chemistry data and must be resolved in a timely
manner. In instances where the contamination source is unknown, the program manager is
required to conduct an investigation to determine whether the problem is of likely field or
laboratory origin. Field contamination problems may result, for example, from improper sample
collection techniques or exposure to contamination sources at the sampling site or within the
vehicle used to transport the samples. Laboratory problems may include contaminated water

QMP/III/BOW
WPMAS/SWMP
Sec. 4, Rev. 1
Date: 03/14/14
Page 11 of 16
supply or reagents, contaminated glassware, or some less conspicuous problem. Program staff
must work closely with KHEL personnel to identify and eliminate contamination sources.
Persistent problems may trigger a program audit by the section chief and/or bureau QA
representative and ultimately may result in the removal of questionable data from the water
quality database.
4.6.3

Data Precision/Accuracy Problems

If environmental sampling or measurement activities or taxonomic determinations fail to meet
the requirements of section 2, paragraph (1), the program manager must plan and implement an
investigation to determine the cause of the problem. The program manager is expected to work
closely with staff in this endeavor and in the selection and implementation of appropriate
corrective measures. Persistent problems may trigger a program audit by the section chief,
resulting in the disqualification of a substantial amount of environmental data or invoking other
remedial responses (e.g., an independent audit).
4.6.4

Staff Performance Problems

Should any employee of the program have difficulty with a given work procedure (e.g., as
determined by an internal performance audit), and effort must be made by the program manager
to identify the scope and seriousness of the problem, to identify any data affected by the
problem, and to recommend to the section chief an appropriate course of corrective action. All
questionable data are either flagged within the appropriate computer database or, at the discretion
of the section chief, deleted from the database. Possible corrective actions include, but are not
necessarily limited to, further in-house or external training for the employee, a reassignment of
work duties, or modification of the work procedure.
4.7

Data Management

4.7.1

Stream Chemistry Data

All field- and laboratory-generated water chemistry data are handled in an orderly and consistent
manner. Monitoring station identification number, index number , time and date of sample
collection, sample chain-of-custody, and other basic information is recorded on standardized
electronic sample submission forms (Appendix C). Upon the delivery of samples to the
laboratory receiving area, these forms are visually scanned for transcription and spelling errors
and missing information. Recorded dates and times are reviewed for accuracy and bottle
numbers for proper codes and correct scanning sequence. After this review, two copies are
printed and again inspected for accuracy by program personnel. If any modifications, additions,
or deletions are necessary, changes are completed electronically and saved in the Excel
spreadsheet. The Excel spreadsheet is then converted to a structured format to download to the
HORIZON LIMS using Palm OS procedure (SOP No. SCMP-016). KHEL receiving staff
convert the structured spreadsheet to a comma-delimited file and download to KHEL’s
HORIZON LIMS. The samples are logged and assigned lab numbers by station. An official
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LIMS Lab Receipt is generated, a hardcopy printed, and an electronic form saved to BOW jump
drive. In the event electronic information is not transmitted or saved properly, the hand-written
field sheet completed by staff during the sampling run serves as a backup (Appendix C).
Sampling staff and receiving laboratory personnel must sign and date both copies of the
electronically generated form (or hand-written field sheet) in accordance with chain-of-custody
procedures (SOP No. SCMP-006).
On a weekly basis, an Oracle stored procedure is manually initiated by the stream chemistry
program manager (or designee) that executes code to create a view (restricted by beginning and
ending history date) utilizing an external database link to HORIZON LIMS database. The input
view (SC_INFIN) merges the demographic and analytic data by lab number and translates the
LIMS analyte names to KWD Oracle analyte name format using a translation table
(SC_CHEMPOS_1). This input view is analyzed using an in-house flagging program that
generates an outlier/warning report on a station-by-station and parameter-by-parameter basis by
automatically comparing new data to the historical database and by flagging any new value that
(a) exceeds the historical maximum value for the site in question, (b) extends more than 2.0
standard deviations beyond the historical mean concentration, or (c) exceeds the established 95th
percentile concentration. A second stage data warning system performs several different QA/QC
checks to accept, qualify, or reject data for inclusion in the Oracle KWB and, ultimately, the
STORET WQX database system. This mathematically intensive application incorporates
algorithms for checking dissolved solids/specific conductance ratios and elemental
concentrations versus constituent concentrations (e.g., total phosphorus versus ortho-phosphate
phosphorus) (APHA 1998). Values that do not meet the data acceptance criteria are flagged as
warnings and appended to the outlier report. Additional constituent ratio calculations are then
performed (e.g., specific conductance/sulfate ratios).
These checks reveal distinct
physicochemical signatures for each water quality monitoring station and facilitate the
identification of field and analytical mistakes resulting from the application of erroneous dilution
factors, misinterpretation of laboratory analytical instrumentation, switching of field and/or
laboratory sample bottles, collection of water from the wrong stream locations, and other factors.
The report is checked manually for flags, and any documented problems are compared initially
to the field comments (relevant QC documentation) in the program’s Excel spreadsheet sample
collection tracking file. Once flagged, suspect data are evaluated by the program manager
(usually in consultation with the section chief and data management staff) and verified,
corrected, or discarded, as appropriate. In addition, on a weekly basis, newly released data are
electronically plotted and visually evaluated in relation to QC indices, generally by the program
manager. The Kansas Water Database is supported and backed-up daily by the KDHE Office of
Information Technology (OIT).
Oracle computer software is routinely used to automatically generate water quality standards
violation reports, data outlier/warning reports, and summary statistics and to graphically plot data
for various combinations of sampling stations and regulated pollutants. Microsoft Visual Basic,
Access, Excel, and PowerPoint are among the forms of software used to manage, share, and
present the data. Environmental Systems Research Institute (ESRI) ArcView and ArcGIS
software enable the program staff to prepare maps and provide visual presentations of various
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environmental distributional coverages. Statistical and graphical software packages such as
Minitab, SAS JMP, and Systat SigmaPlot are used for performing statistical characterizations,
comparisons, and trend analyses.
The departmental laboratories frequently encounter parameter values or concentrations that are
greater than or less than levels than can be reliably measured (i.e., measured within specified
limits of precision and accuracy). Accordingly, the laboratories report both lower and/or upper
quantification limits depending on the analyte. These limits are used as method reporting limits
(MRLs). If an analyte is not present in an amount that can be reliably quantified, its
concentration is accorded a specific code and denoted as “censored” data.
All censored stream chemistry parameter values are stored in the Kansas Water Database with
remark codes. A less-than sign (<) under the analytical constituent name column (coded sign
field) indicates that an analyte was not detected or that it was detected at a concentration less
than the lower method reporting limit (MRL). In addition, a greater-than sign (>) under the
coded sign field indicates that an analyte was present at a concentration greater than the upper
MRL. If a measured parameter concentration is greater than or equal to the lower MRL, but less
than or equal to the upper MRL, the analytical value is recorded in the result field under the
analytical constituent name column, and the coded sign field is nulled to indicate the parameter is
present at a quantifiable concentration.
Historically, statistical options for dealing with censored data have been rather limited.
Nonparametric procedures based on rank-order or percentiles tend to be less influenced by these
kinds of data and are often favored by staff performing statistical characterizations, comparisons,
and trend analyses. More recent strategies employed in the sub-watershed monitoring program
are based on the recommendations of Helsel (2005, 2012) (see also stream chemistry monitoring
program QA management plan for a more thorough discussion of the statistical treatment of
censored data).
4.7.2

