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1.2 ABSTRACT

In May, 1979, the United States Environmental Protection Agency (EPA)
initiated a mandatory quality assurance program.  This program was
designed to assure all environmental measurements conducted by EPA,
state and local agencies and other sources result in data of a known
quality.  Meeting this goal requires the development of a Quality
Assurance Project Plan (QAPP) which contains management policies and
monitoring protocols which specify how the Montana Department of
Environmental Quality (DEQ) intends to produce data of known and
acceptable precision, accuracy, representativeness, and completeness. 
This document provides the above information for the Montana Department
of Environmental Quality.
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1.4 DISCLAIMER

Mention of trade names or commercial products does not constitute the
DEQ's endorsement or recommendation for use.
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11.8.6 Percent Fines Calculation


Methods for Determining Percent Fine Sediments in Stream
Beds


Sediments that are smaller than six millimeters in
diameter are classified as fine, and the concentration of
these sediments in a streambed is given as a percent of the
total sediment.  DEQ procedures for classifying percent fines
are a modification of the procedure used by the U.S. Forest
Service.  The method used by the DEQ facilitates easier
viewing of the substrate, as well as a simplified sampling
procedure.


Site Selection


The samples are taken in pool tails and riffles,
depending on the relative abundance of each in the stream
reach being assessed.  For example, if the reach contains 70%
riffles and 30% pools, then 70% of the sediment samples should
come from riffles and 30% from pool tails.  Samples within the
pools and riffles are taken at random.


Sampling Parameters


The DEQ has determined that at least six samples need to
be taken to achieve a stable level of variability.  A series
of test samplings was run; the first involving only one
sample, the last involving ten samples.  The standard
deviation for the percent fine sediments of each set was
calculated, and the difference between the deviation of each
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set began to level out at six samples.  More than six samples
do not significantly affect the accuracy of the assessment,
but fewer than six and the accuracy is noticeably affected, as
seen in the graph below. 


Equipment


Equipment for this procedure consists of a five-gallon
bucket with a clear grid in the bottom.  The grid is made of
lines intersecting every inch to form 49 intersections (the 4
corners are cut off to make 45).  Each intersection is left
empty to form a space 6 mm long on each line to aid in
determining sediment size.  The grid material itself is a
clear acrylic (plexi-glass).  A square just large enough to
view 45 of the intersections is cut in the bottom of the
bucket, and the grid is glued on.  Four legs, approximately 1
inch long, are glued to the bottom to hold the bucket up off
of the sediment.  A brightly painted rock, about the size of
a baseball, is also used.


Procedure


To take samples, toss the rock out into the stream as
randomly as possible.  Place the center of the grid over where
the rock settled, and count the number of intersections where
sediment smaller than 6mm is present.  Repeat this procedure
until 6 samples have been collected.


Calculations


The percent of the sediments in the stream that are fine
is calculated by dividing the number of fine sediments in each
sample by the total number of intersections.  The average of
the six samples is calculated, and this number represents the
percent of the sediments in this section of stream that are
classified as fine.


References


R1/R4 Fish and Fish Habitat Standard Inventory Procedures
Handbook.  USDA, Forrest Service.  May, 1997
pp. 30
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12.0  Methods of Assessing the Biological Integrity of Surface and
Groundwaters


12.1  STREAMS


12.1.1  Bacteria


The coliform group of bacteria is the principal indicator of
suitability of a water for domestic, recreational or other
uses.


Coliform bacteria are analyzed at the Public Health
Laboratory using the membrane filter procedure.  Coliform
densities are reported as membrane filter count per 100 ml.


12.1.1.1  Coliform Bacteria


A.  EQUIPMENT


Collection bottles for coliform bacteria (approximately
100ml).  Sterilized and treated with sodium thiosulfate. 
These bottles are available at the Public Health Laboratory.


B.  COLLECTION


1.  Do not rinse the bottle !  Fill the bottle to the
top of label, and cap tightly.


2.  Complete the information required on the bottle
label and enter required data into field notes.


C.  FILTRATION None


D.  PRESERVATION


1.  Bacteriological samples should be iced or
refrigerated at a temperature of 1 to 4 C during
transport to the laboratory.


2.  Fecal and total coliform samples should not be held
more than six hours between collection and initiation
of analyses.


3.  Care should be taken that sample bottle tops are
not immersed in water during transit or storage.


E.  PRECAUTIONS







Section No.  12.0 
Revision No.    0  


Date:  4/1/95


12-1-1.DOC


1.  When sampling surface waters, try to collect the
water from a depth of 15.2cm (6in), while still leaving
room at the top of the bottle for mixing.  Avoid
surface scum.  Do not touch the insides of the bottle;
keep the hands near the base of the bottle while
sampling.


2.  Do not collect samples from spigots that leak or
contain aeration devices or screens.  Flush the spigot
for 3 to 5 minutes before collecting samples.  Remove
the cap aseptically from the sample bottle, hold the
bottle upright near the base, and fill without
splashing.


F.  QUALITY CONTROL None


G.  SPECIAL INSTRUCTIONS


Composite samples are never collected for microbiological
examination.  Data from individual samples show a range of
values which composite samples shall not display.


H.  REFERENCES: None


I.  PROJECT:  Intensive Surveys, Drinking Water
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12.1.1.2  Fecal Streptococcus


The normal habitat of fecal streptococci is the
gastrointestinal tract of warm-blooded animals.  Therefore,
the presence of fecal streptococci indicates fecal pollution.
 Fecal streptococci have been used with fecal coliforms to
differentiate human fecal contamination from that of other
warm-blooded animals.  In the past, a ratio of fecal coliform
to fecal streptococci greater than 4 indicated human fecal
contaminants whereas a ratio of less than 0.7 suggested
contamination by nonhuman  sources. However, for various
reasons the FC/FS ratio is not recommended by Standard
Methods 18th Edition to be used in differentiating human from
animal sources of pollution.


The field collection protocols are the same as for total
coliform.
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12.1.1.3  Iron and Sulfur Bacteria


The group of nuisance organisms collectively designated as
iron and sulfur bacteria have the ability to transform or
deposit significant amounts of iron or sulfur, usually in the
form of objectionable slimes.  They are studied because iron
and sulfur slimes may be a problem in water treatment and
distributions and may be bothersome in waters for industrial
use, such as cooling and boiler waters.


Iron bacteria may cause, or be associated with the fouling or
plugging of wells.  Temperature, light, pH, and oxygen supply
are critical to the growth of iron and sulfur bacteria. 
Under different environmental conditions some bacteria may
appear as either iron or sulfur bacteria.


Iron bacteria appear as masses of brown slime with tinges of
red. Iron bacteria may have an unpleasant odor.  These
bacteria obtain energy by the oxidation of iron from the
ferrous to the ferric state.


Iron bacteria are identified with a microscope shortly after
collection.  Settle, centrifuge or filter samples drawn from
wells and examine sediment microscopically for filaments and
iron-encrusted filaments.  For additional information, refer
to Method 9240 for Iron Bacteria, Standard Methods for the
Examination of Water and Wastewater, 18th Edition (1992).


The bacteria that oxidize or reduce inorganic sulfur
compounds exhibit a wide diversity of morphological and
biological characteristics.  One group of bacteria
anaerobically reduces sulfate to hydrogen sulfide and is
single-celled.  Another group uses hydrogen sulfide for
chemosyntheses and is purplish green in color.  Other groups
may be filamentous and clear and aerobic.  The most important
sulfur bacteria are the sulfate reducing bacteria as they
contribute to corrosion of water mains, and to taste and odor
problems in water.


To collect sulfur bacteria scrape from exposed surfaces or
sediment and examine microscopically.  For identification and
additional information follow Method 9240 for Sulfur
Bacteria, Standard Methods for the Examination of Water and
Wastewater, 18th Edition, (1992).








Section No. 12.0 
Revision No.   0  


Date: 03/31/99


12.1.2  Periphyton


Periphyton are algae that live attached to or in close proximity of the
stream bottom.  Although other plants may occupy the stream benthos, notably
mosses and "higher plants" (macrophyton), algae contribute more to the
diversity and productivity of Montana streams, particularly streams in the
mountainous region of the state. 


Periphyton algae may form colonies or filaments that are visible to the
unaided eye, or they may be one-celled, microscopic plants that are visible
only in their accumulated growth.  Two basic types of algae are found in
Montana streams:  diatoms (Division Chrysophyta, Class Bacillariophyceae)
and soft-bodied algae.  Soft-bodied algae are represented by four major
divisions: green algae (Chlorophyta), blue-green algae or cyanobacteria
(Cyanophyta), golden-brown algae (Chrysophyta), and red algae (Rhodophyta).


Pigmented growths of bacteria and fungi (i.e., iron bacteria, "yellow boy",
and "sewage fungus") are sometimes found in Montana waters.  These growths
typically include one or more species of algae interspersed within their
matrix.  The diverse community of algae, fungi, bacteria and
microinvertebrates (nematodes, protozoa, rotifers, etc.) that forms a slime
or film coating the stream bottom is called the Aufwuchs.  Sometimes this
community of autotrophs and heterotrophs is also called "periphyton". 


For more information about periphyton, the advantages of using benthic algae
in stream surveys, and collection and bioassessment methods, refer to APHA
et al. (1992), Plafkin et al. (1989), Porter et al. (1993), and Britton and
Greeson (1989).


A.  INDEX PERIOD


Although stream periphyton may be assessed anytime of the year, the
recommended time is summer (June 21 to September 21).  This is a time of
stable flows and peak periphyton diversity and standing crop in most Montana
streams.  Summer is also the season most amenable for field work in Montana
and the season during which most reference data have been collected.


High flows and turbid waters should be avoided because they limit access to
and obscure visibility of the stream bottom.  Assessments should be delayed
for at least two weeks following high, bottom-scouring streamflows to allow
for recolonization by algae and succession to a mature periphyton community.
 It may be necessary to sample outside the summer period to coincide with
flows in ephemeral or dewatered streams, or to track seasonal changes in the
biointegrity.  When monitoring for trends from year to year, minimize the
between-year variance by performing the assessments on or about the same
date each year. 


B.  SITE SELECTION
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Selection of sampling locations depends largely on the objectives of the
assessment.  Factors to consider include access, location of contaminant
sources, length of mixing zones, and dilution and attenuation of pollutants.


A reference or control site should be established for each set of study
sites.  The reference site should be comparable to the study site(s) in
terms of depth, gradient, canopy cover (shading), substrate, and other
physical features.  It should be located in the same reach as the study site
or in a local tributary to the study stream that has the same stream order
as the reach containing the study site(s).  As used here, a "reach" is a
section of stream having a uniform stream order.  Control sites should be
minimally disturbed compared with other sites in the watershed.  For long-
term monitoring, the control site should be afforded sufficient protection
to maintain existing water quality.


The extent of the study site depends on the type of stream to be assessed. 
For high-gradient streams (see Section 12.1.3 Macroinvertebrate for
definition), the sampling site for periphyton is a single riffle.  For low-
gradient streams, the sampling site is a reach of at least one meander
length or about 20 bankful channel widths.
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12.1.2.1  Field Observations


The general composition, amount, color and condition of aquatic
plants may be assessed in the field using the Aquatic Plant Field
Sheet (APFS)(Section 21.1.1.8).  This information shall help to
describe the health and productivity of the aquatic ecosystem,
define nuisance aquatic plant problems, identify potential
sources and causes of pollution, and document changes in the
plant community over time.


Completing the APFS is equivalent to an RBP Level I assessment
for aquatic plants.  The APFS should be filled out before
completing more detailed assessments of periphyton standing crop,
composition and community structure.
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12.1.2.2 Field-Based Rapid Periphyton Survey


Semi-quantitative assessments of benthic algal biomass and
taxonomic composition can be made rapidly with a viewing bucket
marked with a grid and a biomass scoring system.  The advantage
of using this technique is that it enables rapid assessment of
algal biomass over larger spatial scales than substrate sampling
and laboratory analysis.  Coarse-level taxonomic characterization
of communities is also possible with this technique.  This
technique is a survey of the natural substrate and requires no
laboratory processing, but hand picked samples can be returned to
the laboratory to quickly verify identification.  It is a
technique developed by Stevenson and Rier.


PROCEDURE


1. Fill in top of Rapid Periphyton Survey (RPS) Field Sheet.


2. Establish at least three transects across the habitat being
sampled (preferably riffles or runs in the reach in which
benthic algal accumulation is readily observed and
characterized).


3. Select three locations along each transect (e.g., stratified
random locations on right, middle, and left bank).


4. Characterize algae in each selected location by immersing the
bucket with 45-intersection grid in the water.  The original
procedure calls for a 50-dot grid, but DEQ modified so our
existing percent fines buckets, SOP section 11.8.6, could be
used. 


-First, characterize macroalgal biomass.


-Observe the bottom of the stream through the bottom of the
viewing bucket and count the number of intersections that
occur over macroalgae (e.g., Cladophora or Spirogyra) under
which substrates cannot be seen.  Record that number and the
kind of macroalgae under the intersections on RPS field
sheet.


-Measure and record the maximum length of the macroalgae.


-If two or more types of macroalgae are present, count the
intersections, measure, and record information for each type
of macroalgae separately. 


-Second, characterize microalgal cover.


-While viewing the same area, record the number of
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intersections under which substrata occur that are suitable
size for microalgal accumulation (gravel >2 cm in size).


-Determine the kind (usually diatoms and blue-green algae)
and estimate the thickness (density) of microalgae under
each intersection using the following thickness scale:
0 – substrate rough with no visual evidence of microalgae
0.5 – substrate slimy, but no visual accumulation of


microalgae is evident
1 – a thin layer of microalgae is visually evident
2 – accumulation of microalgal layer from 0.5-1mm thick is


evident
3 – accumulation of microalgae layer from 1mm to 5mm thick


is evident
4 – accumulation of microalgal layer from 5mm to 2cm thick


is evident
5 – accumulation of microalgal layer greater than 2cm thick


is evident
Mat thickness can be measured with a ruler.


-Record the number of intersections that are over each of
the specific thickness ranks separately for diatoms, blue-
green algae, or other microalgae.


5. Statistically characterize density of algae on substrate by
determining:


-total number of grid points (intersections) evaluated at the
site (D1)
-number of grid points over macroalgae (Dm)
-total number of grid points over suitable substrate for
microalgae at the site (dt)
-number of grid points over microalga of different thickness
ranks for each type of microalga (di)
-average percent cover of the habitat by each type of
macroalgae (i.e., 100X Dm/Dt)
-maximum length of each type of macroalgae
-mean density (i.e., thickness rank) of each type of
macroalgae on suitable substrate (i.e., Σdiri/dt);  maximum
density of each type of macroalgae on suitable substrate


6.  QA/QC between observers and calibration between algal biomass
(chl a, AFDM, cell density and biovolume cm-2 and taxonomic
composition) can be developed by collecting samples that have
specific microalgal rankings and assaying the periphyton.
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12.1.2.3  Standing Crop / Chlorophyll (Sampling, Sample Analysis, Criteria)


The standing crop of periphyton in a stream is controlled by season,
nutrient concentrations, current velocity, grazing, shading, water
temperature, and other factors.  Heavy growths of algae generally indicate
inferior water quality.


Excess periphyton growth may clog water filters and irrigation equipment,
cause taste and odor problems in water supplies, reduce instream dissolved
oxygen levels, interfere with fish spawning, degrade macroinvertebrate
habitat, trap sediment and deflect streamflows, and impair the overall
aesthetics of a stream.


A.  SAMPLING


Periphyton standing crop may be quantified by measuring the amount of
accrual on natural substrates at the study site.  The use of artificial
substrates is not recommended.


Protocol I:


Several techniques are available for sampling periphyton growth from natural
substrates (Britton and Greeson (1989), APHA et al. (1992), Porter et al.
(1993)).  Different techniques may be needed for different substrates, i.e.,
rocks and sediment.


Periphyton growth tends to be patchy rather than uniform.  The heaviest,
most problematic accumulations should be targeted for sampling.  An
additional, more random, sampling procedure is outlined in protocol II. The
percent cover by light, moderate and heavy growths can be estimated on the
Aquatic Plant Field Sheet.  Replicate samples should be collected to
determine variability within the study site.


Protocol II:


Direct extraction can also be used to detect chlorophyll a (Cattaneo, 1991).
 Either of the two additional techniques that follow may be used for
sampling chlorophyll a.  First, when taking chlorophyll a samples in
conjunction with benthic invertebrate sampling, Αrocks with algal cover
representative of the invertebrate sampling locations are chosen without
intentional bias; extreme conditions, such as extremely dense or sparse
algal cover are avoided≅  (USGS Open File Report 93-409,14).  Sampling a
wide variety of habitats is possible.  Second, the transect survey technique
will allow samples to be taken repeatedly along the same transect line every
time a stream is surveyed. (Stevenson, 1997 preliminary draft). This is
especially useful for fixed station monitoring in order to detect trends. 
For the best ability to detect trends, first objectively establish three
transects across the habitat being sampled.   Collect a six-rock sample
along each transect, keeping the samples separate.  The samples should be an
even representation along the line.  For intensive surveys only one transect
line is required.  To sample, place a minimum of six submerged rocks into a
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plastic freezer bag. The rock size should be kept to a minimum so the amount
of acetone can be kept to a minimum (flat rocks with an area similar to golf
balls and less).  Immediately store the sample on ice and away from light
(Cattaneo,1991).  The samples should be sent to the lab as soon as possible
for chlorophyll analysis.


B.  ANALYSIS


Protocol I:


Periphyton material collected from a known area of natural substrate should
be analyzed for chlorophyll a following Standard Methods for Examination of
Water and Wastewater (APHA et al. (1992)).  Results should be expressed in
milligrams of chlorophyll a per square meter of substrate.


Protocol II:


Conduct work with chlorophyll in subdued light to avoid degradation.  The
pigments are extracted from the plankton concentrate from aqueous acetone
and the optical density (absorbance) of the extract is determined with a
spectrophotometer.  The ease with which the chlorophylls are removed from
the cells varies considerably with different algae.


Extraction procedure


1) If processing must be delayed, hold samples on ice or at 4oC and
protect from the exposure to light. Samples taken from water having a pH 7
or higher may be placed in airtight plastic freezer bags and stored frozen
for 3 weeks.  Samples from acidic water must be processed promptly to
prevent chlorophyll degradation.
2) Place sample in plastic freezer bag and cover with aqueous acetone.*
Try to keep the volume of acetone to a minimum (less than 350 mL).  Shake
the rocks for 30 seconds.  Wait one hour and shake again for 30 seconds.


* One variation replaces acetone with methanol (MeOH) (Holm-Hansen,
1978).


3) Let stand for 23 hours, then have the extracts read in a
spectrophotometer at wavelengths at 750nm, 665nm, 664nm, 647nm, and 630nm.


Measuring surface area of stones


1) Measure 25cm2 of aluminum foil and weigh to have a weight-to-area
ratio.
2) Wrap the rocks with aluminum foil and trim off the excess foil from
the rock.
3) Weigh the foil and use the ratio to find the surface area of the
rocks.
4) Or use another method (such as Graham,  McCaughan, and McKee.  1988. 
Measurement of surface stones. Hydrobiologia 157:85-87) to measure the
surface area.


Calculations
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1) Follow the equations in the ΑStandard Methods for Examination of
Water and Waste Water≅ (APHA et al. (1992)), the chlorophyll a
concentration is calculated by using the concentration of pigment
in the extract and the recorded surface area of the rocks.


C.  CRITERIA


The Province of British Columbia (Nordin, 1985) has set chlorophyll a
criteria for attached growth in streams to protect recreation and/or
aesthetics and aquatic life at 50 and 100 milligrams per square meter,
respectively.  Values above these levels are known to be detrimental
to these uses.  These criteria are applied province-wide to naturally
growing periphytic algae as opposed to algae growing on artificial
substrates.  These criteria may be used as guidelines for evaluating
problematic periphytic growths in Montana streams.
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12.1.2.4  Composition and Structure (Sampling, Sample Analysis, Criteria, Assessment
Protocols)


Algae are ubiquitous in Montana surface waters, easy to collect, and
represented in unpolluted streams by large numbers of species and
individual organisms.  Different species are differentially sensitive
to a variety of pollutants, including temperature, sediment,
nutrients, salts, and toxics.  As primary producers, algae are more
sensitive to certain pollutants, like nutrients and herbicides, than
other aquatic organisms.  Measures of the structure of algal
associations, such as species diversity and dominance, are sensitive
and useful indicators of water pollution and ecological disturbance.


Three levels of assessment are used by the DEQ to evaluate the
composition and structure of algal associations: 


Level I: Aquatic Plant Field Sheet (APFS)(Section 21.1.1.8)


Level II: Identification of soft-bodied algae to genus;
estimated relative abundance of cells in each genus;
estimated rank of each genus according to biomass


Level III: Identification of diatoms to species; proportional count
yielding percent relative abundance of each species;
calculation of diatom association metrics


Each level builds on information generated in the preceding level
below.  Level I is a prerequisite for Levels II and III and Level II
is a prerequisite for Level III assessment.


A.  SAMPLING


Microalgae are collected from natural substrates in proportion to the
rank of those substrates at the study site as recorded on the Aquatic
Plant Field Sheet (Section 21.1.1.8).  Collection of microalgae
typically involves scraping the entire surface of several rocks,
lifting the algal film off from nearshore sediments, and scraping a
submerged branch or two.  A stainless steel teaspoon is a good all-
around tool for collecting microalgae.
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Macroalgae are picked by hand in proportion to their abundance at the
site.  In selecting macroalgae for sampling, the sampler tries to
visually distinguish between the various growth forms that represent
different algal taxa.  Macroalgae are collected both for determining
community composition and as substrates for microalgae.  The goal is
to collect a single composite sample that is a miniature replica of
the stand of algae that are present at the study site. 


All collections of microalgae and Macroalgae are pooled into a common
sample container.  Wide-mouth, four ounce (125 ml), plastic jars work
well.  Enough ambient water should be added to the container to cover
the sample.  Then enough iodine potassium iodide (Lugol's Solution)
should be added to impart a light brown tint to the sample.  The
purpose of the Lugol's Solution is to retard bacterial decay and
selectively stain certain algae for easier identification.  (CAUTION!
 If spilled, Lugol's solution will stain clothing and turn paper
labels black.)


An identifying label should be affixed to the outside of the
container.  The label should include stream name and location, the
name of the collector, and the date. 


Samples may be transported without refrigeration, but they should be
kept dark and cold in a refrigerator until they are processed.  If
samples are stored for a long time, especially if they are stored at
room temperature and in daylight, or if they contain a large amount of
algae, the Lugol's Solution should be replenished every few weeks.


B.  ANALYSIS


Level II -- Soft-Bodied Algae


The sample is poured into a shallow pan and small portions of
different macroalgae are removed to a microscope slide.  Remainder of
the sample is returned to the sample jar and agitated to dislodge
epiphytic algae and randomize algal cells and colonies.


Then, using a soda straw or large-bore pipette, a several-drop
subsample of microalgae is added to the fragments of macroalgae on the
glass slide.  A coverslip is placed over the algae subsample,
completing a composite wet mount.
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The wet mount is scanned under a compound microscope at 200X.  Soft-
bodied algae are identified to genus, stepping up the magnification to
400X if necessary.  After all of the common soft-bodied algae are
identified, each genus is ranked according to its estimated
contribution to the total algal biomass at the site, taking into
account the remaining macroalgae and microalgae in the original
sample, and information recorded on the Aquatic Plant Field Sheet
(APFS) (Section 21.1.1.8).  The genus with the most biomass is ranked
number 1; the genus with the next most biomass is ranked number 2, and
so on.  Diatoms are included, but they are ranked as a group (Class
Bacillariophyceae) and not as individual genera.  Genera that are
rated Αrare≅ are not ranked.


Genera of soft-bodied algae and diatoms as a group are also rated as
to the relative abundance of their cells:


R   (rare) Fewer than 1 cell per field of view at 200X, on the
average;


C   (common) At least one, but fewer than five cells per field
of view;


VC  (very common) Between 5 and 25 cells per field of view;


A   (abundant) More than 25 cells per field of view, but
countable;


VA  (very abundant) Number of cells per field too numerous to count.


These designations have no counterpart in terms of cells per unit area
of stream bottom.  Although the density of algae material in each wet
mount shall vary, a certain degree of standardization is achieved by
the need to provide sufficient separation of cells and passage of
light through the mount to allow for the identification of genera and
estimation of cell numbers.


The above information should be recorded in a lab notebook, along with
information from the sample label, the name of the analyst, the date
of the analysis, project name, and other information as needed.
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The dominant phylum, indicator taxa, and number of soft-bodied genera
may be used to evaluate the biological integrity of the study site in
comparison to a control site or ecoregional reference conditions. 


Level III -- Diatoms


Digest the remainder of the sample with concentrated acid to remove
organic matter and cell contents and prepare a permanent diatom mount
according to Procedure 10200D.3 in Standard Methods (APHA et al.,
1992). 


Next, perform a diatom species proportional count on the permanent
mount of between 350 and 450 cells (APHA et al., 1992).  The number of
cells recorded for each species is divided by the total count and
multiplied by 100 to obtain percent relative abundance (PRA).  Those
species encountered in a floristic scan that precedes the proportional
count but not during the count itself are designated with a "p" for
"present".


Diatom species and raw counts should be recorded on a bench sheet
along with ancillary information.  Electronic data storage and
programs for calculating PRAs and metrics are also recommended.


In addition to the total number of species counted, five metrics may
be calculated from the diatom proportional count PRA data:  (1)
Shannon diversity index; (2) pollution index; (3) sedimentation index;
(4) disturbance index; and (5) similarity index.


Diversity Index.  The Shannon diversity index incorporates elements of
both dominance (equitability) and species richness.  Shannon diversity
is less sensitive than species richness to the number of frustules
counted. 


Pollution Index.  The pollution index is based on the decimal fraction
of diatoms in each of three pollution tolerance groups:  (1) most
tolerant; (2) less tolerant; and (3) sensitive.  Common Montana
diatoms are assigned to one of these three pollution tolerance groups
in Section 21.3.1.  This fraction is multiplied by the respective
group number and the sum of these products is the pollution index. 
This index shall range from 1.00 (all most-tolerant diatoms) to 3.00
(all sensitive diatoms).
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Achnanthes minutissima, a common diatom in Montana streams, has a
broad ecological amplitude.  It can dominate diatom associations in
both very polluted and very pristine streams.  It is recommended that
Achnanthes minutissima be excluded from calculations of the pollution
index when it accounts for 3 percent or more of the cells in the
proportional count.


Sedimentation Index.  This index is equal to the sum of the PRAs for
all motile diatom species present in the sample.  Most if not all
species in the following genera are motile:  Navicula, Nitzschia,
Surirella, and Cylindrotheca.  The sedimentation index shall yield
values ranging from 0.0 to 100.


Disturbance Index.  Achnanthes minutissima is a common pioneer species
in mountain streams and often dominates substrates that are disturbed
by either physical abrasion or by chemical pollution.  The percent
relative abundance (percent dominance) useful index of disturbance,
either chemical or physical.  PRAs <25 indicate a normal level of
disturbance; PRAs between 25 and 50 indicate minor disturbance; PRAs
between 50 and 75 indicate moderate disturbance; and PRAs >75 indicate
a high level of disturbance.


Similarity Index.  This index is the sum of the smaller of the two PRA
values for each species that is common to both the control site and
the study site or to two study sites.  Species restricted to one or
the other site are not tallied because the smaller of the two PRA
values shall always be zero.  Values for this index shall range from
0.0 (totally different communities) to 100 (identical communities).


C.  CRITERIA AND ASSESSMENT PROTOCOLS


Two sets of criteria and two assessment protocols are offered for the
diatoms:  one for screening study sites based on reference conditions
established for mountain (high-gradient) and plains (low-gradient)
streams (Protocol I), and another for assessing impairment based on
conditions at an upstream or tributary control site (Protocol II). 
Both protocols distinguish among four levels of aquatic life
impairment and biological integrity.  Protocol I should be used only
with metrics calculated from samples collected during the summer index
period.  Protocol II can be applied to data collected anytime during
the year. 


If both protocols are used, results of Protocol II should be given
more weight.  This is because Protocol II is more sensitive to local
conditions.  However, this is true only if the local control site is
relatively unimpaired (rates "good" or "excellent" under Protocol I)
and represents the biological potential for the study stream.


Protocol I:  Screening Protocol


This protocol assesses biological integrity and aquatic life
impairment by comparing metric values from a study site to metric
values derived from least-impaired reference streams in the same
physiographic province.  Separate sets of criteria have been developed
for mountain (high-gradient) streams (Table 1) and plains (low-
gradient) streams (Table 2).  The different criteria for the two types
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of streams reflect the natural factors that influence index values: 
summer temperatures, concentrations of nutrients, sediments, and
salts, stream gradient and sedimentation.   


Up to four diatom indexes may be used in this protocol:  (1) species
diversity index; (2) pollution index; (3) sedimentation index; and (4)
disturbance index (mountain streams only).  Each index is assigned a
score based on the value for that index in relation to the criteria in
Table 1 or Table 2.  The lowest score establishes the overall
biological integrity and impairment rating for the community of
organisms at that site. 


Natural stress may result in unusually low diversity index values and
high disturbance index values for streams that are pristine in all
other respects.  This is often true for small mountain streams that
have consistently cold water, steep gradients, and low levels of
nutrients and light.  Achnanthes minutissima often dominates the
diatom floras of these streams.  Mountain streams dominated by this
taxon and unimpaired by human activities may have Shannon diversity
index values roughly 2.00; mountain streams with diversity index
values much lower than 2.00 (i.e., <1.75) are probably impaired.


Protocol II:  Control Site Protocol


This protocol compares metric values from a study site to metric
values from a local upstream or sidestream control site (Table 3). 
The control site must be of the same stream order as the study site. 
In addition to three of the indexes used in Protocol I, this protocol
uses the percent similarity index.  Protocol II is more sensitive than
Protocol I because it compares study sites with local reference sites
rather than to generalized regional conditions.  The local control
site used in Protocol II should rate "good" or "excellent" under
Protocol I.  Protocol II can be applied year round.
Protocol II recognizes a possible two-way response by diatom diversity
to different causes and degrees of impairment.  Some mountain streams
with naturally low diversity values are known to respond to an
increase in sediment and/or nutrients with an increase in diversity. 
These streams also experience an increase in the number of species
counted.  No intrinsic value is placed on this additional diversity
because (1) the species added are more tolerant of pollution than
preexisting species, and (2) it represents a deviation from the
undisturbed condition for that site.
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Metric Reference Range of
Values


Expected Response


Shannon Species
Diversity


Bahls 1979 0.00-5.0+ Decrease1


Pollution Index2 Bahls 1993 1.00-3.00 Decrease


Siltation Index3 Bahls 1993 0.00-90.0+ Increase


                                                
1 Shannon diversity and species richness may


increase somewhat in naturally nutrient-poor
mountain streams in response to slight to
moderate increases in nutrients or sediment.


2 This is a composite numeric expression of the
pollution tolerances assigned by Lang-Bertalot
(1979) to the common diatom species; responds to
organic pollution only.


3 Computed as the sum of the percent abundances of
all species in the genera Navicula, Nitxschia,
and Surirella.  These are common genera of a
predominantly motile taxa that are able to
maintain their positions on the substrate surface
in depositional environments.
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Disturbance Index4 Barbour et al. 1997 0.00-100.0 Increase


No. Species Counted Bahls 1979, 1993 0-100+ Decrease1


Percent Dominant
Species


Barbour et al. 1997 5.0-100.0 Increase


Percent Abnormal
Cells


McFarland et al.
1997


0.0-20.0+ Increase


Similarity Index Whittaker 1952 0.0-80.0+ Decrease


                                                
4 Computed as the percent abundance of Achnanthes


minutissima.  This attached taxon typically
dominated early successional stages of benthic
diatom associations and resists chemical,
physical and biological disturbances in the form
of metals toxicity, substrate scour by high flows
and fast currents.
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12-1-2-4 Impairment ratings and scores for diatom association indexes


Table 1 Impairment ratings and scores for diatom association indexes from mountain streams when
a local reference or control site is not available.


Score Rating Diversity Pollution Siltation Disturbance
Index Index Index Index


1 high stress............<1.00
severe pollution.......... ........... <1.50
heavy siltation........... .............. ................>60
high disturbance.......... .............. ................. ............. >75


2 moderate stress..... 1.00 - 1.75
moderate pollution........ ........ 1.50 - 2.00
moderate siltation........ .............. ..............40 - 60
moderate disturbance...... .............. ................. ............ 50-75


3 minor stress........ 1.76 - 2.50
minor pollution........... ........ 2.01 - 2.50
minor siltation........... .............. ..............20 - 39
minor disturbance......... .............. ................. ............ 25-50


4 no stress..............>2.50
no pollution.............. ........... >2.50
no siltation.............. .............. ................<20
normal disturbance........ .............. ................. ............. <25


Lowest Score Biological Integrity Overall Impairment


1 poor severe
2 fair moderate
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3 good minor
4 excellent none







12-1-2-4.DOC


Table 2 Impairment ratings and scores for diatom association indexes from plains streams when a
local reference or control site is not available.


Score Rating Diversity Pollution Siltation
Index Index Index


1 high stress............<1.50
severe pollution.......... ........... <1.00
heavy siltation........... .............. ................>80


2 moderate stress..... 1.50 - 2.50
moderate pollution........ ........ 1.00 - 1.50
moderate siltation........ .............. ..............70 - 80


3 minor stress........ 2.51 - 3.50
minor pollution........... ........ 1.51 - 2.00
minor siltation........... .............. ..............60 - 69


4 no stress..............>3.50
no pollution.............. ........... >2.00
no siltation.............. .............. ................<60


Lowest Score Biological Integrity Overall Impairment


1 poor severe
2 fair moderate
3 good minor
4 excellent none
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Table 3 Impairment ratings and scores for diatom association indexes when a local reference or
control site is available and used.


Score Rating Diversity Pollution Siltation Similarity
Index(a) Index(a) Index(b) Index(c)


1 high stress ..............<40%
>160%


severe pollution ........... ...........<50%
heavy siltation increase ... ............. ........... <20%
very dissimilar communities ............. ............. .............<20%


2 moderate stress ........ 40 - 60%
140 - 160%


moderate pollution ......... ..........50 - 70%
moderate siltation increase .............. ...... 20 - 40%
somewhat dissimilar communities........... .......... .. ..............20 - 40%


3 minor stress ........... 61 - 80%
120 - 139%


minor pollution ............ ..........71 - 90%
small siltation increase ... .............. ......... 41 - 60%
somewhat similar communities.............. ............. ..........41 - 60%


4 no stress ................ >80%
<120%


no pollution ............ ...............>90%
no siltation increase ... ................. ........... >60%
very similar communities ................. ............. ............>60%


(a)Value is ratio of study site index to reference site index x 100.(b)Value is ratio of reference site index to study site index x 100.
(c)Percent community similarity (Whittaker and Fairbanks, 1958).


Lowest Score Biological Integrity Overall Impairment


1 poor severe
2 fair moderate
3 good minor
4 excellent none
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12.1.3  Macroinvertebrates


12.1.3.1  Quantitative Method (Hess or Surber Sampler)


A.  EQUIPMENT


1.  Hess or modified Hess sampler or surber sampler (approximately
one square foot enclosure size - Hess is 0.1 square meters)


2.  Collection jars (1 liter or 500ml wide-mouth polyethylene
bottles)


3.  Scrub brush


4.  Squeeze bottle (one liter) for rinse water


5.  Preservatives (ethanol and/or formalin)


6.  A metal rod or long- shanked screwdriver for disturbing substrates
with a Hess or Surber sampler.


B.  COLLECTION


1.  Since sampling locations have been predetermined based on the
objectives of the study and reconnaissance visits, the selection of
sampling sites is determined by the physical characteristics of the
stream at the desired location (depth, velocity, substrate type,
algae and macrophyte growth, predominance of pools, runs, and
riffles, etc.).  Although riffle areas with cobble substrates are
generally the most diverse and productive habitat type, riffle areas
may not represent the predominant type of habitat in the stream and
may not be comparable to habitats sampled at other locations in the
stream.  The selection of habitats and sites to sample must be made
carefully based on the objectives of the study.


2.  Because this method is used to collect quantitative
macroinvertebrate data, it is usually necessary to collect replicate
samples so that statistical methods can be used in the analysis of
data.  Also, macroinvertebrate taxa are not usually uniformly
distributed.  Their distribution tends to be
clumped or patchy, and often one or two samples shall not adequately
represent the total macroinvertebrate population.  In general, three
to eight 1-square-foot samples per habitat type are considered
sufficient for a faunal survey.


3.  The site selected for sampling must possess certain
physical attributes.  The water must be deep enough to
permit flow through the front and back screens into the
catch net at the back of the sampler.  However, the depth
cannot be so great that water overflows the sampler, and
washes organisms out the top.  There also must be
sufficient flow velocity to flush organisms into the
collection net.


4.  Once a site is selected, the Hess sampler is
positioned for insertion into the substrate.  While
standing just downstream of the site, and facing upstream,
grasp the sampler by the handles and hold it just above
the water's surface, with the collection net on the
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downstream side.  Look through the top of the sampler to
sight the substrate that shall be sampled.  To compensate
for the effect of the streamflow, an attempt is made to
insert the sampler just upstream of the desired location.


5.  Tipping the sampler slightly to elevate the front
(upstream) end, and aiming slightly upstream of the
desired site, drive the sampler into the water.  When the
bottom makes contact with the substrate, immediately drive
the bottom of the sampler into the substrate using a
series of quick, short, clockwise-counterclockwise
rotations.  Drive the sampler in as far as necessary to
close any gaps between the substrate and the sampler
bottom.  If large cobbles or other objects prevent closure
of the gap, an attempt may be made to remove these
obstacles by hand.  If the gap cannot be closed,
preventing loss of organisms, a new site shall have to be
selected.


6.  Once the sampler is in place, the enclosed substrate
is thoroughly churned and cleaned.  Rocks and other debris
should be brushed or cleaned so that any attached
organisms are removed, making sure all collectible
organisms and debris are kept inside the sampler. 
Cleaning and brushing continues until all organisms have
been removed from the substrate. Finally, thoroughly churn
the remaining bottom material with the metal rod or
screwdriver, using a series of clockwise and counter
clockwise rotations.  The remaining bottom gravels and
sands can also be scooped up with the hands and dropped,
allowing any remaining organisms to be flushed into the
net.


7.  The contents of the collection net are washed down
into the attached collection bottle.  This may be done by
removing the sampler from the substrate and letting water
flow over the outside of the collection net while brushing
organisms down the net with a hand or brush.


8.  Dump the contents of the collection bottle into a one-
quart (or smaller) sample jar.  Remove as many organisms
from the collection net and collection jar as is practical
(a few shall inevitably be left behind) to preserve the
integrity of the sample.  Rinse and clean the collection
net and sampler thoroughly to prevent contamination of the
next sample.


9.  Attach a label to the jar clearly identifying the
sample (location, date, replicate number, method of
collection and preservation).  A small piece of paper with
station identification number or name, written in pencil,
may also be put into the jar to conclusively identify the
sample.


C.  FILTRATION   None
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D.  PRESERVATION


Ethanol (ETOH) and formalin . Shoot for >70% ETOH in the final
fixed sample. Only use formalin if it is absolutely necessary
as it is a carcinogen.  Decant excess water from the jar,
using the lid to prevent loss of organisms.  Fill the jar
with ETOH.  An ounce or two of formalin should be added if
the sample contains a large amount of organic material
(algae, detritus, wastewater treatment plant effluent, etc.)
which could decompose and destroy macroinvertebrate
organisms.  Close jar securely.


E.  PRECAUTIONS


1.  Care must be taken in the transport or shipment of
samples to prevent breakage of sample jars and loss of
contents.  Pack and store jars carefully and securely.


2.  Care must be taken when looking for suitable sampling
sites not to disturb the substrate or habitat in areas
where samples might be collected.  A sample collected where
the substrate has been disturbed by walking shall not be
representative of the community.


F.  QUALITY CONTROL


There are no standardized quality control procedures in the
collection and analysis of biological samples.  Make sure
samples are labeled accurately and completely.


G.  SPECIAL INSTRUCTIONS    None


H.  REFERENCES


United States Geological Survey(USGS 1987).  Techniques of
Water Resources Investigations of the United States
Geological Survey, Chapter A4.  Methods for Collection and
Analysis of Aquatic Biological and Microbiological Samples,
Washington, D.C.


I.  PROJECT


Clark Fork Basin Study, Intensive Surveys
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12.1.3.2  Semi-Quantitative Method


A.  EQUIPMENT


1.  D-net sampler


2.  Collection jars (one Liter or 500 ml wide-mouth
polyethylene bottles)


3.  Preservatives (ethanol and/or formalin)


B.  COLLECTION


1.  As sampling locations have probably been predetermined
based on the objectives of the study and reconnaissance
visits, the selection of sampling sites is determined by the
physical characteristics of the stream at the desired
location (depth, velocity, substrate type, grass and
macrophyte growth, predominance of pools, runs, and riffles,
etc.).  Although riffle areas with cobble substrates are
generally the most diverse and productive habitat type,
riffle areas may not be representative of the predominant
type of habitat in the stream, may not be comparable to
habitats sampled at other locations in the stream, and may
not meet the objectives of the study.


2.  If qualitative samples are desired, the sample collected
may be a composite of many different habitat types (riffles,
runs, pools, algae and macrophyte growth, cobble and sand
substrates, etc.).  Such a sampling attempts to collect and
identify as many different taxa as possible residing in the
stream reach.  The method used to collect such a sample is
called the traveling kick because the investigator moves
around while collecting organisms from different sites
(habitats) in the sampling location.


3.  If semi-quantitative samples are desired, the
investigator identifies an appropriate habitat to sample, and
collects organisms using a similar amount of effort at all
sites sampled.  The amount of effort is standardized by
disturbing a similar amount of habitat (i.e., substrate area)
for a similar amount of time (i.e., 30 seconds).  Because the
effort is not as strictly controlled as in the use of a Hess
sampler (thorough cleaning of a known area of substrate), the
samples are not truly quantitative.  The method used to
collect semi-quantitative samples is called the unit-effort
kick.
4.  To collect a kick sample, the D-net is positioned in the
stream so that the "flat" side of the hoop is snug against
the substrate, approximately perpendicular to the line of
flow.  The net handle should also be approximately
perpendicular to the water's surface.


5.  An area in front of the net is disturbed, using one or
both feet to loosen and churn the substrate.  The churning
and digging motions of the foot, or feet, should be vigorous
enough to disturb the several top inches of substrate and
loosen any tightly clinging organisms.  If the sample is
semi-quantitative, the area disturbed should be close to
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some predetermined size (i.e., 1 or 2 square feet) and for
some predetermined time (i.e., 30 seconds).  Time and area
of disturbance are not important in collecting qualitative
samples, but collection sites should be disturbed thoroughly
so that as many taxa as possible are collected.


6.  Dump the contents of the net into a sample jar. 
Qualitative samples shall be composited as habitats and
sites are sampled.  Remove as many organisms as possible
from the net.  Rinse and clean the net thoroughly after each
sample has been collected to prevent contamination of the
next sample.


7.  Attach a label to the jar clearly identifying the sample
(location, date, replicate number, method of collection and
preservation).  A small piece of paper with station
identification number or name, written in pencil, may also
be put on the jar to conclusively identify the sample.
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RAPID BIOASSESSMENT MACROINVERTEBRATE PROTOCOLS:
SAMPLING AND SAMPLE ANALYSIS SOP'S 


Bob Bukantis
5 June, 1998


Please note that this is a working draft.  This document outlines
methods that are being refined and developed and expected to be
in frequent revision.  If you plan to use these methods, please
acquire the latest version.  Please contribute to the development
process by directing any comments to Bob Bukantis; Monitoring and
Data Management Bureau; Montana Department of Environmental
Quality, 2209 Phoenix Ave, Helena MT 59601. 


The methods described here are designed to be used in second
order and above, wadable streams.  These methods can also be used
in smaller, e.g. first-order streams, but special care needs to
be taken in data analysis and interpretation.  The expectations
or standards used to judge stream condition will vary from those
presented here (Richards, 1996).   


SAMPLING


INDEX PERIOD
Summer (June 21 to September 21), following runoff, is the


season chosen by the Montana Department of Environmental Quality,
Planning Prevention and Assistance Division (PPAD) for sampling
macroinvertebrates in Montana. David Richards (1996) recommended
limiting summer season sampling to July and August in his recent
M.S. thesis on Montana mountain stream biomonitoring. The summer
season is the time of year that PPAD has the most reference data,
and it is the season in which both stream flows and weather
conditions are most amenable to aquatic field work in Montana.


Extremes in flow should be avoided for sampling
macroinvertebrates.  Sampling during high flows, besides being
potentially unsafe, is likely to increase sampling variance due
to the difficulty in sampling in fast, deep waters using the
methods described herein.


When monitoring for trends at a particular site, the best
results will likely be obtained when potential between year
variance is minimized by sampling as close as possible to the
same date each year. 


Specific monitoring or assessment information needs may







dictate sampling outside of the recommended time period.  In this
case care should be taken that any reference data used for the
assessment come from collections taken in as similar a time of
year as the study collections.  A preferable option would be to
generate an expected community for comparison purposes
specifically to address the needs of the study.  For example, the
best possible reference community when trying to determine the
impact of a point source discharge will most likely be available
upstream of the discharge at the time of sampling.


SITE SELECTION


Selection of study sites depends largely on the goals and
objectives of the study.  Site selection is best accomplished by
an experienced aquatic ecologist.  Access, location of
contaminant sources, mixing zones, and dilution of pollutants,
should be considered.  A site selected as a reference for the
study site should be as similar as possible to the study site. 
Care should be taken to sample from a riffle that is as typical
as possible for the stream type especially when it is not
possible to use locally-generated reference data.  When there is
a need to compare data from several sites, the sites selected for
sampling should be as similar as possible in terms of gradient,
depth, substrate size and heterogeneity, and canopy cover.  It is
best to avoid sampling near bridges, or crossings unless the
purpose of the study is to examine the effects of these on the
stream.  There is ample evidence that the presence of lakes or
impoundments on streams and rivers affects benthic invertebrate
community composition; therefore sampling sites should be located
as far from these as is practical.  Sampling bedrock or large-
boulder dominated riffles is best avoided, if practical.


SAMPLE COLLECTION
The goal using these methods should be to collect the widest


variety of aquatic macroinvertebrates available at a site with a
total sample size of at least 300 organisms while staying within
the constraints of the methods.


Separate methods are outlined in this document for high- and
low-gradient streams.  A high-gradient stream is considered to be
any stream that has riffles as a common feature.  High gradient
streams typically sustain water velocities of 1 ft/sec or greater
and have substrates primarily composed of gravel or larger
particles.  Low-gradient streams are considered streams that
either lack riffles or where riffles are a rare feature of the
habitat.  Low-gradient streams rarely have velocities that exceed
1 ft/sec, except during high water.  Their beds are usually
composed of fine sediment and may have intermittent patches of
coarser materials.  These low-gradient streams are usually
prairie streams or spring creeks in Montana.


high-gradient streams







3


The high-gradient kick-net method is designed to sample
stream riffles to collect a sample containing at least 300
macroinvertebrates. 


The method was developed for sampling shallow riffles in
second to fifth order (as defined by Strahler, 1957) Montana
streams.  When necessary, shallow runs or other habitats may be
sampled.  The habitat sampled should not be too deep (greater
than 2 feet, ideally one foot or less), or too fast (greater than
about 3 feet per second).  The targeted sampling unit is a
representative sampling of the microhabitats available within the
riffle.  A standard D-net with 1 mm mesh is used to collect the
samples.


The sample is collected by employing a traveling kick
technique where the objective is to dislodge the invertebrates so
they are swept into the net.  This is ideally done by starting at
the downstream corner of a rock-substrate riffle and vigorously
shuffling and kicking the feet through the substrate as you
progress towards the opposite upstream corner of the riffle.  Be
sure to sample the margin of the riffle to collect those taxa
unique to that microhabitat. While doing this "riffle shuffle"
the D-net should be held such that the flat portion of the net
ring is parallel to and on the bottom while the net opening is
perpendicular to the current direction and immediately downstream
of your feet.  The effort expended in acquiring the sample should
be sufficient to capture at least 300 invertebrates and to
effectively sample the variety of habitat in the riffle.  Attempt
to move through the riffle at about one-third foot per second, so
that the final total length of stream-bottom disturbed is about
20 feet, and the total time spent sampling is one minute.  It may
be necessary to adapt this technique to situations where a
diagonal kick is not the best way to get a representative sample
of the microhabitats in the riffle, or to get a sufficient number
of organisms to process.  For example, it may be better to break
the "kick" up into shorter segments to ensure sampling a wider
variety of microhabitats, or to deal with debris and sample
material accumulations in the net-bag.


The samples are meant to be qualitative, although the
duration of the kick should be timed and the length of stream
bottom disturbed is estimated to allow for later estimation of a
"catch-per-unit-effort".  When samples are taken for trend
monitoring and to be compared to samples that were taken using an
earlier protocol, it is recommended that the original protocol be
maintained to maintain consistency.  


Replication of samples is recommended whenever possible.  A
recommended method is to sample two (or more) nearby riffles,
keeping the samples separate.  If samples are processed
separately, variation introduced through the combined effects of
sampling, subsampling, and site selection can be estimated.  For
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the sake of brevity variation due to the three previously
mentioned sources will be referred to herein as sampling
variation.


An estimate of sampling variation is valuable in assessing
impact and in assessing the significance of observed differences
in impairment scores.


low-gradient streams
When riffles are rare or non-existent, as in low-gradient


streams, a different sampling protocol is recommended.  A multi-
habitat approach has been developed for many areas of the United
States and is considered to be an effective way of sampling
macroinvertebrates in low-gradient streams.  A dip-net "jab"
sampling method will be employed.  A single jab is meant to
sample approximately 1 meter of length with the net; there should
be 20 "jabs" per sample. 


The sampling protocol is as follows:
1. Select the reach to be sampled: Select a reach of at
least 1 meander length, or better, about 20 bankfull channel
widths.  Examine and record the approximate proportion of
productive macroinvertebrate habitat.  Productive habitat
types are: riffles, snags, aquatic vegetation, and bank
margins.
2. Proportionally allocate jabs to the relative occurrence
in the reach of habitat types.
3. Collect the 20 "jab" sample: Sampling should be conducted
moving in an upstream direction through the reach,
proportionally allocating jabs among habitat types as
determined in 2. above.  Specific descriptions of what one
jab should be for typical productive habitats are:


riffles: sample employing the traveling kick as for
high gradient streams (explained above).  Travel 1
meter for each "jab" allocated for riffle habitat.  If
the current is too slow to efficiently capture
macroinvertebrates in the riffle using a traveling
kick, then jab net along riffle bottom in an upstream
direction, attempting to dislodge and catch
invertebrates without retaining excessive debris.
snags: depends on the nature of the snag.  The idea is
to try to sample roughly an equivalent of a meter
sweep.  Sweep through and around the snag in such a way
as to dislodge and capture inhabitants.  Inhabitants
should be scrubbed off by hand into the net on coarser
snags.
aquatic vegetation: sweep the net through the
vegetation for about 1 meter trying to loosen
inhabitants.
bank margins: typically a modification/combination of
"jab" recommended for the above habitats, depending on
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the nature of the habitat at the site.


SAMPLE LABELING AND PRESERVATION


Accurate labeling of sample bottles is important to preserve
critical information.  Bottles are best labeled both inside and
out.  Labels to be placed in the sample bottle should be written
in pencil on good quality paper labels.  The use of pre-printed,
fill-in-the-blank labels are recommended to help ensure that
labeling is complete.


There are several suitable preservatives available.  Ninety-
five percent ethanol is a good choice.  It will do the job, yet
is relatively benign to handle.  The drawback of using ethanol
alone is that the fluid composition of the sample needs to be
dominated by the ethanol to effect good preservation.  It is
necessary to consider the dilution effects of water present in
living and dead biological material in the sample, as well as any
free water.  Attempt to get a final concentration of about 80 %. 
If there is any doubt concerning preservation, decanting and
refreshing the sample with new ethanol once back from the field
is recommended.  Formalin is frequently used, either alone or in
conjunction with ethanol.  Formalin is a 37 to 40 % aqueous
solution of formaldehyde.  Two to 6 percent formalin will
adequately preserve a sample.  However, formalin is not "user
friendly" as it is considered carcinogenic.


SUPPORTING FIELD DATA


Supporting data to be collected at the time of field
sampling should be entered on the "field data sheet" and "habitat
assessment field data sheet".  Note that there are separate forms
for both high-gradient (riffle-pool) and low-gradient (glide-run)
streams.  Both forms are adapted from the work of Mike Barbour
and Sam Stribling of Tetra Tech.  One set of forms should be
filled out for each site sampled.  In addition, the riffle or
other habitats sampled should be described by the use of clearly
written descriptions.  A sketch of the riffle or other habitat
sampled is recommended, along with an indication of that portion
of the riffle sampled.  A sketch is often invaluable when
attempting to relocate sites in the future.  Photographs should
be taken of the sampling site, and of substrate sampled.  Include
landmarks in the photographs and sketches of the site to
facilitate future location of the sampled site.
minimum field information required
The following is the minimal field information required to
maintain data integrity.  Do not collect samples for processing
without all of the following information included with the
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samples.


1. Stream: the name of the stream from where the sample was
taken.
2. Site name: Use a descriptive site name that will help
locate the sampled site.
3. Date: Date sample was taken.
4. Time: The time the sample(s) were taken (military time
format).
5. Collecting Agency: The agency the sampler works for.
6. Legal Description: The Township, range, section and tract
description to four divisions if possible.  This information
is required to build stations in the STOREASE database.
7. Number of kick samples: number of kick samples taken. 
Note if a sample is in more than 1 jar.
8. Duration of kick: Length of time substrate was disturbed
to collect each sample.  There should be a separate entry
for each sample taken.  The standard duration is one minute.
9. Length of kick: length of stream bottom disturbed during
sample collection in feet.  Should have an entry for each
sample.
10.  Field notes: Provide a description of the site(s)
sampled.  Provide any information that will help someone
else locate where you took your samples.


habitat assessment forms
Rating the field characteristics can be highly subjective. 


Try to be as consistent as possible and freely take notes to
document field conditions.  The best use of the forms may be to
force the sampler to observe and record certain aspects of the
habitat encountered rather than an absolute scoring of the
habitat condition.


Remember that the intention of the field forms is to
facilitate the recording of information about quality of the
stream as macroinvertebrate habitat.  This is meant to be an aid
in determining causes and sources of any impairment noted.  The
form is not designed to be used to separate out natural versus
anthropogenic impacts to the stream system.


When sampling low gradient streams, detailed notes should be
taken on the types and relative proportion of habitat sampled, as
well as on description and condition of those habitats.  Examples
of information worth noting include: type of riffle substrate,
number, type, and relative prevalence of macrophyte species, size
of snags, accumulations of fine materials in channel and on/in
habitats, etc.


Points to consider when rating macroinvertebrate habitat on
the Habitat Assessment Forms are:
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parameters 1 and 2: only rate that portion of the stream actually
sampled; e.g. for riffle/pool streams only rate the riffle
from which the sample was taken.


parameters 3-10 (and 7 and 9 on Glide/Run form): on this portion 
of the form rate the average condition observed for a
distance about equal to 10-15 bankfull channel widths
upstream of the sampling location.  Make notes concerning
any knowledge of conditions further upstream.


parameter 4: consider sediment to be any solid geologic material 
that is transported by the stream.  Individual sediment
particles range in size from microscopic (silt) to quite
large, such as boulders.


parameter 5:  Streams typically have three distinct channels.  
The bankfull channel is primarily formed by the bankfull
discharge that is typically reached or exceeded about once
every 1.5 years.  When the flow exceeds the elevation of the
top of the bankfull channel, the water expands into the
flood channel (sometimes referred to floodplain, or flood-
prone area).  The baseflow channel is the channel that is
defined by low-flow conditions.  This is the smallest
portion of the channel that is normally wet under all flow
conditions.  Diversion of water at dry times of the year or
abnormally dry weather conditions may cause a reduction in
the available habitat and have adverse effects on the
macroinvertebrate community.


STREAM CHANNEL STABILITY DATA COLLECTION


SUBSAMPLING


Subsampling procedures need to be followed carefully to
ensure reliable data that are directly comparable to other data
collected using this method.  The sample should be poured in a
gridded pan with about 24 equal-sized squares.  Distribute the
sample as evenly as possible over the entire bottom of the pan. 
Randomly choose squares in the pan for subsampling.  Remove all
macroinvertebrates from each chosen square until 270 to 330 are
picked.  Once a square is chosen for sampling, search it for
macroinvertebrates until you feel confident all
macroinvertebrates have been removed.  Be sure to record
subsampling information to allow reporting the proportion of
sample subsampled.


A lab should have a range of sizes of gridded pans
available, such that an experienced "bug picker" can evaluate the
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proper size pan to use. The idea is to have the density of
macroinvertebrates in the bottom of the pan so as to allow at
least 5 squares, and preferably more, to be completely picked
clean of macroinvertebrates without exceeding a total sample size
of 330.  It may be necessary with samples from rich sites to
split the sample with a sub-sampling device that produces
representative subsamples, prior to using the procedure described
above.


Be sure to document the actual proportion of subsample
removed so this can be used to produce a density estimate during
data analysis.


MACROINVERTEBRATE TAXONOMIC RESOLUTION


It is critically important that the level of taxonomic
resolution be strictly comparable to allow comparability of data
between samples.  When comparing data to data from past samples
consistency of taxonomic resolution needs to be maintained or
strictly accounted for in the analysis.  The following taxonomic
resolution is recommended for Montana.


Miscellaneous, Non-insect Invertebrates
Porifera, Turbellaria, Nematoda, Copepoda, and Ostracoda to
class or phylum.


Acrai and Cladocera to Order


Oligochaeta to family.


Hirudinea to species


Mollusca: Family for Sphaeriidae, Planorbidae,
Lymnaeidae, Ancylidae, Physidae.


Amphipoda, Astacidae, Isopoda (genus, except Hyallela
azteca to species).


Odonata: genus


Ephemeroptera:


Baetidae: Genus for most, and species for Baetis. 
Generic limits suggested by McCafferty and Waltz (1990)
followed.


Genus for Baetiscidae, Caenidae, Oligoneuriidae,
Ephemeridae, Leptophlebiidae, Siphlonuridae,
Tricorythidae.
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Ephemerellidae: Genus except species for Drunella and
Timpanoga.


Heptageniidae: Genus, except Epeorus to species


Plecoptera:


Family for Capniidae, Leuctridae and Chloroperlidae
(except genus for Kathroperla and Sweltsa).


Nemouridae: Genus except for Zapada to species or
species group.


Perlidae: Species except for Doroneuria.


Perlodidae, Pteronarcyidae, Peltoperlidae and
Taeniopterygidae to genus.


Hemiptera: Genus, except Corixidae left at family level.


Megaloptera and Lepidoptera: Genus.


Trichoptera:  Genus, except Rhyacophilidae to species group or 
species.


Coleoptera: Key to genus.  List the larvae and adults separately
in the taxonomic lists, where appropriate.


Diptera:


Blephariceridae, Ceratopogonidae, Culicidae,
Dolichopodidae, Ephydridae, Muscidae, Pelecorhynchidae,
Stratiomyiidae, Tabanidae, Tanyderidae to family.
Larval and pupal identifications pooled under one
family name.


Athericidae, Dixidae, Empididae, Psychodidae,
Simuliidae, Tipulidae to genus.  Larvae and pupae
pooled under a single name.


Chironomidae:


Identified to genus level.  Particular taxa (e.g.
Cricotopus nostococladius) identified to subgenus or
species group; combine pupae under family.
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METRICS CALCULATED


The following are metrics that are considered poitentially useful
for use in Montana:


Taxa Richness  The number of clearly-unique taxa in the
sample. Care needs be taken in this metric that taxa are not
“double-counted”.  For example immature specimens determined
to family only should be assumed to belong to the same genus
as other specimens in that family that were determined to
genus level, unless they are definitely known to belong to a
different, but undetermined genus. Similarly, different life
stages of an organism are not to be considered different
taxa, unless the specimen in question is definitely known to
represent a unique taxon.  For example, finding chironomid
pupae do not add an extra taxon to a list of chironomid
genera, unless the specimens found are known to represent a
“new” genus.
EPT Richness  The number of taxa from the orders
Ephemeroptera, Plecoptera, and Trichoptera.  The same
considerations applied to taxa richness above, apply
here also.
% Dominant Taxon 100((number of individuals of the
numerically dominant taxon)/(total in the sample)). Values
range from 0 to 1.
Biotic Index The sum of (proportional abundance of a taxon
in the sample)(tolerance values specified by DEQ for that
taxon) for all taxa in the sample.  Values range from 0 to
10.
Metals Tolerance Index (tolerance values specified by DEQ)
calculated as Biotic Index, above.
% Collector-Gatherer + Filter-feeders  The sum of the
percentage of each of these functional-feeding groups in the
sample.
% Scraper + Shredder (Mountain, Spring and Plains)  The sum
of the percentage of each of these functional-feeding groups
in the sample.
Quantitative Similarity Index for Taxa Can be used only when
comparing two samples.  Caculate the amount of overlap in
proportional abundance for each taxon, then sum this for all
taxa in both samples. Values can range from 0 to 1.
Quantitative Similarity Index for Functional-Feeding-Groups
Can be used only when comparing two samples.  Caculate the
amount of overlap in proportional abundance for each
functional-feeding-group, then sum this for all taxa in both
samples. Values can range from 0 to 1.
Dominants-in-Common-5 Can be used only when comparing two
samples.  It is the number of the five most numerically
dominant taxa in each sample, that are also one of the five
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numerical dominants in both samples.
% EPT individuals  The percentage of the sample made up of
individuals from the orders Ephemeroptera, Plecoptera, and
Trichoptera.
% Ephemeroptera  The percentage of the sample made up of
individuals from the order Ephemeroptera.
% Plecoptera (Mountain)  The percentage of the sample made
up of individuals from the order Plecoptera.
% univoltine  The percentage of individuals in a smaple from
taxa which typically complete their life cycles in 1 year.
% multivoltine  The percentage of individuals in a smaple
from taxa which typically complete their life cycles in more
than 1 year.
% Baetidae of Ephemeroptera (Spring)  The percentage of all
Ephemeroptera indivduals in a sample from the family
Baetidae.
Community Tolerance Quotient  Calculated as Biotic Index,
above, except using tolerance values from USDA Fisheries
Habitat Surveys Handbook (R-4 FSH 2609.23).  Values range
from 0 to 108.
Shannon H (log base 2) See C.I. Weber, ed. 1973. Biological
Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents. US EPA 670-4-73-001.
Cincinatti.
Number of Scraper Taxa  The number of taxa from the scraper
functional-feeding group.
Number of Predator Taxa  The number of taxa from the
predator functional-feeding group.
Number of Collector-Gatherer Taxa  The number of taxa from
the collector-gatherer functional-feeding group.
Number of Organisms Collected per Minute of sampling effort.
Number of Organisms Collected per Foot travelled during
sampling.


The following metrics should be used only for interpretation
of sources and causes of impairment, and not used in the
calculation of impairment rating:


% Hydropsychinae of Total Trichoptera (Foothills and 
Mountain streams)
% Chironomidae (Foothill and Mountain streams)
% Scrapers + Shredders (Foothills)
% Plecoptera (Foothill and Spring)
% semivoltine


DATA ANALYSIS


Data analysis should generally follow methods for RBP III,
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as outlined in EPA's Rapid Bioassessment Protocols for Use in
Streams and Rivers (EPA/444/4-89-001), utilizing the metrics
proposed herein.  When comparison is being made between data
sets, care must be taken to ensure consistency, especially in
taxonomy and use of tolerance values.


Provisional criteria for metric scoring have been
established for Montana wadable streams as follows:


SCORE: 3 2 1 0
PLAINS


Taxa Richness >24 24-18 18-12 <12
EPT Richness >8 8-6 5-3 <3
Biotic Index <5 5-6 6-7 >7
% Dominant Taxon  <30 30-45 45-60 >60
% Collectors (g+ff) <60 60-80 80-95 >95
% EPT >50 50-30 30-10 <10
Shannon Diversity >3.0 3.0-2.4 2.4-1.8 <1.8
% Scrapers + Shredders  >30 30-15 15-3 <3
# Predator Taxa >5 4-5 3-4 <3
% Multivoltine <40 40-60 60-80 >80


INTERMOUNTAIN VALLEY AND FOOTHILLS


Taxa Richness >28 28-21 21-14 <14
EPT Richness >14 14-13 12-11 <11
Biotic Index <4 4-5 5-6 >6
% Dominant <30 30-40 40-50 >50
% Collectors (g+ff) <60 60-75 75-90 >90
% Scrapers + Shredders  >30 30-20 20-10 <10
% Hydropsychinae of <75 75-85 85-95 >95


Trichoptera
% EPT >60 60-45 45-30 <30


MOUNTAIN


Taxa Richness >28 28-24 24-19 <19
EPT Richness >19 19-17 17-15 <15
Biotic Index <3 3-4 4-5 >5
% Dominant <25 25-35 35-45 >45
% Collectors (g+ff) <60 60-70 70-80 >80
% Scrapers + Shredders  >55 55-40 40-25 <25
% EPT >70 70-55 55-40 <40







13


Impairment scores are computed as follows:
1) Compute metrics.
2) Determine the score (0 to 3) from the tables above.
3) Sum the scores for all metrics, and divide this total by
the maximum possible score ( 3 X (number of metrics used for
scoring) ).
4) the score resulting from step 3 will range from 0 to 1. 
Compare this score to the range of use support criteria
below to determine use support rating.


The following are suggested water quality use
support/standards violation thresholds, and are expressed as a
score with range from 0 to 1:


>0.75 Full support--standards not violated
0.25-0.75 Partial support--moderate impairment--standards 
violated
<0.25 Nonsupport--severe impairment--standards violated


TREND ANALYSIS


When data is being analyzed for trends be sure to take
account any differences in data analysis due to:


1. changes in methods.
2. level of taxonomic determination of the specimens.
3. differences in subsample size.
4. changes in taxonomy.
5. Rvisions in tolerance values.


Analysis for trends must be done carefully with regard for
the above listed issues.  Worthwhile trend analysis often
requires complete reanalysis of the entire data set starting with
the raw data.  Never assume that metrics directly read from past
reports are directly comparable to those you may have just
calculated.


QUALITY ASSURANCE/QUALITY CONTROL


1. At least 10 % of macroinvertebrate samples should be
replicated in the field.  Suggested methods for replication  are
to sample 2 nearby riffles for high gradient streams, 2 nearby
reaches for low-gradient streams.


2. Voucher collections should be submitted for all taxonomic
identifications on samples.


3. When work is contracted out part of the agreement is
based on an assessment of contractor competency.  Therefore DEQ
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will be consulted for agreement with decisions regarding
selection of any subcontractor.
 
HABITAT ASSESSMENT


When habitat assessment scores are being compared between
sites and/or years it is important to take into account the
potential use of differing forms.


REPORTS


Reports written for the Montana Department of Environmental
Quality following the methods described here require the
following:
1. Taxonomic lists of macroinvertebrates, including tolerance
values and functional feeding group designations used for each
taxon.  Taxa lists should include class, order, family, genus,
and species designations where possible.  Taxa lists should
follow the taxonomic classification scheme used in Appendix 1.
below to facilitate DEQ quality assurance activities.
2. Number pages on all reports, including appendices on unbound
reports.
3.  A clear summary of findings and conclusions.  This should be
a separate section of text, with a numbered list preferred.
4.  Clearly document the dates samples were collected in any
written report.
5.  If an internal reference is developed for the analysis,
describe the internal reference used.
6. Clear documentation of the proportion of sample subsampled.
7. Submit data both in hard copy and in electronic form.  
Below is a list of what needs to be included in the electronic
format file and the order it must appear in order to be read into
the database.  The fields need to be in the order shown, pipe
delimited, and in ASCII file format.  All the data from each
sample should be entered on one line. Note that fields 5, 8, 9,
and 13, are filled in with G, B, 1, and MTK, respectively, when
following the protocols outlined in this document.  If you
encounter a bug that does not have a code listed, please include
a note that specifies the family, the genus and species and how
many were found in the sample so we can enter the bug into our
system and create a code for it.  Fields 14 and 15 below would be
repeated for each invertebrate taxon in the sample.


Field 1 Station key 5-DIGIT NUMERIC
Field 2 Project ID NUMERIC
Field 3 Collecting Agency NUMERIC
Field 4 Samples Analyzed by NUMERIC
Field 5 Sample Type G
Field 6 Collection Date NUMERIC (00/00/00)
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Field 7 Collection Time NUMERIC (MILITARY TIME, 
Hrs, mins, as 00/00)


Field 8 Depth Qualifier B
Field 9 Mesh Size 1
Field 10 Sub-sample percent NUMERIC
Field 11 Duration of Kick NUMERIC (IN SECONDS)
Field 12 Length of Kick NUMERIC (IN FEET)
Field 13 Biota Sampling Method MTK
Field 14 Biota Code (taxon) M0000
Field 15 Result (count) NUMERIC
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APPENDIX 1: MONTANA MACROINVERTEBRATE CHECK-LIST


Note: Tolerance values (metals and HBI) that are in bold are from: D. McGuire
1992, 1993, and 1994.


These documents are available at the Montana State Library.


TAXA LIST


CODE TAXON HBI METALS FFG Volt


MISCELLANEOUS TAXA (NON-INSECTS)


M0591 PORIFERA


M0535 CNIDARIA


M0536 P     Hydra 8 3


PLATYHELMINTHES


M0590 Turbellaria P M


M0608   Tricaldida


4 4


ASCHELMINTHES


M0534 Nematoda


     Mermithidae


5 5


ANNELIDA


M0010 Oligochaeta 10 CG


M0015 CG U


M0609


     Lumbriculidae 4 1


           Eclipidrilus
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M0012 CG U     Enchytraeidae 4 1


M0017 CG M     Naididae 8 5


M0018 6 P          Chaetogaster diaphanus


M0019 8 CG          Nais communis


M0020 10 CG          Nais variabilis


M0021 6 CG          Ophidonais serpentina


M0022 CG M     Tubificidae 10 6


M0596 CG U     Lumbricidae 4 1


M0013           Lumbricina


M0001 Hirudinea 8 P


M0002 P     Erpobdellidae 8 4


M0005      Glossiphoniidae 9 4


M0007           Glossiphonia complanata 9 4


M0009 P U          Helobdella stagnalis 10 4


MOLLUSCA


M0583 FC USphaeriidae 8 3


M0584 5,8 FC     Pisidium


M0585 8 FC     Pisidium compressum


M0586      Pisidium milium


M0587 5,8 FC     Sphaerium


M0588      Sphaerium simile


M0555 SCAncylidae


M0556 SC     Ferrissia 6 1


M0557      Ferrissia parallelus


M0558 SC     Ferrissia rivularis 6 1


M0559 SC ULymnaeidae 6 3


M0561      Fisherola nutalli 3 1


M0562      Fossaria 6 3


M0563      Fossaria bulimoides cockerelli


M0565      Fossaria modicella


M0566 SC     Stagnicola 6 3


M0567      Stagnicola elrodi
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M0568 SC UPhysidae 8 3


M0569 SC U     Physella 8 4


M0570      Physella gyrina


M0571      Physella lordi


M0572      Physella propinqua nuttalli


M0573 SC UPlanorbidae 6 3


M0574 SC     Gyraulus 8 3


M0575 8 SC     Gyraulus parvus


M0576      Helisoma 6


M0577      Planorbella subcrenatum


M0580 Valvatidae


M0582      Valvata humeralis 3 1


M0537 Cladocera


M0538 Copepoda


M0553 Ostracoda


M0540 Gammaridae 4


M0541 SH,CG U     Gammarus 4 1


M0542      Gammarus lacustris


M0543 8


M0611


Talitridae


Hyalellidae


M0545 CG U     Hyallela azteca 8 3


M0546 Isopoda 8


M0548      Caecidotea 8 5


M0549      Caecidotea racovitzai racovitzai


M0551 SH SDecapoda 6 3


M0552      Pacifasticus 6 3


M0589 Acari 5 5


PHYLUM ARTHROPODA / CLASS INSECTAPHYLUM ARTHROPODA / CLASS INSECTA


M0328 ODONATA


M0329 PAeshnidae 5
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MO338 2.5 PGomphidae


M0339 P     Octogomphus


M0340 P S     Ophiogomphus 5 4


M0341      Ophiogomphus servus 5


M0343 PLibellulidae 9


MO330 PCalopterygidae


M0331 P     Hetaerina americana 6 3


M0333 PCoenagrionidae 7 3


M0334 P     Argia 7


M0335 7 P     Coenagrion/Enallagma


M0336 P     Enallagma 7 3


M0337 P     Ischnura 7 3


M0342 PLestidae 9


M0218 EPHEMEROPTERA


M0219 CG,SCBaetidae 4


M0220      Acentrella 4 CG


M0221      Acentrella edmundsi 6 CG


M0222 CG M     Acentrella insignificans 4 4


M0223 CG     Acentrella turbida 4 3


M0224 CG,SC     Baetis 5 4


M0225 M     Baetis bicaudatus 2 4


M0226      Baetis propinquis 6


M0227 M     Baetis (Psuedocloeon) punctiventris 6 3


M0228 M     Baetis tricaudatus 4 5


M0229 CG     Callibaetis 9 1


M0230 CG,SC     Centroptilum 2 1


M0232


M0603


     Diphetor hageni 5 1


     Fallceon


M0233 CG,F,SCCaenidae 7


M0234 CG,SC     Caenis 7 3


M0235      Caenis latipennis


M0236      Caenis youngi
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M0237 CG,SC,PEphemerellidae 1


M0238 2 CG     Attenella


M0239 CG U     Attenella margarita 3 1


M0240 CG,SC     Caudatella 0


M0241      Caudatella edmundsi


M0242      Caudatella heterocaudata 0 0


M0243 U     Caudatella hystrix 0 0


M0244 1 SC,P     Drunella


M0245 P U     Drunella coloradensis 0 0


M0246 P U     Drunella doddsi 1 0


M0247 SC     Drunnella flavilinea 2 0


M0248 SC U     Drunella grandis 2 1


M0249 U     Drunella spinifera 0 0 P


M0250 1.5 SC,CG U     Ephemerella


M0251      Ephemerella alleni 1


M0252 0     Ephemerella aurivillii


M0253 U     Ephemerella inermis 4 3


M0254 CG U     Serratella 2 1


M0255 CG     Serratella mitchneri 0


M0256 CG U     Serratella tibialis 2 1


M0257 CG     Timpanoga


M0258 CG U     Timpanoga hecuba 2 1


M0259 Ephemeridae 4


M0260 2.5 CG,P,F     Ephemera


M0261      Ephemera simulans 1


M0262 6 CG,F     Hexagenia


M0263      Hexagenia limbata 6


M0264 SC,CGHeptageniidae 4


M0265 SC,CG U     Cinygma 0


M0266 U     Cinygmula 0 0 SC,CG


M0267 CG,SC     Epeorus 2 0


M0268 U     Epeorus albertae 2 0


M0269 U     Epeorus deceptivus 0 0
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M0270 U     Epeorus grandis 0 0


M0271 U     Epeorus longimanus 1 0


M0272 SC,CG U     Heptagenia 4 1


M0273      Heptagenia soltari 3 1


M0274 SC,CG U     Ironodes 0 0


M0733      Leucrocuta 1


M0275 SC,CG U
    
     Nixe 4 1


M0276      Nixe criddlei 2


M0277      Nixe simplicoides 4


M0278 U     Rhithrogena 0 2 CG,SC


M0279 3.5 SC,CG     Stenonema


M0280      Stenonema terminatum 4 1


M0281 CG,SCLeptophlebiidae 2


M0282 CG,SC U     Choroterpes 2 1


M0283      Choroterpes albiannulata 2 1


M0284 CG     Leptophlebia 3 1


M0285 CG,SH U     Paraleptophlebia 1 1


M0286 U     Paraleptophlebia bicornuta 2 1


M0287      Paraleptophlebia debilis 1 1


M0288 CG,F     Traverella 2 1


M0289      Traverella albertana 2


M0290 2Oligoneuridae


M0291 2.5 CG,F,P     Isonychia


M0292 Polymitarcyidae 2


M0293 CGSiphlonuridae 1


M0294 SC,CG U     Ameletus 0 1


M0295 CG,SC,P,     Siphlonurus 2 1
SH


M0296 CGTricorythidae 4


M0297 CG M     Tricorythodes 4 4


M0298      Tricorythodes minutus 4 4


M0344 PLECOPTERA
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M0345 SH UCapniidae 1 0


M0346 P,SC,CGChloroperlidae 1


M0599 CG,P U     Chloroperlinae 1 2


M0347 1 2 CG,SC U     Kathroperla


M0348      Kathroperla perdita 1 2


M0349 0 P     Sweltsa


M0350 SH ULeuctridae 0 0


M0351 2 SH     Paraleuctra


M0352 SH,CGNemouridae 2


M0353 SH,CG U     Amphinemura 2 1


M0354      Amphinemura banksi 2


M0602 U     Malenka 1 1


M0356 U     Podmosta 2 1


M0357 SH     Prostoia


M0358 SH     Prostoia besametsa 3


M0359      Soyedina


M0360      Soyedina pooteri 0


M0361 U     Visoka cataractae 0 0


M0362 SH U     Zapada 2


M0363 SH U     Zapada cinctipes 3 3


M0364 SH     Zapada columbiana 2 1


M0365 SH     Zapada haysi 2


M0366 SH     Zapada frigida 1


M0367 SH U     Zapada Oregonensis Group 2 1


M0368 PPerlidae 2


M0369 .5 P     Acroneuria


M0370 P     Acroneuria abnormis 2


M0372 P S     Calineuria californica 2 3


M0373 P     Claassenia


M0374 P S     Claassenia sabulosa 3 3


M0375 P S     Doroneuria 0 2


M0376 P S     Doroneuria theodora 0


M0377 P S     Hesperoperla pacifica 1 3
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M0378 P,SC,CGPerlodidae 2


M0380      Cascadoperla trictura 2


M0381 P U     Cultus 2 2


M0382 p U     Isogenoides 3 2


M0383 P     Isogenoides elongatus 3


M0384 P,CG U     Isoperla 2 3


M0385      Isoperla fulva 3


M0386      Isoperla fusca 0


M0387      Isoperla longiseta 3


M0388      Isoperla mormona 2


M0389      Isoperla petersoni 1


M0390      Isoperla pinta 2


M0391      Isoperla sobria 2


M0392      Isoperla quinquepunctata 2


M0393      Kogotus 1 2 P,SC U


M0394      Megarcys 1 1 P U


M0396      Perlinodes aurea 1


M0398      Setvena bradleyi 0 1 P,SC


M0399      Skwala 3 3 P U


M0400      Skwala curvata 2 P


M0401 Peltoperlidae 0 SH,SC


M0402      Yoraperla 0 0 SH,SC U


M0403 Pteronarcidae 2 SH,SC,P


M0404      Pteronarcella 4 4 SH,P U


M0405      Pteronarcella badia 3 4 SH


M0406      Pteronarcys 2 2 SH,P,SC U


M0407      Pteronarcys californica 2 1


M0408 Taeniopterygidae 2 1 SH,CG,SC


M0410      Doddsi occidentalis 2


M0411      Taenionema 2 2


M0412      Taenionema pacificum 3


M0299 HEMIPTERA
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M0300 Belastomatidae 7 P


M0301      Lethocerus P


M0302 Corixidae 510 PI,P,SC


M0304      Hesperocorixa laevigata PI


M0305      Palmacorixa


M0306      Palmacorixa buenoi


M0307      Palmacorixa gillettei 5 3


M0308      Sigara 5 3 PI,CG


M0309      Trichocorixa P,CG


M0310      Trichocorixa borealis


M0311      Trichocorixa verticalis interiores


M0312      Trichocorixa naias


M0313      Trichocorixa verticalis


M0314 Gerridae 7 P


M0315      Gerris 5 3 P


M0316 Mesoveliidae 7 P


M0317      Mesovelia P


M0318 Naucoridae 7 P


M0319      Ambrysus 3 3 P


M0320 Notonectidae 10 P


M0321      Notonecta 5 3 P


M0325 MEGALOPTERA 7


M0326 Sialidae 4 P,CG


M0327      Sialis 4 4 P,CG


M0413 TRICHOPTERA


M0414 Brachycentridae 1 CG,F,SH, SC


M0416      Amiocentrus aspilus 3 1 CG U


M0417      Brachycentrus 1 FC,SC


M0418      Brachycentrus americanus 1 4 U


M0419      Brachycentrus occidentalis 2 3 U
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M0420      Micrasema 1 2 SH,CG U


M0421      Micrasema bactro 1 2


M0422 Glossosomatidae 0 2 SC,CG U


M0423      Agapetus 0 2 SC,CG U


M0424      Agapetus montanus


M0425      Anagapetus 0 SC


M0426      Culoptila 1 SC


M0427      Glossosoma 0 2 SC U


M0428      Glossosoma traviatum SC


M0429      Glossosoma velona SC


M0430      Protoptila 1 2 SC


M0431 Helicopsychidae 3 3 SC


M0432      Helicopsyche 3 3 SC


M0433      Helicopsyche borealis 3 3 SC U


M0434 Hydropsychidae 4


M0605  Arctopsychinae 2


FC,P


FC


M0435      Arctopsyche 2 3 FC U


M0436      Arctopsyche grandis 2 3


M0452      Parapsyche


M0453      Parapsyche elsis


M0606  Hydopsychinae


M0438


    


 


     Cheumatopsyche


0 1


5 5


FC U


FC U


FC


FC U


M0439      Hydropsyche 5 5 FC U


M0437      Ceratopsyche 5 5 FC U


M0440      Hydropsyche bidens 3 FC


M0441      Hydropsyche (Ceratopsyche) bronta 5 4 FC


M0442      Hydropsyche (C.) cockerelli 4 4 FC


M0443      Hydropsyche (C.) morosa 6 5 FC


M0444      Hydropsyche occidentalis 5 5 FC


M0445      Hydropsyche (C.) oslari 4 6 FC


M0446      Hydropsyche placoda 3 5 FC


M0447      Hydropsyche separata 4 FC


M0448      Hydropsyche simulans 7 FC
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M0449      Hydropsyche (C.) slossonae 4 6 FC


M0450      Hydropsyche (C.) tana 3 FC


M0451      Hydropsyche (C.) vexa 3 FC


M0454 Hydroptilidae 4 PI,SC,CG


M0455      Agraylea 8 2 PI,CG M


M0456      Hydroptila 6 4 PI,SC M


M0457      Ithytrichia 3.5 SC


M0458      Ithytrichia clavata


M0459      Leucotrichia 2 1 SC,CG U


M0460      Leucotrichia pictipes 2 1


M0461      Mayatrichia 1 SC


M0462      Neotrichia 2 2 SC


M0463      Ochrotrichia 4 3 PI U


M0464      Oxyethira 3 2 PI,CG,SC


M0465      Zumatrichia 3 SC,CG


M0466      Zumatrichia notosa 3 1 SC,CG


M0467 Lepidostomatidae 1 SH


M0468      Lepidostoma 1 1 SH U


M0469      Lepidostoma-panel case SH


M0470      Lepidostoma-sand case SH


M0471      Lepidostoma-turret case SH


M0472 Leptoceridae 4 CG,SH,P


M0473      Ceraclea 3 1 CG,SH,P


M0474      Mystacides 4 3 CG,SH


M0475      Nectopsyche 2 3 SH,CG,P U


M0476      Oecetis 8 3 P,SH U


M0477      Triaenodes 6 1 SH


M0478 Limnephilidae 3 SH,CG,SC,P


M0479      Apatania 3 2 SC,CG U


M0481      Chyranda 2 2 SH U


M0482      Chyranda centralis 2 SH


M0483      Cryptochia furcata 1
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M0484      Dicosmoecus 2 1 SC,SH,P S


M0485      Dicosmoecus atripes


M0486      Ecclisomyia 4 2 CG,SC U


M0487      Glyphopsyche 1


M0488      Glyphopsyche irrorata 1


M0489      Hesperophylax 3 SH,SC,CG


M0490      Homophylax 2 SH


M0491      Limnephilus 3 2 SH,CG


M0492      Neophylax 3 2 U


M0493      Onocosmoecus 3 2


M0494      Psychoglypha 0 2 CG,SH U


M0495      Psychoglypha bella


M0496 Molannidae 6 SC,CG,P


M0497 Philopotamidae 3 FC


M0498      Chimarra 3.5 FC


M0499      Chimarra utahensis 4 FC


M0500      Dolophilodes 0 1 FC U


M0501      Wormaldia 0 1 FC U


M0502      Wormaldia gabriella 0 FC


M0503 Phryganeidae 4 SH,SC


M0504 Polycentropodidae 6 FC,P,SH


M0505      Neureclipsis 7 FC,SH,P


M0506      Nyctiophylax 5


M0507      Polycentropus 6 1 P,FC U


M0508 Psychomyiidae 2 CG,SC


M0509      Psychomyia 2 1 CG,SC


M0510      Psychomyia flavida 2


M0511 Rhyacophilidae 0 P,CG,SC


M0512      Rhyacophila 1 P,CG,SC


M0513      Rhyacophila Alberta Group 0 1 U


M0514      Rhyacophila Angelita Group 0 1 U


M0515      Rhyacophila Betteni Group 0 1 U


M0516      Rhyacophila Brunnea Group 2 1 U
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M0517      Rhyacophilla brunnea 0


M0518      Rhyacophila Coloradensis Group 0 1 S


M0519      Rhyacophila coloradensis 0


M0520      Rhyacophila Hyalinata Group 0 1 U


M0521      Rhyacophila Iranda Group 0


M0522      Rhyacophila narvae 0


M0523      Rhyacophila pellisa 0


M0524      Rhyacophila Sibirica Group 0 1 U


M0525      Rhyacophila Vemna Group 0


M0526      Rhyacophila verrula 0 1 U


M0527      Rhyacophila Vofixa Group 0 1 U


M0528 Uenoidae SC,CG


M0529      Neophylax 3 2 SC


M0530      Neophylax rickeri


M0531      Neothremma 1 1 SC,CG U


M0532      Neothremma alicia


M0533      Oligophlebodes 3 1 SC,CG U


M0322 LEPIDOPTERA 7


M0323 Pyralidae 5 SH,SC


M0324      Petrophila 5 3 SC U


M0023 COLEOPTERA


M0024 Curculionidae SH


M0025 Dryopidae 5 SH,SC,CG


M0026      Helichus 2 2 U


M0027 Dytiscidae 75 P U


M0028      Agabus 5 7 P


M0029      Deronectes 5 7 P


M0030      Oreodytes 5 7 P


M0031 Elmidae (L) 4 CG,SC,SH


M0032 Elmidae (A) 4 CG,SC,SH
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M0033      Cleptelmis 4


M0034      Cleptelmis ornata 4 4 U


M0035      Dubiraphia (L) 6 4


M0036      Dubiraphia (A) 6 4 U


M0037      Heterlimnius 3 3 U


M0038      Heterlimnius corpulentus 3 3


M0039      Lara 1 1 SH U


M0040      Lara avara 1 1 SH


M0041      Microcylloepus 5 4 U


M0042      Microcylloepus browni


M0043      Microcylloepus pusillus (L) 5 3


M0044      Microcylloepus pusillus (A) 5 3


M0045      Narpus 2 1


M0046      Narpus concolor 2 1 U


M0047      Optioservus (L) 5 5 SC,CG U


M0048      Optioservus (A) 5 5 CG,SC U


M0049      Optioservus divergens 4


M0050      Optioservus quadrimaculatus


M0051      Optioservus seriatus


M0052      Ordobrevia 5 3


M0610      Phanocerus


M0053      Stenelmis (L) 5 3 SC,CG


M0054      Stenelmis (A) 5 3 CG,SC


M0055      Stenelmis oregonensis 5


M0056      Zaitzevia 5


M0057      Zaitzevia parvula 4 3 U


M0058      Zaitzevia thermae


M0059
Gyrinidae 10 P


M0060      Gyrinus 5 3 P U


M0061 Haliplidae 7 7 SH,PI,P, SC


M0062      Brychius 5 5 SC,PI U


M0063      Haliplus 5 PI,SH


M0064      Peltodytes 5
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M0065 Heteroceridae


M0066 Hydrophilidae 5 7 P,CG,PI, SH U


M0067      Berosus (L) 5 P


     Berosus (A) CG


M0069      Hydrochus 7 SH


M0070 DIPTERA


M0071 Athericidae 2


M0072      Atherix 5 5 P U


M0073      Atherix pachypus 4 4 P


M0074 Blephariceridae 0 SC U


M0076      Bibiocephala grandis SC


M0077 Ceratopogonidae 6 5 P,CG,SC


M0078      Culicoides 10 P,CG


M0598 6 4  Ceratopogoninae P,CG M


M0079 Chaoboridae 8 P


M0080 Chironomidae 10 CG,F,P,SH,SC
,PS


M0607   Chironominae 8 CG,F,SH


M0082      Chironomus 10 4 CG,SH


M0083      Cryptochironomus 8 5 P M


M0084      Cryptotendipes 6


M0085      Demicryptochironomus 8 4 CG


M0086      Dicrotendipes 8 5 CG,F,SC


M0087      Endochironomus 10 6 SH,FC,CG


M0088      Glyptotendipes 10 SH,FC,CG


M0089      Microtendipes 6 4 FC,CG


M0090      Parachironomus 10 4 P,CG


M0091      Paracladopelma 7 4


M0092      Paralauterborniella (=Apedilum) 8 CG


M0093      Paratendipes 10 CG


M0094      Phaenopsectra 7 4 SC,CG,F


M0095      Polypedilum 6 4 SH,CG,F,P M
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M0096      Pseudochironomus 5 4 CG


M0097      Robackia 4 4 CG M


M0098      Saetheria 4 CG


M0099      Stenochironomus 5 CG,SH


M0100      Stictochironomus 5 CG,SH


M0101      Xenochironomus 4 0 P


M0102   Tanytarsini 6 FC,CG,SC


M0103      Cladotanytarsus 7 3 CG,F


M0104      Micropsectra 4 1 CG


M0105      Paratanytarsus 6 2


M0106      Rheotanytarsus 6 1 FC M


M0107      Stempellina 2 0 CG


M0108      Stempellinella 4


M0109      Sublettea


M0110      Tanytarsus 6 3 FC,CG,SC M


M0111   Tanypodinae 7 P,CG


M0604      Alotanypus 6 8


M0112      Ablabesmyia 8 3


P,CG


M0113      Apsectrotanypus 8 P


M0114      Brundiniella 3 7 P


M0115      Conchapelopia/Thienemannimyia P


M0116      Labrundinia P


M0117      Larsia 6 3 P


M0118      Macropelopia 6 5 P


M0119      Pentaneura 6 2 P,CG


M0120      Procladius 9 5 P,CG


M0121      Psectrotanypus 10 P


M0122      Tanypus 10 P,CG


M0123      Thienemannimyia 5 3 P M


M0124      Zavrelimyia 8 P


M0125   Diamesinae 5 CG,SC


M0126      Diamesa 5 9 CG,SC M


M0127      Pagastia 1 9 M
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M0128      Potthastia 2 5 CG,SC M


M0129      Potthastia Gaedii Group 2 5


M0130      Potthastia Longimana Group 2 5


M0131      Psuedodiamesa 2 CG


M0132      Sympotthastia 2 CG,SC


M0133   Prodiamesinae 3 CG


M0134      Monodiamesa 7 5 CG


M0135      Odontomesa 4 5 CG


M0136      Prodiamesa 3 3 CG


M0137   Podonominae 1 CG,SC


M0138      Boreochlus 1 CG,SC


M0139      Parochlus 1 CG,SC


M0140   Orthocladiinae 6 CG,SC,SH,P,P
S


M0142      Acricotopus


M0143      Brillia 4 4 SH,CG M


M0144      Cardiocladius 5 9 P M


M0145      Chaetocladius CG


M0146      Corynoneura 7 4 CG M


M0147      Cricotopus 7 9 SH,CG M


M0148      Cricotopus Cricotopus


M0149      Cricotopus Isocladius


M0150      Cricotopus Nostococladius 6 5 M


M0151      Cricotopus Tremulus Group


M0152      Cricotopus Trifascia Group 7


M0153      Diplocladius 5 CG


M0154      Eukiefferiella 8 9 CG,SC,P M


M0155      Eukiefferiella devonica Group 8 7


M0156      Krenosmittia 1 CG


M0157      Heterotrissocladius 0 CG,SC


M0158      Hydrobaenus 8 SC,CG


M0159      Lopescladius 2 CG


M0160      Nanocladius 3 4 CG M


M0161      Orthocladius 6 5 CG M
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M0162      Paracladius 8 CG


M0163      Parakiefferiella 6 CG


M0164      Parametriocnemus 5 4 CG M


M0165      Paraphaenocladius 4 4 CG M


M0166      Psectrocladius 8 CG,SH


M0167      Pseudorthocladius 0 CG


M0168      Pseudosmittia 6 4 M


M0169      Rheocricotopus 4 5 CG,SH,P M


M0170      Stilocladius


M0171      Symbiocladius 4 1 PS


M0172      Synorthocladius 2 1 CG,SC M


M0173      Thienemanniella 6 4 M


M0174      Tvetenia 5 4 CG M


M0175 Culicidae 10 CG,FC


M0176      Aedes 7 5 CG,F


M0177      Anopheles FC


M0178 Deuterophlebiidae 0


M0179      Deuterophlebia 0 0 SC M


M0180 Dixidae 4 CG


M0182 Dolichopodidae 4 4 P,CG


M0183 Ephydridae 6 CG,SH,SC, P


M0184 Empididae 6 6 P,CG U


M0185      Chelifera 5 4 U


M0186      Clinocera 5 4 U


M0187      Hemerodromia 6 4 P,CG U


M0188      Oreogeton 4 7 P


M0189 Muscidae 10 P


M0190      Limnophora 6 7 P


M0191 Pelecorhynchidae 1 P,SH


M0192 Psychodidae 4 CG,SC


M0597      Pericoma 4 4 CG U


M0193 Simuliidae 6 FC,SC


M0194      Cnephia 1 FC
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M0195      Prosimulium 4 2 FC M


M0196      Simulium (Eusimulium) 5 5 FC M


M0198      S. (Psilozia) 7 7 FC M


M0199      Twinnia 7 SC


M0200 Stratiomyiidae 7 4 CG,SC U


M0201      Euparyphus 7 4 CG,SC


M0202 Tabanidae 6 3 P


M0203 Tanyderidae 5


M0204      Protanyderus 5 1


M0205 Tipulidae 3 SH,CG,P


M0206      Antocha 3 4 CG U


M0207      Dicranota 3 2 P U


M0208      Erioptera 7 CG


M0209      Hesperoconopa 1 1


M0210      Hexatoma 2 2 P U


M0211      Limnophila 3 P


M0212      Ormosia 6 2 CG


M0213      Pedicia 6 P


M0214      Pilaria 7 P


M0215      Pseudolimnophila 2 4 CG U


M0216      Rhabdomastix 1 1 U


M0217      Tipula 4 4 SH U
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FIELD LIST 


____MACROINVERTEBRATE SAMPLE BOTTLES 
____LABEL MARKERS
____LABELS
____TAPE
____LABELS TO PUT INTO BOTTLES
____NETS
____FIELD DATA SHEETS
____CAMERA
____FILM
____ETHANOL or other preservative
____PAN OR BUCKET (not necessary, but can aid quick sample
examination)
____PENCILS
____CLIPBOARD(S)
____FIELD METER(S)
____CALIBRATION BUFFER
____DI WATER
____THERMOMETERS
____HIP BOOTS
____MAPS
____GPS unit
____SITE INFORMATION, (location, sampling effort etc)
____BATTERIES
     TAPE RECORDER (for field notes on the fly)
      FIELD NOTEBOOK
        SURVEY GEAR (level, rod, tape)
        REBAR (or other to mark permanent cross-sections)







HABITAT ASSESSMENT FIELD DATA SHEET RIFFLE /POOL  PREVALENCE


Stream                                                            Site                                                                              
Date                                                                Investigator                                                                   


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1A. Riffle Development riffle as wide as stream but length that is not as wide existent


SCORE  (        ) 9-10  6-8 3-5 0-2


Well-developed riffle; Riffle as wide as Reduced riffle area Riffles virtually non-


stream and extends less than two times as stream and its
two times width of width. length less than two
stream. times width.