Stream Biological Data

All biological data generated as part of the sub-watershed monitoring program are handled in an
orderly and consistent manner. Time and date of sample collection, stream monitoring station
identification number, and other basic field information, including habitat evaluations, are
recorded on standardized field forms. Similarly taxonomic determinations and metric scores are
recorded on standardized biological data forms (Appendix C). The original forms are carefully
reviewed for obvious errors or omissions and are filed in a secured location for future reference.
Information on biological data forms is transferred manually to the Kansas Biological System
Database (KBSD) currently maintained on an ORACLE database supported by the agency's
Office of Information Technology (OIT). This database also contains station identification
headers; sample collection date/time files; KBSD codes for individual macroinvertebrate species
and other taxonomic designations; pollution tolerance values and other rating systems for
calculation of biotic indices; and other supporting information. Custom views using Visual

QMP/III/BOW
WPMAS/SWMP
Sec. 4, Rev. 1
Date: 03/14/14
Page 14 of 16
Basic VB viewer have been designed by OIT to facilitate database access and the viewing,
validation, and editing of program data. The program database is backed-up by OIT on a daily
basis.
Transfers of raw data may be accomplished by downloading selected portions of the database in
.dbf file format. Raw data may be sorted or restricted based on station number, date of sample
collection, or KBS code, with or without associated station header information, metric values,
and other supporting information. Metric retrievals may be viewed, printed, or downloaded as
.dbf files. Calculated values for various biological metrics also are maintained on a personal
computer spreadsheet (EXCEL). These values are downloaded directly from the ORACLE
database. Calculated values may be retrieved and reported in various formats or subjected to
basic statistical analysis. The computer spreadsheet is stored on a computer hard disk that is
backed up on a CDROM every two months.
Biological data (and metadata) manually entered into the program's electronic database are
evaluated by visually comparing database retrievals with the original bench identification sheets
(Appendix C). The database is subsequently corrected for any data entry errors. Staff
transferring or receiving data electronically also perform random spot checks of the data and
report any problems to OIT for further investigation and resolution. Any persistent problems
must be reported to the section chief and bureau QA representative for consideration of
necessary corrective actions.
4.7.3

Stream Hydrological Data

Hydrological data and related metadata are recorded and retained electronically by the SonTek
FlowTracker acoustic Doppler velocimeter and the SonTek RiverSurveyor acoustic Doppler
current profiler. Basic field data are recorded in a field notebook (site number and name, date,
participating personnel, tapedown distance, GPS coordinates, and any relevant notes). The
Swoffer mechanical flow meter is used primarily as a backup instrument for the FlowTracker,
and any information obtained using this instrument is recorded manually in the field by
personnel performing stream gauging activities. Upon return to the program offices in Topeka,
data stored on the FlowTracker and RiverSurveyor are transferred to an external hard drive
storage system maintained by the SPMP program manager or his/her designee. Summary
discharge data and selected metadata are transferred to an EXCEL database maintained on a
personal computer, and any data obtained using the Swoffer meter are entered manually onto the
same database. Similarly, stage readings recorded by staff during water quality sampling
activities are entered manually onto the EXCEL database. Stage measurements eventually are
converted to estimates of stream discharge using an in-house computer program and the
mathematical (stage-to-discharge) relationships derived from the stream gauging exercises. The
calculated discharge values are retrieved and reported in various summary formats or subjected
to more intensive statistical analysis. At least once each week, both the file maintained on the
external hard drive and the EXCEL file are backed up on the agency shared hard drive, which is
automatically backed up on a daily basis.
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4.7.4

Verification of Calculations

Computer-based mathematical, statistical, graphical, and geographical programs and models
involving environmental data are tested before application (a) by comparison to other computer
programs, (b) through hand calculations involving randomly selected data, or (c) through other
appropriate means. The reliability of these models and programs is reexamined on at least an
annual basis or whenever a problem is reported within a computational system. Excel, ArcView,
SigmaPlot, Minitab, R, and PRIMER are among the forms of software used for generating
spreadsheets, graphs, and models and for performing statistical characterizations, comparisons,
and trend analyses.
4.7.5

Data Transformations and Statistical Outliers

Many forms of environmental data do not conform to a normal distribution and may necessitate
the use of nonparametric statistical analysis methods. Alternatively, the data may be transformed
statistically to induce a normal, log normal, or some other preferred data distribution. The data
distribution often is depicted graphically to help identify the most appropriate transformation
procedure. Commercially available computer programs also may be applied in more detailed
assessments of data distribution. For example, Minitab software maintained on selected BOW
desk top computers offers several algorithms for characterizing data departure from normality
(e.g., Shapiro-Wilk and Kolmogorov tests).
Essentially all environmental databases may contain a few anomalous values or statistical
outliers. Obvious outliers (those that are orders of magnitude beyond any reasonable value)
often constitute data transcription errors or other simple errors. With respect to stream chemistry
data, observations are automatically questioned by staff if reported sequential duplicate
concentrations vary by more than 20 percent or if a value is outside the historical range for the
parameter and monitoring site in question. If follow-up consultations with field, laboratory, and
data management personnel provide no reasonable explanation for a questionable value, the
program manager may flag the value or delete the value from the database (section 4.7.1). With
respect to stream biological data, observations are automatically questioned by staff if a
calculated metric is outside the historical range for the waterbody in question. Such an
occurrence may prompt another comparison of the information stored on the program database
with the information recorded on the bench identification sheet. The program manager also may
elect to reexamine the computer algorithms used to generate the metric. If necessary, the
original sample may be retrieved from storage and reexamined by staff biologists. In other
instances, outliers may reflect actual (though rarely occurring) fluctuations in biological
community composition. Nonparametric procedures based on rank-order or percentiles tend to
be less influenced by these kinds of data and often are favored by staff for statistical
characterizations, comparisons, and trend analyses.
4.7.6

Ancillary Data

Ancillary data used in this program may include hydrological, geomorphological,
meteorological, chemical, or biological data derived from other state and federal agencies. An
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effort is made to ensure that these agencies have appropriate QA program plans (QAPPs) in
place. In some instances, these agencies collect data under contract with KDHE, or under the
auspices of an EPA grant, both of which require development and approval of a QAPP prior to
data collection (see QMP, Part I, section 2.3). Pollutant loading coefficients and some other
values applied in modeling calculations are taken from documents produced by governmental
agencies or from literature sources incorporating peer review of articles before publication. Subwatershed monitoring personnel carefully examine the underlying technical assumptions before
applying these coefficients and values.
4.8

Quality Assurance Reporting Procedures

End-of-year program evaluations are compiled by the unit leader of the analysis and monitoring
unit, and a written report is submitted to the bureau QA representative, bureau director, and
divisional QA office by March15 of the following year. The program manager cooperates in this
evaluation and, at the request of the section chief, provides all records gathered during the
evaluation period on the precision, accuracy, representativeness, and comparability of the
monitoring data. Program evaluations submitted by the section chief indicate when, how, and by
whom the evaluation was conducted, the specific aspects of the program subjected to review, a
summary of significant findings, and technical recommendations for necessary corrective
actions. The section chief discusses the reported findings with the program manager and other
program staff.
4.9