1B. Benthic Substrate dominated by with abundant by bedrock, gravel, sand, silt or


SCORE  (        )  9-10  6-8 3-5 0-2


Diverse Substrate Substrate diverse, Substrate dominated Monotonous fine


cobble. cobble but bedrock boulders, fine gravel, bedrock substrate.
boulder, fine gravel, sand or silt; cobble
or sand prevalent. present.


2. Embeddedness boulder particles are boulder particles are boulder particles are boulder particles are


SCORE  (        ) 16-20 11-15 6-10


Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or


between 0-25% between 25-50% between 50-75% over 75% surrounded
surrounded by fine surrounded by fine surrounded by fine by fine sediment.
sediment (particles sediment. sediment.
less than 6.35mm
[.25"])


0-5


3. Channel Alteration absent or minimal; present, usually in present on both gabion or cement;
(channelization, stream pattern areas of crossings, banks; and 40 to over 80% of the
straightening, dredging, apparently in natural etc, evidence of past 80% of the stream stream reach
other alterations) state. alterations (before reach channelized channelized and


SCORE  (        ) 16-20 11-15 6-10 0-5


Channel alterations Some channelization New embankments Banks shored with


past 20 yr) may be and disrupted. disrupted.
present, but more
recent channel
alteration is not
present.


4. Sediment Deposition enlargement of bars in bar formation, of new gravel, fine material,


SCORE  (        ) 16-20 11-15 6-10 0-5


Little or no Some new increase Moderate deposition Heavy deposits of


and less than 5% of mostly from coarse coarse sand on old increased bar
the bottom affected gravel; 5-30% of the and new bars; 30- development; more
by sediment bottom  affected; 50% of the bottom than 50% of the
deposition. slight deposition in affected; sediment bottom changing


pools. deposits at frequently; pools
obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition in pools
prevalent.







Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


5. Channel Flow Status channel; minimal the baseflow of the baseflow channel, and mostly


SCORE  (        ) 16-20 11-15 6-10 0-5


Water fills baseflow Water fills >75% of Water fills 25-75% Very little water in


amount of channel channel; <25% channel; riffle present as standing
substrate exposed. channel substrate substrates mostly pools.


exposed. exposed.


6. Bank Stability (Score evidence of erosion infrequent, small moderate frequency eroded areas; "raw"
each bank) or bank failure; little areas of erosion and size of erosional areas frequent along


Note: determine left or for future problems. banks in reach have bends; obvious bank
right side while facing erosion; high erosion sloughing; 60-100%
downstream. potential during high of banks have erosion


SCORE  (        ) (left) 3-5 0-2
SCORE  (        ) (right) 9-10 6-8


Banks stable; no Moderately stable; Moderately unstable; Unstable; many


apparent potential mostly healed over. areas; up to 60% of straight sections and


flow. scars on side-slopes.


7. Bank Vegetation streambank surfaces streambank surfaces streambank surfaces streambank surfaces
Protection (note: reduce covered by covered by covered in covered by
scores for annual crops stabilizing vegetation; vegetation; vegetation; extensive
and weeds which do not vegetation; disruption evident, dsiruption obvious; disruption of
hold soil well, eg vegetative disruption but not affecting full patches of bare soil vegetation;
knapweed) minimal or not plant growth or closely cropped vegetation removed


SCORE  (        ) (left)
SCORE  (        ) (right)


Over 90% of the 70-90% of the 50-70% of the Less than 50% of the


evident; almost all potential to any vegetation common; to 2 inches or less.
plants allowed to great extent; more less than one-half of
grow naturally. than one-half of potential plant height


9-10 6-8


potential plant height remaining.
evident.


3-5 0-2


8. Vegetated Zone Width zone >100 feet. zone 30-100 feet. zone 10-30 feet. zone <10 feet.
(score zone for each side
of stream)


SCORE  (        ) (left)
SCORE  (        ) (right) 9-10 6-8 3-5 0-2


Width of vegetated Width of vegetated Width of vegetated Width of vegetated


TOTAL SCORE (        ) MOD 5/16/95







HABITAT ASSESSMENT FIELD DATA SHEET GLIDE / POOL PREVALENT STREAMS
Stream                                                            Date                                                                              
Site                                                                Investigator                                                                    


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1. Bottom Substrate / Greater than 50% mix 30-50% mix of stable 10-30% mix of stable Less than 10% sta-
Available Cover of snags, submerged habitat; well-suited for habitat; habitat avail- ble habitat; lack of


SCORE  (        ) 16-20


logs, undercut banks, full colonization poten- ability less than desir- habitat is obvious;
rubble or other stable tial; adequate habitat able; substrate fre- substrate unstable or
habitat and at stage for maintenance of quently disturbed or lacking.
to allow full populations; presence removed.
colonization potential of additional substrate
(i.e., logs/snags that in the form of newfall,
are not new fall and but not yet prepared
not transient). for colonization (may


 scale).
rate at high end of


11-15 6-10 0-5


2. Pool Substrate Charac- Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or bed-
terization materials, with gravel mud, or clay; mud may sand bottom; little or rock; no root mat or


SCORE  (        )  16-20  11-15 6-10 0-5


and firm sand preva- be dominant; some no root mat; no sub- vegetation.
lent; root mats and root mats and sub- merged vegetation.
submerged vegetation merged vegetation
common. present.


3. Pool Variability Even mix of large- Majority of pools large- Shallow pools much Majority of pools


SCORE  (        ) 16-20 11-15 6-10 0-5


shallow, large-deep, deep; very few shal- more prevalent than small-shallow or
small-shallow, small- low. deep pools. pools absent.
deep pools present.


4. Channel Alteration Channel alteration Some channel alter- New embankments Extensive channeliza-
(channelization, dredging, absent or minimal; ation present, usually present on both tion; banks shored
staightening, other alter- stream with normal, in areas of crossings, banks; channelization with gabion or ce-
ations) sinuous pattern. evidence of past chan- may be extensive, ment; heavily urban-


SCORE  (        ) 16-20 11-15 6-10 0-5


nel alterations, (prior to usually in urban areas ized areas; instream
past 20 yrs) may be or drainage areas of habitat greatly al-
present, but more agriculture lands; and tered or removed
recent channel alter- >80% of stream entirely.
ation is not present. reach channelized and


disrupted.


5. Sediment Deposition Less than 20% of 20-50% affected; 50-80% affected; Channelized; mud,


SCORE  (        ) 16-20 11-15 0-5


bottom affected; moderate accumula- major deposition; silt, and/or sand in
minor accumulation of tion; substantial sedi- pools shallow, heavily braided or nonbraided
fine and coarse ment movement only silted; embankments channels; pools al-
material at snags and during major storm may be present on most absent due to
submerged vegeta- event; some new both banks; frequent deposition.
tion; little or no en- increase in bar forma- and substantial
largement of islands tion. sediment movement
or point bars. during storm events.


6-10







Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


6. Channel Sinuosity The bends in the The bends in the The bends in the Channel straight;


SCORE  (        ) 16-20 11-15 6-10 0-5


stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 2 to 3 stream length 2 to 1 channelized for a
times longer than if it times longer than if it times longer than if it long distance.
was in a straight line. was in a straight line. was in a straight line.


7. Channel Flow Status Water reaches base Water fills >75% of Water fills 25-75% of Very little water in


SCORE  (        ) 16-20 11-15 6-10 0-5


of both lower banks the available channel; the available channel channel and mostly
and minimal amount or <25% of channel and/or riffle sub- present as standing
of channel substrate substrate is exposed. strates are mostly pools.
is exposed. exposed.


8. Bank Vegetation Protec- More than 90% of 70-90% of the stream- 50-70% of the strea- Less than 50% of
tion (score each blank) the streambank sur- bank surfaces covered mbank surfaces cov- the streambank


Note:  determine left or native vegetation, but one class of plants disruption obvious; vegetation; disruption
right side by facing down- including trees, un- is not well-represented; patches of bare soil or of streambank
stream. derstory shrubs, or disruption evident but closely cropped vegetation is very


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 3-5 0-2


faces covered by by native vegetation; ered by vegetation; surfaces covered by


non-woody macro- not affecting full plant vegetation common; high; vegetation has
phytes; Vegetation growth potential to any less than one-half of been removed to 2
disruption minimal or great extent; more the potential plant inches or less in
not evident; almost all than one-half of the stubble height re- average stubble
plants allowed to potential plant stubble maining. height.
grow naturally. height remaining.


6-8


9. Bank Stability (score Banks stable; no Moderately stable; Moderately unstable; Unstable; many erod-
each bank) evidence of erosion or infrequent, small areas up to 60% of banks ed areas; "raw"


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 6-8 3-5 0-2


bank failure; little of erosion mostly in reach have areas of areas frequent along
potential  for future healed over. erosion; high erosion straight sections and
problems. potential during bends; obvious bank


floods. sloughing; 60-100%
of bank has erosional
scars.


10. Riparian Vegetation Width of riparian zone Width of riparian zone Width of riparian zone Width of riparian
Zone Width (score each >18 meters; human 12-18 meters; human 6-12 meters; human zone <8 meters;
bank riparian zone) activities (i.e., parking activities have impact- activities have little or no riparian


SCORE  (        ) (LB) 9-10 3-5 3-5 0-2
SCORE  (        ) (RB) 9-10 0-2


lots, roadbeds, ed zone only minimally. impacted a great deal. vegetation due to
clearcuts, lawns, or human activities.
crops) have not
impacted zone.


3-5 3-5


TOTAL SCORE (        ) MOD 10/18/94







Stream:_________________________ PHYSICAL CHARACTERIZATION/ WATER QUALITY Date:_______________________
Site name:_______________________     FIELD DATA SHEET Time:_______________________
Station Key:_______________________________ Project:____________________
Collecting Agency:_________________________ LEGAL DESCRIPTION: T Rosgen Class________________
____________________________________________________________________________________________________________________________________________________
PHYSICAL CHARACTERIZATION GPS Coordinates_______________     PDOP________


           _______________     Satellites_______
RIPARIAN ZONE/INSTREAM FEATURES


Forest Field/Pasture Agricultural Residential Commercial Industrial Other:________________
Local Watershed Erosion: None Moderate Heavy
Local Watershed NPS Pollution: No Evidence Some Potential Sources Obvious Sources
Estimated Stream Width_______m Estimated Stream Depth: Riffle______m Run______m  Pool______m
High Water Mark______m Velocity______ Dam Present: Yes___No____ Channelized: Yes____No_____
Canopy Cover: Open Partly Open Partly Shaded Shaded


SEDIMENT/SUBSTRATE:
Sediment Odors: Normal Sewage Petroleum Chemical Anaerobic None Other____________________
Sediment Oils: Absent Slight Moderate Profuse
Sediment Deposits: Sludge Sawdust Paper Fiber Sand Relic Shells Other____________________________
Are the underside of stones which are not deeply embedded black? Yes____ No____


Inorganic Substrate Components                                                                                         Organic Substrate Components                                                         Substrate Type
Diameter Percent Composition Substrate Type Characteristic Percent Composition


in sampling area in sampling area


Bedrock Detritus Sticks, Wood, 
Boulder >256 mm (10in) Course Plant
Cobble 64-256 mm (2.5-10 in) Materials (CPOM)
Gravel 2-64 mm (0.1-2.5 in) Muck-Mud Black, Very Fine
Sand 0.06-2.00 mm (gritty) Organic (FPOM)
Silt 0.004-0.06 mm Marl Grey, Shell
Clay <.004 mm (slick) Pigments
____________________________________________________________________________________________________________________________________________________
WATER QUALITY


Temperature_____C Dissolved Oxygen_____ pH_____ Conductivity_____ Discharge_____ Other_____________
Instrument(s) Used__________________________________________________________________________________________________________________________________
Stream Type: Coldwater Warmwater
Water Odors: Normal Sewage Petroleum Chemical None Other__________
Water Surface Oils: Slick Sheen Globs Flecks None
Turbidity: Clear Slightly Turbid Opaque Water Color
____________________________________________________________________________________________________________________________________________________
Weather Conditions Number of Kick Samples________
Photograph Number_________________ Duration of Kick_____________ _____________


Length of Kick________________          _____________ 
____Acceptable      _____Needs revision      _____Reject







Contractor Report Evaluation Form date:_________


Contractor:___________________________________
Report Title:_________________________________
Report Date:_______________
reviewed by:_____________________
QUESTIONS, REVISION REQUIREMENTS:


Subsampling


1.  Did the contractor follow the specified sub-sampling procedures?


2.  Are subsamples in the range of 270-330 organisms?


3.  Is the proportion of the sample that the contractor subsampled documented?


Taxonomy
4.  Is taxonomic resolution consistent with the SOP’s?


Data Analysis
5.  Is the correct set of metrics used for impairment rating?


6.  Was an appropriate reference used for the analysis?


7.  Did the contractor use replicate information in evaluating the level of
resolution if appropriate?


8.  For reports where time trends are being evaluated: Did the contractor account
for any differences in taxonomic resolution between years, etc?


9.  Are the metrics calculated correctly?


Report Details
10. Are the dates the samples were collected included in the report?


11.  Are the report conclusions clearly summarized?


12.  Are the pages numbered?







13.  Is the taxa list ordered consistent with the SOP’s?


14.  Are any deviations from the SOP’s explained and justified?


Other Comments:








Section No.  12.0 
Revision No.    0  


Date:  4/1/95


12-1-4.DOC


12.1.4  Fish - (Fish Kills and Complaint Investigations)


A.  EQUIPMENT


1.  Waders


2.  Nets of electroshocking equipment for collecting
live fish.


3.  Thermometers


4.  Dissolved oxygen meter or Winkler titration kit


5.  Sample bottles and preservatives for collecting
water samples.


6.  Plastic bags, aluminum foil, and jars for
collecting sediment samples


7.  Dissecting equipment and Bouins solution for
preserving organs for histological examination


8.  Notebook, pens, pencils and waterproof marker


9.  Camera and film


10.  Saturometer (if below a dam)


11.  Cooler and ice for storing water, sediment, and
fish samples


12.  Chain-of-custody forms


B.  COLLECTION


1.  The DEQ seldom collects fish except in the course
of a fish kill investigation.  Occasionally, dead fish
are observed in the conduct of other complaint
investigations (illegal discharges, pesticide/herbicide
misuse, etc.) and the collection of dead and/or live
fish becomes necessary to determine cause, source,
severity, and extent of the pollution problem.
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2.  Dead fish (preferably freshly dead) are wrapped in
aluminum foil, placed in a plastic bag, labeled, and
frozen as soon as possible (keeps specimens iced until
returned to the laboratory). 


3.  Histological samples must be collected from living
fish.  Decomposition of dead tissue masks tissue damage
that may have been caused by the toxicant.  If sick or
dying fish cannot be readily collected, specimens
should be collected by electrofishing or netting. 
Small pools are shocked most easily.  Fish which are
momentarily immobilized can be netted.


4.  Gill and liver tissue should be taken and
immediately preserved in Bouin's  solution.  The volume
of tissue collected should not exceed 1/10th the volume
of Bouin's solution used - packing too much tissue
prevents some surfaces from being properly preserved. 
Arrangements should be made to send preserved tissue to
Beth MacConnell, U.S. Fish and Wildlife Service,
Bozeman (587-9265) for histological testing.


5.  Note and record any unusual symptoms exhibited by
the fish.  For example, fish killed by metals often
have a precipitate present on the gills.  Some fish
diseases cause characteristic symptoms.  Photographs
should be taken of fish exhibiting unusual symptoms.
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12.2  LAKES


12.2.1.  Bacteria


Information concerning bacteria can be found in Streams, Section
12.1.1.







Section No.  12.0 
Revision No.    0  


Date:  4/1/95


12-2.DOC


12.2.2  Phytoplankton


Phytoplankton are free-living unicellular algae existing as
single cells, colonies, chains, or filaments that generally
are passively transported by currents and turbulent mixing.
Phytoplankton  are important components of standing bodies of
water and large rivers.


Physiological processes of planktonic algae can indicate the
productivity and quality of natural waters.  Their
assimilation of carbon dioxide and production of organic
matter provide a primary food source for other trophic
levels.  Phytoplankton can also have a dramatic affect on the
concentrations of carbon dioxide, oxygen, nutrients, silica
and trace elements.


Phytoplankton blooms can severely effect water quality
through the production of toxins that lead to fish kills,
threatens human health, or through the depletion of oxygen
caused by the decomposition of organic matter.


Integrated studies of aquatic ecosystems need to include the
measurement of phytoplankton composition and biomass.
Chlorophyll a, adenosine triphosphate (ATP), and particulate
organic carbon or nitrogen can be used as indices of biomass
while particle counters can provide information about size
distribution.  However, these methods have interferences from
nonphytoplankton particulate matter such as detritus and
sediment.  The only method of determining species composition
and abundance is by microscopic enumeration and
identification.  Knowledge of species composition can
indicate the causes of seasonal changes in biomass, be useful
as tracers for different water masses, and suggest stresses
imposed by pollutants.
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12.2.2.1  Collection


An optimum method for collecting phytoplankton samples is
unavailable because phytoplankton types and abundance differ
spatially and temporarily.  Therefore, choosing a sampling
strategy and method that are most consistent with the goals
of a given water is necessary for a quality study.  For
example, frequent collection of a depth-integrated sample at
one representative site may be appropriate for a monitoring
study, whereas, a detailed grid may be more appropriate for
assessing the effect of a pollutant from a point source.


A phytoplankton sample consists of a volume of water (usually
100-1000ml) collected in a polyethylene bottle.  To insure
maximum correlation of results, the sample site and
collection method need to correspond as closely as possible
to those selected for chemical sampling.  If a living sample
is to be examined, it can be maintained for 24 hours if kept
at 3 C in the dark.  Extended storage requires preservation
with 1ml of Lugol's solution (a mixture of potassium iodine,
iodine, and acetic acid).


Samples of phytoplankton are collected using a water-sampling
bottle ( Kemmerer or Van Dorn) and a depth-integrated sampler
(DH-48), net, or pump.  An advantage of using a water-
sampling bottle is the ability to collect quantitative
samples including ultraplankton from a known volume obtained
from a precise depth.


Depth-integrated samplers are quantitative samplers used to
collect a representative of a water column cross-section.  An
advantage of the depth-integrated sampler is similar to the
water-sampling bottle; the difference is it is the only means
of collecting a truly representative sample within a water
column or river cross-section.  The disadvantage to the water
sampling-bottle and depth-integrated sampler is that they do
not work well in fast moving water.  However, fast-moving
water does not typically support true phytoplankton
communities.


Plankton nets have been widely used as sampling devices in
phytoplankton investigations because they enable filtration
of large water volumes.  However, nets selectively retain
only the largest phytoplankton cells.  Therefore, nets are
most appropriate for qualitative study of large planktonic
algae.  Nets vary in size, shape, and mesh size.


Pumps can also be used to collect phytoplankton.  The
advantage of pumps is that they can collect quantitative
samples including ultraplankton rapidly at known depths or
via depth integration in shallow or deep waters.  However,
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pumps are usually bulky, expensive, require a power source,
may break algal chains and colonies, and induce
physiologically stresses.
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12.2.2.2  Sample Analysis


Analysis of phytoplankton may include the counting-cell
method where aliquots from phytoplankton samples are placed
in stage-counting cells and examined under a microscope to
determine concentration and possible identification.  The
inverted-microscope method enables the observation of
phytoplankton in an aliquot of water at high-power
magnification.  The phytoplankton  have been concentrated by
settling thereby reducing the possibility of crushing or
disruption.  Phytoplankton should be both counted and
identified.  One of the most useful methods to determine the
taxonomy of the phytoplankton is through the preparation of a
permanent slide mount and examination under a high powered
microscope.


A.  REFERENCES


Methods for Collection and Analysis of Aquatic Biological and
Microbiological Samples, Techniques of Water-Resources
Investigations of the United States Geological Survey, Book 5
Chapter A4 (1989), at 99-113.


Standard Methods For Examining Water and Wastewater, 18th
Edition (1992), at 10-1 to 10-26.
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12.2.3  Trophic Status


Lake productivity or trophic status is a continuum varying
from very low productivity in oligotrophic lakes (i.e.,
mountain lakes) to high productivity in eutrophic lakes
(i.e., lowland lakes).  The condition between oligotrophic
and eutrophic is called mesotrophic.  The boundaries around
the mesotrophic status are not distinct.  A method for
identifying lake tropic status ( TSI) has been described by
Carlson (1977) using total phosphorus ( TP), Secchi disk depth
(SD), and Chlorophyll a.  The approximate TSI value between
oligotrophic and mesotrophic is 35, and between mesotrophic
and eutrophic is 50.


Calculations to determine Carlson's Trophic State Indices:


Total Phosphorus ( TP)


TSI = 10(6 - Ln[48/TP]/ Ln[2])


Secchi Disk (SD)


TSI =  10(6 - Ln[SD]/ Ln[2])


Chlorophyll a (Chla)


TSI = 10(6- 2.04 - 0.68 Ln[Chla]/ Ln[2])
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12.2.3.1  Secchi Depth


One of the major diagnostic tools in the analysis of
eutrophication is the measurement of water transparency. 
Algal blooms decrease light penetration by light absorption,
and scattering water transparency and light penetration are
proportional to the density of the algal bloom.


A simple method of estimating light penetration in the
vertical direction is with a Secchi disk, where the
disappearance depth is defined as the Secchi depth.  The
Secchi disk is submerged into the water from the shady side
of an anchored boat or from the end of a pier.  The Secchi
disk is lowered to a point where it is no longer visible and
then raised to a level where it again becomes visible.  The
Secchi Depth at this point is measured (meters) and recorded.
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12.2.3.2  Chloriphyll a


Field Collections


A.  Samples are collected with a 1 liter plastic bottle 0.3m
(1ft) beneath the water surface.


B.  Chlorophyll  a samples are filtered through a glass fiber
filter with a hand-operated vacuum pump.  Enough water is
filtered until the filter is green in color. At least 1 liter
of water should be filtered for eutrophic lakes and up to 5
liters of water should be filtered for oligotrophic lakes. 
The volume of water filtered is recorded for later use in
calculating Chlorophyll concentrations.  Equipment to be used
for filtration includes the following (Fisher Scientific
catalogue numbers are given):


1.  Whatman glass fiber filter GF/C 47mm  Cat. No.
09-874-34


2.  Nalgene hand-operated vacuum pump  Cat. No. 01-070


3.  Nalgene reusable filter holders  Cat. No.
09-740-23E


C.  The filter is then removed from the filter holder with a
forceps, placed in a petri dish, taped shut, wrapped in
aluminum foil and stored on ice.  Samples should be shipped
to the laboratory within 48 hours of collection and frozen
until analysis.  The analysis should be performed no later
than 3 weeks after collection.


Laboratory Analysis


A.  The laboratory shall analyze the Chlorophyll a following
the Standard Methods for Examination of Water and Waste
Water , 18th Edition, Method 10200 H. Chlorophyll.  This
method extracts the chlorophyll from the filter using acetone
and a tissue grinder.  The absorbance of the extract is
determined with a spectrophotometer (Method 2.c,
Spectrophotometric Determination of Chlorophyll ;
Determination of Chlorophyll a, b, and c (trichromatic
method)).
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B.  Following the equations in the cited reference, the
Chlorophyll a concentration is calculated by using the
concentration of pigment in the extract and the recorded
volume of water filtered in the field.


Tropic Status of Montana Lakes


A.  Oligotrophic 0 - 2ppb Chlorophyll a


B.  Mesotrophic 2 - 9ppb Chlorophyll a


C.  Eutrophic 9 - 30ppb Chlorophyll a


D.  Hypereutrophic > 30ppb Chlorophyll a
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12.2.4  Periphyton


Periphyton are algae that live attached to or in close
proximity of the lake bottom in shallow, well-lighted areas
that are suitable for plant growth.  Other plants may also
occupy the littoral areas of lakes, notably "higher plants"
and mosses ( macrophyton).  These following procedures address
the wadeable, nearshore portion of lakes; no special
equipment (i.e., SCUBA) is presumed.  Refer to Section 12.1.2
for more background information about periphyton.


A.  INDEX PERIOD


Anytime during the ice-free season is suitable for sampling 
periphyton from lakes.  Assessments should be delayed for at
least two weeks following the melting of ice in the spring to
allow for recolonization by algae and the succession to a
mature periphyton community.


B.  SITE SELECTION


Selection of study sites depends largely on the objectives of
the assessment.  Public access shall often dictate the choice
of sampling sites on Montana lakes and restrict the length of
shoreline that is available for sampling.  If access is
unrestricted, choose least-impaired sites that have typical
shoreline vegetation to represent the reference or control
condition.  Avoid the windward side of lakes where wave
action tends to scour shoreline vegetation.
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12.2.4.1  Field Observations


The general composition, amount, color, and condition of
aquatic plants in the littoral zone may be assessed from
shore using the Aquatic Plant Field Sheet (Section 21.1.1.8).
This information shall help to describe the health and
productivity of the aquatic ecosystem, define nuisance
aquatic plant problems, identify potential sources and causes
of pollution, and document changes in the plant community
over time.


Completing the Aquatic Plant Field Sheet is equivalent to a
RBP Level I assessment for aquatic plants.  The Aquatic Plant
Field Sheet should be filled-out before completing the more
detailed assessments of periphyton standing crop,
composition, and community structure.
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12.2.4.2.  Standing Crop


The standing crop of periphyton in lakes is controlled by a
variety of factors.  Heavy growths of algae in lakes
generally indicate nutrient enrichment and inferior water
quality.  Refer to Section 12.1.2.2 for sampling and
analytical procedures.  Criteria have not been developed for
the standing crop of lakeshore periphyton.
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12.2.4.3  Composition and Structure


The procedures for sampling and analyzing stream periphyton
(Section 12.1.2.3) may also be used for evaluating the
composition and structure of lake periphyton.  In lakes,
however, the submerged stems and leaves of higher plants or
macrophytes shall generally be more important as algal
substrates than they are in streams.  The DEQ is developing
biocriteria and bioassessment protocols for the composition
and structure of lake periphyton.
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12.2.5  Macroinvertebrates


Benthic macroinvertebrates are animals inhabiting the
substratum of lakes, streams, and wetlands.
Macroinvertebrates are considered, by definition, to be
visible to the unaided eye and are retained on a U.S.
Standard No. 30 sieve (0.595-mm openings).
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12.2.5.1  Sampling Methods (Ekman Grab, Petite Ponar
Grab, And D-Net)


Dredge (Grab)


A tall-model (6"x6"x9") Ekman-type grab is preferred for lake
benthos sampling rather than the standard (6"x6"x6") Ekman
grab.  The standard Ekman grab is a poor choice for sampling
macroinvertebrates in the soft sediments of deeper lakes
because the box often sinks below the sediment surface and
organisms in the surficial sediment are lost.  Even with a
tall Ekman, care must be taken that the grab does not sink
too deeply and overfill.  There should be water in the top of
the box upon retrieval; if there is only sediment, some
material was probably lost out of the top due to over-
penetration.  If this is a problem, horizontal struts can be
added to the outside of the grab to slow the decent of the
sampler into the sediment.  Pieces of wood (2"x2"x18") may be
attached across the outside of the box at about half-height
for this purpose.  The Ekman grab is also a poor choice for
sampling when rocky or sandy bottoms, or moderate macrophyte
growth are present because small pebbles or grit or
macrophyte stems prevent proper jaw closure.


Some Ekman grabs have been fitted with a screen across the
top to prevent overfilling.  This works, but care must be
taken that the grab is eased gently into the soft sediments
of deep lakes.  Since water flow through the box is impended
by the screen, a pressure wave can blow away surficial
sediment and animals if such a grab is dropped too rapidly.


An alternative to the Ekman grab is the petite Ponar grab. 
Standard-model Ponar grabs are too heavy for use without a
winch, but the petite model is very easily cast and retrieved
by hand from a small boat.  DEQ has found this to be the most
convenient grab for survey work, because it is easy to
operate and closes automatically, needing no messenger.  Its
disadvantages are :  1) it has the potential for sediment
blow-away if dropped too quickly into a soft bottom, and 2)
it collects a smaller volume of sediment, thus fewer animals,
than a tall Ekman.  Therefore, the petite Ponar grab is most
suitable for studies that do not require absolute
quantitative data as they are likely to have greater
consistency when collected by different personnel.
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D-Net (Sweep Net)


For D-net sampling in the littoral zone, refer to Wetlands,
Sweep Net (Section 12.3.4.1).
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12.2.5.2  Sample Processing and Analysis


Traditionally grab samples are washed in a tray or bucket
with a mesh bottom.  However, this method is slow and removal
of the washed sample is inconvenient.  An easier method of
washing the contents of the grab is through a conical
plankton net of 0.5mm mesh (500 microns).


It is very important that the mesh size be consistent across
all lakes in the study.  This is a fairly standard mesh size
that shall retain most of the animals of interest, but shall
permit reduction of samples to a reasonable volume.  A
conical washing net provides a large surface area of mesh,
and concentrating the sample in the end of the net is easy. 
A suitable net can be purchased from Wildco as a made-to-
order net #30-D60.  The 4.7cm (12in) diameter top opening of
this net must be lashed to a hoop, such as Wildco #7-D30 ring
and bridle assembly, or any rigid 4.7cm (12in) diameter ring.
 The cuff at the bottom of the net can be tied off with a
shoestring, which is then released to permit removal of the
washed and concentrated sample.


The content of the grab is emptied into a plastic dish pan
using a wash bottle with a wide-bore opening for rinsing the
grab and wash net.  Washed samples are collected in 1 liter
wide-mouth plastic jars with tight-fitting lids.  The
preferred method of preserving a macroinvertebrate
(especially benthos) sample from a taxonomic identification
perspective is using 10% formalin buffered with 1 teaspoon
magnesium carbonate per 1 gallon concentrated formalin. 
However, because formalin is a known carcinogen, the DEQ
recommends using 95% ethanol with a final dilution of no less
than 70% when considering displacement by the sample biomass.


In addition to an external label, each sample should contain
an internal label on heavy paper with the following
information :  lake, date, sampling device used, sampling
depth, replicate number, and the collectors initials.  A
depth-finder and Global Positioning System are useful for
locating the collection site.  A hydrolab or similar device
can be used to collect supporting environmental data.
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List of Equipment and Supplies for Sample Collection:


a)  Hydrographic map of the lake


b)  Petite Ponar or other grab sampler or D-Net


c)  Plastic tub


d)  Wash net (0.5mm mesh)


e)  Wash bottle


f)  1 liter plastic container with lids


g)  Paper labels and labeling tape


h)  Pencils and alcohol proof markers


i)  Preservative (ethanol or formalin)


j)  Power ice auger (winter sampling)


k)  Ice skimmer (winter sampling)


m)  Depth finder


n)  Boat


o)  Global Positioning System


p)  Hydrolab
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12.2.5.3  Criteria and Assessment Protocols


The composition and density (number of individuals per unit
area) of macroinvertebrates in streams, lakes, and wetlands
are reasonably stable year to year in unperturbed
environments.  However, seasonal fluctuations associated with
life-cycle dynamics of individual species may result in
extreme variation at specific sites within any calendar year.


Most aquatic habitats with high quality waters and substrate
conditions generally support diverse macroinvertebrate
communities in which there is a balanced distribution of
species among the total number of individuals present.  Such
communities respond to changing habitat quality by adjustment
in community structure.  However, many habitats are dominated
by a few species.  Small changes in their relative numbers
may not indicate changes in water quality.


Macroinvertebrate community responses to environmental
perturbations are useful in assessing the impact of point and
nonpoint source pollution.  Situations that may cause
macroinvertebrate community structure to change include
organic loading, substrate alteration, and toxic chemical
pollution.


Assessing the impact of a pollutant source generally involves
comparison of macroinvertebrate communities at sites
influenced by pollution with those collected from adjacent
unaffected sites that have similar physical habitats.  The
procedure includes sampling and analyzing both communities
and comparing them to determine if the pollution-affected
site differs from the unaffected site. For community
structure, the basic information required from each site is a
count of individuals per species.  From the count data the
communities can be characterized and compared according to
community structure, density, biomass , diversity, or other
analysis.  Equally desirable is to characterize chemical and
physical habitat such as dissolved oxygen concentration,
substrate, water depth, type of sediment, grain size, total
organic carbon, hardness, alkalinity, trace metals, dissolved
and total nutrients, etc.
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A.  REFERENCES


Standard Methods for the Examination of Water and Wastewater
(1992), Part 10500 Benthic Macroinvertebrates, at 10-55 to
10-65.


Techniques of Water-Resources Investigations of the USGS,
Methods for Collection and Analysis of Aquatic Biological and
Microbiological Samples, Book 5, Chapter A4, Benthic
Invertebrates, at 151-189 (1987).
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12.3  WETLANDS


12.3.1  Wetland Assessment(Field Observations)


A. SELECTION OF SAMPLING LOCATION


For each wetland evaluated, one location shall be sampled
that best represents the entire wetland.  A wetland
Assessment Form shall be filled-out for each wetland
evaluated.  The Wetland Assessment Field Form can be found in
Section 21.1.1.6.


B.  OBSERVATION MEASUREMENTS


Information to be included from observations using a field
form includes the wetland name, date and time collected,
location description, GPS location, degree, cause and source
of impairment, general land uses in the watershed, primary
wetland use, estimated area and maximum depth, hydrology,
aquatic and riparian vegetation, upland vegetation in the
wetland watershed, algae and macroinvertebrates observed,
substrate, water color, and percent open water.  


Other information obtained using maps and surveys includes
the local geology, geomorphology, legal description,
ownership, and ecoregion.


C.  SEDIMENT SAMPLING


Composite sediment samples should be collected from the top
10cm of the wetland benthic zone.  The sample composite shall
be collected in a 50ml plastic container and analyzed for
total recoverable metals using ICP SCAN.  The selection of
contaminants that are usually analyzed at low level detection
shall include arsenic, selenium, and mercury.  Transport the
sediment samples in a cooler with ice to the laboratory.


D.  WATER SAMPLING


Collect water samples using 250ml plastic bottles for
analysis of common ions and total recoverable metals. Collect
the nutrient and total organic carbon sample using a 1 liter
bottle.  Bottles shall be rinsed 3 times with sample


before collection.  Nutrients and total organic carbon shall
be preserved with sulfuric acid.  Total recoverable metals
shall be preserved with nitric acid.  Water samples shall be
transported to the laboratory in a cooler and iced
immediately after collection.  Measure conductivity,
turbidity, pH, dissolved oxygen, and temperature in the field
using a Horiba U-10 Water Quality Checker or similar device.
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E.  ANALYTICAL METHODS


Sediments shall be oven dried at 90 C, ground, and sieved
with a U.S. Standard No. 10 sieve for trace metal analysis. 
Sediments shall be digested using nitric acid and a microwave
(Method 3051 EPA Manual SW-846, November 1990). This method
reflects the maximum concentration of available trace metals
contaminants tied-up in the sediment that could be released
to the aquatic environment.


All chemical analytical procedures shall follow approved EPA
methods.  Trace metals shall be analyzed using the
inductively coupled plasma-atomic emission spectrometric
method ( ICP) and/or atomic absorption (AA) spectroscopy.
Mercury shall be analyzed using cold vapor atomic absorption
spectroscopy.


Chemical Analysis of Water Column:


1.  Common Ions - cation/anion balance


calcium, magnesium, sodium, potassium, carbonate,
bicarbonate, sulfate, chloride, hardness, total
alkalinity, sodium adsorption ratio


2.  Nutrients


total phosphorus, ortho-phosphorus, total Kjeldahl
nitrogen, total nitrate-nitrite, total ammonia


3.  Total recoverable metals


aluminum, arsenic, boron, cadmium, chromium, copper,
iron, lead, nickel, selenium, zinc


4.  Field Parameters


pH, conductivity, temperature, salinity, turbidity,
dissolved oxygen, color


5.  Other Parameters


total organic carbon, silica


Chemical Analysis of Sediment


1.  ICP Scan


aluminum, antimony, beryllium, boron, cadmium, calcium,
cobalt, copper, iron, lead, manganese, magnesium,
molybdenum, silica, vanadium
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2.  Low Level Detection (Atomic Absorption)


arsenic, selenium, mercury
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12.3.2 Bacteria


Information concerning bacteria can be found in Streams,
Section 12.1.1.
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12.3.3  Periphyton


Collect periphyton from natural substrates (i.e., vegetation,
top layer of the sediment, submerged woody debris, etc.). 
Use a spoon or knife to aid in collection. Combine the
periphyton samples from a wetland site into a single
composite sample.  The sample shall be collected in a plastic
container with site water and preserved with Lugol's  solution
and kept chilled.  Samples shall be sent to a consultant at
the end of the field season for taxonomic identification and
metric determinations.


The DEQ is currently developing diatom biocriteria and
bioassessment protocols for wetlands.  The DEQ has developed
a method for detecting water quality impairment using
multivariate analysis (refer to Developing Bioassessments
for Montana Wetlands , draft report, Apfelbeck, R. (1997).


REFERENCES


Procedures for the assessment of periphyton in lakes (Section
12.2.4) may be applied in the assessment of periphyton in
wetlands.  See also the applicable portions of periphyton in
streams (Section 12.1.2).


Developing Bioassessments for Montana Wetlands, draft report,
Apfelbeck, R. (1997).
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12.3.4  Macroinvertebrates


12.3.4.1 Sampling Methods  (D-Frame Net)


Macroinvertebrate samples shall be collected using a sweep
net to sample the littoral region and benthic (sediment)
surface.  An attempt shall be made to select at least 200
macroinvertebrates that represent all the microenvironments
within the sampling area.  Samples shall be composited within
a 1 liter plastic container and preserved with 95% ethanol. 
The samples shall be sent to a consultant at the end of the
field season for taxonomic identification and metric
determinations.
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12.3.4.2  Sample Processing and Analysis


The macroinvertebrate samples shall be analyzed for both
community composition and community structure.  Metric
calculations shall include diversity, taxa richness, percent
dominant taxa, etc.


Taxonomic classification of macroinvertebrates, metric
calculations, statistical data analysis, evaluation of
environmental factors, and development of biocriteria and
bioassessment protocols are currently being performed by the
DEQ.


For additional information, refer to Section 12.2.5.2, Lake
Macroinvertebrate Sample Processing and Analysis and wetlands
draft document Developing Bioassessments for Montana
Wetlands , draft report, Apfelbeck, R. (1997).








Section No.  12.0 
Revision No.    0  


Date:  4/1/95


12.4  GROUNDWATER


Information concerning bacteria can be found in Streams,
Section 12.1.1


Note: DEQ is currently working on the groundwater SOP.
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12.1.2.2 Field-Based Rapid Periphyton Survey


Semi-quantitative assessments of benthic algal biomass and taxonomic
composition can be made rapidly with a viewing bucket marked with a grid and
a biomass scoring system.  The advantage of using this technique is that it
enables rapid assessment of algal biomass over larger spatial scales than
substrate sampling and laboratory analysis.  Coarse-level taxonomic
characterization of communities is also possible with this technique.  This
technique is a survey of the natural substrate and requires no laboratory
processing, but hand picked samples can be returned to the laboratory to
quickly verify identification.  It is a technique developed by Stevenson and
Rier.


PROCEDURE


1. Fill in top of Rapid Periphyton Survey (RPS) Field Sheet.


2. Establish at least three transects across the habitat being sampled
(preferably riffles or runs in the reach in which benthic algal
accumulation is readily observed and characterized).


3. Select three locations along each transect (e.g., stratified random
locations on right, middle, and left bank).


4. Characterize algae in each selected location by immersing the bucket
with 45-intersection grid in the water.  The original procedure calls
for a 50-dot grid, but DEQ modified so our existing percent fines
buckets, SOP section 11.8.6, could be used. 


-First, characterize macroalgal biomass.


-Observe the bottom of the stream through the bottom of the viewing
bucket and count the number of intersections that occur over
macroalgae (e.g., Cladophora or Spirogyra) under which substrates
cannot be seen.  Record that number and the kind of macroalgae under
the intersections on RPS field sheet.


-Measure and record the maximum length of the macroalgae.


-If two or more types of macroalgae are present, count the
intersections, measure, and record information for each type of
macroalgae separately. 


-Second, characterize microalgal cover.


-While viewing the same area, record the number of intersections under
which substrata occur that are suitable size for microalgal
accumulation (gravel >2 cm in size).


-Determine the kind (usually diatoms and blue-green algae) and
estimate the thickness (density) of microalgae under each intersection







Section No. 12.0 
Revision No.   0  


Date: 3/31/99


using the following thickness scale:
0 – substrate rough with no visual evidence of microalgae
0.5 – substrate slimy, but no visual accumulation of microalgae is


evident
1 – a thin layer of microalgae is visually evident
2 – accumulation of microalgal layer from 0.5-1mm thick is evident
3 – accumulation of microalgae layer from 1mm to 5mm thick is evident
4 – accumulation of microalgal layer from 5mm to 2cm thick is evident
5 – accumulation of microalgal layer greater than 2cm thick is evident
Mat thickness can be measured with a ruler.


-Record the number of intersections that are over each of the specific
thickness ranks separately for diatoms, blue-green algae, or other
microalgae.


5. Statistically characterize density of algae on substrate by determining:


-total number of grid points (intersections) evaluated at the site (D1)
-number of grid points over macroalgae (Dm)
-total number of grid points over suitable substrate for microalgae at
the site (dt)
-number of grid points over microalga of different thickness ranks for
each type of microalga (di)
-average percent cover of the habitat by each type of macroalgae (i.e.,
100X Dm/Dt)
-maximum length of each type of macroalgae
-mean density (i.e., thickness rank) of each type of macroalgae on
suitable substrate (i.e., Σdiri/dt);  maximum density of each type of
macroalgae on suitable substrate


6.  QA/QC between observers and calibration between algal biomass (chl a,
AFDM, cell density and biovolume cm-2 and taxonomic composition) can be
developed by collecting samples that have specific microalgal rankings and
assaying the periphyton.








13.0  Methods for Assessing the General Health and Physical Integrity of Surface Waters


13.1 STREAM CHANNEL METHODS


This document can be found at http://www.stream.fs.fed.us/PDFs/RM245.PDF.


Please note this is a large document and may take several minutes to download.



http://www.stream.fs.fed.us/PDFs/RM245.PDF
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14.0  Sample Handling and Custody Requirements


Chain-of-custody procedures are followed so the possession of a sample
from the time of its collection until the time of its analysis is
traceable and documentable.  These procedures guarantee the integrity of
a sample that it was properly preserved and/or cared for until analysis,
and no possibility for a sample mixup exists, tampering, or extraneous
contamination.  These precautions are essential if samples are collected
during enforcement investigations or for future legal proceedings.


14.1  SAMPLE CUSTODY


A sample is under custody if:


A.  It is in your possession,


B.  It is in your view, after being in your possession, or


C.  It was in your possession and then you locked it up or it
was placed it in a sealed container to prevent tampering, or


D  It is in a designated secure area.
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14.2  FIELD CUSTODY PROCEDURES


In collecting samples for evidence, collect only the number that
provide a good representation of the source being sampled.  If
possible, the quantity and types of samples and sample locations
should be determined before the collection effort.  As few persons
as possible should handle samples.  The field sampler is
personally responsible for the care and custody of samples until
they are transferred.  The Project Coordinator determines whether
proper custody procedures were followed during the field work and
decides if additional samples are required.







Section No.  14.0  
Revision No.    0   


Date:  4/1/95


14-0.WPD


14.3  TRANSFER OF CUSTODY AND SHIPMENT


Samples under Chain-of-Custody are accompanied by a Chain-of-
Custody Form (Section 21.1.1.11), also called a Sampler's Log
Sheet.  When transferring the possession of samples, the
individuals relinquishing and receiving shall sign, date, and note
the time on the record.  This record documents sample custody
transfer from the sampler, often through another person, to the
analyst at the laboratory.  Samples that are shipped to a
laboratory must be accompanied by a custody form (one record for
each sample shipment).  The original record shall accompany the
shipment, and a copy shall be retained by the field investigator. 
Shipping containers must be padlocked or sealed.  The methods of
shipment, couriers’ name, and other pertinent information are
entered in the "Remarks" box.
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14.4  ENFORCEMENT INVESTIGATIONS


Not all samples that are collected shall require that chain-of-
custody procedures are followed.  In many instances, there is no
expectation that samples collected for ambient monitoring would
ever be needed as evidence in an enforcement proceeding. 
Similarly, samples collected in the routine monitoring of
permitted discharges or drinking water samples may be sufficient
to determine compliance with permit limits or drinking water
standards, but are probably insufficient to support an enforcement
action, which should require a more intensive monitoring effort. 
Generally, a sample should be maintained under chain-of-custody if
the investigator believes that the data might be needed or used in
some enforcement action in the future.


In the conduct of an investigation undertaken to support an
enforcement action, a number of precautions should be followed in
the collection and transfer of samples, and in documenting the
evidence needed to successfully conclude an enforcement action:


A.  Make sure as few persons as possible handle the sample. 
In order to prove the "chain-of-custody," the United States
attorney shall have to call every person who had possession
of the sample from the time it was taken until testing was
completed, and a lengthy parade of witnesses to the stand not
only gives the discharger's attorney the maximum number of
targets for cross-examination, but also creates a substantial
preparation problem for the government's attorney.


B.  Each sample must be unmistakably identified with a tag or
label that includes the following information:  sample
identification, date and time sample was taken, and initials
of the sampler.  Use an indelible ink and fill-in the
information at the time of sampling to avoid a possible mixup
of bottles.


C.  Samplers shall place the following information on the
Sampler Log Sheet or in the field notebook:


1.  Sample identity code


2.  Signature of sampler


3.  Description of sampling location detailed enough    
   to accommodate reproducible sampling
4.  Sampling equipment used


5.  Date of collection


6.  Time of collection


7.  Type of sample (grab or composite)


8.  Water temperature and other appropriate field
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measurements including water level, flow rate of
source, etc.


9.  Sampling conditions such as weather


10.  Any preservative additions or techniques


11.  Record of any analyses done in the field


l2.  Type of analyses to be done in laboratory


13.  Comments on unusual situations occurring at or
between sampling points


14.  Names of observers and investigators


15.  Furnish following information for composites:


a)  Whether equal or proportional aliquots
b)  Identity of automatic sampler, if used


16.  Signatures of witnesses, if available


D.  Take color photographs of each outfall or visible
pollution.  Write the details on back or in another permanent
place.  Keep a photo log to record roll number, frame
identification number, description, date, etc.


E.  Person recording field data shall repeat numbers so
observer can verify.


F.  A transfer tag should be attached to each sample 
container at the time of sampling.


________________________________________________________________


1. NAME________________________  3. NAME_______________________
   HOUR & DATE RECEIVED________     HOUR AND DATE RECEIVED_____
   DELIVERY METHOD_____________     DELIVERY METHOD____________
   DELIVERED BY________________     DELIVERED BY_______________          
                                                                         
                                               
2. NAME________________________  4. NAME_______________________
   HOUR & DATE RECEIVED________     HOUR AND DATE RECEIVED_____
   DELIVERY METHOD_____________     DELIVERY METHOD____________
   DELIVERED BY________________     DELIVERED BY_______________
________________________________________________________________


G.  Package samples to prevent breakage and to minimize the
probability of tampering.  The person packaging shall affix a
paper seal and/or lock on the container.  The time of sealing
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and/or locking, and the signature of the person sealing shall
be noted on a permanent document.


H.  The sampler and courier shall note transfer of custody
(can be blanket transfer certificate).  Transferrer shall
note the time and place of transfer, and shall write the
carrier bill of lading or requesting number.  Delivering
information to courier, U.S. mail, or to a common carrier
shall be noted.  A list of samples sent shall accompany
samples (duplicate daily record may be used).


I.  Samples shall be delivered to the sample storage security
area.  The lab custodian shall sign the receipt for sample(s)
showing time, from whom received, and signature or initials,
and shall note the status of seals, lock, and package.  If
delivery is to be made after working hours, delivery shall be
made with prior arrangements to get the samples to a locked
place where they shall not be tampered (courier may be given
a duplicate key).


J.  Samples should be logged in when received, and the 
laboratory custodian shall retain custody until distributed
for analysis.  The log shall show:


1.  from whom received


2.  a full list and description of all samples
(variations from packing list and breakage shall be
noted), condition (and number) of paper or seals, and
locks


Each sample shall be assigned a number.  Packing list and
bill of lading shall be retained.


K.  Appropriate field or preservative blanks should be
submitted for analysis to show that enforcement samples were
unlikely to have been contaminated by sample bottles,
preservatives, or preservative ampules.


After samples have been transferred to the laboratory,
laboratory chain-of-custody protocol shall continue until
analyses have been completed.  A sample custodian shall sign
for returned containers and retain samples until advised in
writing that they shall not be needed for court or hearing
purposes.  The custodian shall also maintain records showing
location (including numbers in bound books) of permanent
records of analyses and of confirmatory laboratory printouts
and photographs.


All notes (field measurements, notes, and observations) taken
during an investigation should be kept as a permanent record. 
In a legal proceeding, notes, if referred to, are subject to
cross examination and are admissible as evidence.
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14.5  INSPECTION/INVESTIGATION PROTOCOL


14.5.1  Pre-inspection


A.  View master log and ECIS for site history.


B.  Review other sources for relevant information.


1.  Other DEQ divisions


2.  State agencies


3.  Federal agencies


C.  Contact the local health department according to DEQ
policy or other regulatory agencies to arrange joint
inspection, as appropriate.


D.  Contact probable responsible party in advance to arrange
inspection "reasonable" date and time.


1.  Unannounced visits may be necessary but contact
must occur before entry (limited exceptions).


E.  Notify the lab of probable sample submittal.


F.  Obtain equipment necessary for site documentation.


1.  Check and calibrate the equipment before the
leaving office.
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14.5.2  Inspection


A.  Entry procedures:


1.  Present credentials and request consent to enter,
inspect, sample, and photo document.


a) If denied entry:


1) document
2) find out why
3) do not threaten
4) indicate that you may return with local law


enforcement or
5) indicate you may seek an administrative warrant


2.  If limited entry granted, treat as entry denial.


3.  Situations creating extreme health or imminent
hazards may allow entry even if PRP cannot be located or
contacted.


a) Contact local government or law enforcement for
assistance, if possible.


b)  Entry interview:


1) describe general purpose of inspection
2) ask relevant questions
3) be professional, courteous, impartial, nonjudgmental,


non-threatening
4) do not reveal complainant identity


B.  Inspection documentation


1.  Record observations on sequentially numbered pages in
a field notebook.  Responses to direct questions and
observations related to the inspection purpose should be
recorded.


a) Note persons present, weather conditions, and all
other relevant information.


b) Photo document relevant conditions including samples
collected.


c)  If violations are noted:


1) Obtain evidence or proof of the violation.


2) Make sure samples taken are specific to the
violation.


3) Attempt to identify the cause of the violation.
4) Attempt to assess the seriousness of the violation.
5) Document RP knowledge of the violation.
6) Note RP compliance efforts.
7) Assess possible remediation actions.
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C.  Sample collection (refer to DEQ Field Procedures Manual):


1.  Establish sample type and parameter(s) required:


a) Record strategy in a field notebook.


2.  Record environmental conditions and sample site
location information.


3.  Have one person pull all samples


a) Properly preserve samples immediately
b) Label bottles with unique ID number


1) Apply seals to bottles and cooler
2) Place samplers initials, date, time, and sample ID


number on seals


c) Begin "chain of custody" form


1) Insure that correct sample ID is noted
2) Minimize those who have possession
3) Document proper sample handling in a field notebook
4) Obtain transit receipts, note shipping numbers in a


field notebook


d) Photo document samples


D.  Records inspection


1.  Request to see relevant records


2.  Be prepared to pay for copies, as necessary


3.  Be prepared to address trade secret or
confidentiality concerns


E.  Exit interview


1.  De minimis violations


a) Describe possible correction options, educate,
encourage cooperation


b) Require certification of correction within 7 days


2.  Program/permit/license/authorization violations


a) Describe probable violation of specific rule relative
to inspection


b) Describe possible corrective actions as appropriate
c) Cite possible consequence of noncompliance
d) Indicate referral to specific section or program


3.  Non-program violations
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a) May be managed through E&LS
b) Other possible MCA violations, indicate referral to


the proper agency


4.  Emergencies causing acute public health risk or
continuing environmental damage


a) Recommend immediate response, as appropriate
b) Contact local health authority or other agency for


assistance
c) Contact immediate supervisor as soon as possible
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14.5.3  Post Inspection


A.  Sample processing


1.  Complete chain of custody through the lab


2.  Document all handling practices in a field notebook


B.  Have film processed as soon as possible


1.  Label and sign photos on back as described in a field
notebook


C.  Complete Field Investigation Report within 20 days of
investigation


1.  All documentation should be "court ready"


D.  Create "inspection package"


1.  Field investigation report


2.  Photos


3.  Lab results and chain of custody documents


4.  Relevant past file correspondence/reports


5.  Chronology of events to date, as needed (may be used
later with case summary)


E.  Forward completed inspection package to:


1.  Proper program or E&LS for section selection
assistance


2.  Other agency, as appropriate


F.  Follow-up


If no violation is noted then contact RP, thank them for
cooperation during the inspection.  Be professional, enhance
public relations, and educate.
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15.0  Analytical Methods Requirements


The analytical methods used in the Montana Water Monitoring Program are
contained in the individual SOP’s in Section 11.
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16.0  Quality Control Requirements


The quality control requirements for a particular activity or SOP are
contained in the individual SOP’s in Section 11.
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17.0  Instrument Maintenance Requirements


The instrument maintenance requirements are contained in the individual
SOP’s in Section 11.
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18.0  Instrument Calibration and Frequency


The instrument calibration information is contained in the individual
SOP’s in Section 11.
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19.0  Assessments and Response Actions


The DEQ may at anytime conduct an announced or unannounced audit of the
environmental data collection activities conducted, for, or on behalf of
the State of Montana.  This includes any contractors or subcontractors
thereof.


Because Montana is currently in the process of creating a formal water
monitoring program, it is not possible to identify the number,
frequency, and type of assessment activities the DEQ will conduct in the
future.
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20.0  Data Management


20.1  STORET DATA MANAGEMENT SYSTEM


20.2  STOREASE


20.3  REACH TRACKING SYSTEM


20.4  BIODATA SYSTEM
 See  Section 8.4


The Biodata System (BIOD) is a computerized system for managing
periphyton species composition and community structure data, with
related environmental data and supporting sample information. 
BIOD is designed to generate a variety of reports that are useful
in assessing the biological integrity of surface waters where
periphyton samples have been collected.  BIOD is installed using
dBASE III software on the local area network of the Department of
Environmental Quality, Helena, MT.  For more information about
BIOD, contact the DEQ.








Section No.  21.0  
Revision No.    0   


Date:  4/1/95


21-0.WPD


21.0  Forms, Codes, Lists and Reports


Note: The DEQ is currently in the process of creating a formal water
monitoring program.  It is not possible to list the data management
structure, procedures, or activities the DEQ will implement at this
time. 


21.1 FORMS


21.1.1  Laboratory Field Forms (Surface, Groundwater and 
   Biological)
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21.1.1.1  SURFACE WATER QUALITY FIELD SAMPLING DATA 


LIMS ACCT #:                           
CLIENT:                                                           PROJECT:      
                                                    ADDRESS:                    
                                                                               
                          CONTACT:                              PHONE #:         
            RC #:                                  
SAMPLE ID:                             


SITE NAME:                                                         COUNTY:       
                        


HYDROLOGIC UNIT:                       WATERBODY ID:              
STORET ID:                             
LEGAL DESCRIPTION:                                                 LATITUDE:     
                    LONGITUDE:                      
SAMPLE COLLECTION INFORMATION


SAMPLE SOURCE:                        NUMBER OF BOTTLES:         
COLLECTION METHOD:                                                 
DATE:              TIME:               BY:           AGENCY:       
TEMPERATURE:       C  pH:              
FLOW:          cfs MEASUREMENT METHOD:                        STAFF
GAGE HEIGHT:                                                 
CONDUCTIVITY:            mmhos/cm DISSOLVE OXYGEN             mg/l
TURBIDITY:               NTU
FIELD COMMENTS:                                                                 
                                                                               
                                                                               
                                                                               
              


ANALYSIS TEST SERIES:                                              
ALTERNATE PARAMETER LIST: 


NUTRIENTS METALS COMMONS
DISS     TOTAL       DISS       TOTAL        


ICP        GF          
NO3+NO2 Ag Hg Zn pH Ca B SO4
TKN As Mn SC Mg Cl F
NH3 Cd Ni ALK Na HCO3 TSS
O-PO4 Cr Pb HARD K CO3 VSS
T-P Cu Sb ICP SCAN TDS


Fe Se
OTHER:
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DEPARTMENT OF ENVIRONMENTAL QUALITY
GROUNDWATER SAMPLING INFORMATION


Account #:           
Project Name:                                                      County:      
           
Type of Sampling Point:                             
Sample ID:                 Date Sampled:             Time:         Sample Point
Location:    ¼    ¼    ¼    ¼ SEC    TWN    RNG                                
                                        Description of Measuring Point:         
                          Well Depth:       ft. below MP Casing
Diameter:      inches
Depth to Water:        ft. below MP 6" well = 1.469 gal./ft.   
Discharge Rate:        gpm 2" well =  .163 gal./ft. 
Number of Bore Volumes of Water Evacuated Before Sampling:          
Sampling Method:   Tap   Sampling Pump   Bailer   Other 
Pump Intake or Bailer Set at            ft. below MP
Well Open To Aquifer:  Open Hole   Perforations    ft. to   ft.


Sample Appearance:                                 Odor:           
Note Any Sampling Problems:                                        
Note Any Cleaning Performed in Field:                              
Samples Collected/Analysis Required:                               


Weather:                                                           


EVACUATION/STABILIZATION TEST DATA


Time pH (umhos/cm) ( C) 0.01 ft) (gallons) (gpm)


Temperature Water Water Volume
Corrected Level Removed From Pumping
Conductance Temperature (Nearest Well Rate


o


Cumulative


Pumping Start Time:           Water Level:              
Pumping Stop Time:            Water Level:              


Comments:                                                         
                                                                
                                                                 


Samples Collected By:                                            
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BIOLOGICAL SAMPLE ORDER FORM


FROM: Department of Environmental Quality CONTRACT NO: TO:


PROJECT OFFICER______________________________________________________________________ PROJECT NO:______________________________________________________________________________
(Send invoice, sample containers, reports and other products to the attention of this person at the address above)


PROJECT NAME________________________________________________________________________ R.C. NO.___________________________________________________________________________________


STATION/SAMPLE ID NO. WATERBODY AND LOCATION SAMPLE DATE SAMPLE TYPE


COMMENTS________________________________________________________________________________________________________________________________________________________________________


SAMPLE TYPES: PERIPHYTON SAMPLE IN LUGOLS (P) DIATOM MOUNT IN HYRAX (D)
WETLAND MACROINVERTEBRATE SAMPLE (W) STREAM MACROINVERTEBRATE SAMPLE (S)


SAMPLES SHIPPED BY: SPREADSHEET REPORT RECEIVED BY:


____________________________________________________________ _________________________ ___________________________________________________________ ____________________________
SIGNATURE DATE SIGNATURE DATE
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ORIGINAL:     Project Officer          COPIES:     (1)  Vendor     (2)  Contract Coordinator
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MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY


STREAM REACH ASSESSMENT FIELD FORM


Instructions:  This assessment is meant to be relatively quick, so it is necessarily subjective.  As a general
rule of thumb a surveyor should be able to complete approximately 20 stream miles per day.  This procedure
should only be applied to second, third, and fourth order drainages.  Each stream will consist of one or more
reaches.  If more than one reach is assessed, one form will be completed for each reach .


Reaches will be defined by the surveyor and based on relatively homogenous conditions throughout.  As a
general rule, reach breaks occur where obvious changes in stream condition are detected.  The surveyor
should be aware of changes such as land use, flow, gradient, vegetation, valley form, and channel substrate.
 Reach length should generally range between .5 and 20 miles.  If the entire reach is not walked the surveyor
should select fairly accessible observation points that adequately represent the range of conditions for the
reach.  Desirable observation points may include the downstream end of the reach, above and below human
activities or tributaries.


The surveyor should walk approximately 300' channel distance at each observation point or enough distance
to get a representative picture of the situation at that point.  If possible, try and observe at least one pool,
riffle, and run feature at each site.  If a stream crossing structure is present try to observe channel conditions
above and below the area influenced by the structure.  Dry channels will obviously preclude or restrict the
ability to rate parameters such as turbidity , water odor , water surface oils  and aquatic plant growth ;
however, in many cases water is present in isolated pools and the surveyor can rate these parameters. 
Riffle/pool spacing  and Riffle/pool characteristics  ratings may be difficult in dry streams, but evidence


in the channel should allow the surveyor to evaluate these parameters.


Again, one legible form should be completed for each reach, with ratings based on a compilation of average
conditions for all observation points within the reach.  Photos/slides depicting average reach conditions and
notable features should be taken if possible.  A legible stream map of sufficient scale and detail to identify
reaches, observation/photo points, and any unique features should be completed and attached to the
assessment forms.


Note:  In most cases the information from the assessment forms will be evaluated in the office and entered
into a central database by someone other than the field surveyor; therefore, it is extremely important that
all recorded information is complete  and legible .


RIVER BASIN MAP  (for identifying name of river basin recorded on page 2)
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STREAM REACH ASSESSMENT FORM


River Basin Name (see map on p.1 )                     Stream Name                               
Recorders Name                      Date      /    /   County/ies                                  Reach Number (assigned by surveyor,
number consecutively starting @ mouth)                          Legal Description [Sec., Town., Range]- (Downstream end)
           (Upstream end)            Narrative Description Of Reach                                                                   
Quad Sheet Name(s) - optional                            Photo/Slide # s if applicable                                                                 
                                                **LOOK!---Answer all the following questions.  If you are unable to determine record
(N/R), or if a parameter is not applicable (N/A).


(Please check the one description that best fits  each category)
Predominant vegetation and landscape characteristics in the watershed beyond the immediate riparian zone
            -Perennial vegetation (pasture, rangeland, woodland, etc.), flat to rolling landscape
            -Perennial vegetation, rolling to steep landscape
            -Mixed perennial vegetation and annual crops, flat to rolling landscape
            -Cropland, rolling to steep landscape


Meanders
            -Slight Meandering - Relatively straight channel with only occasional curves. Travel length is basically the same
as the straight line distance.
            -Moderate meandering - Easy, gradual bends in the channel path
          -Extreme meandering - Travel length of flow is greater than twice the straight line distance


Flood Flow Width
            -Floods are confined in narrow canyon with width less that twice that of channel
            -Floods confined to a flow width of 2-3 times the width of the channel
            -Floods are unconfined and spill out onto flat valley bottom


Gradient
            -Steep - Continuous rapids
            -Moderate - Alternating rapids, riffles and smooth surfaced reaches
            -Gradual - Smooth surfaced reaches with occasional riffles
            -Flat - Very rare disruptions in smooth flat surface of stream


                                                                           (Please enter a number within the range of the category that best fits )


1.Average width of riparian zone
16-20            - (> 90 ft wide)
11-15            -Varies from 15 to 90 ft
6-10             - (3-15 ft)
1-5              -Riparian zone absent


2.Completeness of vegetation in the riparian zone
  (Any vegetation functioning to maintain the bank)


16-20            -Riparian zone intact without breaks in vegetation
11-15            -Breaks occurring intermittently
6-10             -Breaks frequent with some gullies and scars every 100 - 150 ft.
1-5              -Deeply scarred with active headcutting and gully formation all along reach


Is there evidence of sediment from the upper watershed or riparian area reaching the stream channel?
Yes            No                If yes, please describe:                                    


3. Characteristics of the Riparian vegetation
16-20            -Diversity of perennial plant species reflects potential for site; Dense growth (hard to walk through); good
plant vigor and age diversity
11 -15           -Approximately 60% of climax plant species present; p lant vigor stable, density of growth mostly open (easy
to walk through)


6-10             -Little diversity in perennial plant species, and/or age of trees; plants scattered; vigor poor
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1-5              -Site is dominated by annual forbs and weeds; few perennial or climax plants present


4. Width/Depth Ratio (Estimated channel width divided by depth as measured at the ordinary high
water level).  This is the point where high flow normally reaches on the bank and is most easily
determined on straight channel sections where the scoured  channel meets the permanent
vegetation.  Look for characteristics such as terracing, soil changes (rock to soil), presence/absence
of vegetation or debris.


10-12            -Width/depth ratio <8
7-9              -Width/d epth ratio 8 to 15
4-6              -Width/depth ratio 15 to 25
1-3              -Width/depth ratio > 25 or stream is channelized or channel is an incised gully.


5.Channel stability/bar formation
10-12            -Little or no channel instability resul ting from sediment accumulation
7-9              -Some gravel bars of coarse stones and well-washed debris present, little  silt
4-6              -Point bars enlarging by gravels, sand and/or silt, new bars forming
1-3              -Channel divided into  braids or stream is channelized


6.Bank erosion
16-20            -Little or none evident, banks appear stable and are held firmly by vegetation
11-15            -Erosion occurring on some outside bends and channel constrictions; non-eroding banks stabl e
6-10             -Erosion common on most outside bends and channel constrictions
1-5              -Erosion predominant on entire channel (straight sections, inside and outside bends, etc.)


(Answer ONE, either 7a.  OR 7b.)
7a. Stream bottom - (For Fast moving/Riffle dominated streams)


16-20            -Stony bottom of several sizes packed together, interstices obvious
11-15            -Stony bottom easily moved, with little silt
6-10             -Bottom of silt, gravel and sand, stable in places
1-5              -Uniform bottom of sand and silt loosely held together, stony substrate absent


7b. Stream bottom - (For Slow moving/Pool dominated streams)
16-20            -Mixture of substrate materials with gravel and firm sand prevalent; vascular root mats and submerge


vegetation common
11-15            -Mixture of soft sand, mud or clay; mud may be dominant; some vascular root mats and submerge


vegetation present
6-10             -All mud or clay, or channelized with sand bottom; little or no submerged vegetation
1-5              -Hardpan clay or bedrock; no vascular root mat or submerged vegetation


(Answer ONE, either 8a. OR 8b.)
8a. Riffle/pool spacing - (For Fast moving/Riffle dominated streams)


16-20            -Distinct, occurring at inter vals of 5-7x stream width
11-15            -Irregularly spaced, 8-15x stream width
6-10             -Long pools separating short riffles, meanders absent, 16-25x stream width
1-5              -Meanders and riffles/pools absent or stream channelized, >25x stream width


8b. Riffle/pool characteristics - (For Slow moving/Pool dominated streams)
16-20            -Even mix of deep, shallow, large and small pools
11-15            -Majority of pools large and deep, very few shallow pools
6-10             -Shallow pools more prevalent than deep pools
1-5              -Majority of pools small and shallow or pools absent


9.Aquatic plant growth
10-12            -Not apparent, but rocks or other submerged objects feel slippery
7-9              -In small patch es or along channel edges
4-6              -In large patches or discontinuous mats
1-3              -Mats cover bottom (hyper-enriched conditions) or plants not apparent and rocks not slippery (stream
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devoid of algae because of toxic conditions)


10.Turbidity
10-12            -Clear
7-9              -Slightly off Color
4-6              -Opaquem (can see through)
1-3              -Cloudy ( can t see through)


Color:                                is rain or runoff influencing turbidity levels today?  Yes            No           


STREAM NAME :                                       , REACH NUMBER:             , DATE      /    /    
11.Water surface oils


10-12            -None
7-9              -Slight
4-6              -Moderate
1-3              -Severe


Slick            Sheen            Flecks             Other           


12.Materials other than sediment on channel bottom (examples: iron or aluminum
oxides, calcium carbonate)


10-12            -None
7-9              -Slight
4-6              -Modera te
1-3              -Severe


State color                                                                                  


13.Salinization
10-12            -None Evident
7-9              -Evidence of salinity is present in the watershed, but no salt cru sts observed in or near the stream
4-6              -Minor evidence of salts in or near the stream.  Plant diversity may be reduced or dominated by salt tolerant


species.
1-3              -Salt crusts common in or near the stream or on stream banks.  Vegetation may be severely reduced due to


salt.


14.Water Odor
10-12            -None
7-9              -Slight
4-6              -Moderate
1-3              -Strong


Describe Odor - Sewage           Petroleum          Chemical         Natural         Other       
15.Dewatering - From irrigation or natural factors such as subsurface flows.  (Assess during critical
low flow periods, or you may need to inquire locally about this.)


10-12            -No Apparent water loss (irrigation return flow may be supplementin g base flow)
7-9              -Water loss noticeable, however flows are adequate to support aquatic organisms
4-6              -Flow supports aquatic organisms, but habitat, especially riffles, is drastically reduced
1-3              -Channel may be dry  or flow low enough to preclude or severely impair aquatic organisms


Are irrigation diversion or return structures present?  Yes            No           


16.Amount of fish cover (Relative % of reach with some type of fish cover)
10-12            -Extens ive (> 50%)
7-9              -Moderate (25-50%)
4-6              -Sparse (< 25%)
1-3              -Absent or choking  vegetation only


Fish cover type -mark all that apply with ( P)= present, ( C)=comm on, ( A)= abundant .


Undercut banks            Overhanging vegetation             Deep Pools              Logs/Woody Debris             Boulders           
 Rootwads             Aquatic Vegetation              Other         
Total             - by Total Possible (rated parameters only )             X 100 =             %
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(Please check one category below)
IMPAIRMENT/USE SUPPORT VALUES
            87-100% = NON-IMPAIRED; (FULL SUPPORT)
            80 - 86% = NON-IMPAIRED; BUT THREATENED; (FULL SUPPORT)
            71 - 79% = MINOR IMPAIRMENT; (PARTIAL SUPPORT)
            55 - 70% = MODERATE IMPAIRMENT; (PARTIAL SUPPORT)
            0 - 54% = SEVERE IMPAIRMENT; (NON-SUPPORT)


TOTAL MAXIMUM COMPARED TO REFERENCE STREAM:
Note: Data should be compared to reference condition.
Total Value: ____________
Reference Stream Value: ____________
(Enter Value of reference stream in order to compare >75%=Fully supporting results from stream being assessed.)
     50-75%=Partially supporting <50%=Non-supporting.
Total Value/Reference Stream Value: ____________
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Impacts to Soil, Water, Air, Plants, Animals,  Cultural


Suspected  impacts to S.W.A.P.A.C., by land uses in the watershed.  Indicate suspected degree of impact (High, Moderate,  Low) for each land use.  Please elaborate
in the comment section.


Check each land use that is present, and also those resource assumed to be affected by that land use.


SOIL WATER AIR PLANTS ANIMALS CULTURAL


LAND USE


Dryland Crop


Irrigated Crop


Grazing


Feedlots


Mining-Surface


Mining-Subsurface


Timber Harvest


Urban


Roads


Other (       )


Natural


Comments: (reference to land use and S.W.A.P.A.C. category)                                                                                                                                                                        
                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                           
                      


Brief Description of Reach :                                                                                                                                                                                                                               
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                                                                                                                                                                           (revised 4/95)
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STATE OF MONTANA
DEPARTMENT OF ENVIRONMENTAL QUALITY
STREAM DISCHARGE MEASUREMENT NOTES


Station No.                                                  


Station Name                                                                                                                                                                     


Date                           , 19        Party                                                                                                                                


Width                             Area                             Vel.                             G.H.                             Disch.                           


Method                                               No. Secs                                               Meter No.                                                  


Wading, cable, ice, boat, upstr., downstr., side bridge                                                                                                ft., 


miles, above, below gage, and                                                                                                                                         


Measurement rated excellent (2%), good (5%), fair (8%), poor (over 8%) based on following conditions:
Cross Section                                                                                                                                                                     


                                                                                                                                                                                         


Flow                                                                                           Weather                                                                            


Other                                                                             Air                                                                   F@                    0


               Water                                                               F@                    0


Comments                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


                                                                                                                                                                                        


Measurement No.                                     Compiled by                                              Checked by                                     







21-1-1-5.FRM


.0 .10 .20 .30 .40 .50  .60 .70 .75


River at ---


Angle co- Dist. from Width Depth Observation Revolutions Time in      VELOCITY Adjusted for Area Discharge
efficient initial point depth seconds hor. angle or .80


                       At Mean in
Point vertical


.85


.90


.92


.94


.96


.97


.98


.99


1.00


.99


.98


.97


.96


.94


.92


.90


.85


.80


.0 .10 .20 .30 .40 .50 .60 .70 .75








21-1-1-6.FRM


 WETLAND ASSESSMENT FIELD FORM    


Wetland:______________________________________________________________________


Sampled By:___________________    Date/Time:                                  


Ecoregion:______________________ Ownership:                                


Legal Description:_________________ Topo Map:                                 


Elevation:________________Natural/Manmade                                     


Description of Location:                                                                                                                                                           
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________


Degree of Imparment:  1) Least  2) Slight   3) Moderate   4) Severe


Cause of Impairment:______________________________________________ 


Source of Impairment:_____________________________________________


Size/surface area:________________    Maximum Depth:______________ 


Percent open water:_______________    Substrate:__________________


Water Color (Visual):______________   Field pH:____________________


Field Conductivity:_____________      Water Temperature:___________


Field Turbidity:________________    Dissolved Oxygen_____________


Upland Vegetation in watershed _______________________________________________
____________________________________________________________________________________________
________________________________________________________________
______________________________________________________________________________


Upland Watershed Activities; possible sources of pollution:___________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________


Aquatic/Riparian Vegetation:__________________________________________________
____________________________________________________________________________________________
________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
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Hydrology:____________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________
_______________________________________________________________________________


Primary Uses of Wetland:_________________________________________________________
_______________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
__________________________________________________


Macro inve r t eb ra t e s  Observed______________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
___________________________________________________
______________________________________________________________________________


Periphyton Observed:__________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
__________________________________________________


Wildlife Observed: ___________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________


Photo Documentation 
1) Frame No. Sequence and Descriptions________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________


Additional Information:_______________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
____________________________________________________________________________________________
_______________________


Samples Collected: 1) Nutrients 2) Metals 3) Commons
4) Periphyton 5) Macroinvertebrates


6) Sediment
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DATA FORM
ROUTINE WETLAND DETERMINATION
(1987 COE Wetlands Delineation Manual)


Project/Site:                                                                                     Date:                         
   Applicant/Owner:                                                                          County:                      
     Investigator:                                                                                State:                         
       


Do Normal Circumstances exist on the site?                Yes      No  
Is the site significantly disturbed(Atypical Situation)?Yes       No 
Is the area a potential Problem Area?                           Yes       No  
            (If needed, explain on reverse.)


Community ID:           
Transect ID:                 
Plot ID:                         


VEGETATION
Dominant Plant Species                     Stratum            Indicator           Dominant Plant Species                     Stratum            Indicator           
1.                                                                                                         9.                                                                                                         
2.                                                                                                         10.                                                                                                       11.   
3.                                                                                                                                                                                                            
4.                                                                                                         12.                                                                                                       
5.                                                                                                         13.                                                                                                       
6.                                                                                                         14.                                                                                                       
7.                                                                                                         15.                                                                                                       
8.                                                                                                         16.                                                                                                       


Percent of Dominant Species that are OBL, FACW or FAC
  (excluding FAC-).                                                                                                                                                                                                 


Remarks:


HYDROLOGY
         Recorded Data (Describe in Remarks):
                      Stream, Lake, or Tide Gauge Wetland Hydrology Indicators:
                      Aerial Photographs      Primary Indicators:
                      Other                         Inundated
         No Recorded Data Available                         Saturated in Upper 12 Inches


                        Water Marks
                        Drift Lines
                        Sediment Deposits
                        Drainage Patterns in Wetlands
     Secondary Indicators (2 or more required):
                        Oxidized Root Channels in Upper 12 inches
                        Water-Stained Leaves
                        Local Soil Survey Data
                        FAC-Neutral Test
                        Other (Explain in Remarks)


Field Observations:


    Depth of Surface Water:                                                           (in.)


    Depth to Free Water in Pit                                                        (in.)


    Depth to Saturated Soil:                                                            (in.)


Remarks:
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SOILS
Map Unit Name
(Series and Phase):                                                                                                                    Drainage Class:                                                     
                                                                                                                                                 Field Observations
Taxonomy (Subgroup):                                                                                                                 Confirm Mapped Type?     Yes        No


Profile Description :
Depth                                                 Matrix Color                     Mottle Color                    Mottle                                   Texture, Concretions
(inches)                 Horizon                (Munsell Moist)                (Munsell Moist)               Abundance/Contrast              Structure, etc.               


                                                                                                                                                                                                                               


                                                                                                                                                                                                                               


                                                                                                                                                                                                                               


                                                                                                                                                                                                                               


                                                                                                                                                                                                                               


                                                                                                                                                                                                                               


Hydric Soil Indicators:


              Histosol                                                                                                            Concretions
              Histic Epipedon                                                                                                High Organic Content in Surface Layer in Sandy Soils
              Sulfidic Odor                                                                                                    Organic Streaking in Sandy Soils
              Aquic Moisture Regime                                                                                    Listed on Local Hydric Soils List
              Reducing Conditions                                                                                         Listed on National Hydric Soils List
              Gleyed or Low-Chroma Colors                                                                         Other (Explain in Remarks)


Remarks:


WETLAND DETERMINATION
Hydrophytic Vegetation Present?              Yes      No   (Circle)                                                                                           (Circle)
Wetland Hydrology Present?                     Yes      No
Hydric Soils Present?                                Yes      No Is this Sampling Point Within a Wetland?                        Yes      No


Remarks:








21-1-1-8.FRM


AQUATIC PLANT FIELD SHEET 
MONTANA WATER QUALITY DIVISION


Waterbody_______________________ Site______________________________


Date____________ Investigator____________________ Agency___________


Purpose:  The purpose of completing this form is to estimate the percent
of wetted substrates at the sampling site covered by each of the major
categories of aquatic plants, to record the relative amount of
accumulated growth in each category, and to note the general color and
condition of plants in each category.  This information will help to
describe the health and productivity of the aquatic ecosystem, define
nuisance aquatic plant problems, identify potential sources and causes
of pollution, and document changes in the plant community over time.


Type of Plant Growth Cover Amount Color Condition
(%) of Growth


Microalgae


Macroalgae


Mosses


Macrophytes


Bare Substrate Substrates Present (rank)
rock   ; wood   , sediment   ;
other (list)                   


Total 100%


Explanation and Definitions


Cover:  Estimate the percent of wetted substrate area colonized by each
of the plant categories listed, and the percent area that is not
colonized by any plants (see Bare Substrate, overleaf).  Also, rank the
types of substrates that are available for colonization by plants (1 =
substrate accounting for the most area, etc.). 


Amount:  Record the relative amount of plant growth in each category as
being light, moderate, or heavy.  Light growth barely covers the
substrate surface and is not immediately evident.  Heavy growth extends
almost to the water surface or beyond.  Moderate growth is intermediate
between light growth and heavy growth.


(over)
Color:  The colors of aquatic plants are clues to their identity and to
the health of aquatic ecosystems.  Plant colors may span the spectrum of
hues in the rainbow (see Microalgae below).  Record the predominant
color of the plants in each of the categories present.


Condition:  Aquatic plants go through seasonal cycles of growth,
maturity, and decay.  The condition of a plant or group of plants will
indicate the stage of this seasonal cycle.  Growing plants show new
growth and bright colors.  Mature plants are larger but have more
subdued colors because of age, epiphytes and sediment deposits. 
Decaying plants display a loss of both pigmentation and physical
integrity.  Enter growing, mature, or decaying.  
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Microalgae:  Microalgae are microscopic algae appearing as pigmented
accumulations attached to or resting upon submerged surfaces.  This
category commonly includes diatom "slimes" and films of green, blue-
green, or euglenoid algae in depositional areas.  Colors may range
through shades of yellow, red, brown, green, blue and black.  Included
here are accumulations of "sewage fungus" (tan-gray) below sources of
organic pollution, "yellow boy" (yellow-orange) below mine adits, and
iron bacteria (orange-brown) in groundwater seeps and springs.


Macroalgae:  Macroalgae are macroscopic algae whose individual plants or
colonies are visible to the unaided eye.  Macroalgae may be free-
floating, or they may be attached to or resting upon submerged surfaces. 
Examples of macroalgae include filamentous growth forms (Cladophora,
Spirogyra, Ulothrix), plant-like algae with leaf-like structures (Chara,
Nitella), compact round or flattened colonies (Nostoc, Rivularia),
gelatinous masses (Chaetophora, Tetraspora), and short, tubular strands
(Lemanea).  Color is highly variable, as it is with the microalgae.  


Moss:  Mosses are primitive plants that are intermediate in complexity
between algae and higher plants.  Mosses are common in cold-water
habitats in western Montana.  Mosses are typically green in color; the
shade of green varies with plant vigor and the amount of sediment
accumulation.


Macrophytes:  Macrophytes or "higher plants" are distinguished from
algae and mosses by their larger size and by the presence of true
leaves, roots and flowers.  Rooted macrophytes typically colonize areas
of sediment deposition.  Macrophytes may be free-floating (duckweed),
submergent (pondweed), or emergent (cattails, bulrush, water lily).


Bare Substrate:  Substrates may be void of plant growth because of toxic
or sterile conditions or because of recently scoured or unstable
substrates.  Rocks in mountain lakes and streams may appear to be barren
at first glance, but closer examination often reveals a very thin film
of diatoms (microalgae) that feels slippery or slimy to the touch. 
Similarly, nearshore sediment deposits that have not been disturbed for
several days will usually develop a film of microalgae.  Examine these
substrates closely.
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET
Stream:_________________________ Date:______________________
Site Name:______________________ Time:______________________
Station Key:____________________ Project:___________________
Collecting Agency:______________ LEGAL DESCRIPTION: T Rosgen Class:______________


PHYSICAL CHARACTERIZATION GPS Coordinates___________ PDOP______________
______________ Satellites________


RIPARIAN ZONE/INSTREAM FEATURES
Forest Field/Pasture Agricultural Residential Commercial Industrial Other:_________
Local Watershed Erosion: None Moderate Heavy
Local Watershed NPS Pollution: No Evidence Some Potential Sources Obvious Sources
Estimated Stream Width_______m Estimated Stream Depth: Riffle____m Run____m Pool_____m
High Water Mark______m Velocity________Dam Present: Yes__No__ Channelized: Yes___No___
Canopy Cover: Open Partly Open Partly Shaded Shaded


SEDIMENT/SUBSTRATE:
Sediment Odors: Normal Sewage Petroleum Chemical Anaerobic None Other___________
Sediment Oils: Absent Slight Moderate Profuse
Sediment Deposits: Sludge Sawdust Paper Fiber Sand Relic Shells Other___________
Are the underside of stones which are not deeply embedded black?  Yes____No____
Inorganic Substrate Components Organic Substrate Components


Substrate Diameter Percent Composition Substrate Type Characteristic Percent composition
Type in sampling area in sampling area


Bedrock Detritus Sticks, wood,


Boulder >256 mm (10 in ) Course Plant


Cobble 64-256 mm (2.5-10 in) Materials (CPOM)


Gravel 2-64 mm (0.1-2.5 in) Muck-Mud Black, Very Fine


Sand 0.06-2.00 mm(gritty) Organic (FPOM)


Silt 0.004-0.06 mm Marl Grey, Shell


Clay <.004 mm (slick) Pigments
WATER QUALITY
Temperature____C Dissolved Oxygen____ pH_____ Conductivity______ Discharge_____ Other__________
Instrument(s)Used___________________________________________________________________________________________________
Stream Type: Cold Water Warmwater
Water Odors: Normal Sewage Petroleum Chemical None Other___________
Water Surface Oils: Slick Sheen Globs Flecks None
Turbidity: Clear Slightly Turbid Opaque Water Color
Weather Conditions Number of Kick Samples____________
Photograph Number___________ Duration of Kick__________________ ______________


Length of Kick____________________ ______________
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Rapid Bioassessment Macroinvertebrate Contractor Report Evaluation Form


Subsampling
Are subsamples in the range of 270-330 organisms?


Is the proportion of the sample that the contractor subsampled documented?


Taxonomy
Is the taxonomic resolution consistent with the SOP s?


Data Analysis
Is the correct set of metrics used for impairment rating?


Was an appropriate reference used for the analysis?


Did the contractor use any replicate information in evaluating the level of resolution appropriate.


For reports where time trends are being evaluated: Did the contractor account for any differences in
taxonomic resolution between years, etc?


Report Details
Are the dates the samples were collected included in the report?


Are the report conclusions clearly summarized?


Are the pages numbered?


Is the taxa list ordered consistent with the SOP s?








FROM:   MONTANA DEPARTMENT OF CONTRACT #: TO:
                ENVIRONMENT QUALITY
                1520 EAST SIXTHY AVENUE
               HELENA, MT  59620
               TELEPHONE:  (406)444-2544


SEND BILL, COOLER, CHAIN OF CUSTODY FORM AND RESULTS TO:                                                                                                                                       AT THE ABOVE ADDRESS


PROJECT NAME AND SITE LOCATION: SAMPLER (SIGNATURE):


DATE TIME SAMPLE NUMBER AND ID Y/N PRES. CONTAINERS MATRIX ANALYSES REQUESTED (SPECIFY METHOD #)
FILT #OF


Means of Transport to Laboratory (check one) [  ] Hand delivered by sampler       [  ]  Bus               [  ] Mail [  ]  Other


COMMENTS:                                                                                                                                                                                                                                                                                                                                                                      


Relinquished by (signature) Date Time Received by (signature) Name of Receiving Laboratory


Relinquished by (signature) Date Time Received by (signature) Received for Lab. by (signature)


Laboratory Copy - White Seal Number
Sampler Copy = Yellow
DEQ File Copy = Pink    
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MACROINVERTEBRATE HABITAT ASSESSMENT FIELD FORM RIFFLE / RUN PREVALENCE


Stream                                                            Site                                                                              
Date                                                                Investigator                                                                   


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1A. Riffle Development riffle as wide as stream but length that is not as wide existent


SCORE  (        ) 9-10  6-8 3-5 0-2


Well-developed riffle; Riffle as wide as Reduced riffle area Riffles virtually non-


stream and extends less than two times as stream and its
two times width of width. length less than two
stream. times width.


1B. Benthic Substrate dominated by with abundant by bedrock, gravel, sand, silt or


SCORE  (        )  9-10  6-8 3-5 0-2


Diverse Substrate Substrate diverse, Substrate dominated Monotonous fine


cobble. cobble but bedrock boulders, fine gravel, bedrock substrate.
boulder, fine gravel, sand or silt; cobble
or sand prevalent. present.


2. Embeddedness boulder particles are boulder particles are boulder particles are boulder particles are


SCORE  (        ) 16-20 11-15 6-10


Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or


between 0-25% between 25-50% between 50-75% over 75% surrounded
surrounded by fine surrounded by fine surrounded by fine by fine sediment.
sediment (particles sediment. sediment.
less than 6.35mm
[.25"])


0-5


3. Channel Alteration absent or minimal; present, usually in present on both gabion or cement;
(channelization, stream pattern areas of crossings, banks; and 40 to over 80% of the
straightening, dredging, apparently in natural etc, evidence of past 80% of the stream stream reach
other alterations) state. alterations (before reach channelized channelized and


SCORE  (        ) 16-20 11-15 6-10 0-5


Channel alterations Some channelization New embankments Banks shored with


past 20 yr) may be and disrupted. disrupted.
present, but more
recent channel
alteration is not
present.
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4. Sediment Deposition Little or no Some new increase Moderate deposition Heavy deposits of


SCORE  (        )


enlargement of bars in bar formation, of new gravel, fine material,
and less than 5% of mostly from coarse coarse sand on old increased bar
the bottom affected gravel; 5-30% of the and new bars; 30- development; more
by sediment bottom  affected; 50% of the bottom than 50% of the
deposition. slight deposition in affected; sediment bottom changing


16-20 11-15 6-10 0-5


pools. deposits at frequently; pools
obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition in pools
prevalent.
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Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


5. Channel Flow Status channel; minimal the baseflow of the baseflow channel, and mostly


SCORE  (        ) 16-20 11-15 6-10 0-5


Water fills baseflow Water fills >75% of Water fills 25-75% Very little water in


amount of channel channel; <25% channel; riffle present as standing
substrate exposed. channel substrate substrates mostly pools.


exposed. exposed.


6. Bank Stability (Score evidence of erosion infrequent, small moderate frequency eroded areas; "raw"
each bank) or bank failure; little areas of erosion and size of erosional areas frequent along


Note: determine left or for future problems. banks in reach have bends; obvious bank
right side while facing erosion; high erosion sloughing; 60-100%
downstream. potential during high of banks have erosion


SCORE  (        ) (left) 3-5 0-2
SCORE  (        ) (right) 9-10 6-8


Banks stable; no Moderately stable; Moderately unstable; Unstable; many


apparent potential mostly healed over. areas; up to 60% of straight sections and


flow. scars on side-slopes.


7. Bank Vegetation streambank surfaces streambank surfaces streambank surfaces streambank surfaces
Protection (note: reduce covered by covered by covered in covered by
scores for annual crops stabilizing vegetation; vegetation; vegetation; extensive
and weeds which do not vegetation; disruption evident, dsiruption obvious; disruption of
hold soil well, eg vegetative disruption but not affecting full patches of bare soil vegetation;
knapweed) minimal or not plant growth or closely cropped vegetation removed


SCORE  (        ) (left)
SCORE  (        ) (right)


Over 90% of the 70-90% of the 50-70% of the Less than 50% of the


evident; almost all potential to any vegetation common; to 2 inches or less.
plants allowed to great extent; more less than one-half of
grow naturally. than one-half of potential plant height


9-10 6-8


potential plant height remaining.
evident.


3-5 0-2


8. Vegetated Zone Width zone >100 feet. zone 30-100 feet. zone 10-30 feet. zone <10 feet.
(score zone for each side
of stream)


SCORE  (        ) (left)
SCORE  (        ) (right) 9-10 6-8 3-5 0-2


Width of vegetated Width of vegetated Width of vegetated Width of vegetated


TOTAL SCORE (        ) MOD 5/16/95
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MACROINVERTEBRATE HABITAT ASSESSMENT FIELD FORM GLIDE / POOL PREVALENT STREAMS
Stream                                                            Date                                                                              
Site                                                                Investigator                                                                    


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1. Bottom Substrate / Greater than 50% mix 30-50% mix of stable 10-30% mix of stable Less than 10% sta-
Available Cover of snags, submerged habitat; well-suited for habitat; habitat avail- ble habitat; lack of


SCORE  (        ) 16-20


logs, undercut banks, full colonization poten- ability less than desir- habitat is obvious;
rubble or other stable tial; adequate habitat able; substrate fre- substrate unstable or
habitat and at stage for maintenance of quently disturbed or lacking.
to allow full populations; presence removed.
colonization potential of additional substrate
(i.e., logs/snags that in the form of newfall,
are not new fall and but not yet prepared
not transient). for colonization (may


 scale).
rate at high end of


11-15 6-10 0-5


2. Pool Substrate Charac- Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or bed-
terization materials, with gravel mud, or clay; mud may sand bottom; little or rock; no root mat or


SCORE  (        )  16-20  11-15 6-10 0-5


and firm sand preva- be dominant; some no root mat; no sub- vegetation.
lent; root mats and root mats and sub- merged vegetation.
submerged vegetation merged vegetation
common. present.


3. Pool Variability Even mix of large- Majority of pools large- Shallow pools much Majority of pools


SCORE  (        ) 16-20 11-15 6-10 0-5


shallow, large-deep, deep; very few shal- more prevalent than small-shallow or
small-shallow, small- low. deep pools. pools absent.
deep pools present.


4. Channel Alteration Channel alteration Some channel alter- New embankments Extensive channeliza-
(channelization, dredging, absent or minimal; ation present, usually present on both tion; banks shored
staightening, other alter- stream with normal, in areas of crossings, banks; channelization with gabion or ce-
ations) sinuous pattern. evidence of past chan- may be extensive, ment; heavily urban-


SCORE  (        ) 16-20 11-15 6-10 0-5


nel alterations, (prior to usually in urban areas ized areas; instream
past 20 yrs) may be or drainage areas of habitat greatly al-
present, but more agriculture lands; and tered or removed
recent channel alter- >80% of stream entirely.
ation is not present. reach channelized and


disrupted.


5. Sediment Deposition Less than 20% of 20-50% affected; 50-80% affected; Channelized; mud,


SCORE  (        ) 16-20 11-15 0-5


bottom affected; moderate accumula- major deposition; silt, and/or sand in
minor accumulation of tion; substantial sedi- pools shallow, heavily braided or nonbraided
fine and coarse ment movement only silted; embankments channels; pools al-
material at snags and during major storm may be present on most absent due to
submerged vegeta- event; some new both banks; frequent deposition.
tion; little or no en- increase in bar forma- and substantial
largement of islands tion. sediment movement
or point bars. during storm events.


6-10
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Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


6. Channel Sinuosity The bends in the The bends in the The bends in the Channel straight;


SCORE  (        ) 16-20 11-15 6-10 0-5


stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 2 to 3 stream length 2 to 1 channelized for a
times longer than if it times longer than if it times longer than if it long distance.
was in a straight line. was in a straight line. was in a straight line.


7. Channel Flow Status Water reaches base Water fills >75% of Water fills 25-75% of Very little water in


SCORE  (        ) 16-20 11-15 6-10 0-5


of both lower banks the available channel; the available channel channel and mostly
and minimal amount or <25% of channel and/or riffle sub- present as standing
of channel substrate substrate is exposed. strates are mostly pools.
is exposed. exposed.


8. Bank Vegetation Protec- More than 90% of 70-90% of the stream- 50-70% of the strea- Less than 50% of
tion (score each blank) the streambank sur- bank surfaces covered mbank surfaces cov- the streambank


Note:  determine left or native vegetation, but one class of plants disruption obvious; vegetation; disruption
right side by facing down- including trees, un- is not well-represented; patches of bare soil or of streambank
stream. derstory shrubs, or disruption evident but closely cropped vegetation is very


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 3-5 0-2


faces covered by by native vegetation; ered by vegetation; surfaces covered by


non-woody macro- not affecting full plant vegetation common; high; vegetation has
phytes; Vegetation growth potential to any less than one-half of been removed to 2
disruption minimal or great extent; more the potential plant inches or less in
not evident; almost all than one-half of the stubble height re- average stubble
plants allowed to potential plant stubble maining. height.
grow naturally. height remaining.


6-8


9. Bank Stability (score Banks stable; no Moderately stable; Moderately unstable; Unstable; many erod-
each bank) evidence of erosion or infrequent, small areas up to 60% of banks ed areas; "raw"


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 6-8 3-5 0-2


bank failure; little of erosion mostly in reach have areas of areas frequent along
potential  for future healed over. erosion; high erosion straight sections and
problems. potential during bends; obvious bank


floods. sloughing; 60-100%
of bank has erosional
scars.


10. Riparian Vegetation Width of riparian zone Width of riparian zone Width of riparian zone Width of riparian
Zone Width (score each >18 meters; human 12-18 meters; human 6-12 meters; human zone <8 meters;
bank riparian zone) activities (i.e., parking activities have impact- activities have little or no riparian


SCORE  (        ) (LB) 9-10 3-5 3-5 0-2
SCORE  (        ) (RB) 9-10 0-2


lots, roadbeds, ed zone only minimally. impacted a great deal. vegetation due to
clearcuts, lawns, or human activities.
crops) have not
impacted zone.


3-5 3-5


TOTAL SCORE (        ) MOD 10/18/94








STREAM CLASSIFICATION FORM


Elevation
Rosgen Classification
Ecoregion
Drainage Basin
Legal Description


Township
Range
Section
Tract


Latitude
Longitude
Stream Order
Gradient
Aspect
Upstream Length
pH
Conductivity
Alkalinity
Discharge
Hardness
Temperature
Drainage Density
Primary Source of Water
Photograph #’s


Determine percent land use in watershed:


Dryland agriculture
Irrigation
Road density
Urban
Grazing
Feedlots
Mining-surface
Mining-subsurface
Timber harvest
Other (explain):
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MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY


STREAM REACH ASSESSMENT FIELD FORM


Instructions:  This assessment is meant to be relatively quick, so it is necessarily subjective.  As a general rule
of thumb a surveyor shoul d be able to complete approximately 20 stream miles per day.  This procedure should
only be applied to second, third, and fourth order drainages.  Each stream will consist of one or more reaches.
If more than one reach is assessed, one form will be completed for each reach .


Reaches will be defined by the surveyor and based on relatively h omogenous conditions throughout.  As a general
rule, reach breaks occur where o bvious changes in stream condition are detected.  The surveyor should be aware
of changes such as land use, flow, g radient, vegetation, valley form, and channel substrate.  Reach length should
generally  range between .5 and 20 miles.  If the entire reach is not walked the surveyor should select fairl y
accessible  observation points that adequately represent the range of conditions for the reach.  Desirabl e
observation points may include the downstream end of the reach, above and below human activities or tributaries.