Purchased Equipment and Supplies

When newly ordered or recently repaired sampling, analytical, or computational equipment is
delivered to the program office, the program manager (or designee) compares the item to that
requested on the original order. S/he then inspects the equipment to ensure no breakage has
occurred in transit and all components function properly. Once this inspection is completed, the
manager (or designee) either accepts or rejects the shipment. Office and laboratory supplies
receive a comparable level of scrutiny. Additionally, all reference standards and equipment must
be accompanied by a written certificate from the vendor or manufacturer verifying the quality of
these products.
4.10

Program Deliverables

Program deliverables include electronic databases, illustrative materials, statistical water quality
and hydrological summaries, and detailed written reports used in a variety of agency
applications. As mentioned previously, the sub-watershed monitoring program plays a major
role in the evaluation and refinement of TMDLs developed by KDHE. As resources and other
circumstances dictate, customized data retrievals are prepared by the program manager on behalf
of administrative staff, legislative officials, other state and federal agencies, regulated entities,
special interest groups, consultants, academicians, students, and members of the general public.
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Section 5
REVIEW AND REVISION OF PLAN
To ensure that the sub-watershed water quality monitoring program continues to meet the
evolving informational needs of the bureau and the agency, all portions of this QA management
plan and its appended SOPs must be comprehensively reviewed by program staff on at least an
annual basis. Revisions to the plan and SOPs require the approval of the program manager,
section chief, and bureau QA representative prior to implementation. Although review and
revision activities normally follow the annual program evaluation in February, these activities
may be implemented at any time based on urgency of need or staff workload considerations.
Original approved versions of the QA management plan and SOPs, and all historical versions of
these documents, are maintained by the bureau QA representative or his/her designee. The
bureau QA representative also maintains an updated electronic version of the plan and SOPs on
the KDHE internet server in a “read only” pdf format.
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APPENDIX A
FIELD EQUIPMENT AND SUPPLY CHECKLIST
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FIELD EQUIPMENT AND SUPPLY CHECKLIST
I.

VEHICLES
A.

Primary sampling vehicle (three-quarter ton van with 11.25-foot wheel base, load
range D tires, sliding/latching side door, double back door, cargo safety screen,
roof-mounted hazard lights)
Alternate rental vehicles or agency vehicles (various models, attributes and
accessories, depending on availability)

II.

B.

Vehicle registration and proof of insurance

C.

Vehicle log book (list of emergency phone numbers, list of cooperating service
stations, copy of tire, battery, and emergency service contracts, Wright Express
card)

D.

State highway and 1/4" scale county maps

E.

Vehicle key and spare key(s), KTAG pass, CSOB parking garage door opener

F.

Mobile cellular telephone with instruction booklet

G.

Fluorescent orange or yellow safety vests (with reflective strips) and orange or
yellow rain coats or ponchos (with reflective strips)

H.

Fire extinguisher, first aid kit, CPR mouthpieces, latex rubber gloves, sunscreen,
paper and cloth towels, hand sanitizing solution in plastic squeeze bottle, safety
glasses, portable eyewash station, automated external defibrillator (AED)

I.

Full-size spare tire (properly inflated), tire changing equipment, road reflectors
and/or flares

OTHER FIELD EQUIPMENT AND SUPPLIES
A.

Weighted stainless-steel water sampling bucket (1 gal)

B.

Stainless-steel pail (1 gal)

C.

Stainless-steel funnel

D.

Stainless-steel crucible tongs
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E.

Concrete-weighted ice breaker

F.

Ropes, static nylon fiber, 75-ft and 55-ft lengths with snap swivels on both ends,
and a 25-ft rope with snap swivels (used when collecting water samples in
streams known to support populations of the zebra mussel, Dreissena
polymorpha)

G.

Ice chests (100-qt capacity) containing bags of crushed ice

H.

Wooden flats for sample container transport

I.

Plastic tub for sample handling and transport

J.

Sample containers with barcode labels including two or more sets of spare
containers (each barcode label has a two-letter code at the end of the four digit
number to insure the correct scanning of bottles: cube “CM,” total organic carbon
“TC,” trace metal “HM,” dissolved oxygen “DO,” nutrient “NT,” bacteria “BC,”
pesticide “OC”).

K.

Glass beakers (50 ml)

L.

Polyethylene disposable gloves

M.

Glass distilled water (in squeeze bottles and cubitainers)

N.

Clipboard (with maps, field sheets, etc.), pencils, pens, markers and labeling tape

O.

Digital camera, memory cards or digital diskette carrying case, extra batteries,
instructions

P.

Hip and chest waders (two pairs for each field worker) and a leak repair kit

Q.

D-frame, 0.5-mm mesh nylon nets (two in use; one spare) with 1.5-meter wooden
handles calibrated in decimeters for measuring stream depth

R.

Forceps (fine point, on lanyards)

S.

Glass sample jars (120 ml) with screw-on plastic leak-proof lids

T.

Label tape (white) for sample jars

U.

Ethanol solution (70–80%) for preserving invertebrate specimens
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III.

V.

Stop watches or wrist watches with stopwatch function for timing sampling
events

W.

Live Mussel Recording form

X.

Field Collection Data Sheet and Habitat Development Index form

Y.

Metal clipboard (with maps, field forms, etc.), pens, pencils, and indelible
markers

Z.

Plastic three-gallon bucket with padded steel handle for transporting macroinvertebrate samples and smaller equipment/supply items from stream monitoring
location to field vehicle; additional buckets or pails for carrying unionid mussel
samples; plastic bags for securing and labeling mussel samples upon return to
vehicle

AA.

Rain gear, caps or visors, sunglasses, sun screen, insect repellant, hand
disinfectant solution, drinking water, extra socks in the event of wader leakage

FIELD MEASUREMENT APPARATUS
A.

Thales Mobile Mapper CE global positioning system (GPS)

B.

Symbol SPT 1800 Palm OS handheld computer

C.

Garmin GPIII+ or Nuvi hand-held GPS unit (with Garmin MapSource software)
or Thales MobileMapper hand-held GPS unit

D

Fisher model #15-0077B stainless-dial scale thermometer (-10 to +110 oC)

E.

Cole-Parmer model #5996-70 field pH meter (analog readout with instruction
manual, carrying case, combination pH probe, deionized water, and pH buffer
solutions)

F.

Fisher Scientific Company model 09-328 conductivity meter (with instruction
manual, carry case, a spare backup conductivity meter, probe (and spare backup)
and a reserve 9 volt battery, and 1408 µmhos/cm standard solution).

G.

Winkler dissolved oxygen kit (with reagents “1, 2, 3” in 250-ml Nalgene safety
squeeze bottles, transported in sealed plastic container with removable lid

H.

SonTek M9 RiverSurveyor acoustic Doppler current profiler system, equipped
with rope tether
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IV.

I.

SonTek FlowTracker acoustic Doppler current velocimeter on top-setting metric
wading rod or Swoffer 2100 mechanical meter with top-setting metric wading
rod, for measurement of current velocity

J.

Fiberglass measuring tape (minimum 15 m) in centimeter increments, and plastic
or metal stakes to serve as tagline for stream gauging

K.

Steel measuring tape (50- or 100-foot) incremented in decimal feet and weighted
with a cylindrical metal plumb to facilitate stream stage measurements from
bridges during windy conditions

L.

Thompson Parshall flume, hand shovel, 10-inch carpenter’s bubble level, and
tubesand bags

TAXONOMIC EQUIPMENT AND SUPPLIES
A.

Zeiss 100X-630X and Fisher Scientific 100X-400X variable magnification
compound microscopes

B.

Olympus 9X-110X Wild M5A 6X-50X variable zoom dissecting microscope

C.