The surveyor sh ould walk approximately 300' channel distance at each observation point or enough distance to
get a representative picture of the situation  at that point.  If possible, try and observe at least one pool, riffle, and
run feature  at each site.  If a stream crossing structure is present try to observe channel conditions above an d
below the area influenced by the structure.  Dry channels will obviously preclude or restrict the ability to rat e
parameters such as “turbidity”, “water odor”, “wate r surface oils” and “aquatic plant growth”; however, in many
cases water is present in isolated pools and the surveyor can rate these parameters.  “Riffle/pool spacing” and
“Riffle/pool characteristics” ratings may be difficult in dry streams, but evidence in the channel should allow the
surveyor to evaluate these parameters.


Again,  one legible form should be completed for each reach, with ratings based on a compilation of averag e
conditions for all observation points within the reach.  Photos/slides depicting average reach conditions an d
notable  features should be taken if possible.  A legible stream map of sufficient scale and detail to identif y
reaches, observation/p hoto points, and any unique features should be completed and attached to the assessment
forms.


Note:  In most cases the information from the assessment forms will be evaluated in the office and entered into
a central database by someone other than  the field surveyor; therefore, it is extremely important that all recorded
information is complete  and legible . 


RIVER BASIN MAP (for identifying name of river basin recorded on page 2 at bottom of page)







21-1A-1-.FRM


STREAM REACH ASSESSMENT FORM


River Basin Name (see map on p.1)                      Stream Name                                
Recorders Name                      Date      /    /    County/ies                                  Reach Number (assigned by surveyor, number
consecu tively starting @ mouth)                          Legal Description [Sec., Town., Range]- (Downstream end)          
(Upstream end)            Narrative Description Of Reach                                                                    
Quad Sheet Name(s) - optional                            Photo/Slide #’s if applicable                                                                          
                                      **LOOK!---Answer all the following questions.  If you are unable to determine record (N/R), or if a
parameter is not applicable (N/A).


(Please check the one description that best fits  each category)
Predominant vegetation and landscape characteristics in the watershed beyond the immediate riparian zone
            -Perennial vegetation (pasture, rangeland, woodland, etc.), flat to rolling landscape
            -Perennial vegetation, rolling to steep landscape
            -Mixed perennial vegetation and annual crops, flat to rolling landscape
            -Cropland, rolling to steep landscape


Meanders
            -Slight Meandering - Relatively straight channel with only occasional curves. Travel  length is basicall y
the same as the straight line distance.
            -Moderate meandering - Easy, gradual bends in the channel path
          -Extreme meandering - Travel length of flow is greater than twice the straight line  distance


Flood Flow Width
            -Floods are confined in narrow canyon with width less that twice that of channel
            -Floods confined to a flow width of 2-3 times the width of the channel
            -Floods are unconfined and spill out onto flat valley bottom


Gradient
            -Steep - Continuous rapids
            -Moderate - Alternating rapids, riffles and smooth surfaced reaches
            -Gradual - Smooth surfaced reaches with occasional riffles
            -Flat - Very rare disruptions in smooth flat surface of stream
                                                                                               (Please enter a number within the range of the category that best
fits)


1.Average width of riparian zone
16-20            - (> 90 ft wide)
11-15            -Varies from 15 to 90 ft
6-10             - (3-15 ft)
1-5              -Riparian zone absent


2.Completeness of vegetation in the riparian zone
  (Any vegetation functioning to maintain the bank)


16-20            -Riparian zone intact without breaks in vegetation
11-15            -Breaks occurring intermittently
6-10             -Breaks frequent with some gullies and scars every 100 - 150 ft.
1-5              -Deeply scarred with active headcutting and gully formation all along reach


Is there evidence of sediment from the upper watershed or riparian area reaching the stream channel?Yes             No     
       If yes, please describe:                                     


3. Characteristics of the Riparian vegetation
16-20            -Diversity of perennial plant species reflects potential for site; Dense growth (hard
to walk through); good plant vigor and age diversity
11 -15            -Approximately 60% of climax plant species present; plant vigor stable, density of
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growth mostly open (easy to walk through)
6-10             -Little diversity in perennial plant species, and/or age of trees; plants scattered ;
vigor poor
1-5              -Site is dominated by annual forbs and weeds; few perennial or climax plants 


present


4. Width/Depth Ratio (Estimated channel width divided by depth as measured at the ordinary high
water level).  This is the point where high flow normally reaches on the bank and is most easily
determined on straight channel sections where the “scoured” channel meets the “permanent”
vegetation.  Look for characteristics such as terracing, soil changes (rock to soil), presence/absence
of vegetation or debris.


10-12            -Width/depth ratio <8
7-9              -Width/depth ratio 8 to 15
4-6              -Width/depth ratio 15 to 25
1-3              -Width/depth ratio > 25 or stream is channelized or channel is an incised gully.


5.Channel stability/bar formation
10-12            -Little or no channel instability resulting from sediment accumulation
7-9              -Some gravel bars of coarse stones and well-washed debris present, little  silt
4-6              -Point bars enlarging by gravels, sand and/or silt, new bars forming
1-3              -Channel divided into braids or stream is channelized


6.Bank erosion
16-20            -Little or none evident, banks appear stable and are held firmly by vegetation
11-15            -Erosion occurring on some outside bends and channel constrictions; non-eroding banks stable
6-10             -Erosion common on most outside bends and channel constrictions
1-5              -Erosion predominant on entire channel (straight sections, inside and outside 


bends, etc.)


(Answer ONE, either 7a.  OR 7b.)
7a. Stream bottom - (For Fast moving/Riffle dominated streams)


16-20            -Stony bottom of several sizes packed together, interstices obvious
11-15            -Stony bottom easily moved, with little silt
6-10             -Bottom of silt, gravel and sand, stable in places
1-5              -Uniform bottom of sand and silt loosely held together, stony substrate absent


7b. Stream bottom - (For Slow moving/Pool dominated streams)
16-20            -Mixture of substrate materials with gravel and firm sand prevalent; vascular root mats and submerg e


vegetation common
11-15            -Mixture of soft sand, mud or clay; mud may be dominant; some vascular root mats and submerge vegetation


present
6-10             -All mud or clay, or channelized with sand bottom; little or no submerged vegetation
1-5              -Hardpan clay or bedrock; no vascular root mat or submerged vegetation


(Answer ONE, either 8a. OR 8b.)
8a. Riffle/pool spacing - (For Fast moving/Riffle dominated streams)


16-20            -Distinct, occurring at intervals of 5-7x stream width
11-15            -Irregularly spaced, 8-15x stream width
6-10             -Long pools separating short riffles, meanders absent, 16-25x stream width
1-5              -Meanders and riffles/pools absent or stream channelized, >25x stream width


8b. Riffle/pool characteristics - (For Slow moving/Pool dominated streams)
16-20            -Even mix of deep, shallow, large and small pools
11-15            -Majority of pools large and deep, very few shallow pools
6-10             -Shallow pools more prevalent than deep pools
1-5              -Majority of pools small and shallow or pools absent
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21.2.2 Montana County Codes


BEAVERHEAD    001 SHERIDAN 091
BIG HORN 003 SILVERBOW 093
TETON 099 STILLWATER 095
BLAINE 005 SWEETGRASS 097
TOOLE 101
BROADWATER 007
TREASURE 103
CARBON 009
VALLEY 105
CARTER 011
WHEATLAND 107
CASCADE 013
WIBAUX 109
CHOUTEAU 015
YELLOWSTONE 111
CUSTER 017
YELLOWSTONE NP 113
DANIELS 019
DAWSON 021
DEER LODGE 023
FALLON 025
FERGUS 027
FLATHEAD 029
GALLATIN 031
GARFIELD 033
GLACIER 035
GOLDEN VALLEY 037
GRANITE 039
HILL 041
JEFFERSON 043
JUDITH BASIN 045
LAKE 047
LEWIS & CLARK 049
LIBERTY 051
LINCOLN 053
MCCONE 055
MADISON 057
MEAGER 059
MINERAL 061
MISSOULA 063
MUSSELSHELL 065
PARK 067
PETROLEUM 069
PHILLIPS 071
PONDERA 073
POWDER RIVER 075
POWELL 077
PRAIRIE 079
RAVALLI 081
RICHLAND
083
ROOSEVELT 085
ROSEBUD
087
SANDERS
089








21.2.3 Montana Basin and Hydrologic Unit Codes


HYDROLOGIC BASIN
UNIT CODE CODE BASIN DESCRIPTION


10010001 040T HUDSON BAY DRAINAGE


10010002 040T HUDSON BAY DRAINAGE


10020001 041A RED ROCK RIVER


10020002 041B BEAVERHEAD RIVER


10020003 041C RUBY RIVER


10020004 041D BIG HOLE RIVER


10020005 041G JEFFERSON RIVER


10020006 041E BOULDER RIVER


10020007 041F MADISON RIVER


10020008 041H GALLATIN RIVER


10030101 041I UPPER MISSOURI RIVER ABOVE HOLTER DAM


10030102 041Q MIDDLE MISSOURI RIVER BETWEEN SUN RIVER AND
MARIAS RIVER


41QJ UPPER MISSOURI RIVER INCLUDING HOLTER DAM TO THE
SUN RIVER


041U DEARBORN RIVER


10030103 041J SMITH RIVER


10030104 041K SUN RIVER


10030105 041Q MIDDLE MISSOURI RIVER BETWEEN SUN RIVER AND
MARIAS RIVER


10030201 041M TWO MEDICINE RIVER


10030202 041L CUT BANK CREEK


10030203 041P MARIAS RIVER


10030204 041N WILLOW CREEK


10030205 041O TETON RIVER


10040101 041T MIDDLE MISSOURI RIVER BETWEEN MARIAS RIVER AND
BULLWACKER CREEK


10040102 041R ARROW CREEK


10040103 041S JUDITH RIVER


10040104 40EJ MIDDLE MISSOURI RIVER BETWEEN BULLWACKER CREEK
AND MUSSELSHELL RIVER


040E MIDDLE MISSOURI RIVER BETWEEN MUSSELSHELL RIVER
AND FORT PECK DAM
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10040105 040D BIG DRY CREEK


10040106 040D LITTLE DRY CREEK


10040201 040A UPPER MUSSELSHELL RIVER ABOVE ROUNDUP


10040202 040C LOWER MUSSELSHELL RIVER BELOW ROUNDUP


10040203 040B FLATWILLOW CREEK INCLUDING BOX ELDER CREEK


10040204 040B FLATWILLOW CREEK INCLUDING BOX ELDER CREEK


10040205 040C LOWER MUSSELSHELL RIVER BELOW ROUNDUP


10050001 040F MILK RIVER ABOVE FRESNO RESERVOIR


10050002 040F MILK RIVER ABOVE FRESNO RESERVOIR


10050003 040F MILK RIVER ABOVE FRESNO RESERVOIR


10050004 040J MIDDLE MILK RIVER BETWEEN FRESNO RESERVOIR AND
WHITEWATER CREEK


10050005 040H BIG SANDY CREEK


10050006 040G SAGE CREEK


10050007 040J MIDDLE MILK RIVER BETWEEN FRESNO RESERVOIR AND
WHITEWATER CREEK


10050008 040J MIDDLE MILK RIVER BETWEEN FRESNO RESERVOIR AND
WHITEWATER CREEK


10050009 040I PEOPLE'S CREEK


10050010 040J MIDDLE MILK RIVER BETWEEN FRESNO RESERVOIR AND
WHITEWATER CREEK


10050011 040K WHITEWATER CREEK


10050012 040O MIDDLE MILK RIVER BELOW WHITEWATER CREEK
INCLUDING PORCUPINE CREEK


040J MIDDLE MILK RIVER BETWEEN FRESNO RESERVOIR AND
WHITEWATER CREEK


10050013 040L FRENCHMAN CREEK


10050014 040M BEAVER CREEK


10050015 040N ROCK CREEK


10050016 040O MIDDLE MILK RIVER BELOW WHITEWATER CREEK
INCLUDING PORCUPINE CREEK


10060001 040S LOWER MISSOURI RIVER BELOW FORT PECK DAM


10060002 040P REDWATER RIVER


10060003 040Q POPLAR RIVER


10060004 040Q POPLAR RIVER
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10060005 040S LOWER MISSOURI RIVER BELOW FORT PECK DAM


10060006 040R BIG MUDDY CREEK


10060007 040R BIG MUDDY CREEK


10070001 043B UPPER YELLOWSTONE RIVER


10070002 43BV SWEETGRASS CREEK


043B UPPER YELLOWSTONE RIVER


43BJ BOULDER RIVER


10070003 043A SHIELDS RIVER


10070004 43QJ UPPER YELLOWSTONE RIVER FROM BRIDGER CREEK TO
CLARKS FORK OF THE YELLOWSTONE RIVER


043Q MIDDLE YELLOWSTONE RIVER BETWEEN BRIDGER CREEK
AND BIGHORN RIVER


10070005 043C STILLWATER RIVER


10070006 043D CLARKS FORK of the YELLOWSTONE RIVER


10070007 043Q MIDDLE YELLOWSTONE RIVER BETWEEN BRIDGER CREEK
AND BIGHORN RIVER


10070008 043E PRYOR CREEK


10080010 043P BIGHORN RIVER BELOW GREYBULL RIVER


10080014 043N SHOSHONE RIVER


10080015 043P BIGHORN RIVER BELOW GREYBULL RIVER


10080016 043O LITTLE BIGHORN RIVER


10090101 042B UPPER TONGUE RIVER ABOVE HANGING WOMAN CREEK


10090102 042C TONGUE RIVER BELOW HANGING WOMAN CREEK


10090207 042J POWDER RIVER


10090208 042I LITTLE POWDER RIVER


10090209 042J POWDER RIVER


10090210 042J POWDER RIVER


10100001 42KJ MIDDLE YELLOWSTONE RIVER


042K MIDDLE YELLOWSTONE RIVER


10100002 42KJ MIDDLE YELLOWSTONE RIVER


10100003 042A ROSEBUD CREEK


10100004 042M LOWER YELLOWSTONE RIVER BELOW POWDER RIVER


10100005 042L O' FALLEN CREEK
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10110201 39FJ LITTLE BEAVER CREEK


039F LITTLE MISSOURI RIVER ABOVE LITTLE BEAVER CREEK


10110202 039E BOX ELDER CREEK


10110203 039H LITTLE MISSOURI RIVER BELOW LITTLE BEAVER CREEK


10110204 039G BEAVER CREEK


10120202 038H BELLE FOUCHE RIVER ABOVE CHEYENNE RIVER


17010101 076D KOOTENAI RIVER


17010102 076C FISHER RIVER


17010103 076B YAAK RIVER


17010104 076D KOOTENAI RIVER


17010105 076B YAAK RIVER


17010201 076G CLARK FORK RIVER ABOVE BLACKFOOT RIVER


17010202 076E ROCK CREEK


76GJ FLINT CREEK


17010203 076F BLACKFOOT RIVER


17010204 076M MIDDLE CLARK FORK RIVER BETWEEN BLACKFOOT RIVER
AND FLATHEAD RIVER


17010205 076H BITTERROOT RIVER


17010206 76LJ UPPER FLATHEAD RIVER TO AND INCLUDING FLATHEAD
LAKE


17010207 076I MIDDLE FORK FLATHEAD RIVER


17010208 76LJ UPPER FLATHEAD RIVER TO AND INCLUDING FLATHEAD
LAKE


17010209 076J SOUTH FORK FLATHEAD RIVER


17010210 76LJ UPPER FLATHEAD RIVER TO AND INCLUDING FLATHEAD
LAKE


17010211 076K SWAN RIVER


17010212 076L LOWER FLATHEAD RIVER BELOW FLATHEAD LAKE


17010213 076N LOWER CLARK FORK RIVER BELOW FLATHEAD RIVER
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21.2.4 Agency Codes


STORET Program 'Agency-Codes' currently in use by WQD:


In the future we will continue to use the 'Agency Code'
21MTHDWQ for all surface-water samples for all
'Station. Types'.  As a reminder, the 2 at the start of
the 'Agency Code' stands for a State Agency and the 1
says that we gathered and analyzed the samples.


We now have available the 'Agency Code' 22MTHDWQ for
surface-water samples that we contract services for. 
The second 2 says that the sample and/or sample-data
was gathered by someone other than the State Agency
(us).


A new 'Agency Code' 22MTMINE is available to use for
uploading data from mining company's contracted
laboratories.


Two new 'Agency Codes' 21MTGNDW and 22MTGNDW are
available for uploading ground-water data for both
cases whether we are directly responsible for the data
gathering and analysis or someone else collected the
sample and/or data.
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Section No. 21.0  
Revision No.   0   


Date: 4/1/95
21.3 REFERENCE LISTS


21.3.1 MONTANA DIATOM TAXA LIST


1 D0001 Achnanthes aapajarvensis A. Cl.
2 D0002 D0070 Achnanthes affinis Grun.


3
3 D0003 Achnanthes amphicephala Hust.
4 D0004 Achnanthes antigua M. Perag.
5 D0005 Achnanthes arcuata A. Cl.
6 D0006 Achnanthes austriaca Hust.
7 D0101 D0100 Achnanthes austriaca v. helvetica Hustedt


3
8 D0007 Achnanthes bergiani A. Cl.
9 D0008 Achnanthes biasolettiana (Kutz.) Grun.


3
10 D0009 Achnanthes bicapitellata A. Cl.
11 D0010 Achnanthes biconfusa VanLan.
12 D0093 Achnanthes bioretii Germain


3
13 D0102 Achnanthes biporoma Hohn & Hellerm.


3
14 D0011 Achnanthes borealis A. Cl.
15 D0012 Achnanthes brevipes Agardh
16 D0013 Achnanthes calcar Cl.


3
17 D0014 Achnanthes chilensis v. subaequalis Reim.
18 D0015 Achnanthes clevei Grun.


3
19 D0016 Achnanthes clevei v. rostrata Hust.


3
20 D0017 Achnanthes coarctata (Breb. in W. Sm.) Grun.
21 D0018 Achnanthes conspicua A. Mayer
22 D0019 Achnanthes conspicua v. brevistriata Hust.
23 D0020 Achnanthes curta (A. Cl.) A. Berg
24 D0098 Achnanthes daonensis Lange-Bertalot


3
25 D0021 D0008 Achnanthes deflexa Reim.


3
26 D0022 Achnanthes delicatula (Kutz.) Grun.


2
27 D0023 Achnanthes depressa (Cl.) Hust.
28 D0103 Achnanthes detha Hohn & Hellerm.


3
29 D0024 Achnanthes dicephala nomina nuda
30 D0025 Achnanthes didyma Hust.
31 D0026 Achnanthes diversa A. Cl.
32 D0027 Achnanthes exigua Grun.


3
33 D0028 Achnanthes exigua v. constricta (Grun.) Hust.


3
34 D0029 Achnanthes exigua v. heterovalva Krasske


3
35 D0030 Achnanthes exigua v. lanceolata nomina nuda


3
36 D0031 D0070 Achnanthes exilis Kutz.
37 D0032 Achnanthes flexella (Kutz.) Brun
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3
38 D0033 Achnanthes gibberula Grun.
39 D0034 Achnanthes grimmei Krasske
40 D0035 Achnanthes groenlandica (Cl.) Grun.
41 D0036 Achnanthes harveyi Reim.
42 D0037 Achnanthes hauckiana Grun.


2
43 D0038 Achnanthes hauckiana v. rostrata Schulz


2
44 D0100 Achnanthes helvetica (Hust.) Lange-Bertalot


3
45 D0039 Achnanthes hungarica (Grun.) Grun.


2
46 D0040 Achnanthes hustedtii (Krasske) Reim.


3
47 D0041 Achnanthes inflata (Kutz.) Grun.
48 D0042 Achnanthes kolbei Hust.
49 D0043 Achnanthes kriegeri Krasske
50 D0044 Achnanthes kryophila Petersen


3
51 D0045 Achnanthes lacunarum Hust.
52 D0092 Achnanthes laevis Oestrup


3
53 D0046 Achnanthes lanceolata Breb. ex Kutz.


2
54 D0047 Achnanthes lanceolata v. apiculata Patr.


2
55 D0048 Achnanthes lanceolata v. dubia Grun.


2
56 D0049 Achnanthes lanceolata v. elliptica Cl.


2
57 D0050 Achnanthes lanceolata v. haynaldii (Istv.-Schaarsch.) Cl.


2
58 D0051 Achnanthes lanceolata v. lanceolatoides (Sov.) Reim.


2
59 D0052 D0049 Achnanthes lanceolata v. omissa Reim.


2
60 D0053 Achnanthes lanceolata v. rhomboidalis A. Mayer


2
61 D0054 D0048 Achnanthes lanceolata v. rostrata (Ostr.) Hust.


2
62 D0094 Achnanthes lapidosa Krasske


3
63 D0055 D0092 Achnanthes lapponica (Hust.) Hust.


3
64 D0056 D0092 Achnanthes lapponica v. ninckei (Guerm. et Mang.) Reim.


3
65 D0057 Achnanthes laterostrata Hust.


3
66 D0058 Achnanthes lemmermanni Hust.
67 D0059 D0065 Achnanthes levanderi Hust.


3
68 D0060 D0099 Achnanthes lewisiana Patr.
69 D0061 Achnanthes linearis (W. Sm.) Grun.


3
70 D0062 Achnanthes linearis f. curta H. L. Sm.


3
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71 D0063 D0096 Achnanthes linearis v. pusilla Grun.
3


72 D0064 Achnanthes longiceps Ehr.
73 D0065 Achnanthes marginulata Grun.


3
74 D0066 D0032 Achnanthes maxima A. Cl.


3
75 D0067 D0032 Achnanthes maxima v. lanceolata (Ostr.)


3
76 D0068 Achnanthes microcephala (Kutz.) Grun.


3
77 D0069 D0032 Achnanthes minuta (Cl.) A. Cl.


3
78 D0070 Achnanthes minutissima Kutz.


3
79 D0071 D0070 Achnanthes minutissima v. cryptocephala Grun.


3
80 D0072 Achnanthes minutissima v. microcephala Grun.


3
81 D0073 Achnanthes montana Krasske
82 D0091 Achnanthes nodosa A. Cl.
83 D0074 Achnanthes oestrupi (A. Cl.) Hust.
84 D0075 Achnanthes parva Sov.
85 D0076 Achnanthes peragalli Brun et Herib.
86 D0077 Achnanthes peragalli v. fossilis Temp. et Perag.
87 D0078 Achnanthes peragalli v. parvula (Patr.) Reim.
88 D0095 Achnanthes petersenii Hustedt


3
89 D0079 Achnanthes pinnata Hust.
90 D0080 Achnanthes plonensis Hust.
91 D0081 Achnanthes praerupta nomina nuda
92 D0096 Achnanthes pusilla (Grun.) De Toni


3
93 D0082 D0070 Achnanthes reimeri Camburn
94 D0083 D0065 Achnanthes rupestris Krasske
95 D0084 Achnanthes saxonica Krasske
96 D0085 Achnanthes scutellum nomina nuda
97 D0086 Achnanthes stewartii Patr.
98 D0097 Achnanthes subatomoides (Hustedt) L.-B. & Archibald


3
99 D0104 Achnanthes subhudsonis v. kraeuselii Choln.


3
100 D0087 Achnanthes sublaevis v. crassa Reim.
101 D0088 D0094 Achnanthes subrostrata Hust.
102 D0089 D0094 Achnanthes subrostrata v. appalachiana Camburn et Lowe
103 D0099 Achnanthes suchlandtii Hust.


3
104 D0090 Achnanthes wellsiae Reim.
105 D0200 Amphipleura lindheimeri Grun.
106 D0201 Amphipleura pellucida (Kutz.) Kutz.


2
107 D0300 Amphora acutiuscula Kutz.


1
108 D0301 Amphora bullatoides Hohn et Hellerman
109 D0302 Amphora coffeiformis (Ag.) Kutz.


1
110 D0318 Amphora cymbelloides Grun.
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2
111 D0303 Amphora delicatissima Krasske


1
112 D0315 Amphora dusenii Brun.


2
113 D0304 Amphora fogediana Krammer


3
114 D0305 Amphora inariensis Krammer


3
115 D0316 Amphora libyca Ehr.


3
116 D0306 Amphora lineolata Ehr.


1
117 D0317 Amphora montana Krasske


3
118 D0307 Amphora normanii Rabh.


2
119 D0308 Amphora ovalis (Kutz.) Kutz.


3
120 D0309 D0316 Amphora ovalis v. affinis (Kutz.) V.H. ex DeT.


3
121 D0310 D0311 Amphora ovalis v. pediculus (Kutz.) V.H. ex DeT.


3
122 D0311 Amphora pediculus (Kutz.) Grun.


3
123 D0312 Amphora perpusilla (Grun.) Grun.


3
124 D0313 D0317 Amphora submontana Hust.


3
125 D0319 Amphora tenerrima Aleem & Hust.


2
126 D0320 Amphora tenuissima Hust.


2
127 D0314 Amphora veneta Kutz.


1
128 D0321 Amphora veneta v. globulosa Foged


1
129 D0400 Anomoeoneis brachysira v. zellensis (Grun.) Krammer


3
130 D0401 Anomoeoneis costata (Kutz.) Hust.


1
131 D0402 Anomoeoneis serians (Breb. ex Kutz.) Cl.


3
132 D0403 Anomoeoneis serians v. brachysira (Breb. ex Kutz.) Hust.


3
133 D0404 Anomoeoneis sphaerophora (Ehr.) Pfitz.


2
134 D0405 Anomoeoneis sphaerophora v. guntheri O. Mull.


2
135 D0406 Anomoeoneis sphaerophora v. sculpta O. Mull.


2
136 D0407 Anomoeoneis vitrea (Grun.) Ross


2
137 D0409 Anomoeoneis vitrea f. lanceolata (A. Mayer) Moghadam


2
138 D0408 Anomoeoneis vitrea v. gomphonemacea (Grun.) Moghadam


2
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139 D0410 Anomoeoneis zellensis (Grun.) Cl.
3


140 D0500 Asterionellaformosa Hass. 3
141 D0550 Aulacoseira alpigena (Grun.) Krammer


3
142 D0551 Aulacoseira ambigua (Grun.) Simonsen


3
143 D0552 Aulacoseira distans (Ehr.) Simonsen


3
144 D0553 Aulacoseira granulata (Ehr.) Simonsen


3
145 D0554 Aulacoseira islandica (O.Mull.) Simonsen


3
146 D0555 Aulacoseira italica (Ehr.) Simonsen


3
147 D0556 Aulacoseira lirata (Ehr.) Ross


3
148 D0557 Aulacoseira perglabra (Oestrup) Haworth


3
149 D0558 Aulacoseira pfaffiana (Reinsch) Krammer


3
150 D0600 Bacillaria paradoxa Gmelin


2
151 D0650 D2858 Berkella linearis Ross et Sims


3
152 D0700 D4950 Biddulphia laevis Ehr.


2
153 D0800 D0810 Caloneis alpestris (Grun.) Cl.
154 D0801 Caloneis amphisbaena (Bory) Cl.


2
155 D0802 Caloneis bacillaris (Greg.) Cl.
156 D0803 Caloneis bacillaris v. thermalis (Grun.) A. Cl.
157 D0804 Caloneis bacillum (Grun.) Cl.


2
158 D0805 Caloneis bacillum v. lancettula (Schulz) Hust.


2
159 D0806 Caloneis clevei (Lagst.) Cl.
160 D0807 Caloneis hyalina Hust.
161 D0808 Caloneis lewisii Patr.
162 D0809 Caloneis lewisii v. inflata (Schultze) Patr.
163 D0810 Caloneis limosa (Kutz.) Patr.
164 D0818 Caloneis silicula (Ehr.) Cleve


2
165 D0820 Caloneis tenuis (Gregory) Krammer


3
166 D0811 D0810 Caloneis trochus v. linearis f. fasciata (Hust.) Mayer
167 D0819 Caloneis undulata (Gregory) Krammer


3
168 D0812 D0818 Caloneis ventricosa (Ehr.) Meist.


2
169 D0813 Caloneis ventricosa v. alpina (Cl.) Patr.
170 D0814 Caloneis ventricosa v. minuta (Grun.) Mills
171 D0815 Caloneis ventricosa v. subundulata (Grun.) Patr.
172 D0816 Caloneis ventricosa v. truncatula (Grun.) Meist.
173 D0817 Caloneis zachariasi Reichelt
174 D0900 Campylodiscus clypeus Ehr.
175 D0901 Campylodiscus noricus Ehr.
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176 D0902 Campylodiscus noricus v. hibernica (Ehr.) Grun.
177 D1000 Chaetoceros elmorei Boyer


1
178 D1001 Chaetoceros muelleri Lemmermann


1
179 D1100 Cocconeis cholnokyana A. Cl.
180 D1101 Cocconeis diminuta Pantocsek
181 D1102 Cocconeis disculus (Schum.) Cl.
182 D1103 Cocconeis fluviatilis Wallace
183 D1104 Cocconeis klamathensis Sov.
184 D1105 Cocconeis pediculus Ehr.


3
185 D1106 Cocconeis placentula Ehr.


3
186 D1107 Cocconeis placentula v. euglypta (Ehr.) Cl.


3
187 D1108 Cocconeis placentula v. lineata (Ehr.) V. H.


3
188 D1109 Cocconeis rugosa Sov.
189 D1110 Cocconeis scutellum Ehr.
190 D1111 Cocconeis scutellum f. parva Grun. in V. H.
191 D1112 Cocconeis thumensis A. Mayer
192 D1200 Coscinodiscus marginatus Ehr.
193 D1201 Coscinodiscus rothii (Ehr.) Grun.
194 D1251 Cyclostephanos dubius (Fricke) Round


2
195 D1250 Cyclostephanos tholiformis Stoermer, Hakansson & Theriot


2
196 D1300 Cyclotella antiqua W. Smith
197 D1301 Cyclotella atomus Hust.


2
198 D1302 Cyclotella bodanica Eulenstein
199 D1303 Cyclotella bodanica v. lemanensis O. Mull.
200 D1304 Cyclotella catenata Brun
201 D1305 Cyclotella comensis Grun. in V. H.
202 D1306 Cyclotella comta (Ehr.) Kutz.


2
203 D1320 Cyclotella glabriuscula (Grun.) Hakansson


3
204 D1307 Cyclotella glomerata Bachmann


2
205 D1308 Cyclotella kutzingiana Thwaites


2
206 D1309 Cyclotella kutzingiana v. planetophora Fricke


2
207 D1310 Cyclotella kutzingiana v. radiosa Fricke


2
208 D1311 Cyclotella kutzingiana v. schumanni Grun. in V. H.


2
209 D1312 Cyclotella meneghiniana Kutz.


2
210 D1313 Cyclotella michiganiana Skv.
211 D1314 Cyclotella ocellata Pantocsek
212 D1315 Cyclotella operculata (Ag.) Kutz.
213 D1316 Cyclotella pseudostelligera Hust.


2
214 D1317 Cyclotella stelligera Cl. et Grun.
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3
215 D1318 Cyclotella striata (Kutz.) Grun.


1
216 D1319 Cyclotella striata v. bipunctata Fricke.


1
217 D1400 Cylindrotheca gracilis (Breb.) Grun.


2
218 D1500 Cymatopleura cochlea Brun


2
219 D1501 Cymatopleura elliptica (Breb.) W. Sm.


2
220 D1502 Cymatopleura elliptica v. nobilis (Hantzsch) Hust.


2
221 D1503 Cymatopleura solea (Breb.) W. Sm.


2
222 D1504 Cymatopleura solea v. apiculata (W. Sm.) Ralfs


2
223 D1505 Cymatopleura solea v. regula (Ehr.) Grun.


2
224 D1671 D1648 Cymbella Species 1


3
225 D1600 Cymbella aequalis W. Sm.
226 D1601 Cymbella affinis Kutz.


3
227 D1602 Cymbella alpina Grun.
228 D1603 Cymbella amphicephala Naegeli ex Kutz.


3
229 D1604 Cymbella angustata (W. Sm.) Cl.


3
230 D1605 Cymbella aspera (Ehr.) H. Perag.


3
231 D1606 Cymbella brehmii Hust.
232 D1676 Cymbella caespitosa (Kutz.) Brun


2
233 D1607 Cymbella capitata Brun
234 D1608 Cymbella cesatii (Rabh.) Grun. ex A. S.


3
235 D1609 Cymbella cistula (Ehr.) Kirchn.


3
236 D1610 Cymbella cistula v. gibbosa Brun


3
237 D1611 Cymbella cuspidata Kutz.
238 D1612 Cymbella cymbiformis Ag.


3
239 D1613 Cymbella cymbiformis v. nonpunctata Font.


3
240 D1614 Cymbella delicatula Kutz.


3
241 D1615 Cymbella delicatula v. intermedia McCall


3
242 D1616 Cymbella diluviana (Krasske) Florin
243 D1617 D1627 Cymbella ehrenbergii Kutz.
244 D1675 Cymbella falaisensis (Grun.) Krammer & Lange-Bertalot


3
245 D1618 Cymbella fluminea Patr. et Freese
246 D1619 Cymbella gracilis (Ehr.) Kutz.
247 D1620 Cymbella hauckii V. H.
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248 D1621 Cymbella hebridica Grun. ex Cl.
249 D1622 Cymbella helvetica Kutz.


3
250 D1623 Cymbella heteropleura (Ehr.) Kutz.
251 D1624 Cymbella heteropleura v. subrostrata Cl.
252 D1625 Cymbella hustedtii Krasske
253 D1626 Cymbella hybrida Grun. ex Cl.
254 D1627 Cymbella inaequalis (Ehr.) Rabh.
255 D1677 Cymbella incerta (Grun.) Cl.
256 D1628 Cymbella lacustris (Ag.) Cl.
257 D1629 Cymbella laevis Naegeli ex Kutz.
258 D1630 Cymbella lanceolata (Ag.) Ag.
259 D1631 Cymbella lata Grun.
260 D1632 Cymbella leptoceros (Ehr.) Grun.
261 D1633 D1619 Cymbella lunata W. Sm.
262 D1672 Cymbella mesiana Cholnoky


3
263 D1634 Cymbella mexicana (Ehr.) Cl.


3
264 D1635 Cymbella mexicana v. janischii (A. S.) Reim.


3
265 D1636 Cymbella microcephala Grun.


2
266 D1637 Cymbella microcephala v. crassa Reim.


2
267 D1638 Cymbella minuta Hilse ex Rabh.


2
268 D1639 Cymbella minuta f. latens (Krasske) Reim.


2
269 D1640 D1672 Cymbella minuta v. pseudogracilis (Choln.) Reim.


3
270 D1641 D1673 Cymbella minuta v. silesiaca (Bleisch ex Rabh.) Reim.


3
271 D1642 Cymbella muelleri Hust.


2
272 D1644 Cymbella muelleri f. ventricosa (Temp. et Perag.) Reim.


2
273 D1643 D1642 Cymbella muelleri v. javanica (Hust.) Hust.


2
274 D1645 Cymbella naviculiformis (Auersw. ex Heib.)


3
275 D1678 Cymbella norvegica Grun. ex A. S.
276 D1646 Cymbella obtusiuscula (Kutz.) Grun.
277 D1647 D1613 Cymbella parva (W. Sm.) Cl.
278 D1648 Cymbella perpusilla A. Cl.


3
279 D1649 Cymbella prostrata (Berkeley) Cl.


3
280 D1650 D1676 Cymbella prostrata v. auerswaldii (Rabh.) Reim.


2
281 D1651 Cymbella pusilla Grun.


1
282 D1674 Cymbella reichardtii Krammer


3
283 D1652 Cymbella reinhardtii Grun.


3
284 D1653 D1662 Cymbella rhomboidea Boyer
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285 D1654 Cymbella rupicola Grun.
286 D1655 Cymbella ruttneri Hust.
287 D1673 Cymbella silesiaca Bleisch in Rabenhorst


3
288 D1656 D1616 Cymbella similis Patr.
289 D1657 Cymbella sinuata Greg.


3
290 D1658 Cymbella sinuata f. ovata Hust.


3
291 D1659 Cymbella stauroneiformis v. capitata A. Cl.
292 D1660 Cymbella stuxbergii v. siberica (Grun.) Wislouch
293 D1661 Cymbella subaequalis Grun.
294 D1662 Cymbella triangulum (Ehr.) Cl.


3
295 D1663 Cymbella tumida (Breb. ex Kutz.) V. H.


3
296 D1664 Cymbella tumidula Grun. ex A. S.
297 D1665 D1640 Cymbella turgida (Greg.) Cl.
298 D1666 Cymbella turgidula Grun.


3
299 D1667 D1638 Cymbella ventricosa Kutz.


2
300 D1668 Cymbella ventricosa v. girodi (Herib.) H. Kobayashi
301 D1669 Cymbella ventricosa v. ovata f. minor A. Cl.
302 D1670 D1673 Cymbella ventricosa v. silesiaca (Bleisch ex Rabh.) A. Cl.


3
303 D1800 Cymbello nitzschia diluviana Hust.


3
304 D1900 Denticula elegans Kutz.
305 D1901 Denticula elegans f. valida Pedic.
306 D1907 Denticula kuetzingii Grun.
307 D1902 Denticula rainierensis Sov.
308 D1903 Denticula subtilis Grun.
309 D1904 Denticula tenuis Kutz.


3
310 D1905 Denticula tenuis v. crassula (Naeg. ex Kutz.)


3
311 D1906 Denticula thermalis Kutz.
312 D2000 Diatoma anceps (Ehr.) Kirchn.


3
313 D2001 Diatoma anceps v. linearis M. Perag.


3
314 D2002 D2005 Diatoma elongatum v. minor Grun.


2
315 D2003 Diatoma hiemale (Roth) Heib.


3
316 D2004 D2013 Diatoma hiemale v. mesodon (Ehr.) Grun.


3
317 D2013 Diatoma mesodon (Ehr.) Kutz.


3
318 D2005 Diatoma tenue Ag.


2
319 D2006 Diatoma tenue v. elongatum Lyngb.


2
320 D2007 Diatoma tenue v. pachycephala Grun.


2
321 D2008 Diatoma vulgare Bory
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3
322 D2009 Diatoma vulgare v. breve Grun.


3
323 D2010 Diatoma vulgare v. linearis V. H.


3
324 D2011 Diatoma vulgare v. ovalis (Fricke) Hust.


3
325 D2012 D2008 Diatoma vulgare v. producta Grun.


3
326 D2100 Diatomella balfouriana Grev.


3
327 D2200 Didymosphenia geminata (Lyngb.) M. Schmidt


3
328 D2300 Diploneis elliptica (Kutz.) Cl.


3
329 D2301 Diploneis finnica (Ehr.) Cl.


3
330 D2302 Diploneis marginestriata Hust.


3
331 D2303 Diploneis oblongella (Naeg. ex Kutz.) Ross


3
332 D2304 Diploneis oculata (Breb.) Cl.


3
333 D2305 Diploneis oculata v. linearis Gallik


3
334 D2306 Diploneis ostracodarum (Pant.) Jur.


3
335 D2307 D2310 Diploneis pseudovalis Hust.


2
336 D2308 Diploneis puella (Schum.) Cl.


2
337 D2309 Diploneis smithii (Breb. ex W. Sm.) Cl.


2
338 D2310 Diploneis smithii v. pumila (Grun.) Hust.


2
339 D2400 Entomoneis alata (Ehr.) Ehr.


2
340 D2401 Entomoneis ornata (J.W. Bail.) Reim.


1
341 D2402 Entomoneis paludosa (W. Sm.) Reim.


2
342 D2403 Entomoneis robusta (McCall) Reim.


2
343 D2500 Epithemia adnata (Kutz.) Breb.


2
344 D2501 Epithemia adnata v. minor (Perag. ex Herib.) Patr.


2
345 D2502 Epithemia adnata v. porcellus (Kutz.) Patr.


2
346 D2503 Epithemia adnata v. proboscidea (Kutz.) Patr.


2
347 D2504 Epithemia adnata v. saxonica (Kutz.) Patr.
348 D2505 Epithemia argus (Ehr.) Kutz.


2
349 D2506 Epithemia argus v. alpestris Grun.


2
350 D2507 Epithemia argus v. longicornis (Ehr.) Grun.
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2
351 D2508 Epithemia argus v. protracta A. Mayer


2
352 D2509 Epithemia emarginata Andrews
353 D2510 Epithemia muelleri Fricke
354 D2511 Epithemia ocellata (Ehr.) Kutz.
355 D2512 Epithemia reichelti Fricke
356 D2513 Epithemia smithii Carruthers
357 D2514 Epithemia sorex Kutz.


3
358 D2515 Epithemia turgida (Ehr.) Kutz.


3
359 D2516 Epithemia turgida v. granulata (Ehr.) Brun


3
360 D2517 Epithemia turgida v. westermannii (Ehr.) Grun.


3
361 D2518 D2500 Epithemia zebra (Ehr.) Kutz.
362 D2519 D2504 Epithemia zebra v. saxonica (Kutz.) Grun.
363 D2600 Eunotia arcus Ehr.
364 D2601 Eunotia arcus v. bidens Grun.
365 D2602 Eunotia curvata (Kutz.) Lagerst.
366 D2603 Eunotia diodon Ehr.
367 D2604 Eunotia exigua (Breb. ex Kutz.) Rabh.
368 D2605 Eunotia flexuosa Breb. ex Kutz.
369 D2606 Eunotia glacialis Meist.
370 D2607 Eunotia hexaglyphis Ehr.
371 D2608 Eunotia incisa W. Sm. ex Greg.
372 D2609 Eunotia maior (W. Sm.) Rabh.
373 D2610 Eunotia monodon Ehr.
374 D2625 Eunotia muscicola Krasske


3
375 D2611 Eunotia neagelii Migula
376 D2612 Eunotia pectinalis (O. F. Mull.) Rabh.
377 D2613 Eunotia pectinalis v. minor (Kutz.) Rabh.
378 D2614 D2612 Eunotia pectinalis v. stricta (Rabh.) V.H.
379 D2615 Eunotia perpusilla Grun.
380 D2616 Eunotia polydentula Brun
381 D2617 Eunotia praerupta Ehr.
382 D2618 Eunotia praerupta v. bidens (Ehr.) Grun.
383 D2619 Eunotia rostellata Hust. ex Patr.
384 D2620 Eunotia septentrionalis Ostr.
385 D2621 Eunotia suecica A. Cl.
386 D2622 Eunotia tenella (Grun.) Cl.
387 D2623 Eunotia valida Hust.
388 D2624 Eunotia vanheurckii Patr.
389 D2700 Fragilaria alpestris Krasske
390 D2701 D2738 Fragilaria atomus Hust.


3
391 D2702 Fragilaria bicapitata A. Mayer
392 D2703 Fragilaria brevistriata Grun.


3
393 D2704 Fragilaria brevistriata v. capitata Herib.


3
394 D2705 Fragilaria brevistriata v. inflata (Pant.) Hust.


3
395 D2706 Fragilaria capucina Desm.


2
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396 D2707 Fragilaria capucina v. acuta Grun. in V.H.
2


397 D2708 Fragilaria capucina v. lanceolata Grun. in V.H.
2


398 D2709 Fragilaria capucina v. mesolepta Rabh.
2


399 D2710 Fragilaria construens (Ehr.) Grun.
3


400 D2711 Fragilaria construens v. binodis (Ehr.) Grun.
3


401 D2712 Fragilaria construens v. exigua (W. Sm.) Schulz
3


402 D2713 Fragilaria construens v. pumila Grun.
3


403 D2714 Fragilaria construens v. subsalina Hust.
3


404 D2715 Fragilaria construens v. venter (Ehr.) Grun.
3


405 D2716 Fragilaria crotonensis Kitton
3


406 D2717 Fragilaria crotonensis v. oregona Sov.
3


407 D2738 Fragilaria exigua Grun.
3


408 D2718 D2730 Fragilaria intermedia Grun. in V.H.
409 D2719 Fragilaria lapponica Grun.
410 D2720 Fragilaria leptostauron (Ehr.) Hust.


3
411 D2721 Fragilaria leptostauron v. dubia (Grun.) Hust.


3
412 D2722 Fragilaria leptostauron v. rhomboides Grun.


3
413 D2737 Fragilaria nanana Lange-Bertalot


3
414 D2723 Fragilaria nitzschioides Grun.


3
415 D2724 D2705 Fragilaria pantocsekii A. Cl.
416 D2725 Fragilaria parasitica v. subconstricta Grun. in V.H.
417 D2726 Fragilaria pinnata Ehr.


3
418 D2727 Fragilaria pinnata v. intercedens (Grun.) Hust.


3
419 D2728 Fragilaria pinnata v. lancettula (Schum.) Hust.


3
420 D2741 Fragilaria pinnata v. subcapitata Freng.


3
421 D2729 D2733 Fragilaria producta (Lagst.) Grun.
422 D2740 Fragilaria robusta (Fusey) Manguin


3
423 D2730 Fragilaria vaucheriae (Kutz.) Peters.


2
424 D2731 Fragilaria vaucheriae v. capitellata (Grun.) Patr.


2
425 D2732 Fragilaria vaucheriae v. continua A. Cl.


2
426 D2733 Fragilaria virescens Ralfs


3
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427 D2734 Fragilaria virescens v. capitata Ostr.
3


428 D2735 Fragilaria virescens v. elliptica Hust.
3


429 D2736 Fragilaria virescens v. mesolepta Rabh.
3


430 D2739 Fragilaria zeilleri Heribaud
2


431 D2850 Frustulia rhomboides (Ehr.) DeT.
3


432 D2851 Frustulia rhomboides v. amphipleuroides (Grun.) Cl.
3


433 D2852 Frustulia rhomboides v. capitata (A. Mayer) Patr.
3


434 D2853 Frustulia rhomboides v. crassinervia (Breb. ex W.Sm.) Ross
3


435 D2854 Frustulia rhomboides v. saxonica (Rabh.) DeT.
3


436 D2858 Frustulia spicula Amosse
3


437 D2855 Frustulia vulgaris (Thwaites) DeT.
2


438 D2856 Frustulia vulgaris v. capitata Krasske
2


439 D2857 Frustulia weinholdii Hust.
3


440 D2950 Gomphoneis eriense (Grun.) Skv. et Meyer
3


441 D2954 Gomphoneis eriense v. variabilis Kociolek et Stoermer
3


442 D2951 Gomphoneis herculeana (Ehr.) Cl.
3


443 D2953 Gomphoneis herculeana v. robusta (Grun.) Cl.
3


444 D2952 Gomphoneis herculeana v. septiceps M. Schmidt
3


445 D2955 Gomphoneis minuta (Stone) Kociolek & Stoermer
3


446 D3050 Gomphonema abbreviatum Ag.
447 D3051 Gomphonema acuminatum Ehr.
448 D3052 D3066 Gomphonema acuminatum v. brebissonii (Kutz.) Cl.
449 D3053 D3051 Gomphonema acuminatum v. coronata (Ehr.) W. Sm.
450 D3126 D3051 Gomphonema acuminatum v. pusillum Grun.


3
451 D3054 Gomphonema affine Kutz.
452 D3055 D3123 Gomphonema affine v. insigne (Greg.) Andrews
453 D3056 Gomphonema angustatum (Kutz.) Rabh.


2
454 D3057 Gomphonema angustatum v. citera (Hohn et Hellerm.) Patr.


2
455 D3058 Gomphonema angustatum v. intermedia Grun.


2
456 D3059 D3058 Gomphonema angustatum v. obesa Lauby


2
457 D3060 Gomphonema angustatum v. obtusatum (Kutz.) Grun.


2
458 D3061 Gomphonema angustatum v. productum Grun.
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2
459 D3062 Gomphonema angustatum v. sarcophagus (Greg.) Grun.


2
460 D3063 Gomphonema angustatum v. undulata (Greg.) Grun.


2
461 D3119 Gomphonema angustum Agardh


3
462 D3125 D3124 Gomphonema apiculatum Ehr.


2
463 D3124 Gomphonema augur Ehr.


2
464 D3064 D3119 Gomphonema bohemicum Reichelt et Fricke


3
465 D3065 Gomphonema brasiliense Grun.
466 D3066 Gomphonema brebissonii (Kutz.)
467 D3120 Gomphonema clavatum Ehr.


2
468 D3067 Gomphonema clevei Fricke


3
469 D3068 Gomphonema consector Hohn et Hellerm.
470 D3069 D3114 Gomphonema constrictum Ehr.


3
471 D3070 D3115 Gomphonema constrictum v. capitatum (Ehr.) V.H.


3
472 D3071 Gomphonema cumrhis Hohn et Hellerm.
473 D3072 D3119 Gomphonema dichotomum Kutz.


3
474 D3073 Gomphonema dubravicense Pant.
475 D3074 Gomphonema gracile Ehr. emend. V.H.


2
476 D3075 D3074 Gomphonema gracile v. aurita (Braun) Cl.
477 D3076 Gomphonema grunowii Patr.
478 D3077 Gomphonema hedinii Hust.


3
479 D3078 Gomphonema helveticum Brun
480 D3079 Gomphonema helveticum v. tenuis (Fricke) Hust.
481 D3123 Gomphonema insigne Gregory


3
482 D3080 Gomphonema instabilis Hohn et Hellerm.
483 D3081 D3119 Gomphonema intricatum Kutz.


3
484 D3082 Gomphonema intricatum v. bohemicum (Reichelt et Fricke) Cl.


3
485 D3083 Gomphonema intricatum v. dichotoma (Kutz.) Grun.


3
486 D3084 Gomphonema intricatum v. diminutum A. Cl.
487 D3085 Gomphonema intricatum v. minor Skvortzow
488 D3086 Gomphonema intricatum v. pulvinatum (Braun) Grun.
489 D3087 D3122 Gomphonema intricatum v. pumila Grun. in V. H.


3
490 D3088 Gomphonema intricatum v. vibrio (Ehr.) Cl.
491 D3089 D3076 Gomphonema lanceolatum (Ehr.) Kutz.
492 D3090 D3120 Gomphonema longiceps Ehr.


2
493 D3091 D3120 Gomphonema longiceps v. subclavata f. gracillis Hust.


2
494 D3092 Gomphonema manubrium Fricke
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495 D3118 Gomphonema minutum (Ag.) Ag.
3


496 D3093 Gomphonema olivaceoides Hust.
3


497 D3094 Gomphonema olivaceoides v. densestriata Foged
3


498 D3095 Gomphonema olivaceum (Lyngb.) Kutz.
3


499 D3096 Gomphonema olivaceum v. calcareum (Cl.) Cl.
3


500 D3097 Gomphonema olivaceum v. minutissima Hust.
3


501 D3098 Gomphonema parvulum (Kutz.)
1


502 D3099 D3098 Gomphonema parvulum v. micropus (Kutz.) Cl.
1


503 D3100 D3098 Gomphonema parvulum v. subelliptica Cl.
1


504 D3122 Gomphonema pumilum (Grun.) Reichardt & Lange-Bertalot
3


505 D3101 Gomphonema quadripunctatum (Ostr.) Wisl.
3


506 D3127 Gomphonema rhombicum Fricke in A.S.
507 D3102 Gomphonema semiapertum Grun.
508 D3103 D3104 Gomphonema septata Moghadam


3
509 D3104 Gomphonema septum Moghadam


3
510 D3105 Gomphonema simus Hohn et Hellerm.
511 D3106 Gomphonema sphaerophorum Ehr.
512 D3107 Gomphonema staurophorum (Pant.) A. Cl.
513 D3108 D3120 Gomphonema subclavatum (Grun.) Grun.


2
514 D3109 Gomphonema subclavatum v. cummutatum (Grun.) A. Mayer


2
515 D3110 Gomphonema subclavatum v. mexicanum (Grun.) Patr.


2
516 D3111 Gomphonema subtile Ehr.
517 D3112 D3118 Gomphonema tenellum Kutz.


3
518 D3113 Gomphonema tergestinum (Grun.) Fricke
519 D3114 Gomphonema truncatum Ehr.


3
520 D3115 Gomphonema truncatum v. capitatum (Ehr.) Patr.


3
521 D3116 Gomphonema truncatum v. elongata (Perag. et Herib.) Patr.


3
522 D3121 Gomphonema utae Lange-Bertalot & Reichardt


2
523 D3117 Gomphonema ventricosum Gregory
524 D3200 Gyrosigma acuminatum (Kutz.) Rabh.


3
525 D3201 Gyrosigma attenuatum (Kutz.) Rabh.


3
526 D3202 Gyrosigma attenuatum v. hippocampus (W. Sm.) A. Cl.


3
527 D3203 Gyrosigma exilis (Grun.) Reim.
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528 D3204 Gyrosigma eximium (Thwaites) Boyer
2


529 D3205 Gyrosigma macrum (W. Sm.) Griff. et Henfr.
2


530 D3206 Gyrosigma obtusatum (Sulliv. et Wormley) Boyer
531 D3207 Gyrosigma peisonis (Grun.) Hust.
532 D3208 D3205 Gyrosigma prolongatum (W. Sm.) Cl.
533 D3209 Gyrosigma scalproides (Rabh.) Cl.
534 D3210 Gyrosigma sciotense (Sulliv. et Wormley) Cl.
535 D3211 Gyrosigma spencerii (Quek.) Griff. et Henfr.


2
536 D3212 Gyrosigma spencerii v. curvula (Grun.) Reim.


2
537 D3213 Gyrosigma wormleyi (Sulliv.) Boyer
538 D3300 Hannaea arcus (Ehr.) Patr.


3
539 D3301 Hannaea arcus v. amphioxys (Rabh.) Patr.


3
540 D3400 Hantzschia amphioxys (Ehr.) Grun.


2
541 D3401 Hantzschia amphioxys f. capitata O. Mull.


2
542 D3402 Hantzschia amphioxys v. maior Grun.


2
543 D3403 Hantzschia amphioxys v. vivax (Hantzsch) Grun.


2
544 D3404 Hantzschia elongata (Hantzsch) Grun.
545 D3405 Hantzschia virgata (Roper) Grun.
546 D3406 Hantzschia virgata v. capitellata Hust.
547 D3407 Hantzschia vivax (W. Sm.) M. Perag.
548 D3500 Mastogloia braunii Grun.


2
549 D3501 Mastogloia elliptica (Ag.) Cl.


2
550 D3502 Mastogloia elliptica v. danseii (Thwaites) Cl.


2
551 D3503 Mastogloia grevillei W. Sm.


2
552 D3504 Mastogloia smithii Thwaites ex W. Sm.


2
553 D3505 Mastogloia smithii v. amphicephala Grun.


2
554 D3506 Mastogloia smithii v. lacustris Grun.


2
555 D3600 D0551 Melosira ambigua (Grun.) O. Mull.
556 D3601 D0552 Melosira distans (Ehr.) Kutz.


3
557 D3602 D0558 Melosira distans v. africana O. Mull.


3
558 D3603 D0550 Melosira distans v. alpigena Grun. in V.H.


3
559 D3604 D0556 Melosira distans v. lirata (Ehr.) Bethge


3
560 D3605 D0558 Melosira distans v. pfaffiana (Reinsch) Grun.


3
561 D3606 Melosira fennoscandica A. Cl.
562 D3607 D0553 Melosira granulata (Ehr.) Ralfs
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3
563 D3608 D0553 Melosira granulata v. angustissima Muller


3
564 D3609 D0554 Melosira islandica O. Mull.


3
565 D3610 D0555 Melosira italica (Ehr.) Kutz.


3
566 D3611 D0555 Melosira italica v. subarctica Muller


3
567 D3619 D0555 Melosira italica v. tenuissima (Grun.) Skabitsch.


2
568 D3612 D0555 Melosira italica v. valida Grun. in V.H.


3
569 D3613 Melosira juergensi Ag.
570 D3614 D0556 Melosira lirata (Ehr.) Kutz.
571 D3615 D0557 Melosira perglabra Ostr.
572 D3616 D4550 Melosira roeseana Rabh.


2
573 D3617 Melosira undulata (Ehr.) Kutz.
574 D3618 Melosira varians Ag.


2
575 D3700 Meridion circulare (Grev.) Ag.


3
576 D3701 Meridion circulare v. constrictum (Ralfs) V.H.


3
577 D3800 Navicula abiskoensis Hust.
578 D3801 Navicula aboensis (Cl.) Hust.
579 D3802 Navicula absoluta Hust.
580 D3803 Navicula acceptata Hust.
581 D3804 Navicula accomoda Hust.


1
582 D3805 Navicula aequorea Hust.
583 D3806 Navicula aerophila Krasske
584 D4077 Navicula agrestis Hustedt


1
585 D3807 Navicula americana Ehr.


3
586 D4074 Navicula ammophila Grunow


2
587 D3808 Navicula amphibola Cl.
588 D3809 Navicula amphipleuroides Hust.
589 D3810 Navicula anglica Ralfs
590 D3811 Navicula anglica v. subsalsa (Grun.) Cl.
591 D3812 Navicula angusta Grun.
592 D4070 Navicula aquaedurae Lange-Bertalot


2
593 D3813 Navicula arenaria Donk.
594 D3814 Navicula arvensis Hust.


2
595 D3815 Navicula atomus (Kutz.) Grun.


1
596 D3816 D4030 Navicula auriculata


Hust. 1
597 D3817 Navicula aurora Sov.


3
598 D3818 Navicula avenacea Breb. ex Grun.


2
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599 D3819 Navicula bacilloides Hust.
600 D3820 Navicula bacillum Ehr.


3
601 D3821 Navicula bicapitellata Hust.
602 D3822 Navicula bicephala Hust.


3
603 D3823 Navicula biconica Patr.
604 D3824 D4205 Navicula binodis Ehr.
605 D3825 Navicula bryophila Petersen


3
606 D3826 Navicula bulnheimii Grun.
607 D3827 Navicula canalis Patr.
608 D3828 Navicula capitata Ehr.


2
609 D3829 Navicula capitata v. hungarica (Grun.) Ross


2
610 D3830 Navicula capitata v. luneburgensis (Grun.) Patr.


2
611 D4056 Navicula capitatoradiata Germain


2
612 D3831 Navicula cari Ehr.


2
613 D3832 Navicula cascadensis Sov.


3
614 D4082 Navicula cataractarheni Lange-Bertalot


3
615 D3833 Navicula cincta (Ehr.) Ralfs


2
616 D4061 D3833 Navicula cincta forma minuta Grun. in V.H.


2
617 D3834 D4042 Navicula cincta v. rostrata Reim.


1
618 D3835 Navicula circumtexta Meist. ex Hust.


1
619 D3836 Navicula citrus Krasske


3
620 D3837 Navicula clamans Hust.
621 D3838 Navicula clementis Grun.


2
622 D3839 Navicula clementis v. linearis Brander


2
623 D3840 Navicula cocconeiformis Greg. ex Grev.


3
624 D4088 Navicula complanata (Grun.) Grun.


1
625 D3841 D3956 Navicula complanatoides Hust.
626 D3842 Navicula confervacea v. peregrina (W. Sm.) Grun.


2
627 D3843 Navicula contempta Krasske
628 D3844 Navicula contenta Grun.


2
629 D3845 Navicula contenta f. biceps (Arnott) Grun.


2
630 D3846 Navicula contenta f. parallela Petersen


2
631 D3847 Navicula convergens Patr.
632 D3848 Navicula costulata Grun.
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633 D3849 Navicula crucicula (W. Sm.) Donk.
634 D3850 Navicula cryptocephala Kutz.


3
635 D3854 D4073 Navicula cryptocephala f. terrestris Lund


2
636 D3851 Navicula cryptocephala v. exilis (Kutz.) Grun.


3
637 D3852 Navicula cryptocephala v. perminuta Grun.
638 D3853 D4042 Navicula cryptocephala v. subsalina Hust.


1
639 D3855 D4066 Navicula cryptocephala v. veneta (Kutz.) Rabh.


2
640 D3856 D4042 Navicula cryptocephaloides Hust.


1
641 D4055 Navicula cryptotenella Lange-Bertalot


2
642 D3857 Navicula cuspidata (Kutz.) Kutz.


2
643 D3858 Navicula cuspidata v. heribaudii Perag. in Herib.


2
644 D3859 Navicula cuspidata v. major Meist.


2
645 D3860 Navicula cuspidata v. obtusa Patr.


2
646 D3861 Navicula decussis Ostr.


3
647 D3862 Navicula detenta Hust.


3
648 D3863 D3870 Navicula dicephala (Ehr.) W. Sm.
649 D3864 Navicula difficillima Hust.


3
650 D3865 Navicula digitoradiata (Greg.) A. Schmidt
651 D4062 D3833 Navicula digitoradiata var. minima Cleve-Euler
652 D3866 D4081 Navicula digna Hust.


3
653 D3867 Navicula disjuncta Hust.
654 D3868 Navicula disputans Patr.
655 D3869 D4030 Navicula dissipata Hust.
656 D4067 Navicula durrenbergiana Hustedt


1
657 D4080 Navicula eldrigiana Carter


2
658 D3870 Navicula elginensis (Greg.) Ralfs


3
659 D3871 Navicula elginensis v. rostrata (A. Mayer) Patr.


3
660 D3872 Navicula elmorei Patr.
661 D4065 Navicula enigmatica Germain


3
662 D4063 Navicula erifuga Lange-Bertalot


2
663 D3873 Navicula exigua Greg. ex Grun.
664 D3874 Navicula exigua v. capitata Patr.
665 D3875 Navicula explanata Hust.
666 D3876 D1675 Navicula falaisiensis Grun. in V.H.
667 D3877 Navicula farta Hust.
668 D3878 Navicula fenestrella Hust.
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669 D3879 Navicula festiva Krasske
670 D3880 Navicula flavasinus Moghadam
671 D3881 D3883 Navicula fragilarioides Krasske
672 D3882 D4019 Navicula frugalis Hust.


1
673 D3883 Navicula gallica (W. Sm.) V.H.


2
674 D3884 D3883 Navicula gallica v. montana Bahls


2
675 D3885 Navicula gastrum (Ehr.) Kutz.
676 D3886 Navicula gastrum v. signata Hust.
677 D3887 Navicula gaufinii Moghadam
678 D3888 Navicula gemmifera Simonsen
679 D4087 Navicula genovefae Fusey


2
680 D3889 Navicula goersii Bahls


2
681 D3890 Navicula gottlandica Grun.
682 D3891 D4034 Navicula gracilis Ehr.


3
683 D3892 Navicula graciloides A. Mayer
684 D3893 Navicula gregaria Donk.


2
685 D3894 Navicula grimmei Krasske
686 D3895 Navicula gysingensis Foged
687 D3896 Navicula halophila (Grun.) Cl.


2
688 D3897 Navicula halophila f. tenuirostris Hust.


2
689 D4078 Navicula halophilioides Hustedt


1
690 D3898 Navicula hambergii Hust.
691 D3899 Navicula harderi Hust.
692 D3900 Navicula hassiaca Krasske
693 D4085 Navicula heimansii Van Dam & Kooyman


2
694 D3901 D3833 Navicula heufleri Grun.


2
695 D3902 D4063 Navicula heufleri v. leptocephala (Breb. ex Grun.) Perag.


2
696 D3903 Navicula hungarica v. linearis Ostr.
697 D3904 Navicula hustedtii Krasske
698 D3905 Navicula ignota Krasske


2
699 D3906 Navicula ignota v. anglica Lund


2
700 D3907 Navicula incerta Grun.
701 D4058 Navicula incertata Lange-Beratlot
702 D3908 Navicula inflexa (Greg.) Ralfs
703 D3909 Navicula ingrata Krasske
704 D3910 Navicula insociabilis Krasske
705 D3911 Navicula insociabilis v. dissipatoides Hust.
706 D3912 Navicula integra (W. Sm.) Ralfs
707 D3913 Navicula iranensis Hust.
708 D3914 Navicula jaagii Meister


2
709 D3915 Navicula jaernefeltii Hust.
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710 D3916 Navicula keeleyi Patr.
711 D3917 Navicula kotschyi Grun.
712 D3918 Navicula laevissima Kutz.


3
713 D3919 Navicula laevissima f. fusticulus (Ostr.) Camburn


3
714 D3920 Navicula lamii Manguin


1
715 D3921 D4069 Navicula lanceolata (Ag.) Kutz.


2
716 D4068 Navicula lanceolata (Agardh) Ehr.


2
717 D3922 Navicula latens Krasske
718 D3923 Navicula laterostrata Hust.
719 D4075 Navicula libonensis Schoemann


2
720 D3924 Navicula limatoides Hust.
721 D3925 Navicula longirostris Hust.
722 D4073 Navicula lundii Reichardt


2
723 D3926 Navicula lundstromii Cl.
724 D3927 D4019 Navicula luzonensis Hust.


1
725 D4081 Navicula medioconvexa Hustedt


3
726 D3928 Navicula menisculus Schumann


2
727 D3929 Navicula menisculus v. upsaliensis (Grun.) Grun.


2
728 D4076 Navicula microdigitoradiata Lange-Bertalot


2
729 D3930 Navicula minima Grun.


1
730 D3931 Navicula minima v. pseudofossilis (Krasske) Reim.


1
731 D3932 Navicula minimoides Manguin
732 D3933 Navicula minnewaukonensis Elmore
733 D3934 Navicula minuscula Grun.


1
734 D3935 Navicula minuta (Cl.) A. Cl.
735 D4079 Navicula molestiformis Hustedt


1
736 D3936 Navicula mollissima Hust.
737 D3937 Navicula monoculata Hust.


1
738 D3938 Navicula montana Moghadam
739 D3939 Navicula mournei Patr.
740 D3940 D3934 Navicula muralis Grun.


1
741 D3941 Navicula mutica Kutz.


2
742 D3942 Navicula mutica v. cohnii (Hilse) Grun.


2
743 D3943 Navicula mutica v. undulata (Hilse) Grun.


2
744 D3944 Navicula muticopsis V.H.
745 D3945 Navicula neoventricosa Hust.
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746 D3946 Navicula notanda Pantocsek
747 D3947 D4085 Navicula notha Wallace


2
748 D3948 Navicula oblonga (Kutz.) Kutz.


2
749 D3949 Navicula odiosa Wallace


1
750 D3950 Navicula omissa Hust.
751 D3951 Navicula orbiculata Patr.
752 D3952 Navicula paludosa Hust.
753 D3953 Navicula paratunkae Petersen
754 D3954 Navicula parva (Menegh.) A. Cl.
755 D3955 Navicula paucivisitata Patr.
756 D3956 Navicula pavillardii Hust.
757 D3957 Navicula pelliculosa (Breb. ex Kutz.) Hilse


1
758 D3958 Navicula peratomus Hust.
759 D3959 Navicula peregrina (Ehr.) Kutz.


2
760 D3961 Navicula peregrina f. minor Kolbe


2
761 D3960 Navicula peregrina v. lanceolata Skvortzow


2
762 D3962 D4019 Navicula perparva Hust.


1
763 D3963 D3883 Navicula perpusilla (Kutz.) Grun.


2
764 D4089 D3883 Navicula perpusilla Grun.


2
765 D3964 Navicula peticolasii M. Perag.
766 D3965 Navicula phyllepta Kutz.


2
767 D3966 Navicula placentula (Ehr.) Kutz.
768 D3967 Navicula placentula f. rostrata A. Mayer
769 D3968 Navicula platystoma Ehr.
770 D3969 Navicula protracta Grun.


2
771 D3970 Navicula protracta f. subcapitata (Wislouch et Poretzky) Hust.
772 D3971 D3815 Navicula pseudatomus Lund
773 D3972 Navicula pseudoarvensis Hust.
774 D4072 Navicula pseudolanceolata Lange-Bertalot


3
775 D3973 Navicula pseudoreinhardtii Patr.
776 D3974 Navicula pseudoscutiformis Hust.
777 D3975 Navicula pseudosilicula f. olympica Sov.


3
778 D3976 Navicula pupula Kutz.


2
779 D3981 Navicula pupula f. rostrata Hust.


2
780 D3977 Navicula pupula v. capitata Skv. et Meyer


2
781 D3978 Navicula pupula v. elliptica Hust.


2
782 D3979 Navicula pupula v. mutata (Krasske) Hust.


2
783 D3980 Navicula pupula v. rectangularis (Greg.) Grun.
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2
784 D3982 Navicula pusio Cl.
785 D3983 Navicula pygmaea Kutz.


2
786 D3984 Navicula radiosa Kutz.


3
787 D3985 Navicula radiosa v. parva Wallace
788 D3986 Navicula radiosa v. subrostrata Cl.
789 D3987 D4055 Navicula radiosa v. tenella (Breb. ex Kutz.) Grun.


2
790 D4060 Navicula recens (Lange-Bertalot) Lange-Bertalot


2
791 D4066 Navicula reichardtiana Lange-Bertalot


2
792 D3988 Navicula reinhardtii (Grun.) Grun.
793 D3989 Navicula rhynchocephala Kutz.


3
794 D3990 Navicula rhynchocephala v. amphiceros (Kutz.) Grun.


3
795 D3991 Navicula rhynchocephala v. germainii (Wallace) Patr.


3
796 D4071 Navicula rhynchotella Lange-Bertalot


2
797 D3992 D0093 Navicula rotaeana (Rabh.) Grun.


3
798 D3993 Navicula rotunda Hust.
799 D3994 Navicula salinarum Grun.


1
800 D3995 D4056 Navicula salinarum v. intermedia (Grun.) Cl.


2
801 D3996 Navicula salinarum v. tenuirostris A. Cl.
802 D4059 D4058 Navicula salinicola Hustedt


1
803 D3997 Navicula schmassmannii Hust.
804 D3998 Navicula schonfeldii Hust.
805 D4064 Navicula schroeterii Meister


2
806 D3999 D4064 Navicula schroeterii v. escambia Patr.


2
807 D4000 Navicula scutelloides W. Sm. ex Greg.
808 D4001 Navicula scutum (Schumann) V.H.
809 D4002 Navicula secreta Krasske
810 D4003 D3893 Navicula secreta v. apiculata Patr.


2
811 D4004 Navicula secura Patr.
812 D4005 Navicula semen Ehr. emend. Donk.
813 D4006 Navicula semenoides Hust.
814 D4007 Navicula seminuloides Hust.
815 D4008 Navicula seminulum Grun.


1
816 D4009 Navicula seminulum v. hustedtii Patr.


1
817 D4010 Navicula seminulum v. radiosa Hust.


1
818 D4011 D3896 Navicula simplex Krasske


2
819 D4012 Navicula simula Patr.
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820 D4057 D4066 Navicula species 2 Lange-Bertalot
2


821 D4013 D0097 Navicula subatomoides Hust.
822 D4014 Navicula subbacillum Hust.
823 D4015 Navicula subhalophila Hust.
824 D4016 Navicula subhamulata Grun.
825 D4017 Navicula subhamulata v. undulata Hust.
826 D4018 Navicula sublucidula Hust.
827 D4019 Navicula subminuscula Manguin


1
828 D4020 Navicula subocculta Hust.
829 D4086 Navicula subrhynchocephala Hust.
830 D4021 Navicula subrotundata Hust.


3
831 D4022 Navicula subsulcatoides Hust.
832 D4023 Navicula subtilissima Cl.
833 D4084 Navicula suchlandtii Hustedt


3
834 D4024 Navicula supralitoralis Aleem et Hust.
835 D4025 Navicula swaniana Moghadam
836 D4026 D4064 Navicula symmetrica Patr.


2
837 D4027 Navicula tackei Hust.
838 D4028 Navicula tantula Hust.


2
839 D4029 Navicula tenelloides Hust.


1
840 D4030 Navicula tenera Hust.


1
841 D4031 Navicula texana Patr.
842 D4032 Navicula tongatensis Hust.
843 D4033 Navicula tridentula Krasske


3
844 D4034 Navicula tripunctata (O.F. Mull.) Bory


3
845 D4035 Navicula tripunctata v. schizonemoides (V.H.) Patr.


3
846 D4069 Navicula trivialis Lange-Bertalot


2
847 D4036 Navicula tuscula Ehr.


3
848 D4037 Navicula tuscula f. angulata Hust.


3
849 D4038 Navicula tuscula f. minor Hust.
850 D4039 Navicula utermohlii Hust.
851 D4040 D0093 Navicula vanheurckii Patr.


3
852 D4041 Navicula variostriata Krasske


3
853 D4042 Navicula veneta Kutz.


1
854 D4043 Navicula ventralis v. chilensis Krasske
855 D4044 Navicula verecunda Hust.
856 D4045 Navicula viridula (Kutz.) Kutz.


2
857 D4046 D3818 Navicula viridula v. avenacea (Breb. ex Grun.) V.H.


2
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858 D4047 Navicula viridula v. linearis Hust.
2


859 D4048 Navicula viridula v. rostellata (Kutz.) Cl.
2


860 D4049 Navicula vitabunda Hust.
861 D4050 Navicula vitabunda v. montana Moghadam
862 D4051 Navicula vulpina Kutz.
863 D4083 Navicula wiesneri Lange-Bertalot


2
864 D4052 D3918 Navicula wittrockii (Lagst.) A. Cl.


3
865 D4053 D3918 Navicula wittrockii v. fennica A. Cl.


3
866 D4054 Navicula zanoni Hust.
867 D4200 Neidium affine (Ehr.) Pfitz.
868 D4201 Neidium affine v. amphirhynchus (Ehr.) Cl.
869 D4202 Neidium affine v. ceylonicum (Skv.) Reim.
870 D4203 Neidium affine v. hankense (Skv.) Reim.
871 D4204 Neidium affine v. longiceps (Greg.) Cl.
872 D4205 Neidium binode (Ehr.) Hust.
873 D4206 D4205 Neidium binodis (Ehr.) Hust.
874 D4207 Neidium bisulcatum (Lagst.) Cl.
875 D4208 Neidium bisulcatum v. baicalense (Skv. et Meyer) Reim.
876 D4209 Neidium bisulcatum v. subundulatum (Grun.) Reim.
877 D4210 Neidium dubium (Ehr.) Cl.
878 D4211 Neidium dubium f. constrictum Hust.
879 D4212 Neidium hercynicum A. Mayer
880 D4213 Neidium hercynicum f. subrostratum Wallace
881 D4214 Neidium iridis (Ehr.) Cl.
882 D4217 Neidium iridis f. vernalis Reichelt
883 D4215 Neidium iridis v. amphigomphus (Ehr.) A. Mayer
884 D4216 Neidium iridis v. ampliatum (Ehr.) Cl.
885 D4218 Neidium kozlowi Mereschkowsky
886 D4219 Neidium productum (W. Sm.) Cl.
887 D4221 Neidium septentrionale A. Cl.
888 D4220 Neidium temperei Reim.
889 D4300 D4381 Nitzschia abridia Camburn
890 D4301 Nitzschia acicularis (Kutz.) W. Sm.


2
891 D4423 Nitzschia acidoclinata Lange-Bertalot


3
892 D4302 Nitzschia acula Hantzsch ex Cl. et Grun.


3
893 D4303 Nitzschia acuminata (W. Sm.) Grun.
894 D4304 D4302 Nitzschia acuta Hantzsch
895 D4431 D4368 Nitzschia admissa Hust.


2
896 D4424 Nitzschia agnita Hustedt


1
897 D4305 D4408 Nitzschia alexandrina (Cholnoky) Lange-Bertalot et
Simonsen 1
898 D4428 Nitzschia alpina Husedt


3
899 D4306 Nitzschia amphibia Grun.


2
900 D4307 Nitzschia amphioxoides Hust.
901 D4308 Nitzschia angustata (W. Sm.) Grun.
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2
902 D4309 D4308 Nitzschia angustata v. acuta Grun.


2
903 D4430 Nitzschia angustatula Lange-Bertalot
904 D4310 D4410 Nitzschia apiculata (Greg.) Grun.


2
905 D4426 Nitzschia archibaldii Lange-Bertalot


2
906 D4408 Nitzschia aurariae Cholnoky


1
907 D4311 D4368 Nitzschia bacata Hust.
908 D4421 Nitzschia bacillum Hustedt


3
909 D4312 Nitzschia balatonis Grun. in V.H.


1
910 D4313 Nitzschia bergii A. Cl.


1
911 D4314 Nitzschia bremensis Hust.
912 D4415 Nitzschia brevissima Grun.
913 D4429 Nitzschia bryophila (Hust.) Hust.


3
914 D4315 D4335 Nitzschia bulnheimiana (Rabh.) H.L. Sm.


2
915 D4316 Nitzschia capitellata Hust.


2
916 D4317 Nitzschia circumsuta (Bailey) Grun.
917 D4318 Nitzschia clausii Hantzsch


2
918 D4319 Nitzschia closterium (Ehr.) W. Sm.


2
919 D4417 Nitzschia coarctata Grun.


1
920 D4320 Nitzschia communis Rabh.


1
921 D4439 D4376 Nitzschia communis v. hyalina Lund


1
922 D4321 Nitzschia commutata Grun.
923 D4416 Nitzschia compressa (Bailey) Boyer


1
924 D4322 D4351 Nitzschia congolensis Hust.
925 D4410 Nitzschia constricta (Kutz.) Ralfs


2
926 D4323 Nitzschia denticula Grun.


3
927 D4324 Nitzschia denticula v. curta Grun.


3
928 D4325 Nitzschia desertorum Hust.


2
929 D4432 D4316 Nitzschia diserta Hust.


2
930 D4326 Nitzschia dissipata (Kutz.) Grun.


3
931 D4433 Nitzschia dissipata v. media (Hantzsch) Grun.


3
932 D4327 Nitzschia dubia W. Sm.
933 D4328 D4376 Nitzschia elliptica Hust.


1
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934 D4329 D4350 Nitzschia epiphytica O. Mull.
2


935 D4330 Nitzschia epithemoides Grun.
936 D4331 Nitzschia fasciculata Grun.
937 D4332 Nitzschia filiformis (W. Sm.) V.H.


2
938 D4333 Nitzschia flexa Schumann
939 D4334 Nitzschia fonticola Grun. in Cl. et Moll.


3
940 D4425 Nitzschia fossilis (Grun.) Grun


2
941 D4434 D4316 Nitzschia frequens Hust.


2
942 D4335 Nitzschia frustulum (Kutz.) Grun.


2
943 D4336 D4371 Nitzschia frustulum v. perminuta Grun.


3
944 D4337 D4350 Nitzschia frustulum v. perpusilla (Rabh.) Grun.


2
945 D4338 Nitzschia frustulum v. subsalina Hust.


2
946 D4339 D4418 Nitzschia gandersheimiensis Krasske


1
947 D4340 Nitzschia goetzeana O. Mull.
948 D4341 Nitzschia goetzeana v. gracilior Hust.
949 D4342 Nitzschia gracilis Hantzsch


2
950 D4343 Nitzschia hantzschiana Rabh.


3
951 D4344 Nitzschia heufleriana Grun.


3
952 D4345 Nitzschia hollerupensis Foged
953 D4346 D4368 Nitzschia holsatica Hust.
954 D4347 Nitzschia hungarica Grun.


2
955 D4348 Nitzschia hybrida Grun.
956 D4349 Nitzschia ignorata Krasske
957 D4413 Nitzschia incognita Legler & Krasske


2
958 D4350 Nitzschia inconspicua Grun.


2
959 D4351 Nitzschia intermedia Hantzsch ex Cl. et Grun.


3
960 D4352 D4376 Nitzschia kutzingiana Hilse
961 D4353 Nitzschia lacunarum Hust.
962 D4422 Nitzschia lacuum Lange-Bertalot


3
963 D4354 Nitzschia lanceolata W. Sm.
964 D4435 D4344 Nitzschia lauenburgiana Hust.


3
965 D4412 Nitzschia leistikowii Lange-Bertalot


2
966 D4355 Nitzschia liebetruthii Rabh.


3
967 D4356 Nitzschia linearis Ag. (W. Sm.)


2
968 D4436 Nitzschia linearis v. tenuis (W. Sm.) Grun.
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2
969 D4357 Nitzschia longissima v. chinensis Grun.
970 D4358 D4407 Nitzschia longissima v. reversa Grun.


2
971 D4359 Nitzschia lorenziana Grun.
972 D4360 D4359 Nitzschia lorenziana v. subtillis Grun.
973 D4361 Nitzschia microcephala Grun.


1
974 D4362 Nitzschia montanestris Camburn
975 D4363 Nitzschia obtusa W. Sm.


1
976 D4364 D4414 Nitzschia obtusa v. scalpelliformis Grun.


1
977 D4365 Nitzschia ovalis Arnott ex Grun.


1
978 D4366 Nitzschia palea (Kutz.) W. Sm.


1
979 D4367 Nitzschia palea v. tenuirostris Grun.


1
980 D4368 Nitzschia paleacea (Grun.) Grun.


2
981 D4369 Nitzschia parasitica
982 D4370 D4415 Nitzschia parvula Lewis
983 D4371 Nitzschia perminuta (Grun.) M. Perag.


3
984 D4409 Nitzschia perspicua Cholnoky


1
985 D4372 Nitzschia planctonica Hust.
986 D4373 Nitzschia pseudofonticola Hust.
987 D4427 Nitzschia pumila Husedt


2
988 D4374 D4416 Nitzschia punctata (W. Sm.) Grun.


1
989 D4375 D4417 Nitzschia punctata f. coarctata (Grun.) Hust.


1
990 D4411 Nitzschia pura Hustedt


2
991 D4376 Nitzschia pusilla Grun. emend. Lange-Bertalot


1
992 D4377 D4413 Nitzschia radicula Hust.
993 D4378 Nitzschia recta Hantzsch


3
994 D4379 D4351 Nitzschia regula Hust.
995 D4407 Nitzschia reversa W. Smith


2
996 D4380 D4334 Nitzschia romana Grun.


3
997 D4414 Nitzschia scalpelliformis (Grun.) Grun.


1
998 D4381 Nitzschia sicula (Castr.) Hust.


1
999 D4382 Nitzschia sigma (Kutz.) W. Sm.


2
1000 D4383 Nitzschia sigmoidea (Nitzsch) W. Sm.


3
1001 D4384 Nitzschia siliqua Archibald


2
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1002 D4385 Nitzschia sinuata (W. Sm.) Grun.
3


1003 D4386 Nitzschia sinuata v. tabellaria (Grun.) Grun.
3


1004 D4437 Nitzschia sociabilis Hust.
2


1005 D4387 D4419 Nitzschia stagnorum Rabh.
1006 D4388 Nitzschia subinflata Hust.
1007 D4389 Nitzschia sublinearis Hust.


2
1008 D4390 Nitzschia subrostrata Hust.
1009 D4391 Nitzschia subtilis Grun.
1010 D4392 Nitzschia sueica (Grun.) Cl.
1011 D4393 Nitzschia supralitorea Lange-Bertalot


2
1012 D4438 Nitzschia tarda Hust.


2
1013 D4394 D4419 Nitzschia thermalis Kutz.


1
1014 D4395 Nitzschia thermalis v. minor Hilse


1
1015 D4396 Nitzschia tropica Hust.
1016 D4397 Nitzschia tryblionella Hantzsch


2
1017 D4398 Nitzschia tryblionella v. debilis (Arnott) A. Mayer


2
1018 D4399 Nitzschia tryblionella v. levidensis (W. Sm.) Grun.


2
1019 D4400 Nitzschia tryblionella v. subsalina Grun.


2
1020 D4401 Nitzschia tryblionella v. victoriae Grun.


2
1021 D4418 Nitzschia tubicola Grun.


1
1022 D4419 Nitzschia umbonata (Ehr.) Lange-Bertalot


1
1023 D4420 Nitzschia valdecostata Lange-Bertalot & Simonsen


2
1024 D4402 Nitzschia valdestriata Aleem et Hust.


2
1025 D4403 Nitzschia vermicularis (Kutz.) Hantzsch


2
1026 D4404 Nitzschia vitrea Norman
1027 D4405 Nitzschia vitrea v. salinarium Grun.
1028 D4406 D3407 Nitzschia vivax W. Sm.
1029 D4500 Opephora americana M. Perag.
1030 D4501 Opephora ansata Hohn et Hellerm.
1031 D4502 Opephora martyi Herib.
1032 D4503 Opephora swartzii (Grun.) Petit
1033 D4550 Orthoseira roeseana (Rabh.) O'Meara


2
1034 D4600 Pinnularia abaujensis v. linearis (Hust.) Patr.
1035 D4601 Pinnularia abaujensis v. subundulata (A. Mayer ex Hust.) Patr.
1036 D4602 Pinnularia acuminata W. Sm.
1037 D4603 Pinnularia acuminata v. instabilis (A. S.) Patr.
1038 D4604 Pinnularia aestuarii Cl.
1039 D4605 Pinnularia aestuarii v. minor (Cl.) A. Cl.
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1040 D4606 Pinnularia alpina W. Sm.
1041 D4607 Pinnularia appendiculata (Ag.) Cl.
1042 D4608 Pinnularia appendiculata v. budensis Grun.
1043 D4609 Pinnularia balfouriana Grun.
1044 D4610 Pinnularia biceps Greg.
1045 D4611 Pinnularia biceps f. petersenii Ross
1046 D4612 Pinnularia borealis Ehr.


2
1047 D4613 Pinnularia borealis v. breivicostata Hust.


2
1048 D4614 Pinnularia borealis v. rectangularis Carlson


2
1049 D4615 Pinnularia braunii v. amphicephala (A. Mayer) Hust.
1050 D4616 Pinnularia brebissonii (Kutz.) Rabh.
1051 D4617 Pinnularia brebissonii v. diminuta (Grun.) Cl.
1052 D4618 Pinnularia burkii Patr.
1053 D4619 Pinnularia cuneata (Ostr.) A. Cl.
1054 D4620 Pinnularia divergentissima (Grun.) Cl.
1055 D4621 Pinnularia flexuosa Cl.
1056 D4622 Pinnularia gentilis (Donk.) Cl.
1057 D4623 Pinnularia gibba Ehr.
1058 D4624 Pinnularia globiceps v. krookei Grun.
1059 D4625 Pinnularia hilseana Jan.
1060 D4626 Pinnularia intermedia (Lagerst.) Cl.
1061 D4627 Pinnularia isostauron (Ehr.) Cl.
1062 D4628 Pinnularia kneuckerii Hust.
1063 D4629 Pinnularia lagerstedtii (Cl.) A. Cl.
1064 D4630 Pinnularia latevittata Cl.
1065 D4631 Pinnularia leptosoma Grun.
1066 D4632 Pinnularia maior (Kutz.) Rabh.
1067 D4633 Pinnularia mesogongyla Ehr.
1068 D4634 Pinnularia mesolepta (Ehr.) W. Sm.
1069 D4635 Pinnularia mesolepta v. angusta Cl.
1070 D4636 Pinnularia microstauron (Ehr.) Cl.


2
1071 D4637 Pinnularia microstauron f. biundulata O. Mull.


2
1072 D4638 Pinnularia minutissima Hust.
1073 D4639 Pinnularia molaris Grun.
1074 D4640 Pinnularia nodosa (Ehr.) W. Sm.
1075 D4641 Pinnularia obscura Krasske
1076 D4642 Pinnularia pulchra Ostrup
1077 D4643 Pinnularia stauroptera Grun.
1078 D4644 Pinnularia stomatophora (Grun.) Cl.
1079 D4645 Pinnularia streptoraphe Cl.
1080 D4646 Pinnularia subcapitata Greg.
1081 D4647 Pinnularia subcapitata v. paucistriata (Grun.) Cl.
1082 D4648 Pinnularia substomatophora Hust.
1083 D4649 Pinnularia viridis (Nitzsch) Ehr.
1084 D4650 Pinnularia viridis v. commutata (Grun.) Cl.
1085 D4651 Pinnularia viridis v. minor Cl.
1086 D4800 Plagiotropis arizonica 2
1087 D4801 Plagiotropis lepidoptera v. proboscidea (Cl.) Reim.


2
1088 D4900 Pleurosigma delicatulum W. Sm.


2
1089 D4950 Pleurosira laevis (Ehr.) Compere
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2
1090 D5000 Rhizosolenia eriensis H.L. Smith


3
1091 D5001 Rhizosolenia eriensis v. morsa W. & G.S. West


3
1092 D5101 Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot


3
1093 D5100 D5101 Rhoicosphenia curvata (Kutz.) Grun.


3
1094 D5200 Rhopalodia gibba (Ehr.) O. Mull.


2
1095 D5201 Rhopalodia gibba v. ventricosa (Kutz.) H. & M. Perag.


2
1096 D5202 Rhopalodia gibberula (Ehr.) O. Mull.
1097 D5203 Rhopalodia gibberula v. vanheurckii O. Mull.
1098 D5204 Rhopalodia musculus (Kutz.) O. Mull.
1099 D5205 D5200 Rhopalodia parallela (Grun.) O. Mull.


2
1100 D5300 Scoliopleura peisonis Grun.


2
1101 D5350 Simonsenia delognei (Grun.) Lange-Bertalot


2
1102 D5400 Stauroneis acuta W. Sm.
1103 D5401 Stauroneis anceps Ehr.
1104 D5402 Stauroneis anceps f. gracilis Rabh.
1105 D5403 Stauroneis anceps f. linearis (Ehr.) Hust.
1106 D5404 Stauroneis fluminea Patr. et Freese
1107 D5405 Stauroneis kriegeri Patr.
1108 D5406 Stauroneis phoenicenteron (Nitzsch) Ehr.


2
1109 D5407 Stauroneis phoenicenteron f. gracilis (Ehr.) Hust.


2
1110 D5408 Stauroneis smithii Grun.
1111 D5409 Stauroneis smithii v. incisa Pant.
1112 D5500 Stenopterobia intermedia (Lewis) Breb.


3
1113 D5600 Stephanodiscus astraea (Ehr.) Grun.


3
1114 D5601 D5610 Stephanodiscus astraea v. minutula (Kutz.) Grun.


2
1115 D5602 Stephanodiscus carconensis v. pusilla Grun.


3
1116 D5603 D1251 Stephanodiscus dubius (Fricke) Hust.
1117 D5604 Stephanodiscus hantzschii Grun.


2
1118 D5611 Stephanodiscus invisitatus Hohn & Hellerm.


2
1119 D5609 Stephanodiscus medius Hakansson


2
1120 D5610 Stephanodiscus minutulus (Kutz.) Cleve & Moller


2
1121 D5605 D5609 Stephanodiscus minutus Cl. et Moll.


2
1122 D5606 Stephanodiscus niagarae Ehr.


3
1123 D5607 Stephanodiscus subtilis Van Goor


2
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1124 D5608 Stephanodiscus tenuis Hust.
2


1125 D5730 Surirella angusta Kutz.
1


1126 D5700 D5730 Surirella angustata Kutz.
1


1127 D5701 Surirella biseriata Breb.
1128 D5702 Surirella biseriata v. bifrons (Ehr.) Hust.
1129 D5729 Surirella brebissonii Krammer & Lange-Bertalot


2
1130 D5703 Surirella brightwellii W. Sm.
1131 D5704 Surirella capronii Breb.
1132 D5731 Surirella crumena Breb. ex Kutz.


2
1133 D5705 Surirella delicatissima Lewis
1134 D5706 Surirella didyma Kutz.
1135 D5707 Surirella gracilis (W. Sm.) Grun.
1136 D5708 Surirella iowensis Lowe


2
1137 D5732 Surirella lapponica A. Cleve


2
1138 D5709 Surirella linearis W. Sm.


3
1139 D5710 Surirella linearis v. constricta (Ehr.) Grun.


3
1140 D5711 Surirella linearis v. helvetica (Brun.) Meister


3
1141 D5728 Surirella minuta Breb. in Kutz.


2
1142 D5712 Surirella ovalis Breb.


2
1143 D5713 D5729 Surirella ovata Kutz.


2
1144 D5714 D5731 Surirella ovata v. crumena (Breb.) V. H.


2
1145 D5715 D5728 Surirella ovata v. pinnata (W. Sm.)


2
1146 D5716 D5728 Surirella ovata v. salina (W. Sm.)


2
1147 D5717 Surirella ovata v. utahensis Grun.
1148 D5718 Surirella petella Ehr.
1149 D5719 Surirella recedens
1150 D5720 Surirella robusta Ehr.
1151 D5721 Surirella robusta v. spendida (Ehr.) V. H.
1152 D5722 Surirella simplex A. Cl.
1153 D5723 Surirella spiralis Kutz.


2
1154 D5724 Surirella striatula Turpin
1155 D5725 Surirella tenera Greg.
1156 D5726 Surirella turgida W. Sm.
1157 D5727 Surirella venusta Ostr.
1158 D5800 Synedra actinastroides Lemmerm.
1159 D5801 Synedra acus Kutz.


2
1160 D5802 Synedra amphicephala Kutz.
1161 D5803 Synedra amphicephala v. austriaca (Grun. in V.H.) Hust.
1162 D5804 Synedra capitata Ehr.
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1163 D5805 Synedra cyclopum Brutschy
1164 D5806 Synedra cyclopum v. gibbosa Moghadam
1165 D5807 Synedra cyclopum v. robustum Schulz
1166 D5808 Synedra delicatissima W. Sm.
1167 D5809 Synedra delicatissima v. angustissima Grun.
1168 D5810 Synedra demerarae Grun.
1169 D5811 Synedra famelica Kutz.


2
1170 D5812 Synedra fasciculata (Ag.) Kutz.


2
1171 D5813 Synedra fasciculata v. truncata (Grev.) Patr.


2
1172 D5814 Synedra filiformis Grun.
1173 D5815 Synedra filiformis v. exilis A. Cl.
1174 D5816 Synedra goulardi Breb.
1175 D5817 Synedra incisa Boyer
1176 D5818 Synedra mazamaensis Sov.


3
1177 D5819 Synedra minuscula Grun.
1178 D5820 Synedra montana Krasske
1179 D5821 D2737 Synedra nana Meist.


3
1180 D5822 Synedra parasitica (W. Sm.) Hust.


2
1181 D5823 Synedra parasitica v. subconstricta (Grun.) Hust.


2
1182 D5824 Synedra pulchella Ralfs ex Kutz.


2
1183 D5825 Synedra pulchella v. lacerata Hust.


2
1184 D5826 Synedra pulchella v. lanceolata O'Meara


2
1185 D5827 Synedra radians Kutz.


2
1186 D5828 Synedra rumpens Kutz.


2
1187 D5829 Synedra rumpens v. familiaris (Kutz.) Hust.


2
1188 D5830 Synedra rumpens v. fragilarioides Grun.


2
1189 D5831 Synedra rumpens v. meneghiniana Grun.


2
1190 D5832 Synedra rumpens v. scotica Grun.


2
1191 D5833 Synedra socia Wallace


2
1192 D5834 Synedra tenera W. Sm.
1193 D5835 Synedra ulna (Nitzsch) Ehr.


2
1194 D5836 Synedra ulna v. amphirhynchus (Ehr.) Grun.


2
1195 D5837 Synedra ulna v. biceps (Kutz.) Kirchn.


2
1196 D5838 Synedra ulna v. capitata Ehr.


2
1197 D5839 Synedra ulna v. chaseana Thomas


2
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1198 D5840 Synedra ulna v. contracta Ostr.
2


1199 D5841 Synedra ulna v. danica (Kutz.) V.H.
2


1200 D5842 D5837 Synedra ulna v. longissima (W. Sm.) Brun
2


1201 D5843 Synedra ulna v. oxyrhynchus (Kutz.) V.H.
2


1202 D5844 Synedra ulna v. oxyrhynchus f. mediocontracta Hust.
2


1203 D5845 Synedra ulna v. ramesi (Herib.) Hust.
2


1204 D5846 Synedra ulna v. spathulifera (Grun.) V.H.
2


1205 D5847 Synedra ulna v. subaequalis (Grun.) V.H.
2


1206 D5900 Tabellaria fenestrata (Lyngb.) Kutz.
1207 D5901 Tabellaria flocculosa (Roth) Kutz.
1208 D5902 Tabellaria quadrisepta Knuds.
1209 D6000 Tetracyclus lacustris Ralfs
1210 D6001 Tetracyclus rupestris (A. Br.) Grun.
1211 D6100 Thalassiosira fluviatilis Hust.
1212 D6101 Thalassiosira pseudonana (Hust.) H. & H.