Dolan-Jenner bifurcate fiber optic, variable intensity light source

D.

Glass Petri dishes, microscopic slides and slide cover slips

E.

Steel forceps and probes (coarse and fine point)

F.

Euparal mounting medium

G.

Lab-Line hot plate

H.

Identification bench sheets (Appendix C)

I.

Ethanol (70–80% with 5% glycerin) for preserving invertebrate specimens

J.

Taxonomic keys and supporting scientific literature

K.

Boxes for storage of invertebrate samples (in original glass sample jars) following
identification and enumeration of specimens

L.

Specimen vials and trays for reference collection

M.

Locking cabinet for non-unionid reference specimen collections and retrofitted
map flat-file cabinet for unionid reference collections
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STANDARD OPERATING PROCEDURES
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MAINTENANCE PROCEDURES FOR FIELD SAMPLING
EQUIPMENT (SBMP-001)
(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR FIELD ANALYTICAL MEASUREMENTS
(SBMP-002)
(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR COLLECTION OF MACROINVERTEBRATE SAMPLES
(SBMP-003a)
(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR QUALITATIVE OBSERVATIONAND DOCUMENTATION
OF UNIONID MUSSELCOMMUNITIES (SBMP-003b)

(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR PREPARATION, IDENTIFICATION, ENUMERATION
AND PRESERVATION OFBIOLOGICAL SPECIMENS (SBMP-004)
(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR COMPLETION OF HABITAT DEVELOPMENT INDEX
FORM (SBMP-005)
(Note: This procedure is presented in the stream biological monitoring program quality
assurance management plan and is adopted herein by reference.)
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GLOBAL POSITIONING SYSTEM (GPS) PROCEDURES FOR
DETERMINATION OF GEOGRAPHICAL LOCATION OF WATER QUALITY
MONITORING STATIONS (SCMP-001)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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VEHICLE SAFETY AND MAINTENANCE PROCEDURES
(SCMP-002)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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CALIBRATION AND MAINTENANCE PROCEDURES FOR FIELD
ANALYTICAL EQUIPMENT (SCMP-003)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR FIELD ANALYTICAL MEASUREMENTS (SCMP-004)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR COLLECTING, PRESERVING AND TRANSPORTING
STREAM WATER SAMPLES (SCMP-005)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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CHAIN-OF-CUSTODY PROCEDURES FOR STREAM WATER SAMPLES
(SCMP-006)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR FIELD BLANK SAMPLES (SCMP-007)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR FIELD DUPLICATE ANDREPLICATE SAMPLES
(SCMP-008)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR FIELD SPIKED SAMPLES (SCMP-009)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR CONTAINER BLANK SAMPLES (SCMP-010)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR CREATING EXCEL SPREADSHEET TEMPLATE AND
SPECIFIC NETWORK RUN FILE FOR DOWNLOAD TO PALM OS
HANDHELD COMPUTER (SCMP-011)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR CONNECTING AND DOWNLOADING ELECTONIC
FIELD SHEET TO PALM OS HANDHELD COMPUTER (SCMP-012)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR CONFIGURING DATA EXCHANGE WITH SCANSEEK
SOFTWARE (SCMP-013)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURE FOR ENTERING FIELD DATA ON PALMOS HANDHELD
COMPUTER (SCMP-014)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR SYNCHRONIZING DATA ON PALM OS HANDHELD
COMPUTER USING LAPTOP OR PERSONAL COMPUTER (SCMP-015)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR TRANSFER OF ELECTRONIC DATAAND UPLOADING
TO LABORATORY DATACOLLECTION SYSTEM (SCMP-016)
(Note: This procedure is presented in the stream chemistry monitoring program quality
assurance management plan and is adopted herein by reference.)
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PROCEDURES FOR ESTABLISHING STREAM STAGE MEASUREMENT
LOCATIONS ON BRIDGES AND FOR PROFILING STREAM CHANNEL
CROSS-SECTIONS (SWMP-001)
I.

INTRODUCTION
A.

Purpose
At any given location within a stream, stage (water height) is related
mathematically to discharge (volume of water passing through the channel
cross-section per unit time). Accordingly, stage can serve as a valid proxy
for discharge once the site-specific relationship between the two
parameters has been ascertained through stream gauging efforts (SOP No.
SWMP-003). Bridges often provide convenient platforms for measuring
stream stage. Although such measurements are relatively straightforward,
it is important that they be performed in a repeatable manner and always
from the same location on a given bridge. This procedure describes how
to install a durable marker on a bridge to serve as a fixed point for stage
measurements. It also describes the steps involved in profiling the stream
channel cross-section, a necessary step in characterizing the local stage-todischarge relationship.

B.

Minimum Staff Qualifications
This procedure is best performed by two individuals but can be performed
by one individual if absolutely necessary. At a minimum, personnel
implementing this SOP should meet the classification requirements for
Environmental Scientist I published by the Kansas Department of
Administration. They also should be experienced in the use of GPS
equipment and possess a basic understanding of the underlying
technology.

C.

Equipment/Accessories
In addition to the equipment/supplies used in measuring stage (SOP No.
SWMP-002), this procedure requires the following:
1.

Open reel measuring tape/s equivalent to length of bridge rail

2.

Flat stones or other weights as needed to secure tape

3.

Marking supplies:
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II.

a.

Cardboard stencil with 1” × 5” stripe

b.

Durable spray paint appropriate for concrete, preferably
super-bonding type

c.

Durable instant-mix epoxy in applicator tube (clear-drying)
and approximately 1” diameter flat metal washer or,
alternatively, a hammer drill with concrete bit and
appropriate sized lag-bolt and wrench

e.

Permanent marker

4.

Channel cross-section form

5.

Paper and pencil for recording site data

PROCEDURES
A.

B.

Preliminary Considerations and Activities
1.

When working on or near a bridge, wear a blaze orange safety vest,
confine activities as much as possible to the shoulder, and be aware
at all times of traffic, weather, and safety conditions.

2.

Record all required header data on the cross-section profile form
(Appendix C).

Measurement of Channel Cross-Section
1.

Ascertain whether the upstream side of the bridge will be suitable
for marking and measuring. Determine which surface (bridge deck
or bridge rail) will be used as measurement benchmark; in general,
use the highest solid concrete horizontal surface. Make a sketch of
the bridge architecture and record this information along with other
header data on the cross-section field form.

2.

Starting at either end of the bridge deck or rail, lay down the
measuring tape/s, using weights to secure as needed. Using the
plumb-weighted steel tape, measure down to the substrate at
intervals, recording for each measurement:
a.

Horizontal distance to the nearest inch or cm
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C.

b.

Vertical distance to substrate in decimal feet (e.g., 24.35 ft)

c.

Type of substrate (dirt, mud, sand, gravel, bedrock, riprap,
riprap + vegetation, etc.)

d.

In wetted channel, also record vertical distance to water
surface in decimal feet

3.

Incorporate at least 30 intervals into the cross-channel profile, if
possible. Space measurements together more closely where
surface contours change rapidly (e.g., at terrace breaks or near
vertical banks) and in the active portion of the channel. Take an
exact lateral measurement for the left bank, the right bank, and
edges of any islands or sand or gravel bars. The presence of a
second crew member in the channel is very helpful to assure the
accuracy of in-channel measurements, particularly when wind is
present or when the wetted substrate is sand or soft sediment or is
otherwise difficult to “feel” by plumbing.

4.