2
1213 D6102 Thalassiosira weissflogii (Grun.) G. Fryxell & Hasle
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21.3.2 MONTANA MACROINVERTEBRATE TAXA CHECK LIST


CODE TAXON HBI METALS FFG Volt


MISCELLANEOUS TAXA (NON-INSECTS)


M0591 PORIFERA


M0535 CNIDARIA


M0536 P     Hydra 8 3


PLATYHELMINTHES


M0590 Turbellaria P M


M0608   Tricaldida


4 4


ASCHELMINTHES


M0534 Nematoda


     Mermithidae


5 5


ANNELIDA


M0010 Oligochaeta 10 CG


M0015 CG U


M0609


     Lumbriculidae 4 1


           Eclipidrilus


M0012 CG U     Enchytraeidae 4 1


M0017 CG M     Naididae 8 5


M0018 6 P          Chaetogaster diaphanus


M0019 8 CG          Nais communis


M0020 10 CG          Nais variabilis


M0021 6 CG          Ophidonais serpentina


M0022 CG M     Tubificidae 10 6


M0596 CG U     Lumbricidae 4 1


M0013           Lumbricina


M0001 Hirudinea 8 P


M0002 P     Erpobdellidae 8 4


M0005      Glossiphoniidae 9 4
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M0007           Glossiphonia complanata 9 4


M0009 P U          Helobdella stagnalis 10 4


MOLLUSCA


M0583 FC USphaeriidae 8 3


M0584 5,8 FC     Pisidium


M0585 8 FC     Pisidium compressum


M0586      Pisidium milium


M0587 5,8 FC     Sphaerium


M0588      Sphaerium simile


M0555 SCAncylidae


M0556 SC     Ferrissia 6 1


M0557      Ferrissia parallelus


M0558 SC     Ferrissia rivularis 6 1


M0559 SC ULymnaeidae 6 3


M0561      Fisherola nutalli 3 1


M0562      Fossaria 6 3


M0563      Fossaria bulimoides cockerelli


M0565      Fossaria modicella


M0566 SC     Stagnicola 6 3


M0567      Stagnicola elrodi


M0568 SC UPhysidae 8 3


M0569 SC U     Physella 8 4


M0570      Physella gyrina


M0571      Physella lordi


M0572      Physella propinqua nuttalli


M0573 SC UPlanorbidae 6 3


M0574 SC     Gyraulus 8 3


M0575 8 SC     Gyraulus parvus


M0576      Helisoma 6


M0577      Planorbella subcrenatum


M0580 Valvatidae


M0582      Valvata humeralis 3 1


M0537 Cladocera


M0538 Copepoda


M0553 Ostracoda


M0540 Gammaridae 4







CODE TAXON HBI METALS FFG Volt


21-3-2.WPD


M0541 SH,CG U     Gammarus 4 1


M0542      Gammarus lacustris


M0543 8


M0611


Talitridae


Hyalellidae


M0545 CG U     Hyallela azteca 8 3


M0546 Isopoda 8


M0548      Caecidotea 8 5


M0549      Caecidotea racovitzai racovitzai


M0551 SH SDecapoda 6 3


M0552      Pacifasticus 6 3


M0589 Acari 5 5


PHYLUM ARTHROPODA / CLASS INSECTA


M0328 ODONATA


M0329 PAeshnidae 5


MO338 2.5 PGomphidae


M0339 P     Octogomphus


M0340 P S     Ophiogomphus 5 4


M0341      Ophiogomphus servus 5


M0343 PLibellulidae 9


MO330 PCalopterygidae


M0331 P     Hetaerina americana 6 3


M0333 PCoenagrionidae 7 3


M0334 P     Argia 7


M0335 7 P     Coenagrion/Enallagma


M0336 P     Enallagma 7 3


M0337 P     Ischnura 7 3


M0342 PLestidae 9


M0218 EPHEMEROPTERA


M0219 CG,SCBaetidae 4


M0220      Acentrella 4 CG


M0221      Acentrella edmundsi 6 CG


M0222 CG M     Acentrella insignificans 4 4


M0223 CG     Acentrella turbida 4 3


M0224 CG,SC     Baetis 5 4
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M0225 M     Baetis bicaudatus 2 4


M0226      Baetis propinquis 6


M0227 M     Baetis (Psuedocloeon) punctiventris 6 3


M0228 M     Baetis tricaudatus 4 5


M0229 CG     Callibaetis 9 1


M0230 CG,SC     Centroptilum 2 1


M0232


M0603


     Diphetor hageni 5 1


     Fallceon


M0233 CG,F,SCCaenidae 7


M0234 CG,SC     Caenis 7 3


M0235      Caenis latipennis


M0236      Caenis youngi


M0237 CG,SC,PEphemerellidae 1


M0238 2 CG     Attenella


M0239 CG U     Attenella margarita 3 1


M0240 CG,SC     Caudatella 0


M0241      Caudatella edmundsi


M0242      Caudatella heterocaudata 0 0


M0243 U     Caudatella hystrix 0 0


M0244 1 SC,P     Drunella


M0245 P U     Drunella coloradensis 0 0


M0246 P U     Drunella doddsi 1 0


M0247 SC     Drunnella flavilinea 2 0


M0248 SC U     Drunella grandis 2 1


M0249 U     Drunella spinifera 0 0 P


M0250 1.5 SC,CG U     Ephemerella


M0251      Ephemerella alleni 1


M0252 0     Ephemerella aurivillii


M0253 U     Ephemerella inermis 4 3


M0254 CG U     Serratella 2 1


M0255 CG     Serratella mitchneri 0


M0256 CG U     Serratella tibialis 2 1


M0257 CG     Timpanoga


M0258 CG U     Timpanoga hecuba 2 1


M0259 Ephemeridae 4


M0260 2.5 CG,P,F     Ephemera


M0261      Ephemera simulans 1


M0262 6 CG,F     Hexagenia
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M0263      Hexagenia limbata 6


M0264 SC,CGHeptageniidae 4


M0265 SC,CG U     Cinygma 0


M0266 U     Cinygmula 0 0 SC,CG


M0267 CG,SC     Epeorus 2 0


M0268 U     Epeorus albertae 2 0


M0269 U     Epeorus deceptivus 0 0


M0270 U     Epeorus grandis 0 0


M0271 U     Epeorus longimanus 1 0


M0272 SC,CG U     Heptagenia 4 1


M0273      Heptagenia soltari 3 1


M0274 SC,CG U     Ironodes 0 0


M0275 SC,CG U     Nixe 4 1


M0276      Nixe criddlei 2


M0277      Nixe simplicoides 4


M0278 U     Rhithrogena 0 2 CG,SC


M0279 3.5 SC,CG     Stenonema


M0280      Stenonema terminatum 4 1


M0281 CG,SCLeptophlebiidae 2


M0282 CG,SC U     Choroterpes 2 1


M0283      Choroterpes albiannulata 2 1


M0284 CG     Leptophlebia 3 1


M0285 CG,SH U     Paraleptophlebia 1 1


M0286 U     Paraleptophlebia bicornuta 2 1


M0287      Paraleptophlebia debilis 1 1


M0288 CG,F     Traverella 2 1


M0289      Traverella albertana 2


M0290 2Oligoneuridae


M0291 2.5 CG,F,P     Isonychia


M0292 Polymitarcyidae 2


M0293 CGSiphlonuridae 1


M0294 SC,CG U     Ameletus 0 1


M0295 CG,SC,P,     Siphlonurus 2 1
SH


M0296 CGTricorythidae 4


M0297 CG M     Tricorythodes 4 4


M0298      Tricorythodes minutus 4 4
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M0344 PLECOPTERA


M0345 SH UCapniidae 1 0


M0346 P,SC,CGChloroperlidae 1


M0599 CG,P U     Chloroperlinae 1 2


M0347 1 2 CG,SC U     Kathroperla


M0348      Kathroperla perdita 1 2


M0349 0 P     Sweltsa


M0350 SH ULeuctridae 0 0


M0351 2 SH     Paraleuctra


M0352 SH,CGNemouridae 2


M0353 SH,CG U     Amphinemura 2 1


M0354      Amphinemura banksi 2


M0602 U     Malenka 1 1


M0356 U     Podmosta 2 1


M0357 SH     Prostoia


M0358 SH     Prostoia besametsa 3


M0359      Soyedina


M0360      Soyedina pooteri 0


M0361 U     Visoka cataractae 0 0


M0362 SH U     Zapada 2


M0363 SH U     Zapada cinctipes 3 3


M0364 SH     Zapada columbiana 2 1


M0365 SH     Zapada haysi 2


M0366 SH     Zapada frigida 1


M0367 SH U     Zapada Oregonensis  Group 2 1


M0368 PPerlidae 2


M0369 .5 P     Acroneuria


M0370 P     Acroneuria abnormis 2


M0372 P S     Calineuria californica 2 3


M0373 P     Claassenia


M0374 P S     Claassenia sabulosa 3 3


M0375 P S     Doroneuria 0 2


M0376 P S     Doroneuria theodora 0


M0377 P S     Hesperoperla pacifica 1 3


M0378 P,SC,CGPerlodidae 2


M0380      Cascadoperla trictura 2


M0381 P U     Cultus 2 2


M0382 p U     Isogenoides 3 2
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M0383 P     Isogenoides elongatus 3


M0384 P,CG U     Isoperla 2 3


M0385      Isoperla fulva 3


M0386      Isoperla fusca 0


M0387      Isoperla longiseta 3


M0388      Isoperla mormona 2


M0389      Isoperla petersoni 1


M0390      Isoperla pinta 2


M0391      Isoperla sobria 2


M0392      Isoperla quinquepunctata 2


M0393      Kogotus 1 2 P,SC U


M0394      Megarcys 1 1 P U


M0396      Perlinodes aurea 1


M0398      Setvena bradleyi 0 1 P,SC


M0399      Skwala 3 3 P U


M0400      Skwala curvata 2 P


M0401 Peltoperlidae 0 SH,SC


M0402      Yoraperla 0 0 SH,SC U


M0403 Pteronarcidae 2 SH,SC,P


M0404      Pteronarcella 4 4 SH,P U


M0405      Pteronarcella badia 3 4 SH


M0406      Pteronarcys 2 2 SH,P,SC U


M0407      Pteronarcys californica 2 1


M0408 Taeniopterygidae 2 1 SH,CG,SC


M0410      Doddsi occidentalis 2


M0411      Taenionema 2 2


M0412      Taenionema pacificum 3


M0299 HEMIPTERA


M0300 Belastomatidae 7 P


M0301      Lethocerus P


M0302 Corixidae 510 PI,P,SC


M0304      Hesperocorixa laevigata PI


M0305      Palmacorixa


M0306      Palmacorixa buenoi


M0307      Palmacorixa gillettei 5 3


M0308      Sigara 5 3 PI,CG


M0309      Trichocorixa P,CG
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M0310      Trichocorixa borealis


M0311      Trichocorixa verticalis interiores


M0312      Trichocorixa naias


M0313      Trichocorixa verticalis


M0314 Gerridae 7 P


M0315      Gerris 5 3 P


M0316 Mesoveliidae 7 P


M0317      Mesovelia P


M0318 Naucoridae 7 P


M0319      Ambrysus 3 3 P


M0320 Notonectidae 10 P


M0321      Notonecta 5 3 P


M0325 MEGALOPTERA 7


M0326 Sialidae 4 P,CG


M0327      Sialis 4 4 P,CG


M0413 TRICHOPTERA


M0414 Brachycentridae 1 CG,F,SH, SC


M0416      Amiocentrus aspilus 3 1 CG U


M0417      Brachycentrus 1 FC,SC


M0418      Brachycentrus americanus 1 4 U


M0419      Brachycentrus occidentalis 2 3 U


M0420      Micrasema 1 2 SH,CG U


M0421      Micrasema bactro 1 2


M0422 Glossosomatidae 0 2 SC,CG U


M0423      Agapetus 0 2 SC,CG U


M0424      Agapetus montanus


M0425      Anagapetus 0 SC


M0426      Culoptila 1 SC


M0427      Glossosoma 0 2 SC U


M0428      Glossosoma traviatum SC


M0429      Glossosoma velona SC


M0430      Protoptila 1 2 SC


M0431 Helicopsychidae 3 3 SC


M0432      Helicopsyche 3 3 SC
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M0433      Helicopsyche borealis 3 3 SC U


M0434 Hydropsychidae 4


M0605  Arctopsychinae 2


FC,P


FC


M0435      Arctopsyche 2 3 FC U


M0436      Arctopsyche grandis 2 3


M0452      Parapsyche


M0453      Parapsyche elsis


M0606  Hydopsychinae


M0438


    


 


     Cheumatopsyche


0 1


5 5


FC U


FC U


FC


FC U


M0439      Hydropsyche 5 5 FC U


M0437      Ceratopsyche 5 5 FC U


M0440      Hydropsyche bidens 3 FC


M0441      Hydropsyche (Ceratopsyche) bronta 5 4 FC


M0442      Hydropsyche (C.) cockerelli 4 4 FC


M0443      Hydropsyche (C.) morosa 6 5 FC


M0444      Hydropsyche occidentalis 5 5 FC


M0445      Hydropsyche (C.) oslari 4 6 FC


M0446      Hydropsyche placoda 3 5 FC


M0447      Hydropsyche separata 4 FC


M0448      Hydropsyche simulans 7 FC


M0449      Hydropsyche (C.) slossonae 4 6 FC


M0450      Hydropsyche (C.) tana 3 FC


M0451      Hydropsyche (C.) vexa 3 FC


M0454 Hydroptilidae 4 PI,SC,CG


M0455      Agraylea 8 2 PI,CG M


M0456      Hydroptila 6 4 PI,SC M


M0457      Ithytrichia 3.5 SC


M0458      Ithytrichia clavata


M0459      Leucotrichia 2 1 SC,CG U


M0460      Leucotrichia pictipes 2 1


M0461      Mayatrichia 1 SC


M0462      Neotrichia 2 2 SC


M0463      Ochrotrichia 4 3 PI U


M0464      Oxyethira 3 2 PI,CG,SC


M0465      Zumatrichia 3 SC,CG


M0466      Zumatrichia notosa 3 1 SC,CG
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M0467 Lepidostomatidae 1 SH


M0468      Lepidostoma 1 1 SH U


M0469      Lepidostoma -panel case SH


M0470      Lepidostoma -sand case SH


M0471      Lepidostoma -turret case SH


M0472 Leptoceridae 4 CG,SH,P


M0473      Ceraclea 3 1 CG,SH,P


M0474      Mystacides 4 3 CG,SH


M0475      Nectopsyche 2 3 SH,CG,P U


M0476      Oecetis 8 3 P,SH U


M0477      Triaenodes 6 1 SH


M0478 Limnephilidae 3 SH,CG,SC,P


M0479      Apatania 3 2 SC,CG U


M0481      Chyranda 2 2 SH U


M0482      Chyranda centralis 2 SH


M0483      Cryptochia furcata 1


M0484      Dicosmoecus 2 1 SC,SH,P S


M0485      Dicosmoecus atripes


M0486      Ecclisomyia 4 2 CG,SC U


M0487      Glyphopsyche 1


M0488      Glyphopsyche irrorata 1


M0489      Hesperophylax 3 SH,SC,CG


M0490      Homophylax 2 SH


M0491      Limnephilus 3 2 SH,CG


M0492      Neophylax 3 2 U


M0493      Onocosmoecus 3 2


M0494      Psychoglypha 0 2 CG,SH U


M0495      Psychoglypha bella


M0496 Molannidae 6 SC,CG,P


M0497 Philopotamidae 3 FC


M0498      Chimarra 3.5 FC


M0499      Chimarra utahensis 4 FC


M0500      Dolophilodes 0 1 FC U


M0501      Wormaldia 0 1 FC U


M0502      Wormaldia gabriella 0 FC


M0503 Phryganeidae 4 SH,SC


M0504 Polycentropodidae 6 FC,P,SH


M0505      Neureclipsis 7 FC,SH,P







CODE TAXON HBI METALS FFG Volt


21-3-2.WPD


M0506      Nyctiophylax 5


M0507      Polycentropus 6 1 P,FC U


M0508 Psychomyiidae 2 CG,SC


M0509      Psychomyia 2 1 CG,SC


M0510      Psychomyia flavida 2


M0511 Rhyacophilidae 0 P,CG,SC


M0512      Rhyacophila 1 P,CG,SC


M0513      Rhyacophila Alberta  Group 0 1 U


M0514      Rhyacophila Angelita  Group 0 1 U


M0515      Rhyacophila Betteni  Group 0 1 U


M0516      Rhyacophila Brunnea  Group 2 1 U


M0517      Rhyacophilla brunnea 0


M0518      Rhyacophila Coloradensis  Group 0 1 S


M0519      Rhyacophila coloradensis 0


M0520      Rhyacophila Hyalinata  Group 0 1 U


M0521      Rhyacophila Iranda  Group 0


M0522      Rhyacophila narvae 0


M0523      Rhyacophila pellisa 0


M0524      Rhyacophila Sibirica  Group 0 1 U


M0525      Rhyacophila Vemna  Group 0


M0526      Rhyacophila verrula 0 1 U


M0527      Rhyacophila Vofixa Group 0 1 U


M0528 Uenoidae SC,CG


M0529      Neophylax 3 2 SC


M0530      Neophylax rickeri


M0531      Neothremma 1 1 SC,CG U


M0532      Neothremma alicia


M0533      Oligophlebodes 3 1 SC,CG U


M0322 LEPIDOPTERA 7


M0323 Pyralidae 5 SH,SC


M0324      Petrophila 5 3 SC U


M0023 COLEOPTERA


M0024 Curculionidae SH


M0025 Dryopidae 5 SH,SC,CG
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M0026      Helichus 2 2 U


M0027 Dytiscidae 75 P U


M0028      Agabus 5 7 P


M0029      Deronectes 5 7 P


M0030      Oreodytes 5 7 P


M0031 Elmidae (L) 4 CG,SC,SH


M0032 Elmidae (A) 4 CG,SC,SH


M0033      Cleptelmis  4


M0034      Cleptelmis ornata 4 4 U


M0035      Dubiraphia  (L) 6 4


M0036      Dubiraphia  (A) 6 4 U


M0037      Heterlimnius 3 3 U


M0038      Heterlimnius corpulentus 3 3


M0039      Lara 1 1 SH U


M0040      Lara avara 1 1 SH


M0041      Microcylloepus 5 4 U


M0042      Microcylloepus browni


M0043      Microcylloepus pusillus  (L) 5 3


M0044      Microcylloepus pusillus  (A) 5 3


M0045      Narpus 2 1


M0046      Narpus concolor 2 1 U


M0047      Optioservus  (L) 5 5 SC,CG U


M0048      Optioservus  (A) 5 5 CG,SC U


M0049      Optioservus divergens 4


M0050      Optioservus quadrimaculatus


M0051      Optioservus seriatus


M0052      Ordobrevia 5 3


M0610      Phanocerus


M0053      Stenelmis  (L) 5 3 SC,CG


M0054      Stenelmis  (A) 5 3 CG,SC


M0055      Stenelmis oregonensis 5


M0056      Zaitzevia 5


M0057      Zaitzevia parvula 4 3 U


M0058      Zaitzevia thermae


M0059
Gyrinidae 10 P


M0060      Gyrinus 5 3 P U


M0061 Haliplidae 7 7 SH,PI,P, SC
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M0062      Brychius 5 5 SC,PI U


M0063      Haliplus 5 PI,SH


M0064      Peltodytes 5


M0065 Heteroceridae


M0066 Hydrophilidae 5 7 P,CG,PI, SH U


M0067      Berosus (L) 5 P


     Berosus (A) CG


M0069      Hydrochus 7 SH


M0070 DIPTERA


M0071 Athericidae 2


M0072      Atherix 5 5 P U


M0073      Atherix pachypus 4 4 P


M0074 Blephariceridae 0 SC U


M0076      Bibiocephala grandis SC


M0077 Ceratopogonidae 6 5 P,CG,SC


M0078      Culicoides 10 P,CG


M0598 6 4  Ceratopogoninae P,CG M


M0079 Chaoboridae 8 P


M0080 Chironomidae 10 CG,F,P,SH,SC
,PS


M0607   Chironominae 8 CG,F,SH


M0082      Chironomus 10 4 CG,SH


M0083      Cryptochironomus 8 5 P M


M0084      Cryptotendipes 6


M0085      Demicryptochironomus 8 4 CG


M0086      Dicrotendipes 8 5 CG,F,SC


M0087      Endochironomus 10 6 SH,FC,CG


M0088      Glyptotendipes 10 SH,FC,CG


M0089      Microtendipes 6 4 FC,CG


M0090      Parachironomus 10 4 P,CG


M0091      Paracladopelma 7 4


M0092      Paralauterborniella  (=Apedilum ) 8 CG


M0093      Paratendipes 10 CG


M0094      Phaenopsectra 7 4 SC,CG,F


M0095      Polypedilum 6 4 SH,CG,F,P M


M0096      Pseudochironomus 5 4 CG


M0097      Robackia 4 4 CG M
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M0098      Saetheria 4 CG


M0099      Stenochironomus 5 CG,SH


M0100      Stictochironomus 5 CG,SH


M0101      Xenochironomus 4 0 P


M0102   Tanytarsini 6 FC,CG,SC


M0103      Cladotanytarsus 7 3 CG,F


M0104      Micropsectra 4 1 CG


M0105      Paratanytarsus 6 2


M0106      Rheotanytarsus 6 1 FC M


M0107      Stempellina 2 0 CG


M0108      Stempellinella 4


M0109      Sublettea


M0110      Tanytarsus 6 3 FC,CG,SC M


M0111   Tanypodinae 7 P,CG


M0604      Alotanypus 6 8


M0112      Ablabesmyia 8 3


P,CG


M0113      Apsectrotanypus 8 P


M0114      Brundiniella 3 7 P


M0115      Conchapelopia/Thienemannimyia P


M0116      Labrundinia P


M0117      Larsia 6 3 P


M0118      Macropelopia 6 5 P


M0119      Pentaneura 6 2 P,CG


M0120      Procladius 9 5 P,CG


M0121      Psectrotanypus 10 P


M0122      Tanypus 10 P,CG


M0123      Thienemannimyia 5 3 P M


M0124      Zavrelimyia 8 P


M0125   Diamesinae 5 CG,SC


M0126      Diamesa 5 9 CG,SC M


M0127      Pagastia 1 9 M


M0128      Potthastia 2 5 CG,SC M


M0129      Potthastia Gaedii  Group 2 5


M0130      Potthastia Longimana  Group 2 5


M0131      Psuedodiamesa 2 CG


M0132      Sympotthastia 2 CG,SC


M0133   Prodiamesinae 3 CG


M0134      Monodiamesa 7 5 CG
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M0135      Odontomesa 4 5 CG


M0136      Prodiamesa 3 3 CG


M0137   Podonominae 1 CG,SC


M0138      Boreochlus 1 CG,SC


M0139      Parochlus 1 CG,SC


M0140   Orthocladiinae 6 CG,SC,SH,P,P
S


M0142      Acricotopus


M0143      Brillia 4 4 SH,CG M


M0144      Cardiocladius 5 9 P M


M0145      Chaetocladius CG


M0146      Corynoneura 7 4 CG M


M0147      Cricotopus 7 9 SH,CG M


M0148      Cricotopus Cricotopus


M0149      Cricotopus Isocladius


M0150      Cricotopus Nostococladius 6 5 M


M0151      Cricotopus Tremulus  Group


M0152      Cricotopus Trifascia  Group 7


M0153      Diplocladius 5 CG


M0154      Eukiefferiella 8 9 CG,SC,P M


M0155      Eukiefferiella devonica  Group 8 7


M0156      Krenosmittia 1 CG


M0157      Heterotrissocladius 0 CG,SC


M0158      Hydrobaenus 8 SC,CG


M0159      Lopescladius 2 CG


M0160      Nanocladius 3 4 CG M


M0161      Orthocladius 6 5 CG M


M0162      Paracladius 8 CG


M0163      Parakiefferiella 6 CG


M0164      Parametriocnemus 5 4 CG M


M0165      Paraphaenocladius 4 4 CG M


M0166      Psectrocladius 8 CG,SH


M0167      Pseudorthocladius 0 CG


M0168      Pseudosmittia 6 4 M


M0169      Rheocricotopus 4 5 CG,SH,P M


M0170      Stilocladius


M0171      Symbiocladius 4 1 PS


M0172      Synorthocladius 2 1 CG,SC M


M0173      Thienemanniella 6 4 M
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M0174      Tvetenia 5 4 CG M


M0175 Culicidae 10 CG,FC


M0176      Aedes 7 5 CG,F


M0177      Anopheles FC


M0178 Deuterophlebiidae 0


M0179      Deuterophlebia 0 0 SC M


M0180 Dixidae 4 CG


M0182 Dolichopodidae 4 4 P,CG


M0183 Ephydridae 6 CG,SH,SC, P


M0184 Empididae 6 6 P,CG U


M0185      Chelifera 5 4 U


M0186      Clinocera 5 4 U


M0187      Hemerodromia 6 4 P,CG U


M0188      Oreogeton 4 7 P


M0189 Muscidae 10 P


M0190      Limnophora 6 7 P


M0191 Pelecorhynchidae 1 P,SH


M0192 Psychodidae 4 CG,SC


M0597      Pericoma 4 4 CG U


M0193 Simuliidae 6 FC,SC


M0194      Cnephia 1 FC


M0195      Prosimulium 4 2 FC M


M0196      Simulium  (Eusimulium ) 5 5 FC M


M0198      S. (Psilozia ) 7 7 FC M


M0199      Twinnia 7 SC


M0200 Stratiomyiidae 7 4 CG,SC U


M0201      Euparyphus 7 4 CG,SC


M0202 Tabanidae 6 3 P


M0203 Tanyderidae 5


M0204      Protanyderus 5 1


M0205 Tipulidae 3 SH,CG,P


M0206      Antocha 3 4 CG U


M0207      Dicranota 3 2 P U


M0208      Erioptera 7 CG


M0209      Hesperoconopa 1 1


M0210      Hexatoma 2 2 P U


M0211      Limnophila 3 P
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M0212      Ormosia 6 2 CG


M0213      Pedicia 6 P


M0214      Pilaria 7 P


M0215      Pseudolimnophila 2 4 CG U


M0216      Rhabdomastix 1 1 U


M0217      Tipula 4 4 SH U








21.3.3 RECOMMENDED SAMPLE CONTAINERS, SAMPLE PRESERVATION, SAMPLE HOLDING TIMES, AND
PERMISSIBLE SAMPLE TYPE


Parmeter Container Preservative Time Type Ref.
Holding Sample


Permissible


Fish Samples


Organic Compounds Wrap in aluminum foil Freeze Not G or C
(shiny side out) Specified


Metals and Other Place in plastic Zip-loc bag Freeze Not G or C
Inorganic Compounds Specified


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES


Alkalinity 500-ml. or 1-liter Cool, 4 C 14 days G or C C
polyethylene  with polyethylene3


or polyethylene lined closure


o


Acidity 500-ml. or 1-liter Cool, 4 C 14 days G or C C
polyethylene  with polyethylene3


or polyethylene lined closure


o


Bacteriological 250-ml. glass with glass Cool, 4 C 6 hours G C
closure or plastic capable of
being autoclaved


o


Static Bioassay 1-gal. amber glass (not Cool, 4 C 48 hours G or C C
solvent rinsed)


o


Biochemical Oxygen 1/2-gal. polyethylene  with Cool, 4 C3 48 hours G or C C
Demand (BOD) polyethylene closure


3 o


Chlorine 500-ml. or 1-liter None 28 days G or C C
polyethylene  with polyethylene3


or polyethylene lined closure







Parameter Container Preservative Time Type Ref.
Holding Sample


Permissible


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES (Continued)


Chlorine Residual In-situ, beaker or bucket None Analyze
Immediately


Conductivity 500-ml. or 1-liter Cool, 4 C 28 days G or C C
polyethylene  with polyethylene (determine3


or polyethylene lined closure on site if


o


possible)


 Chromium, Hexavalent 1-liter polyethylene with Cool, 4 C 24 hours G C
polyethylene closure


o


Cyanide 500-ml. or 1-liter Ascorbic acid 14 days G C
polyethylene  with polyethylene Sodium Hyroxide,3


or polyethylene lined closure Ph >12, Cool, 4 C


4,5


o


Dissolved Oxygen In-situ, beaker or bucked None Determine G C
(Probe) on site


Dissolved Oxygen 300-ml. glass BOD bottle Fix on site 8 hours G C
(Winkler) (store in dark if possible) (determine


on site)


Fluoride 1-liter polyethylene  or 1/2 None 28 days G or C C3


gal. polyethylene with
polyethylene or polyethylene
lined closure


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES (Continued)


Hardness 500-ml. or 1-liter 50% Nitric Acid , 6 months G or C C
polyethylene  with polyethylene pH <23


or polyethylene lined closure


4


LAS 500-ml. or 1-liter Cool, 4 C 48 hours G or C C
polyethylene  with polyethylene3


or polyethylene lined closure


o


Metals 1-liter polyethylene with 50% Nitric Acid , 6 months G or C C
polyethylene lined closure pH <2


4







Parameter Container Preservative Time Type Ref.
Holding Sample


Permissible


Metals, Dissolved 1-liter polyethylene with Filter on site 6 months G C
polyethylene lined closure 50% Nitric Acid,


4


pH <2


Nutrients 1-liter polyethylene or 1/2 50% Sulfuric 28 days G or C C6


gal. polyethylene with Acid , pH <2,
polyethylene or polyethylene Cool, 4 C
lined closure


4


o


Oil and Grease 1-liter widemouth glass with 50% Sulfuric 28 days G C
Teflon lined cap Acid , pH <2,4


Cool, 4 Co


Organic Compounds - Extractable and Pesticide Scan


No Residual Chlorine 1-gal. amber glass or 2.5-gal. Cool, 4 C 47 days G or C A or C
Present amber glass with Teflon lined


cap


o 7


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES (Continued)


Residual Chlorine 1-gal. amber glass or 2.5-gal. Add 3 mls. 10% 47 days G or C A or C
Present amber glass with Teflon lined Sodium


cap Thiosulfate per
gallon, cool, 4 Co


7


Organic Compounds - Purgeable (VOA)


No Residual Chlorine 3 40-ml vials with Teflon 4 drops 1+1 HCL 14 days G A or C
Present lined septum sealed caps Cool, 4 Co


No Residual Chlorine 3 40-ml vials with Teflon Cool, 4 C 7 days G A or C
Present lined septum sealed caps


o


Residual Chlorine 3 40-ml vials with Teflon Footnote 8 14 days G A or C
Present lined septum sealed caps


Organic Compounds - 1-gal. glass (amber) or 2.5- Footnote 9 47 days G or C A or C
Specified and gal. glass (amber) with Teflon
Pesticides (Non- lined closure
Priority Pollutants
such as Herbicides)


7







Parameter Container Preservative Time Type Ref.
Holding Sample


Permissible


Organic Halides - 250-ml. amber glass with Cool, 4 C        28 days G A or E
Total (TOX) Teflon lined septum closure H SO  to pH <2


o


2 4


pH In-situ, beaker or bucket None Analyze G C
Immediately


Phenols 1-liter amber glass with 50% H SO ,       28 days G C
Teflon lined closure pH <2, Cool, 4 C


2 4
o


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES (Continued)


Phosphate - Ortho 500-ml. or 1-liter Filter on site, 48 hours G C
polyethylene with polyethylene Cool, 4 C
or polyethylene lined closure


o


Phosphorus, Total 500-ml. or 1-liter Filter on site, 28 days G C
Dissolved polyethylene with polyethylene 50% H SO ,      


or polyethylene lined closure pH <2, Cool 4 C
2 4


o


Solids, Settleable 1/2-gal. polyethylene with Cool, 4 C 48 hours G or C C
polyethylene closure


o


Solids (Total and 500-ml. or 1-liter Cool, 4 C 7 days G or C C
Suspended, etc.) polyethylene  with polyethylene3


or polyethylene lined closure


o


Sulfates 500-ml. or 1-liter Cool, 4 C 28 days G or C C
polyethylene  with polyethylene3


or polyethylene lined closure


o


Sulfides 500-ml. or 1-liter 2-ml. Zinc 7 days G C
polyethylene  with polyethylene Acetate , Conc3


or polyethylene lined closure NaOH to pH >9,
4


Cool, 4 Co


Temperature In-situ, beaker or bucket None Determine G C
on site


WATER - LOW TO MEDIUM CONCENTRATION SAMPLES (Continued)


Turbidity 500-ml. or 1-liter Cool, 4 C 48 hours G or C C
polyethylene  with polyethylene3


or polyethylene lined closure


o







Parameter Container Preservative Time Type Ref.
Holding Sample


Permissible


SOIL, SEDIMENT OR SLUDGE SAMPLES - LOW TO MEDIUM CONCENTRATIONS


Metals 8-oz. widemouth glass with Cool, 4 C 6 months G or C A
Teflon lined closure


o


Nutrients Including: 500-ml. polyethylene with Cool, 4 C Not G or C A
Nitrogen, Phosphorus, polyethylene closure or 8-oz. Specified
Chemical Oxygen Demand widemouth glass with Teflon


lined closure


o


Organics - Extractable 8-oz. widemouth glass with Cool, 4 C 14 days G or C A
Teflon lined closure


o


Organics - Purgeable 2-oz. (60-ml.) VOA vial with Cool, 4 C 14 days G or C A
(VOA) Teflon lined septum seal


o


Other Inorganic 500-ml. polyethylene with Cool, 4 C Not G or C A
Compounds Including polyethylene closure or 8-oz. Specified
Cyanide widemouth glass with Teflon


lined closure


o


Abbreviations: G = Grab
C = Composite
ASAP = As Soon As Possible
NS = Not Specified


NOTE: The analytical laboratory staff should be consulted prior to making any changes
to any of the above sampling protocols.







Footnotes


1. The TCLP method requires the leaching of 25 gms of solid for
volatile organics and 100 gm of solids for all other parameters. 
If the sample is low in solids, additional sample containers may
be required to provide sufficient sample for the TCLP leach
extraction.


2. These are total holding times for TCLP that cover sampling
through analysis.  The holding times are broken down as follows: 
TCLP volatile organics - 14 days from collection to TCLP
extraction plus 14 days from leach extraction to analysis;
extractable organics, pesticides & herbicides - 7 days from
collection to TCLP extraction plus 7 days to solvent extraction
of leachate plus 40 days to analysis of extract; mercury - 28
days from collection to TCLP extraction plus 28 days to analysis;
metals except mercury - 180 days from collection to TCLP
extraction plus 180 days to analysis.


     
3. Use indicated container for single parameter requests or 1/2-


gallon polyethylene container for multiple parameter requests
except those including BOD.  Use a 1-gallon polyethylene
container for multiple parameter requests which include BOD.


4. Must be preserved in the field at time of collection.


5. Use ascorbic acid only if the sample contains residual chlorine. 
Test a drop of sample with potassium iodide-starch test paper; a
blue color indicates need for treatment.  Add ascorbic acid, a
few crystals at a time, until a drop of sample produces no color
on the indicator paper.  Then add an additional 0.6 g of ascorbic
acid for each liter of sample volume.


6. May include nitrogen series (ammonia, total Kjeldahl nitrogen,
nitrate-nitrite), total phosphorus, chemical oxygen demand and
total organic carbon.


7. Samples must be extracted within seven days and extract must be
analyzed within 40 days.


8. Collect the sample in a 4-oz. soil VOA container which has been
pre-preserved with four drops of 25 percent ascorbic acid
solution.  Gently mix the sample and transfer to a 40-ml VOA vial
that has been prepreserved with four drops 1+1 HCl, cool to 4 C.o


9. See Organic Compounds - Extractable (page 4).  The analytical
laboratory staff should be consulted for any special organic
compounds analyses in order to check on special preservation
requirements and/or extra sample volume.
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CIRCULAR WQB-7


CIRC ULAR  WQB-7, Montana Numerical Water Quality Standards, is a
compilation  of the most recent Standards available for both Surface Waters an d
Ground  Waters.  Reference sources used to compile CIRCULAR WQB-7 are th e
Environme ntal Protection Agency (EPA) Region VIII's Clean Water Act Section 304(a)
Criteria  Chart, dated 07/01/1993, and Standards established as drinking wate r
maximum c ontaminant levels (MCL's).  It is anticipated that CIRCULAR WQB-7 will be
added  to, modified, and/or updated as additional or new information become s
availab le.  Care should be exercised to ensure that the most recent version (b y
date) is used as a reference.


CIRCULAR  WQB-7 is a complex document.  Close attention must be paid t o
the frequent use of 'detailed notes of explanation'.  They are used in both th e
table headings and individual line items, many times, both.  Detailed notes o f
explanati on follow the table portion of CIRCULAR WQB-7 and are found in the format
of (n) where n is a number.


CIRCUL AR WQB-7 uses the more restrictive value of either the 304(a )
criteri a or the drinking water MCL for Human Health Standards, whenever required ,
in order to be able to fully protect the concept of 'multi-use'  of Montana's waters.
For instance, if the human-health Standard for a particular pollutant has bee n
established  at 1,200 µg/L (micro-grams per Liter) and the same pollutant has a n
organoleptic (taste and/or odor) Standard established at 20 µg/ L, then CIRCULAR WQB-
7 would have the Standard set at the more limiting value of 20 µg/L.  In similia r
manner,  whenever both Aquatic Life Standards and Human Health Standards exist fo r
the same analyte, the more restrictive of these values will be used as the numeric
Surface Water Quality Standard.


CIRCULAR WQB-7 sets Standards for surface and ground waters.  In a ddition
WQB-7  lists values which are to be used in conjunction with the non-degredatio n
rules  ARM  16.20.701 et seq to determine and evaluate degradation.  Standards fo r
'Harmful' parameters will be used as nondegredation criteria fo r both surface waters
and ground waters.  For a given pollutant, the Human Health Sta ndard is the same for
both surface and ground water but th e analysis method differs.  Except where noted,
the surfa ce water analysis method is always 'total-recoverable' while the analysis
method used for ground water will be 'dissolved'.


Specia l attention should be paid to the pollutants/conditions such a s
ammo nia,  hardness, and oxygen as the Standards are set over a range of values, o r
are computed using a complex formula, or depend upon special circumstances.


Alkalinity,  chloride, hardness, sediment, sulfate, and total dissolve d
solids  have 'Narrative Standards' and are referenced back to the Administrativ e
Rules  of Montana (ARM) 16.20.633(1) et seq and ARM 16.20.1003 et seq for furthe r
details and explanation.


The Standard s for fecal coliform, color, dissolved gases, odor, pH, and
temperat ure are dependent upon the water-use classifications as specified in ARM ,
Title  16,  Chapter 20 - Water Quality, Sub-Chapter 6, SURFACE WATER QUALIT Y
STANDARDS.
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Except where indicated, values are listed as (µg/L).  A '---' indicates no Standard or information is unavailable.  A '(n)' indicates that an explanation is provided.


Pollutant Human Health Standards Reporting
Element / Chemical  Compound or Condition (17)  (19) Value (19)


Aquatic Life Standards  (16) Required


 Acute  (3) Chronic  (4)


Alkalinity, total, as CaCO --- --- --- 5,0003


§§ ---


Aluminum, pH 6.5 to 9.0 only (9) (6) 750 87 --- 95.4
§§ Al


Ammonia plus un-ionized ammonia as N --- 50
§§ ---
§  Ammonia Anhydrous  §  Anhydrous Ammonia  §  Spirit of
Hartshorn


(7)(8) (7)(8)


Antimony  (9) --- --- 14 3.18
§§ Sb
§  Antimony Black  §  Antimony Regulus  §  C.I. 77050  § 
Stibium


Aroclor 1016 --- 0.014 0.000044 1
§§ PCB 1016  
§  PCB-1016  §  Arochlor 1016  §  Chlorodiphenyl (16% Cl)  § 
Polychlorinated Biphenyl (Aroclor 1016)


Arsenic, inorganic  (9) 360 190 0.018 3.18
§§ As
§  Arsenicals  §  Arsenic-75  §  Arsenic Black  §  Colloidal
Arsenic  §  Grey Arsenic  
§  Metallic Arsenic


Barium  (9) --- --- 1,000 5
§§ Ba


Benzene --- --- 1.2 0.5
§§ ---  
§  Phene  §  Benzol  §  Benzolene  §  Pyrobenzol  §  Carbon Oil 
§  SHA 109301  
§  Coal Naphtha  §  Motor Benzol  §  Phenyl hydride  § 
Cyclohexatriene  §  Caswell Number 077  §  RCRA Waste
Number U019  §  EPA Pesticide Chemical Code 008801  
§  NCI C55276


Beryllium  (9) --- --- 4.0 1
§§ Be
§  Beryllium-9  §  Glucinum  §  RCRA Waste Number P015


Cadmium  (9) 3.9 @ 100 mg/l 1.1 @ 100 mg/l 5 0.1
§§ Cd hardness   (12) hardness   (12)


§  C.I. 77180  §  Colloidal Cadmium


Chloride 860,000 230,000 --- 1,000
§§ ---


Chlorine, total residual 19 11 --- ---
§§ Cl
§  Bertholite  §  Chlorine, molecular  §  Molecular Chlorine


Chromium  (9) --- --- 100 1
§§ Cr
§  Chrome


Chromium, trivalent  (9) 1,700 @ 100 mg/l 210 @ 100 mg/l 100 ---
§§ Chromium (III) hardness  (12) hardness   (12)


Chromium, hexavalent  (9) 16 11 100 5
§§ Chromium (VI)


Coliform, fecal  (13) (18) --- --- ---, Surface 1 per 100mL,
§§ --- 1 per 100mL, Ground Surface


1 per 100mL,
Ground


Color  (13) --- --- --- 5  UNITS
§§ ---


Conductance, specific  (21) --- --- ---
§§ ---
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Except where indicated, values are listed as (µg/L).  A '---' indicates no Standard or information is unavailable.  A '(n)' indicates that an explanation is provided.


Pollutant Human Health Standards Reporting
Element / Chemical  Compound or Condition (17)  (19) Value (19)


Aquatic Life Standards  (16) Required


 Acute  (3) Chronic  (4)


Copper  (9) 18 @ 100 mg/l 12 @ 100 mg/l 1,000 1
§§ Cu hardness  (12) hardness  (12)


§  Allbri Natural Copper  §  ANAC 110  §  Arwood Copper  § 
Bronze Powder  
§  CDA 101  §  CDA 102  §  CDA 110  §  CDA 122  §  C.I. 77400 
§  C.I. Pigment Metal 2  §  Copper Bronze  §  1721 Gold  § 
Gold Bronze  §  Kafar Copper  
§  M1 (Copper)  §  M2 (Copper)  §  OFHC C   §  Raney Copperu


Cyanide, total 22 5.2 200 5
§§ ---  
§  Cyanide  §  Isocyanide  §  Cyanide Ion  §  Free Cyanide  § 
Cyanide Anion  §  Carbon Nitride Ion (CN )  §  RCRA Waste1-


Number P030  §  Cyanide, weak acid dissociable (WAD)  § 
Cyanides, includes soluble salts and complexes  


Fluoride --- --- 4,000 100
§§ Flourine  
§  Fluoride  §  Fluoride   §  Perfluoride  §  Fluoride Ion  § (1-)


Fluorine, Ion  §  Soluable Fluoride  §  RCRA Waste Number
P056  §  Hydrofluoric Acid, Ion(1-)  


Hardness, total --- --- --- 1,000
§§ ---


Hydrogen Sulfide --- 2 --- 200
§§ ---  
§  Stink Damp  §  Sulfur Hydride  §  Hydrogen Sulphide  § 
Dihydrogen Sulfide  
§  Hydrosulfuric Acid  §  Sulfurated Hydrogen  §  RCRA Waste
Number U135  
§  Dihydrogen Monosulfide  §  Hydrogen Sulfuric Acid  


Iodine  (10) --- --- 4 mrem ede/yr ---
§§ I


Iron  (9) --- 1,000 300 10
§§ Fe
§  Ancor EN 80/150  §  Carbonyl Iron  §  Armco Iron


Lead  (9) 82 @ 100 mg/l 3.2 @ 100 mg/l 15 3.18
§§ Pb hardness  (12) hardness   (12)


§  C.I. 77575  §  C.I. Pigment Metal 4  §  Glover  §  Lead Flake 
§  Lead 22  §  Omaha  §  Omaha & Grant  §  SI  §  SO


Manganese  (9) --- --- 50 5
§§ Mn
§  Colloidal Manganese  §  Magnacat  §  Tronamang


Mercury  (9) 2.4 0.012 0.14 0.636
§§ Hg
§  Colloidal Mercury  §  Mercury, Metallic  §  NCI C60399  § 
Quick Silver  §  RCRA Waste Number U151


Nickel  (9) 1,400 @ 100 mg/l 160 @ 100 mg/l 100 20
§§ Ni hardness  (12) hardness  (12)


§  C.I. 77775  §  Ni 270  §  Nickel 270  §  Ni 0901-S  §  Ni 4303T 
§  NP 2  §  Raney Alloy  §  Raney Nickel


Nitrate  (as Nitrogen[N]) 10,000 10
§§ NO3


(8) (8)


Nitrite  (as Nitrogen[N]) 1,000 10
§§ NO2


(8) (8)


Nitrate plus nitrite  (as Nitrogen[N]) 10,000 10
§§ NO  + NO3  2


(8) (8)


Odor  (13) --- --- --- ---
§§ ---


Oxygen, dissolved  (20) --- 100
§§ O  2


§  Oxygen, Compressed  §  Oxygen, Refrigerated Liquid


(13) (15) (15)
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Pollutant Human Health Standards Reporting
Element / Chemical  Compound or Condition (17)  (19) Value (19)


Aquatic Life Standards  (16) Required


 Acute  (3) Chronic  (4)


pH  (13) --- --- --- ---
§§ ---


Phenol --- --- 300 10
§§ ---  
§  Baker's P and S Liquid and Ointment  §  NCI C50124  § 
Benzenol  §  Monophenol  
§  Oxybenzene  §  Phenic Acid  §  Carbolic Acid  §  Phenylic
Acid  §  Hydroxybenzene  
§  Hydroxybenzene  §  Phenyl Alcohol  §  Phenyl Hydrate  § 
Phenylic Alcohol  
§  Phenyl Hydroxide  §  Benzene, Hydroxy-  § 
Monohydroxybenzene  §  RCRA Waste Number U188


Phosphorus, inorganic  (9) (20) --- 1
§§ ---  
§  Ortho-phosphorus  §  phosphorus, Ortho-


(8) (8)


Sediment, settelable solids, oils, grease, or floating solids  (20) --- --- --- ---
§§ ---
§  Methylene Blue Active Substances, §  Residue, non-filterable,
§  Residue, non-settleable, §  Settleable matter, §  Oil &
Grease, §  Total Organic Carbon, 
§  Hydrocarbons


Selenium  (9) 20 5 50 1
§§ Se
§  C.I. 77805  §  Colloidal Selenium  §  Elemental Selenium  § 
Selenium Alloy  
§  Selenium Base  §  Selenium Dust  §  Selenium Elemental  § 
Selinium Homopolymer  
§  Selenium Metal Powder, Non-Pyrophoric  §  Vandex


Silver  (9) 4.1 @ 100 mg/l --- --- 3.18
§§ Ag hardness   (12)


§  Argentum  §  C.I. 77820  §  Shell Silver  §  Silver Atom


Sulfate  --- --- --- 1,000
§§ SO4


Temperature  (13) --- --- --- ---
§§ ---


Total dissolved solids  (20) --- --- --- 10,000
§§ TDS  
§  Solids, total dissolved


Turbidity  (13) (20) --- --- --- 1 NTU
§§ ---


Uranium, natural --- --- 30 picocuries per liter. ---
§§ U
§  Uranium Metal, Pyrophoric


Zinc  (9) 120 @ 100 mg/l 110 @ 100mg/l 5,000 10
§§ Zn hardness  (12) hardness  (12)


§  Blue Powder  §  C.I. 77945  §  C.I. Pigment Black 16  §  C.I.
Pigment Metal 6  
§  Emanay Zinc Dust  §  Granular Zinc  §  Jasad  §  Merrillite 
§  Pasco  §  Zinc, Powder or Dust, non-Pyrophoric  §  Zinc,
Powder or Dust, Pyrophoric







CIRCULAR WQB-7
DETAILED NOTES OF EXPLANATION


Frequently used Acronyms:


§§ abc... Name of Primary Synonym as listed in the EPA's data base IRIS.


§  abc... Name of Additional Synonyms from various sources including IRIS.


BCF Bio-concentration Factor.


CFR Code of Federal Regulations.


EDE/YR Effective dose equivalent per year.


E.P.A. Environmental Protection Agency.


FPH A factor in the formula for determining ammonia Standards for Freashwate r
Aquatic Life.


FT A factor in the formula for determining ammonia Standards for Freashwate r
Aquatic Life.


HM Halomethanes.


MDL Method Detection Limit.  The MDL is calculated from the standard deviation
of replicate measurements, and is defined as the minimum concentration o f
a subs tance that can be identified, measured, and reported with 99 %
confidence that the analyte concentration is greater than zero.


MREM Milli Roentgen-Equivalent-Man.


N/A Not applicable.


n.d. Not determined.


NTU Nephelometric Turbidity Unit.


PAH Polynuclear Aromatic Hydrocarbons.


PCB Polychlorinated Biphenyls.