Once it is clear where the thalweg (deepest part of the channel) is,
make an ink mark on the bridge rail or deck, and indicate its lateral
location (distance) on the form; this will be the tape-down location,
and its vertical measurement will be the official “tape down”
measurement for that site visit. Note any site anomalies on the
form, and indicate whether the bridge is level. Make a note on the
form if it seems likely that the thalweg could shift rapidly in a
moderate-to-high flow event.

Marking of Tapedown Location and Measurement of Stage
1.

Using the stencil and spray paint, make a stripe on the outside
vertical wall of the bridge rail or deck at the previously selected
thalweg location.

2.

At the upper end of the stripe, affix a small metal washer using
epoxy (be sure to mix the epoxy well before embedding the washer
in it). Alternatively, use a hammer drill, ratchet wrench, etc. to
permanently secure a lag bolt or small piece of angle iron to the
concrete surface.
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3.

If site conditions allow and appropriate equipment is available, make
a discharge measurement at an appropriate location in the stream
channel (generally in the immediate vicinity of the bridge unless
confounded by deep water or other unsuitable or unsafe conditions)
(SOP No. SWMP-003).

4.

After making a discharge measurement, return to the newly marked
tape-down location and make a second stage measurement. If there
is any discrepancy between the first and second measurements,
indicate any likely reasons (rising or falling stream stage, wind gusts,
human measurement error, etc.).
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PROCEDURES FOR MEASURING STAGE (PERFORMING A TAPEDOWN)
IN STREAMS AND FLOW PHOTO DOCUMENTATION (SWMP-002)
I.

INTRODUCTION
A.

Purpose
The effectiveness of water quality monitoring is improved by knowing not
only what substances are being transported in streams and rivers, but how
much and at what times. Solutes and suspended particles are transported
differentially with changing stream flow levels. Though the hydrographtransport relationship may be complex, the measurement of stage
(performing a tapedown) or measuring the distance from the reference
mark to the water surface, is a basic variable in this equation that must be
measured accurately. Using a weighted metal tape measure, the distance
between the surface of the water and a pre-determined (and clearly
marked) point on the side of the bridge is determined.
Direct
measurement of discharge (water volume passing through a given stream
cross-section per unit time) is time consuming process; thus it is not
possible to perform a discharge measurement each time water chemistry is
collected. Construction of a stage-discharge curve (rating curve) allows a
stage measurement to serve as a proxy for discharge once a stage:
discharge relationship has been established. Flow photo documentation is
important to visually capture normal and abnormal conditions present at
time of tapedown measurement.

B.

Minimum Staff Qualifications
This procedure may be performed by one or more individuals. Personnel
implementing this SOP should meet the minimum classification
requirements for Environmental Scientist I published by the Kansas
Department of Administration. They also should be experienced in the
use of GPS equipment and possess a basic understanding of the underlying
technology.

C.

Equipment/Accessories
1.

Map-locality information

2.

Site roster (list of stream gauging sites with corresponding crosssectional and gauge/stage information)
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II.

3

Blaze orange safety vest or jacket (OSHA-ANSI approved) for
each crew member

4.

Weighted steel measuring tape on an open reel (total length 50 or
100 ft). The tape blade is marked in decimal feet and bears at its
terminus a cylindrical plumb weight (0.5-2.5 lb, depending on tape
length). The blade is truncated at its union with the weight, such
that the tip of the weight coincides with a measurement of 0.00 ft.
The weight’s tip creates an evident ripple upon slight contact with
the water surface.

5.

Network Run Field Sheet form

6.

GPS unit (optional)

7.

Camera

8.

Hip or chest waders and wading rod, for second crew member
(optional)

PROCEDURES
A.

Measuring Stage (Tapedown)
As discussed in SOP No. SWMP-001, stage generally is measured from a
previously established and clearly marked location (reference point) on a
bridge. Tapedown measurements should be taken each time a water
chemistry sample is collected or in-situ chemistry measurements are
made; or each time a discharge measurement is performed; and at any
other time, based on the needs of the agency.
1.

Depending on the bridge type and age, locate the established
reference mark on steel bridge (lowest rail structure usually along
flat bridge deck), or concrete bridge rail or concrete abutment
(highest flat point). Normally this will be directly above the
thalweg, on the upstream side of the bridge (or downstream side if
debris piles up or safety is an issue). The reference mark normally
is a flat metal washer affixed to the side of the bridge with epoxy;
alternatively, it may be metal bolt or angle iron anchored
permanently into the concrete structure. A thin vertical stripe also
is painted on the bridge surface above and below the washer, bolt,
or angle iron to make the tape-down location more apparent to
field personnel.
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B.

2.

Align the blade of the steel measuring tape vertically over the tapedown mark, then lower the plumb weight until it barely touches the
water surface. If winds are gusting, the arc described by the
weight will, at its lowest point, just graze the water surface. If the
weight has been accidently immersed, the water surface may be
rippled by droplets falling from the weight; take care not to
confuse this with weight-to-water contact. A second person on the
bank or bridge can help verify the measurement or, if standing in
the channel, can help stabilize the weight.

3.

From the bridge reference mark (as noted on the site roster), read
the distance to the water to the nearest hundredth decimal foot
(e.g., 12.35 ft). On concrete abutments with beveled edge,
measure from the lower beveled edge so the tape hangs straight
down, not over rounded portion at tapedown location. Record
the measurement on network run field sheet and, if applicable, in
the Palm pilot (see SOP No. SCMP-014).
a.

If the stage measurement does not coincide with the
collection of a routine water chemistry sample (see SOP
No. SCMP-005), ensure that the following information is
recorded before leaving the site: site number and name,
date and time, names of crew members, and other
data/sample types being collected by crew members.
Record coordinates from GPS unit (optional).

b.

Note any anomalies regarding wind conditions, stream
flow, channel morphology, instream debris/obstructions,
bridge conditions, bridge markings, etc.

c.

If the thalweg has shifted substantially, or if other
anomalies are observed that might require bridge remarking/re-measuring, report this to the program manager
immediately upon return to the office.

Flow Photo Documentation
1.

Take pictures of the existing stream flow conditions upstream and
downstream (in that order) of the bridge each time a tapedown
measurement is performed. (Pictures should be taken from same
location on bridge each time.) Attempt to include the bridge rail
used for stream gauging and stage measurement purposes in the
downstream photo (optional).
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GENERAL PROCEDURES FOR GAGING FLOW IN STREAMS AND RIVERS
(SWMP-003)
I.

INTRODUCTION
A.

Purpose
Surface water quality monitoring programs traditionally have focused on
the kinds and concentrations of certain contaminants occurring in streams,
lakes, and wetlands. However, the application of this information in
pollution abatement programs generally requires corresponding
information on (a) the total mass of these contaminants being transported
by flowing waters and (b) fluctuations in the contaminant loads over time.
Solutes and suspended particles are transported differentially under
changing stream flow conditions. Though the hydrograph-to-transport
relationship for a given stream may be complex, the measurement of
discharge (i.e., water volume passing a given point at a given time) is a
basic variable in this equation and must be measured accurately. The
following paragraphs provide an overview of the stream gauging protocols
employed in the KDHE sub-watershed monitoring program.

B.

Minimum Staff Qualifications
The performance of this procedure requires two trained individuals. Both
must meet the minimum classification requirements for Environmental
Scientist I published by the Kansas Department of Administration. At least
one individual (field crew leader) must be experienced in the proper use of
stream gauging instrumentation. Before initially engaging in stream
gauging activities, both individuals must demonstrate, to the program
manager’s satisfaction, an ability to correctly implement the methods
outlined in this SOP. Also, both must be proficient in the use of GPS
equipment and possess a basic understanding of the underlying principles
and technology.

C.

Equipment/Accessories
This procedure requires the following:
1.

Map-locality information

2.

Site roster (list of stream gauging sites with corresponding crosssectional and gauge/stage information)
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3.

Blaze orange safety vest or jacket (OSHA-ANSI approved) for
each crew member

4.

Weighted steel measuring tape on an open reel (total length 50 or
100 ft). The tape blade is marked in decimal feet and bears at its
terminus a cylindrical plumb weight (0.5-2.5 lb, depending on tape
length). The blade is truncated at its union with the weight, such
that tip of the weight coincides with a measurement of 0.00 ft. The
weight’s pointed tip creates an evident ripple upon slight contact
with the water surface.

5.

Hip or chest waders for each crew member, as needed

6.

If working in non-wadeable stream conditions:

7.

a.

SonTek RiverSurveyor
hardware/logs

(ADCP)

and

all

associated

b.

Spare batteries or fully charged battery packs for all
instruments in use

c.

Data on local magnetic variation

If working in wadeable stream conditions:
a.

SonTek FlowTracker or Swoffer 2100 and all associated
hardware/logs

b.

Spare batteries or fully charged battery packs for all
instruments in use

c.

Tagline

d.

Stakes

8.

Thermometer (stainless steel dial-scale)

9.

Laser rangefinder

10.

Waterproof logbook, on a lanyard

11.

Pencil
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II.

13.

Camera

14.

GPS unit

PROCEDURES
A.

B.

Before Leaving for the Field
1.

Ensure that each instrument has been tested, checked, and
calibrated, as appropriate.

2.

If there is a chance that the ADCP will be used, use NOAA’s
Magnetic Field Calculator to calculate variation in components of
local magnetic field for each site. Print results and take data along
to the field (http://www.ngdc.noaa.gov/geomag/magfield.shtml).

3.

Ascertain the site location using maps and/or GPS device. Consult
the site roster to determine whether the site in question has any
known anomalies.

Performing Stream Gaging Activities
1.

Perform a tapedown measurement before beginning.

2.

Select the best available cross-section for gauging. Keep in mind
that this may involve a different location in the stream under high
flow versus low flow conditions. Make sure that the cross-section
is close enough to the stage-reading location (bridge) that there are
no intervening confluences, discharge pipes, water withdrawals, or
other features that could materially affect flow between locations.
Ideally, the channel in the selected gauging location will exhibit:
a.

A regular symmetric cross-section, preferably rectangular,
trapezoidal, or parabolic;

b.

No backwaters, slack waters, or undercut banks;

c.

Sufficient depth and velocity to support accurate
measurements (note: in small channels, a more constricted
part of the channel may be superior);

d.

Laminar flow running parallel to the banks for some
distance, both upstream and downstream;
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e.

C.

Smooth or at least uniform substrate (note: it is permissible
to clear the streambed of large rocks, woody debris, trash,
and excessive macrophytic vegetation or filamentous algae
when setting up the tagline and before starting any
measurements).

3.

Record header information in waterproof logbook: Site number,
site name, date, time, crew names, weather and flow notes, and
GPS coordinates. Take a photograph of header on site data form,
and then take upstream and downstream photographs (in that
order).

4.

Use the appropriate equipment and procedures to make
measurements. In general, use the principles outlined in Chapter 5
of Measurement and Computation of Streamflow: Volume 1
(Rantz, 1982).

Wadeable Streams
Use a point velocity meter: the SonTek FlowTracker acoustic Doppler
velocimeter (ADV) or the Swoffer 2100 mechanical flow meter (which
has been properly calibrated).
1.

Set up a tagline. Using stakes, rocks, etc., as necessary, secure the
tagline so that it is taut, flat, and as close to the water surface as
possible without touching. The tagline should be perpendicular to
the banks and prevailing direction of flow.

2.

The operator should take care to deploy the instrument in the
correct orientation (vertical and perpendicular to the tagline). S/he
should stand sideways just downstream of the instrument, thus
minimizing his/her effect on measured flow conditions. After
starting measurement, the operator should not move the meter or
change position.

3.

Using the ADV, follow instructions provided in the user manual
(SonTek/YSI 2009) and perform standard diagnostic tests before
beginning. Use the default averaging time of 40 seconds per
measurement, unless extreme flow conditions dictate a shorter
averaging period. If all QC requirements are met before, during,
and after measurement, a single measurement is sufficient.
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However, the failure of any QC test, other than a legitimate warning on
flow angle (angle of current relative to tagline), requires that the
measurement be repeated. If flow angle at one or more points is large but
valid, make a handwritten note to this effect. In any event, do not delete
any files, even for aborted transects; retain all data. In the logbook, record
starting and ending measurements for wetted width. From the SonTek
FlowTracker data summary, record the file name, total flow (Q), number
of stations, cross-sectional area, water temperature, mean and maximum
velocity, mean and maximum depth, and signal-to-noise ratio.
4.

Using the Swoffer mechanical flow meter, follow operational
instructions provided in the instrument manual (Swoffer
Instruments 2011). Apply the “meters per second” velocity
measurement scale. Use “reset” button to start measurement.
Averaging times will vary between 1.5 and 30 sec, depending on
settings; view velocities for at least 30 s before recording a value.
The complete measurement of discharge should be performed
twice, preferably once by each crew member (such replicate
measurements provide a basis for estimating statistical precision).
All distance, depth, and velocity measurements must be recorded
by hand in the logbook.

Using either the ADV or mechanical flow meter, measure distance, depth,
and velocity at 30 or more points across the channel. Measurements
should be closer together in areas where depth and/or velocity are greater
or where marked changes are observed in either depth or velocity. No
single measurement should represent more than 5.0% of the total stream
flow. Make a single velocity measurement (at 0.4 × total depth) if the
water is less than 1 meter deep; make two measurements (at 0.2 ×
depth and 0.8 × depth) in deeper water.
D.

Non-Wadeable Streams
Use the SonTek M9 RiverSurveyor ADCP. Follow the product manual
(SonTek/YSI 2010) and the methods described for tethered-boat
operations in the appropriate USGS guidance document (Mueller and
Wagner 2009).
1.

Record appropriate information in the waterproof logbook,
including site number and name, date, crew, GPS or locality
information, flow conditions, and any relevant weather or water
notes. Take a photograph of the header data, followed by upstream
and downstream photographs (in that order).
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2.

Calibrate the compass on the ADCP. Perform this task away from
any metal objects, large or small. Record results of calibration in
logbook.

3.

Record preliminary site measurements (channel width, water
temperature, etc.) and prepare the ADCP hardware and software as
necessary (tether rope/s, mobile device, etc.).

4.

a.

Perform a moving bed test. This may consist of a full
measurement loop or a stationary test.

b.

If a loop test reveals a total flow variation between the two
transects of less than 5.0%, this may be considered the first
pair of discharge measurements.

c.

If either test shows significant moving-bed bias,
compensate for this bias using the procedures described in
Mueller and Wagner (2009) and SonTek/YSI (2010).

Measure discharge
a.

Perform at least four measurement transects (two loops) to
measure continuous discharge. For each iteration, record
appropriate information on the ADCP discharge
measurement form, including file name, ADCP settings,
and total discharge.

b.

Alternatively, measure velocity and depth at 30 or more
fixed stations and record summary data on midpoint
method discharge measurement form.

c.

In permanent logbook, for each pass, record file name, total
Q (flow), starting bank, channel width, duration, and
percent measureable.

5.

Perform a second tapedown measurement after measuring stream
discharge.

6.

Upon return to the office, upload and archive all electronic files
and photographs, archive all paper forms, and recharge or replace
instrument battery packs, as needed. Immediately print results from
ADCP or ADV measurements and file these hard copies with site
forms.
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MEASURING STREAM DISCHARGE WITH PARSHALL FLUME
DURING EXTREME LOW FLOW CONDITIONS (SWMP-004)
I.

INTRODUCTION
1.

Purpose
Exceptional low stream flow exacerbated by persistent drought conditions
makes attaining accurate stream discharge measurements very difficult.
Use of the most advanced instrumentation (e.g., acoustic Doppler) to
accurately measure flow under these complex conditions has not translated
into a practical field application of the technology. Therefore to ensure
discharge measurements during extreme low flow conditions, a prefabricated Parshall flume is deployed. This hydrologic structure, placed
temporarily in the stream channel, diverts all of the flow through a
contracted section (having a known head to flow throat size coupled with a
calibrated water depth scale) that translates the observed water depth in
the flume to a rate of discharge. The following paragraphs provide an
overview of the stream discharge measurements using a Parshall flume
and protocols employed in the KDHE sub-watershed monitoring program.

B.

Minimum Staff Qualifications
The performance of this procedure requires two trained individuals. Both
must meet the minimum classification requirements for Environmental
Scientist I published by the Kansas Department of Administration. At least
one individual (field crew leader) must be experienced in the proper use of
stream gauging instrumentation. Before initially engaging in stream
gauging activities, both individuals must demonstrate, to the program
manager’s satisfaction, an ability to correctly implement the methods
outlined in this SOP.

C.

Equipment/Accessories
1.

Thompson Parshall Measuring Flume (2-inch throat) with an added
feature (an attached rubber mat to prevent undermining and
seepage).

2.

Hand shovel and a 10-inch carpenter’s bubble level

3.

Tubesand bags

4.

Blaze orange safety vest or for each crew member
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II.

5.

Weighted steel measuring tape on an open reel (total length 50 or
100 ft)

6.

Hip or chest waders for each crew member, as needed

7.

Camera

PROCEDURES
A.

B.

Tapedown Measurements
1.

Perform an initial tapedown measurement from bridge deck
(according to procedures and requirement indicated in SWMP002) before installing flume.

2.

If flume is sited downstream of bridge, ascertain a tapedown
measurement from bridge deck once flume has been sited. This
measurement(s) will determine when the water height (head) above
the flume has stabilized.

3.

Perform a final tapedown measurement from bridge deck after
removal of flume and stream water height has returned to preexisting flow conditions.

Site Selection and Installation of Parshall Flume
1.

Select the best available cross-section for placement by evaluating
the stream’s geomorphology in the vicinity of the bridge crossing
for placement of flume. Choose a location with proper grade,
preferably in an area where the wetted width narrows and provides
a solid substrate to rest the flume. Make sure that the cross-section
is close enough to the stage-reading location (bridge) that there are
no intervening confluences, discharge pipes, water withdrawals, or
other features that could materially affect flow between locations.

2.

Using a hand shovel, remove rocks and other debris to prepare a
flat and stable substrate to rest the flume.

3.

Set the flume level using a 10-inch bubble level at two specific
location points on the flume.
a.

Placed on the topside of the wall with the mounted water
height gage (horizontal alignment).
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b.

C.

Placed on the throat cross-brace (vertical alignment).

4.

Deploy the attached rubber mat out to the front and sides to
prevent water from undermining and going around the flume.

5.

Place by hand readily available rocks on the upstream portion of
mat to help keep it flat on the stream substrate and in a raised
position on the downstream or backside.

6.

Shovel loose stream gravel on the upstream portion of mat to add
weight and restrict seepage and pile additional gravel (augment
wing walls) or use the tube sandbags to extend the makeshift berm
(beyond the rubber wing walls) to the stream water’s edge.

7.

Perform a tapedown measurement after flume has been sited.

Discharge Measurement using Flume
1.

Read water gage height every five minutes after installation to
track when stream water height has stabilized. After starting
measurements, the flume should not be moved or position
changed.

2.

After two consecutive identical readings (usually within 20 to 30
minutes of installation) are read on gage, record the height of the
water to the hundredth of a foot.
a.

Record appropriate information in the waterproof logbook,
including site number and name, date, crew, GPS or
locality information, flow conditions, and any relevant
weather or water notes.

b.

Take a photograph of water height on gage, and then take
upstream and downstream photographs (in that order).

3.

Perform a final tapedown measurement after measuring stream
discharge and flume has been removed from stream.

4.

Upon return to the office, use free flow discharge from published
Parshall Flume tables to compute estimated flow in cubic foot per
second, and archive all photographs and paper forms.
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APPENDIX C
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SUBMISSION FORM WITH CHAIN-OF-CUSTODY BLOCK
FORM SCMP APP.C-4
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STREAM CROSS-SECTION PROFILE
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STREAM DISCHARGE MEASUREMNT – ADCP METHOD
FORM SWMP APP. C-3
(Front of Form)
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STREAM FLOW MEASUREMENT – PARSHALL FLUME METHOD
FORM SWMP APP.C-4
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GLOSSARY OF TERMS
accuracy - - the extent to which a measured value actually represents the condition being
measured. Accuracy is influenced by the degree of random error (precision) and
systematic error (bias) inherent in the measurement operation (e.g., environmental
sampling and analytical operations).
activity - - an all inclusive term describing a specific set of operations or related tasks to
be performed, either serially or in parallel (e.g., research and development, field
sampling, analytical operations), that in total result in a product or service.
assessment - - the evaluation process used to measure the performance or effectiveness
of a system and its elements. As used in this program QA management plan,
“assessment” is an all-inclusive term used to denote audits, performance evaluations,
management system reviews, internal reviews and related actions.
audit - - a systematic and independent examination to determine whether quality
activities and related results comply with planned arrangements and whether these
arrangements are implemented effectively and are suitable to achieve objectives.
automated external defibrillator (AED) - - a portable, battery powered lifesaving
device employed by trained individuals in medical emergencies to correct a chaotic heart
rhythm in an ill or injured person by subjecting the heart of said person to a controlled
electrical shock.
bias - - the systematic or persistent distortion of a measurement process which causes
errors in one direction (i.e., the degree to which the expected sample measurement is
different from the true sample value).
calibration - - a comparison of a measurement standard, instrument, or item with a
standard, instrument or item of higher accuracy to detect, quantify and report inaccuracies
and to eliminate these inaccuracies through adjustments.
censored data - - a dataset containing data points whose measured properties are not
present in an amount that can be reliably quantified and therefore accorded a specific
code.
chain-of-custody - - an unbroken trail of accountability that ensures the physical security
of samples, data and records.
comparability - - a measure of the confidence with which one item (e.g., data set) can be
compared to another.
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completeness - - a measure of the amount of valid data obtained from a measurement
system compared to the amount that was expected to be obtained under normal
conditions.
computer program - - a sequence of instructions suitable for processing by a computer.
Processing may include the use of an assembler, compiler, interpreter, or translator to
prepare the program for execution. A computer program may be stored on electrical,
magnetic or optical media.
concurrent duplicate - - a surface water quality sample that is arbitrarily split by filling
separate sample containers concurrently from the same sampling device to assess sample
homogeity in the sample collection process.
container blank - - a clean water sample (e.g., distilled water) transferred directly to a
randomly selected sample container in order to assess or monitor contamination resulting
form sample containment.
corrective action - - any measure taken to rectify a condition adverse to quality and, if
possible, to preclude its recurrence.
D-frame -- a long handled net with an opening in the shape of the capital letter D and a
bag mesh size of 0.5 mm.
data performance criteria - - qualitative and quantitative statements that define the
appropriate type of data and/or specify tolerable levels of potential decision errors. These
criteria establish the quality and quantity of data needed to support decisions.
data quality assessment - - a scientific and statistical evaluation of a set of
environmental data to determine the adequacy of the data for its intended use.
deficiency - - an unauthorized deviation from acceptable procedures or practices.
detection limit - - the lowest concentration of a target analyte that a given method or
instrument can reliably ascertain and report as greater than zero.
document - - any written or pictorial information describing, defining, specifying,
reporting or certifying activities, requirements, procedures or results.
duplicate samples - - paired samples collected at essentially the same time from the
same site and carried through all assessment and analytical procedures in an identical
manner. Duplicate samples are used to measure natural variability as well as the precision
of a method, monitoring instrument, and/or analyst. More than two such samples are
referred to as replicate samples.
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ecoregion - - an ecologically distinctive geographical area, defined in the context of scale
by a combination of landscape features such as climate, physiography, soils, vegetation
or potential vegetation, geology, and land use.
environmental data - - the description of a physical medium (e.g., air, water, soil,
sediment) or biological system expressed in terms of some measurable physical,
chemical, radiological or biological characteristic or set of characteristics.
environmental monitoring program - - a planned and systematic operation for
characterizing and environmental process or condition. For the purposes of this
document, the term “program” refers to a major, ongoing or longer term environmental
monitoring operation.
environmental monitoring project - - a planned and systematic operation for
characterizing an environmental process or condition. For the purposes of this document,
the term “project” refers to a smaller scale or shorter term environmental monitoring
operation.
field blank - - a clean sample (e.g., distilled water) that is treated the same as samples
collected in the field. Field blanks are submitted to the analyst along with other samples
and are used to detect and quantify contamination incurred during sample collection,
transport, storage, and analysis.
field spike - - a spiked sample prepared in the field. See spiked sample.
holding time - - an agreed upon, maximum interval of time in which a sample can be
held under prescribed preservation methods.
independent assessment - - a quality assessment of an environmental monitoring
program, project or system performed by a qualified individual, group, or organization
that is not part of the program, project or system.
inspection - - examination or measurement of an activity to verify conformance with
specific requirements.
internal assessment - - any quality assessment of the work performed by an individual,
group, or organization, conducted by those overseeing and/or performing the work.
method - - a body of procedures for performing an activity in a systematic and repeatable
manner.
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method reporting limit (MRL) - - a minimum concentration of an analyte that can be
measured within laboratory specified limits of precision and accuracy (cf., reporting
limit).
nonparametric statistics - - procedures for organizing and interpreting numerical data
that are free of any assumptions about the data distribution and do not require estimation
of the variance, mean or other population parameters.
open database connectivity (ODBC) - - a computer interface that provides a seamless
connection between a database-independent application and a target database.
parametric statistics - - procedures for organizing and interpreting numerical data that
employ certain assumptions about the data distribution and require estimation of a least
one population parameter.
peer review - - a critical review of a finding or document conducted by qualified
individuals other than those who produced the finding or document but collectively
equivalent in technical expertise.
performance evaluation - - a type of audit in which the quantitative data generated in a
measurement system are obtained independently and compared with routinely obtained
data to evaluate the proficiency of a technician, analyst or laboratory.
precision - - the level of agreement among individual measurements of the same
property, conducted under identical or similar conditions.
qualified data - - data that have been modified, adjusted or flagged in a data base
following data validation procedures.
quality - - those features of a product or service that bear on its ability to meet the stated
or implied needs and expectations of the user.
quality assurance (QA) - - an integrated system of management activities involving
planning, implementation, assessment, reporting, and quality improvement to ensure that
a process, item or service is of the type and quality needed and expected by the user.
quality control (QC) - - the overall system of technical activities that measures the
attributes and performance of a process, item or service against defined standards to
verify that the process, item or service meets the stated requirements of the user.
quality management plan (QMP) - - a formal document that describes a quality
management system in terms of the organizational structure, functional responsibilities,
and planning, implementation and assessment of work.
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record - - a document or portion thereof furnishing evidence of the quality of an item or
activity, validated and authenticated as technically complete and correct. Records may
include reports, photographs, drawings, and data stored on electronic, magnetic, optical
or other recording media.
reference site - - a monitored site (e.g., stream location or segment) that is little impacted
by urban, industrial or agricultural development or any other human enterprise. Reference
sites serve as points or comparison of assessing the extent of human impact on the
ecological integrity of other sites in the same geographical area, drainage basin, or
ecoregion.
relative percent difference (RPD - - a value calculated by subtracting the lower of two
duplicate analyses form the higher, then dividing this difference by the average of the two
analyses and multiplying the result by 100 to convert to percent difference.
replicate sample - - see duplicate sample.
reporting limit - - the lowest (or highest) concentration (or level) of a parameter that can
be reliably reported by an individual analyst or laboratory based on the applied analytical
method and instrumentation, the ability of the analyst or laboratory, and the effort
devoted to the analytical determination.
representativeness - - a measure of the degree to which data accurately and precisely
represent a selected characteristic of a monitored system.
reproducibility - - a measure of the degree to which sequential or repeated
measurements of the same system vary from one another, independently of any actual
change in the system.
sensitivity - - a measure of the capacity of an analytical method or instrument to
discriminate between different levels of a variable of interest.
sequential duplicate - - a sequence of separate surface water quality samples (usually
two) collected within minutes of each other at a specified location to assess variability
among samples resulting from collection, processing transport, and laboratory
preparation and procedures.
spiked sample - - a sample of water, air, soil, sediment, biological tissue or other
material which is amended by the addition of a known amount of a given chemical
element or compound. The measured concentration of the element or compound in the
amended material is compared to the measured amount in the unamended material to
provide a measure of analytical recovery and accuracy.
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surveillance (quality) -- continual or frequent monitoring and verification of the status of
an entity (e.g., monitoring program) and the analysis of records to ensure that specified
requirements are being fulfilled.
standard operating procedure (SOP) - - a written, formally approved document that
comprehensively and sequentially describes the methods employed in a routine operation,
analysis or action.
taxa richness -- a summation of the number of taxa determined as present in a sample.
taxon (singular of taxon) -- the lowest practicable level of identification (e.g., family,
genus, species) that can be applied to a group of phylogenetically related organisms.
technical review - - a critical review of an operation by independent reviewers
collectively equivalent in technical expertise to those performing the operation (cf., peer
review).
thalweg - - a line defining the lowest points along the length of a stream bed or valley.
total maximum daily load (TMDL) - - an estimate of the maximum quantity of a given
pollutant that may be added to a surface water body from all sources without violating
established water quality criteria, minus a margin of error that accounts for, and
corresponds to, the statistical uncertainty inherent in the loading estimate.
validation - - the establishment of a conclusion based on detailed evidence or by
demonstration. This term is often used in conjunction with formal legal or official
actions.