TCAP A factor in the formula for determining ammonia Standards for Freashwate r
Aquatic Life.







(1) Base d on EPA's categories and include parameters determined to be to toxi c
(toxin),  carcinogenic (carcinogen), or harmful.  Harmful parameters includ e
nutrients, biol ogical agents, and those parameters which cause taste and/or odor
effects or physical effects.


(2) Carci nogens:  chemicals classified by EPA as carcinogens for an oral route o f
exposure;    Standards are based upon the incremental risk of causing on e
additional inst ance of cancer in one million persons.  Includes those parameters
in classifications A (Human Carcinogen),B1 or B2 (Probable Human Carc inogens), and
C (Possible Human Carcinogen).


(3) No sample shall exceed these concentrations.


(4) No four-day (96-hour) or longer period average concentration shall exceed thes e
values.


(5) All bioconcentration factors (BCF's) were developed by the EPA as part of th e
Standa rds development as mandated by Section 304(a) of the Federal Clean Wate r
Act.  Values shown are current as of 07/01/1993.


(6) No sample shall exceed these concentrations.


Stan dards  for metals (except aluminum) in surface water are based upon th e
analysis of sam ples following a "total recoverable" digestion procedure (Section
9.4, "Methods for Analysis of Water and Wastes", 1983, Environmental Monitorin g
and Support Laboratory, U.S. Environmental Protection Agency, EPA-600/4-79-020 ,
or equivalent).


Standards for m etals in ground water are based upon the dissolved portion of the
sample  (af ter filtration through a 0.45 µm membrane filter, as specified i n
"Methods  for Analysis of Water and Wastes", 1983,  Environmental Monitoring an d
Supp ort Laboratory, U.S. Environmental Protection Agency, EPA-600/4-79-020, o r
equivalent).


For aluminum, both surface and ground water analyses will be based on th e
dissolved method of analysis.







(7) Freshwater  Aquatic Life Standards for ammonia (mg/l NH ) are expressed as a3
function of pH and temperature.   The Acut e equation and the Chronic equation are
as follows: 


Acute  = 0.52/FT/FPH/2 where FT = 10 if TCAP < T < 301      0.03(20-TCAP)


= 10 if 0 < T < TCAP0.03(20-T)


FPH = 1 if 8 < pH < 9


= (1 + 10 )/1.25 if 6.5 < pH < 87.4-pH


TCAP = 20  C if Salmonids or othe r
sensi tive  cold-wate r
species present.


= 25  C if Salmonids and othe r
sensi tive  cold-wate r
species absent.


The usual Acute averaging period of one hour is not appropriate i f1


excursions  of concentrations to greater than 1.5 times the average occu r
during the hour; in such cases, a shorter averaging perio d will be required.
To convert these values to mg/l N, multiply by 0.822.


Chronic  = 0.80/FT/FPH/RATIO  where FT and FPH are as above and:2


RATIO = 13.5 if 7.7 < pH < 9


= 20(10 /1 + 10 ) if 6.5 < pH < 7.77.7-pH   7.4-pH


TCAP = 15  C if  Salmonids/othe r
sensi tive  cold-wate r
species present.


= 20  C if  Salmonids/othe r
sensi tive  cold-wate r
species absent.







Beca use these formulas are non-linear in pH and temperature, the Standar d2


is the average of separate evaluations of the formulas reflective of th e
fluc tuations  of flow, pH, and temperature within the averaging period; i t
is not appropriate to apply the formula to average pH, te mperature and flow.
To convert these values to mg/l N, multiply by 0.822.


(8) A plant n utrient, excessive amounts of which may cause violations o f
Administrative Rules of Montana (ARM) 16.20.633.(1)(e).


(9) Approved methods of sample preservation, c ollection, and analysis for determining
compliance with the standards set forth in WQB-7 are found in:


1. 40 CFR Part 136 "Guidelines Establishing Test Procedures For the Analysi s
Of Pollutants", July 1, 1992, and;


2. The Environmental Protection Agency's (EPA) Methods for the Determinatio n
of Metals in Environmental Samples, EPA/600 4-91/010, dated June 1991, o r
equivalent, as determined by the Department.


(10) Radionuclide ph oton-emitters consisting of either beta or gamma emitters and are
class ified  as carcinogenic. Their associated Standard is based upon a 4 mre m
ede/yr  exposure.  This exposure is based upon daily ingestion of 2 liters o f
water.  The emitters covered under this Standard are:


 Cesi um, radioactive Iodine, radioactive  Strontium -89 and -90, radioactive 
Tritium  Gamma photon emitters


(11) Chemicals  which are not individually classified as carcinogens but which ar e
contained  within a class of chemicals with carcinogenicity as the basis for th e
Standard  derivation for that class of chemicals; an individual carcinogenicit y
assessment for these chemicals is pending.







(12) Freshwater Aquatic Life Standards for thes e metals are expressed as a function of
total hardness (mg/l, CaCO3).  The values displayed in the chart correspond to a
total hardness of 100 mg/l.  The hardness relationship is as follows:  


Acute = exp{ma[ln(hardness)]+ba} Chronic = exp{mc[ln(hardness)]+bc}


ma ba mc bc


cadmium 1.128 -3.828 0.7852 -3.490
copper 0.9422 -1.464 0.8545 -1.465
chromium (III) 0.8190  3.688 0.8190   1.561
lead 1.273 -1.460 1.273 -4.705
nickel 0.8460  3.3612 0.8460  1.1645
silver 1.72 -6.52 ------ ------
zinc 0.8473  0.8604 0.8473  0.7614


Note:   If the  hardness is <25mg/L as CaCO , the number 25 will be used in th e3
calculation.  If the hardness is greater than or equal to 400 mg/L of CaCO , 4003
mg/L will be used in the calculation.


(13) Conditional limitations based upon Water-U se Classifications.  See Administrative
Rules  of Montana (ARM), Title 16, Chapter 20 - Water Quality, Sub-Chapter 6 -
SURFACE WATER QUALITY STANDARDS.  For grou ndwater see the Administrative Rules of
Montana (ARM) 16.20.633(1) et seq and ARM 16.20.1003 et seq.


(14) Freshwater Aquatic Life Standard for pentachlorophenol are expressed as a function
of pH.  Values displayed in the chart correspond to a pH of 7.8 and a re calculated
as follows:


                         Acute = exp[1.005(pH) - 4.830]                              
            Chronic = exp[1.005(pH) - 5.290]


(15) Freshwater Aquatic Life Standard for dissolved oxygen are as follows:


Standards for Waters Classified Standards for Waters classified
A-1, B-1,B-2, C-1, and C-2 B-3, C-3, and I


Early Life Other Life Early Life Other Life
Stages Stages Stages Stages1,2 2


30 Day Mean N/A 6.5 N/A 5.53 3


7 Day Mean 9.5 (6.5) NA 6.0 NA


7 Day Mean 
Minimum N/A 5.0 N/A 4.03 3


1 Day 
Minimum 8.0 (5.0) 4.0 5.0 3.04


These  are water column concentrations recommended to achieve the required inter-1


grave l dissolved oxygen concentrations shown in parentheses.  For species tha t
have  early life stages exposed directly to the water column, the figures i n
parentheses apply.


Includes  all embryonic and larval stages and all juvenile forms to 30-day s2


following hatching.


N/A (Not Applicable).3


All minima should be considere d as instantaneous concentrations to be achieved at4


all times.







(16) Aquatic Life Standards apply to surface waters only.


(17) For  surface waters the Standard is the more restrictive of either the Aquatic Lif e
Standard or the Human Health S tandard.  For groundwaters the standards are based on the
dissolved  portion (after filtration through a 0.45 micro filter) of the contaminatin g
subst ance as specified in the EPA publication, EPA 600/4-79-020, "Methods for Chemical
Analysis of Water and Wastes."


(18) The Narrative Standards are located in the Administrative Rules of Montana (ARM )
16.20.633(1) et seq and ARM 16.20.1003 et seq.


(19) The  requir ed 'Reporting Value' is the Department's best determination of a level o f
analys is that should be achieved in routine sampling.  It is based on levels actuall y
achieved  at both commercial and government laboratories in Montana using accepte d
methods .  'Reporting Value' is the detection level that must be achieved in reportin g
ambient or compliance monitoring results to the Departm ent.  Higher detection levels may
be us ed if it has been demonstrated that the higher detection levels will be less than
10% of the expected level of the sample.


(20) Applicable to surface waters only.


(21) Applicable to ground waters only.


(22) Estimat ed Detection Levels (EDL's) are used as "Trigger Values" whenever MDL's ar e
unavaila ble.   Trigger Values are used to determine whether-or-not a given increase i n
the concentration of Toxic par ameters is significant or non-significant as per the non-
degredation rules.


(23) Level s of individual petrochemicals in the water column should not exceed 0.010 of the
lowest continious flow 96-hour LC  to several important freshwater species, each having50
a demonstrated high susceptibility to oils and petrochemicals.


(24) Settleab le and suspended solids should not reduce the depth of the compensation poin t
for photosynthetic activity by more than 10 percent fro m the seasonally established norm
for aquatic life.


(25) CASRN  is an acronym for the American Chemical Society's Chemical Abstracts Servic e
Registry Number.


(26) NIOSH  RTECS number is a unique number used for accession to the National Institute For
Occupational Safety and Health (NIOSH) Registry of Toxi c Effects of Chemical Substances.







(27) SAX  nu mber in the format AAA123 is a unique number for identification of materials i n
the D angerous Properties of Industrial Materials, authors N. Irving Sax and Richard J.
Lewis, publisher Van Nostrand Reinhold.
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21.3.5 CHEMISTRY BUREAU PRICE LIST


MONTANA DEPARTMENT OF HEALTH AND ENVIRONMENTAL SCIENCES


CHEMISTRY LABORATORY BUREAU


FISCAL YEAR 1994 PRICE LIST


PROGRAM PARAMETER FY94 LAB FEES


WATER ALKALINITY 12.60 


ALUMINUM 7.30 


AMMONIA 12.60 


ANTIMONY 12.60 


ARSENIC 12.60 


B, CO, BI, MO, SR, SN 7.30 


BARIUM 7.30 


BERYLLIUM 7.30 


BOD 86.10 


BROMIDE 28.70 


CADMIUM 7.30 


CALCIUM 7.30 


CARBAMATE PESTICIDES 75.00 


CHLORIDE 17.40 


CHLORINATED PESTICIDES-508 150.00 


CHLOROPHENOXY HERBICIDES 180.00 


CHLOROPHYLL 25.10 


CHROMIUM 7.30 


COD 73.60 


COLOR 74.90 


CONDUCTIVITY 4.90 


COPPER 7.30 


CYANIDE 94.10 


FLUORIDE 20.00 


FUELS, BTEX 140.00 
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HEXAVALENT CHROMIUM 120.00 


IRON 7.30 


KJELDAHL NITROGEN 21.50 


LEAD 7.30 


MAGNESIUM 7.30 


MANGANESE 7.30 


MERCURY 38.20 


METALS SCAN 14.50 


MICROWAVE DIGESTION 14.40 


NICKEL 7.30 


NITRATE PLUS NITRITE 12.60 


NITRITE 18.50 


OIL AND GREASE 51.10 


ORTHO PHOSPHORUS 12.60 


PENTACHLOROPHENOL 180.00 


PEST-PCB-EDB BY 504/505 120.00 


pH 4.90 


POLY-CHLORINATED BIPHENYLS 120.00 


POTASSIUM 7.30 


RESIDUE 22.40 


SELENIUM 12.60 


SEMI-VOLATILE ORGANICS 430.00 


SEMI-VOLS BY 525 240.00 


SILICON 7.30 


SILVER 7.30 


SODIUM 7.30 


SULFATE 17.40 


SULFIDE 130.00 


TCLP EXTRACTION 43.50 


THALLIUM 12.60 


TOC 26.40 
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TOTAL DISSOLVED SOLIDS 22.40 


TOTAL HARDNESS 0.00 


TOTAL PHENOLICS 130.00 


TOTAL PHOSPHORUS 21.50 


TRIHALOMETHANES 140.00 


TURBIDITY 6.30 


VOLATILE ORGANIC COMPOUNDS 140.00 


VOLATILE SUSPENDED SOLIDS 22.40 


ZINC 7.30 








Section No.  21.0  
Revision No.    0   


Date:  4/1/95
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21.3.6  Bug Guide (Stream Macroinvertebrate Key)







BUG GUIDE


Families of 
Common Macroinvertebrates found in


Northern Rocky Mtn. Streams


Prepared by:


Kootenai River Network:
Adopt-A-Stream Project


Jill Davies
December, 1994


Paid for with grants form:
The Bullitt foundation


Nat’l Fish & Wildlife Fndn.


Illustration by A.V. Provonsha
From W. Patrick McCaffery’s


Aquatic Enotomolgy
Jones & Bartlett Publishers 1983


Used by Permission







Typical size 3-20mm


Three pairs of segmented
legs and wing pads on
thorax


One Hook (claw) at end  
 of each leg HEAD


THORAX


Plate-like or feathery gills
on the side of the
abdomen, which may
extend up, out or down


ABDOMEN


10 abdominal    
  segments


10
9
8


SIPHLONURIDAE
       ( G. Coll.)


-  oval gills
-  short ant.
-  3 tails
-  8th & 9th abd seg  
   have sharp spines


2 or 3 tails on abdomen


Characteristics of MAYFLIES (Order EPHEMEROPTERA)







EPHEMERELLIDAE
(Scraper, G. Coll.)


CAENIDAE
   (G. Coll.)


BAETIDAE
  (G. Coll.)


HEPTAGENIIDAE
(G. Coll., Scraper)


LEPTOPHLEBIIDAE
         ( G. Coll.)


TRICORYTHIDAE
         (G. Coll.)


EPHEMERIDAE
 (G. Coll.)


OLIGONEURIDAE
(F. Coll.)


scorpion-like


-  small
-  notus fused
-  3 tails
-  gills on  abd seg
    2 operculate &
      triangular


-  notus fused
-  3 tails
-  small
-  gills on abd seg
    operulate &
     retangular
      overlapping


-  sometimes flattened
    w/mandibles visible
-  gills long, forked or
     in filaments
-  3 tails
-  can have tusks


-  long ant.
-  often 2 tails
-  8th & 9th abd segs  
     w/o sharp spines
-  oval gills


-  flattened
-  2 or 3 tails
-  oval gills    
     w/tufts -  stout & may be


    spiny
-  notus fused
-  3 tails
-  gills start on 3rd   
      or 4th segs
-  some with             
    opergulate gills


in large rivers


-  tusks curve   
  up& out
-  3 tails
-  large
-  gills forked   
  & fringed


-  forelegs
    w/long hairs
-  round shape
    w/3 tails or
-  flattened
    w/2 tails


if tusks curve in
& down =
Polymitarcyidae


Common MAYFLY Families (Order EPHEMEROPTERA)







Tyjpical Size 5-35mm


2 hooks (claws) at the
end of each leg


Wing pads often
on thorax


10 abdominal
  segments


9
8


10


Three pairs of segmented 
    legs on throax


No gills on the side of the
abdomen or if present, are
filament-like


2 tails on abdomen


Characteristics of STONEFLIES (Order PLECOPTERA)







PERLIADE
 (Predator)


-  patterned
-  branched gills
    on thorax
-  broad head
-  large


CHLOROPERLIDAE
        (Predator)


-  greenish


-  wing 
-  rounded wing
    pads
-  short tails


PERLODIDAE
     (Predator)


-  often patterned
-  no gills or single
    gills
-  wings 
-  long tails
-  broad head


CAPNIIDAE
  (Shredder)


-  small slender
-  abd often thinner
    in middle


-  wings 
-  zig zag abd margin
-  crease in abd side to
    seg 9


Leuctridae
-  smooth abd margin
-  creases in abd side
    to seg 7
-  body very long
-  abd even thickness


-  large


-  wings
-  gills under
    thorax &
    abd seg 1-3


PELROPERLIDAE
       (Shredder)


-  roach-like
-  plated
-  branched gills
    under plates


NEMOURIDAE
     (Shredder)


- stout, hairy


-  wing 
-  hind legs > abd
-  tarsal seg 2< seg 1
-  may have gills at
     neck


1  2 3


Taeniopterygie
-  tarsal seg 2 = seg 1
-  can be patterned
-  no gills at neck


3
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Much
Like


Much
Like


PTERONARCYIDAE
         (Shredder)


Common STONEFLY Familes (Order PLECOPTERA)







Typical Size 2-40 mm


......or may be in a tent or silk net


Short or long prolegs at the end of the
abdomen that end in a single hook


Filament-like
gills may be
present on the
underside of the
abdomen


Three pairs of segmented legs 
    on thorax


Thorax may 
be plated


PRONOTUM MESONOTUM


METANOTUM


Insect may be in a case made
of
   sand grains or bits of leaf or
   twigs


.......or may be free-living......


10 abdominal
   segments


  8


  9
 10


abdominal seg   
#1 may have
  humps


DORSAL


VENTRAL


Characteristic of CADDISFLIES (Order TRICHOPTERA)







Common CADDISFLY Families (Order TRICHOPTERA)







-  2 plates, side humps
-  “long” antenae near
      mandibles
-  2nd plate w/ 2 dark 
       lines


LEPTOCERIDAE
     (G. Coll.) HYDROPTILIDAE


 (G. Coll., Scraper)


-  3 plates, no hump
-  small “micro-caddis”


PHRYGANEIDAE
   (Shredder)


-  1 plate, top hump
-  large w/ long head
-  gills on abd seg #1
-  prosternal horn
-  case in spiral


GLOSSOSOMATIDAE
          (Scraper) -  1 plate, no hump


-  plate on 9th
-  fused prolegs
-  tortoise shell case


LEPIDOSTOMATIDAE
          (Shredder)


-  2 plates, side humps 
-  spotted head
-  cases vary BRACHYCENTRIDAE


           (F. Coll.)


-  2 plates, no humps
-  pornotum w/ deep
   groove side to side


Common CADDISFLY Families (Order TRICHOPTERA)
Casebuilders







PHANTOM MIDGE
 (CHAOBORIDAE)
        (Predator)


NET-WINGED MIDGE
(BLEPHARICERIDAE)
          (Scraper)


pupa


MIDGE
(CHIRONOMIDAE)
(G. Coll.)


top


bottom


pupa


-  distinct head
-  pair of prolegs at
    front of thorax
-  may have prolegs
    at end of abd &
    brushes


-  distinct head w/fan-
     like hairs
-  abd segs 5-8 swollen
-  one proleg at front
     of thorax
-  abd end w/attachment 
     disc


 BLACK FLY
(SIMULIIDAE)
    (F. Coll.)


-  flattened body w/
     7 distinct segs
-  suction disks on 
     6 segs
-  head fused w/thorax
     & first abd seg


      BITING MIDGE
(CERATOPOGONIDAE)
          (Predator)


-  distinct head
-  w/prolegs &
     large bristles
           or
-  w/out prolegs &
     smooth


-  thorax enlarged & fused
-  no mouth brushes
-  ant. w/long hairs
-  body compressed
     side to side
-  somtimes transparent
-  no prolegs


MOSQUITOE
(CULICIDAE)
   (F. Coll.)


-  throax enlarged 
     & fused
-  body depressed
     top to bottom
-  w/mouth brushes
-  no prolegs
-  abd end with
     breathing tube


DIXID MIDGE
   (DIXIDAE)
     (G. Coll.)


-  slender
-  head w/smooth
     brushes & ant.
-  pair of prolegs on abd 
     seg # 1 &
sometimes 
     on #2
-  abd end with
      breathing tube & 
      fringed lobes


Common TRUE FLY Families (Order DIPTERA)
 







ORMOSIA (G.
Coll.)DICRANOTA (Predator)


TIPULA (Shredder)


-  ridges w/plates on abd. top
-  creeping welts under abd.


HEXATOMA (Predator)


-  abd end ofter swollen


PSEUDOLIMNOPILA
               (?)


       CANE FLY
      (TIPULIDAE)


-  no distinct head
    (usually retracted)
-  cylindrical body
-  end of abd forms disc
     w/various shaped
      lobes


 DEER FLY
(TABANIDAE)
 (Predator)


ANTOCHA (G. Coll.)


    SNIPE FLY
(ATHERICIDAE)
     (Predator)


SOLDIER FLY
(STRATIOMYIDAE)
(G. Coll.)


DANCE FLY
(EMPIDIDAE)
(Predator)


MOTH FLY
(PSYCHODIDAE)
(G. Coll.)


PELECORHYNCHIDAE
(G. Coll.)


-  no distinct head
-  8 pr prolegs w/minute hooks
-  short filaments on top & side
-  abd end w/2 long fringed
      projection


-  no distinct head
-  no prolegs
-  body cylindrical,
     tapering at  both ends
-  w/fleshy rings


-  no prolegs
-  body segs subdivided
-  round or flattened
-  with dorsal plates
-  may have attachments


-  no distinct head
-  7 or 8 prolegs
-  abd end w/1 - 4 
     short  projection


-  distinct head
-  no prolegs
-  body hard 
    w/CaCO  deposits3


-  bristles & terminal fan


-  long, smooth, slender
-  somewhat transparent
-  no prolegs, or any 
     other structure
-  no distinct head


Common TRUE FLY Families (Order DIPTERA)







CRAWLING WATER BEETLE
          (HALIPLIDAE)
              (Shredder)


Larva:
-  elongate
-  single claws
- abd end very elongate
- may have long filaments
Adult:
-  oval, usually spotted
-  hind legs w/hairs
-  plates cover base of legs


WATER SCAVENGER BEETLE
      (HYDROPHILIDAE)
            (Predator)


Larva:
-  mandibles visible from above
-  abd has 8 segs
-  abd looks wrinkled
-  no visible terminal filiments
Adults:
-  ant w/3 segmented club
-  hind legs w/hairs


LONGTOED WATER BEETLE
           (DRYOPIDAE)
               (Shredder)


Larva: (not shown)
-  terrestrial
Adult:
-  ant short, thick
     never clubbed
-  long claws


WHIRLIGIG BEETLE
      (GYRINIDAE)
           (Predator)


Larva:
-  elongate
-  abd w/lateral
    filaments
-  abd w/4 terminal
     hooks
Adult:
-  oval, flattened
-  eyes divided into 
    dorsal & ventral prs
-  front legs long,
    mid & hind short


PREDACEOUS DIVING BEETLE
             (DYTISCIDAE)
                (Predator)


Larva:
-  can be quite long
-  legs slender
-  abd has 8 segs
-  abd tapered at end
Adult:
-  oval, streamlined body
-  slender ant.
-  hind legs w/long
    swimming  hairs


RIFFLE BEETLE
   (ELMIDAE)
     (G. Coll.)


Larva:
-  body long, plated
-  abd seg 3 has chamber
     w/gills & hooks
Adult:
-  long-legged
-  ant usually slender
     somtimes short & clubbed
-  claws long & sharp


Common BEETLE Families (Order COLEOPTERA)







GIANT WATER BUG
(BELOSTOMATIDAE)
       (Predator)


-  large, up to 65mm
-  oval, somewhat flattened
-  forelegs modified to hold prey
    w/1 or 2 claws
-  abd does not end in tubes or rod-
    like structures


WATER STRIDER
   (GERRIDAE)
      (Predator)


-  surface dweller, 3-20mm
-  very long hind & mid legs
-  claws arise just before end of 
    legs


CREEPING WATER BUG
      (NAUCORIDAE)
           (Predator)


-  oval, flattened, 6-15mm
-  forelegs modified for holding prey
-  forelegs w/single claw


WATER BOATMAN
     (CORIXIDAE)
         (Predator)


-  parallel-sided, 3-11mm
-  short, modified beak
-  short, modified forelegs
-  hind legs oarlike & possess
     swimming hairs


WATER TREADER
 (MESOVELIIDAE)
       (Predator)


-  small, 2-4mm
-  legs slender w/scattered spines
-  surface dweller mostly on ponds


BACKSWIMMERS
(NOTONECTIDAE)
       (Predator)


-  elongate, deep bodied
-  patterned, 5-16mm
-  forelegs w/2 claws
-  hind legs barlike w/swimming
     hairs
-  swim upside down


Common WATER BUG Families (Order HEMIPTERA)







   CLUBTAIL
(GOMPHIDAE)
     (Predator)


-  robust antennae
-  labium is flat
-  23-40mm
-  tarsus of mid leg is 
     two-segmented


   DARNER
(AESHNIDAE)
   (Predator)


-  patterned, elongate
-  abd tapered at end
-  31-50mm
-  labium is flat
-  slender ant. & legs


COMMON SKIMMER
   (LIBELLULIDAE)


(Predator)


-  hairy, 8-28mm
-  slender ant.
-  labium spoon-shaped


BROADWINGED DAMSELFLY
      (CALOPTERYGIDAE)


      (Predator)


-  abd w/7 pairs of
     lateral filaments
-  single, long
     terminal filaments 
     w/hairs


                      ALDERFLY
(Order MEGALOPTERA, Family SIAIDAE)
                        (Predator)


-  short, 13-25mm
-  robust body
-  3 tail feathers often
     broad, pointed at tips


NARROWWINGED DAMSELFLY
         (COENAGRIONIDAE)
                 (Predator)


-  long, slender, 20-29mm
-  labium very long & 
     stalklike
-  3 tails leaflike


SPREADWINGED DAMSELFLY
               (LESTIDAE)


       (Predator)


-  long, slender, long-legged
-  seg 1 of ant. very long
-  3 tail feathers are long,
     slender, w/mid less so


Common DAMSELFLY  and DRAGONFLY Familes (Order ODONATA)
One ALDERFLY Family (Order MEGALOPTERA)


DRAGONFLY LARVA DAMELSFLY LARVA
(Order ODONATA, Suborder ANISOPTERA) (Order ODONATA, Suborder ZYGOPTERA)







ROUND-MOUTHED SNAIL
      (VALVATIDAE)
            (Scraper)


-  spiral of shell very low


(PLANORBIDAE)
       (Scraper)


-  spiral of shell in one plane


     LIMPET
(ANCYLIDAE)
     (Scraper)


-  shell w/out a sprial
     structure


GILLED SNAIL
(LYMNAEIDAE)
      (Scraper)


-  shell opening to the right
-  has trap door at opening
-  rely on 0  in the water2


POUCH or POND SNAIL
       (PHYSIDAE)
           (Scraper)


-  shell opening to the left
-  no trap door at opening
-  gets 0  from the air2


(Large clams, over 2", of the familie
     Margaretiferidae & Unionidae
      may be found in large rivers
      east of the Rockies.)


FINGERNAIL CLAM
   (SPHAERIIDAE)
         (F. Coll.)


    -  small, < inch


      CLAMS
(Class BIVALVIA) Two-piece hinged shell


  Typical size 2 - 6mm


Common MOLLUSK Families (Phylum MOLLUSCA)


SNAILS & LIMPETS
(Class GASTROPODA) Single spiral shell


  Typical size 2 - 70 mm







pupa


   (PYRALIDAE)
Petrophila confusalis
 (F. Coll., Scraper)


Larva:
-  gills may be on thorax &
     abdomen
-  prolegs on abd segs #3-5
     & #10 w/circles of hooks
-  live in tent-like silk retreat
-  in streams


   (PYRALIDAE)
Synclita occidentalis
 (F. Coll., Scraper)


Larva:
-  same as Petrophila
-  usually in ponds, lakes


Common AQUATIC MOTH Families (Order LEPIDOPTERA)







    AQUATIC WORM
(Class OLIGOCHAETA)
           (G. Coll.)


-  cylindrical, thin, 
    segmented body


      NEMATODE
(Class NEMATODA)
      (Omnivore)


-  small, cylindrical 
    worms.   .5 - 2 mm
-  often translucent
-  mouth at truncated or
     rounded end
-  posterior end tapered
-  not segmented


    SOWBUGS
Order ISOPODA
    (Shredder)


         LEECH
(Class HIRUDINEA)
        (Predator)


-  worm-like, flattened,
     wide, semented body
-  suckers on underside
      at both ends


-  soft, flattened body,
     unsegmented
-  lobed or arrow shaped
     head w/eye spots


       PLANARIAN
(Class TURBELLARIA)
         (Predator)


     CRAYFISH
Order DECAPODA
      (Predator)


CRUSTACEANS


         SCUDS
Order AMPHIPODA
       (Shredder)


OTHER COMMON BENTHIC MACROINVERTEBRATES
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21-4-1.WPD


21.4.1 COMPLAINT REPORT       


*** Part I ***
(check one)
spill report                                                          
telephone                       
office                       
field 


1. Report completed by:   
2. Reported to DHES by: 
3. Does complainant wish to remain anonymous? 
4. Phone: 
5. Address:  
                                          
6. Complaint (when,what,where,why,who):                              
7. Name of water body, stream, or state waters involved? 
8. Date observed and current status: 


9. Responsible Party (incl. address):


10. Location (county, landmarks, mileage from, TWN RNG SEC):
   


11. Other agencies contacted by complainant: 


*** Part II ***


12. Possible violations: 


Referred to other agency:                                    
           date referred:                   


13. Is Field Investigation necessary to validate complaint? Explain:  


*** Part III ***
Relative Priority Ranking 
A. Immediate risk to public health?                   yes    no
B. Continuing or Preventable Environmental Damage?    yes   no
C. Other (describe)
Planned Field Investigation date:                          
Probable responsible WQD section:                       
                   date notified:               


Disposition:                                                    
Date entered onto master log (ES only):                   


Signature:                             








21.4.2 FIELD INVESTIGATION/INSPECTION REPORT


ID NO.
PURPOSE OF INSPECTION
COMPLAINANT
COMPLAINANT PHONE NO.
NATURE OF COMPLAINT
DATE OF FIRST CONTACT
SITE LOCATION 
NEAREST CITY 
COUNTY
TWN      RNG      SEC  
LATITUDE/LONGITUDE
RECEIVING WATER
SAMPLES COLLECTED       
SPLIT SAMPLES  
CHAIN OF CUSTODY 
PHOTOS
EQUIPMENT UTILIZED
RESPONSIBLE PARTY
ADDRESS
PHONE NO.
OTHER AGENCY CONTACTED
DATE INVESTIGATED
INVESTIGATOR(s)
CONTACT AT SITE
                                                                         
BACKGROUND: 
INSPECTION RESULTS: 
LIST OF ATTACHMENTS: 
RECOMMENDATIONS: 
DOCUMENTED VIOLATION (cite MCA/ARM): 
RESPONSIBLE PROGRAM & REFERRAL DATE: 
OTHER DISPOSITION: 
SIGNATURE:


(to be completed by program)


IMMINENT HEALTH THREAT?           YES  NO 
ROUTINE-RESPONSE                  YES  NO   
DE MINIMIS                        YES  NO                            
DATE  MASTER LOG UPDATED: 
HARD FILE LOCATION: 
ECIS ENTRY ID # and DATE: 








ENERGY LABORATORIES, INC. 406-252-6325/800-735-4489
1120 SOUTH 27TH STREET, BILLINGS MT  59101 406-252-6069 FAX
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MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY
PLANNING, PREVENTION AND ASSISTANCE


(WORKING DRAFT)


RAPID BIOASSESSMENT MACROINVERTEBRATE PROTOCOLS:
SAMPLING AND SAMPLE ANALYSIS SOP'S 


Bob Bukantis
5 June, 1998


Please note that this is a working draft.  This document outlines
methods that are being refined and developed and expected to be
in frequent revision.  If you plan to use these methods, please
acquire the latest version.  Please contribute to the development
process by directing any comments to Bob Bukantis; Monitoring and
Data Management Bureau; Montana Department of Environmental
Quality, 2209 Phoenix Ave, Helena MT 59601. 


The methods described here are designed to be used in second
order and above, wadable streams.  These methods can also be used
in smaller, e.g. first-order streams, but special care needs to
be taken in data analysis and interpretation.  The expectations
or standards used to judge stream condition will vary from those
presented here (Richards, 1996).   


SAMPLING


INDEX PERIOD
Summer (June 21 to September 21), following runoff, is the


season chosen by the Montana Department of Environmental Quality,
Planning Prevention and Assistance Division (PPAD) for sampling
macroinvertebrates in Montana. David Richards (1996) recommended
limiting summer season sampling to July and August in his recent
M.S. thesis on Montana mountain stream biomonitoring. The summer
season is the time of year that PPAD has the most reference data,
and it is the season in which both stream flows and weather
conditions are most amenable to aquatic field work in Montana.


Extremes in flow should be avoided for sampling
macroinvertebrates.  Sampling during high flows, besides being
potentially unsafe, is likely to increase sampling variance due
to the difficulty in sampling in fast, deep waters using the
methods described herein.


When monitoring for trends at a particular site, the best
results will likely be obtained when potential between year
variance is minimized by sampling as close as possible to the
same date each year. 


Specific monitoring or assessment information needs may







dictate sampling outside of the recommended time period.  In this
case care should be taken that any reference data used for the
assessment come from collections taken in as similar a time of
year as the study collections.  A preferable option would be to
generate an expected community for comparison purposes
specifically to address the needs of the study.  For example, the
best possible reference community when trying to determine the
impact of a point source discharge will most likely be available
upstream of the discharge at the time of sampling.


SITE SELECTION


Selection of study sites depends largely on the goals and
objectives of the study.  Site selection is best accomplished by
an experienced aquatic ecologist.  Access, location of
contaminant sources, mixing zones, and dilution of pollutants,
should be considered.  A site selected as a reference for the
study site should be as similar as possible to the study site. 
Care should be taken to sample from a riffle that is as typical
as possible for the stream type especially when it is not
possible to use locally-generated reference data.  When there is
a need to compare data from several sites, the sites selected for
sampling should be as similar as possible in terms of gradient,
depth, substrate size and heterogeneity, and canopy cover.  It is
best to avoid sampling near bridges, or crossings unless the
purpose of the study is to examine the effects of these on the
stream.  There is ample evidence that the presence of lakes or
impoundments on streams and rivers affects benthic invertebrate
community composition; therefore sampling sites should be located
as far from these as is practical.  Sampling bedrock or large-
boulder dominated riffles is best avoided, if practical.


SAMPLE COLLECTION
The goal using these methods should be to collect the widest


variety of aquatic macroinvertebrates available at a site with a
total sample size of at least 300 organisms while staying within
the constraints of the methods.


Separate methods are outlined in this document for high- and
low-gradient streams.  A high-gradient stream is considered to be
any stream that has riffles as a common feature.  High gradient
streams typically sustain water velocities of 1 ft/sec or greater
and have substrates primarily composed of gravel or larger
particles.  Low-gradient streams are considered streams that
either lack riffles or where riffles are a rare feature of the
habitat.  Low-gradient streams rarely have velocities that exceed
1 ft/sec, except during high water.  Their beds are usually
composed of fine sediment and may have intermittent patches of
coarser materials.  These low-gradient streams are usually
prairie streams or spring creeks in Montana.


high-gradient streams
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The high-gradient kick-net method is designed to sample
stream riffles to collect a sample containing at least 300
macroinvertebrates. 


The method was developed for sampling shallow riffles in
second to fifth order (as defined by Strahler, 1957) Montana
streams.  When necessary, shallow runs or other habitats may be
sampled.  The habitat sampled should not be too deep (greater
than 2 feet, ideally one foot or less), or too fast (greater than
about 3 feet per second).  The targeted sampling unit is a
representative sampling of the microhabitats available within the
riffle.  A standard D-net with 1 mm mesh is used to collect the
samples.


The sample is collected by employing a traveling kick
technique where the objective is to dislodge the invertebrates so
they are swept into the net.  This is ideally done by starting at
the downstream corner of a rock-substrate riffle and vigorously
shuffling and kicking the feet through the substrate as you
progress towards the opposite upstream corner of the riffle.  Be
sure to sample the margin of the riffle to collect those taxa
unique to that microhabitat. While doing this "riffle shuffle"
the D-net should be held such that the flat portion of the net
ring is parallel to and on the bottom while the net opening is
perpendicular to the current direction and immediately downstream
of your feet.  The effort expended in acquiring the sample should
be sufficient to capture at least 300 invertebrates and to
effectively sample the variety of habitat in the riffle.   Attempt
to move through the riffle at about one-third foot per second, so
that the final total length of stream-bottom disturbed is about
20 feet, and the total time spent sampling is one minute.   It may
be necessary to adapt this technique to situations where a
diagonal kick is not the best way to get a representative sample
of the microhabitats in the riffle, or to get a sufficient number
of organisms to process.  For example, it may be better to break
the "kick" up into shorter segments to ensure sampling a wider
variety of microhabitats, or to deal with debris and sample
material accumulations in the net-bag.


The samples are meant to be qualitative, although the
duration of the kick should be timed and the length of stream
bottom disturbed is estimated to allow for later estimation of a
"catch-per-unit-effort".  When samples are taken for trend
monitoring and to be compared to samples that were taken using an
earlier protocol, it is recommended that the original protocol be
maintained to maintain consistency.  


Replication of samples is recommended whenever possible.  A
recommended method is to sample two (or more) nearby riffles,
keeping the samples separate.  If samples are processed
separately, variation introduced through the combined effects of
sampling, subsampling, and site selection can be estimated.  For
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the sake of brevity variation due to the three previously
mentioned sources will be referred to herein as sampling
variation.


An estimate of sampling variation is valuable in assessing
impact and in assessing the significance of observed differences
in impairment scores.


low-gradient streams
When riffles are rare or non-existent, as in low-gradient


streams, a different sampling protocol is recommended.  A multi-
habitat approach has been developed for many areas of the United
States and is considered to be an effective way of sampling
macroinvertebrates in low-gradient streams.  A dip-net "jab"
sampling method will be employed.  A single jab is meant to
sample approximately 1 meter of length with the net; there should
be 20 "jabs" per sample. 


The sampling protocol is as follows:
1. Select the reach to be sampled:  Select a reach of at
least 1 meander length, or better, about 20 bankfull channel
widths.  Examine and record the approximate proportion of
productive macroinvertebrate habitat.  Productive habitat
types are: riffles, snags, aquatic vegetation, and bank
margins.
2. Proportionally allocate jabs to the relative occurrence
in the reach of habitat types.
3. Collect the 20 "jab" sample: Sampling should be conducted
moving in an upstream direction through the reach,
proportionally allocating jabs among habitat types as
determined in 2. above.  Specific descriptions of what one
jab should be for typical productive habitats are:


riffles: sample employing the traveling kick as for
high gradient streams (explained above).  Travel 1
meter for each "jab" allocated for riffle habitat.  If
the current is too slow to efficiently capture
macroinvertebrates in the riffle using a traveling
kick, then jab net along riffle bottom in an upstream
direction, attempting to dislodge and catch
invertebrates without retaining excessive debris.
snags: depends on the nature of the snag.  The idea is
to try to sample roughly an equivalent of a meter
sweep.  Sweep through and around the snag in such a way
as to dislodge and capture inhabitants.  Inhabitants
should be scrubbed off by hand into the net on coarser
snags.
aquatic vegetation: sweep the net through the
vegetation for about 1 meter trying to loosen
inhabitants.
bank margins: typically a modification/combination of
"jab" recommended for the above habitats, depending on
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the nature of the habitat at the site.


SAMPLE LABELING AND PRESERVATION


Accurate labeling of sample bottles is important to preserve
critical information.  Bottles are best labeled both inside and
out.  Labels to be placed in the sample bottle should be written
in pencil on good quality paper labels.  The use of pre-printed,
fill-in-the-blank labels are recommended to help ensure that
labeling is complete.


There are several suitable preservatives available.  Ninety-
five percent ethanol is a good choice.  It will do the job, yet
is relatively benign to handle.  The drawback of using ethanol
alone is that the fluid composition of the sample needs to be
dominated by the ethanol to effect good preservation.  It is
necessary to consider the dilution effects of water present in
living and dead biological material in the sample, as well as any
free water.  Attempt to get a final concentration of about 80 %. 
If there is any doubt concerning preservation, decanting and
refreshing the sample with new ethanol once back from the field
is recommended.  Formalin is frequently used, either alone or in
conjunction with ethanol.  Formalin is a 37 to 40 % aqueous
solution of formaldehyde.  Two to 6 percent formalin will
adequately preserve a sample.  However, formalin is not "user
friendly" as it is considered carcinogenic.


SUPPORTING FIELD DATA


Supporting data to be collected at the time of field
sampling should be entered on the "field data sheet" and "habitat
assessment field data sheet".  Note that there are separate forms
for both high-gradient (riffle-pool) and low-gradient (glide-run)
streams.  Both forms are adapted from the work of Mike Barbour
and Sam Stribling of Tetra Tech.  One set of forms should be
filled out for each site sampled.  In addition, the riffle or
other habitats sampled should be described by the use of clearly
written descriptions.  A sketch of the riffle or other habitat
sampled is recommended, along with an indication of that portion
of the riffle sampled.  A sketch is often invaluable when
attempting to relocate sites in the future.  Photographs should
be taken of the sampling site, and of substrate sampled.  Include
landmarks in the photographs and sketches of the site to
facilitate future location of the sampled site.
minimum field information required
The following is the minimal field information required to
maintain data integrity.  Do not collect samples for processing
without all of the following information included with the
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samples.


1. Stream: the name of the stream from where the sample was
taken.
2. Site name: Use a descriptive site name that will help
locate the sampled site.
3. Date: Date sample was taken.
4. Time: The time the sample(s) were taken (military time
format).
5. Collecting Agency: The agency the sampler works for.
6. Legal Description: The Township, range, section and tract
description to four divisions if possible.  This information
is required to build stations in the STOREASE database.
7. Number of kick samples: number of kick samples taken. 
Note if a sample is in more than 1 jar.
8. Duration of kick: Length of time substrate was disturbed
to collect each sample.  There should be a separate entry
for each sample taken.  The standard duration is one minute.
9. Length of kick: length of stream bottom disturbed during
sample collection in feet.  Should have an entry for each
sample.
10.  Field notes: Provide a description of the site(s)
sampled.  Provide any information that will help someone
else locate where you took your samples.


habitat assessment forms
Rating the field characteristics can be highly subjective. 


Try to be as consistent as possible and freely take notes to
document field conditions.  The best use of the forms may be to
force the sampler to observe and record certain aspects of the
habitat encountered rather than an absolute scoring of the
habitat condition.


Remember that the intention of the field forms is to
facilitate the recording of information about quality of the
stream as macroinvertebrate habitat.  This is meant to be an aid
in determining causes and sources of any impairment noted.  The
form is not designed to be used to separate out natural versus
anthropogenic impacts to the stream system.


When sampling low gradient streams, detailed notes should be
taken on the types and relative proportion of habitat sampled, as
well as on description and condition of those habitats.  Examples
of information worth noting include: type of riffle substrate,
number, type, and relative prevalence of macrophyte species, size
of snags, accumulations of fine materials in channel and on/in
habitats, etc.


Points to consider when rating macroinvertebrate habitat on
the Habitat Assessment Forms are:
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parameters 1 and 2: only rate that portion of the stream actually
sampled; e.g. for riffle/pool streams only rate the riffle
from which the sample was taken.


parameters 3-10 (and 7 and 9 on Glide/Run form):  on this portion 
of the form rate the average condition observed for a
distance about equal to 10-15 bankfull channel widths
upstream of the sampling location.  Make notes concerning
any knowledge of conditions further upstream.


parameter 4: consider sediment to be any solid geologic material 
that is transported by the stream.  Individual sediment
particles range in size from microscopic (silt) to quite
large, such as boulders.


parameter 5:  Streams typically have three distinct channels.  
The bankfull channel is primarily formed by the bankfull
discharge that is typically reached or exceeded about once
every 1.5 years.  When the flow exceeds the elevation of the
top of the bankfull channel, the water expands into the
flood channel (sometimes referred to floodplain, or flood-
prone area).  The baseflow channel is the channel that is
defined by low-flow conditions.  This is the smallest
portion of the channel that is normally wet under all flow
conditions.  Diversion of water at dry times of the year or
abnormally dry weather conditions may cause a reduction in
the available habitat and have adverse effects on the
macroinvertebrate community.


STREAM CHANNEL STABILITY DATA COLLECTION


SUBSAMPLING


Subsampling procedures need to be followed carefully to
ensure reliable data that are directly comparable to other data
collected using this method.  The sample should be poured in a
gridded pan with about 24 equal-sized squares.  Distribute the
sample as evenly as possible over the entire bottom of the pan. 
Randomly choose squares in the pan for subsampling.  Remove all
macroinvertebrates from each chosen square until 270 to 330 are
picked.  Once a square is chosen for sampling, search it for
macroinvertebrates until you feel confident all
macroinvertebrates have been removed.  Be sure to record
subsampling information to allow reporting the proportion of
sample subsampled.


A lab should have a range of sizes of gridded pans
available, such that an experienced "bug picker" can evaluate the
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proper size pan to use. The idea is to have the density of
macroinvertebrates in the bottom of the pan so as to allow at
least 5 squares, and preferably more, to be completely picked
clean of macroinvertebrates without exceeding a total sample size
of 330.  It may be necessary with samples from rich sites to
split the sample with a sub-sampling device that produces
representative subsamples, prior to using the procedure described
above.


Be sure to document the actual proportion of subsample
removed so this can be used to produce a density estimate during
data analysis.


MACROINVERTEBRATE TAXONOMIC RESOLUTION


It is critically important that the level of taxonomic
resolution be strictly comparable to allow comparability of data
between samples.  When comparing data to data from past samples
consistency of taxonomic resolution needs to be maintained or
strictly accounted for in the analysis.  The following taxonomic
resolution is recommended for Montana.


Miscellaneous, Non-insect Invertebrates
Porifera, Turbellaria, Nematoda, Copepoda, and Ostracoda to
class or phylum.


Acrai and Cladocera to Order


Oligochaeta to family.


Hirudinea to species


Mollusca: Family for Sphaeriidae, Planorbidae,
Lymnaeidae, Ancylidae, Physidae.


Amphipoda, Astacidae, Isopoda (genus, except Hyallela
azteca to species).


Odonata: genus


Ephemeroptera:


Baetidae: Genus for most, and species for Baetis. 
Generic limits suggested by McCafferty and Waltz (1990)
followed.


Genus for Baetiscidae, Caenidae, Oligoneuriidae,
Ephemeridae, Leptophlebiidae, Siphlonuridae,
Tricorythidae.
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Ephemerellidae: Genus except species for Drunella and
Timpanoga.


Heptageniidae: Genus, except Epeorus to species


Plecoptera:


Family for Capniidae, Leuctridae and Chloroperlidae
(except genus for Kathroperla and Sweltsa).


Nemouridae: Genus except for Zapada to species or
species group.


Perlidae: Species except for Doroneuria.


Perlodidae, Pteronarcyidae, Peltoperlidae and
Taeniopterygidae to genus.


Hemiptera: Genus, except Corixidae left at family level.


Megaloptera and Lepidoptera: Genus.


Trichoptera:  Genus, except Rhyacophilidae to species group or 
species.


Coleoptera: Key to genus.  List the larvae and adults separately
in the taxonomic lists, where appropriate.


Diptera:


Blephariceridae, Ceratopogonidae, Culicidae,
Dolichopodidae, Ephydridae, Muscidae, Pelecorhynchidae,
Stratiomyiidae, Tabanidae, Tanyderidae to family.
Larval and pupal identifications pooled under one
family name.


Athericidae, Dixidae, Empididae, Psychodidae,
Simuliidae, Tipulidae to genus.  Larvae and pupae
pooled under a single name.


Chironomidae:


Identified to genus level.  Particular taxa (e.g.
Cricotopus nostococladius) identified to subgenus or
species group; combine pupae under family.
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METRICS CALCULATED


The following are metrics that are considered poitentially useful
for use in Montana:


Taxa Richness  The number of clearly-unique taxa in the
sample. Care needs be taken in this metric that taxa are not
“double-counted”.  For example immature specimens determined
to family only should be assumed to belong to the same genus
as other specimens in that family that were determined to
genus level, unless they are definitely known to belong to a
different, but undetermined genus. Similarly, different life
stages of an organism are not to be considered different
taxa, unless the specimen in question is definitely known to
represent a unique taxon.  For example, finding chironomid
pupae do not add an extra taxon to a list of chironomid
genera, unless the specimens found are known to represent a
“new” genus.
EPT Richness  The number of taxa from the orders
Ephemeroptera, Plecoptera, and Trichoptera.  The same
considerations applied to taxa richness above, apply
here also.
% Dominant Taxon 100((number of individuals of the
numerically dominant taxon)/(total in the sample)). Values
range from 0 to 1.
Biotic Index The sum of (proportional abundance of a taxon
in the sample)(tolerance values specified by DEQ for that
taxon) for all taxa in the sample.  Values range from 0 to
10.
Metals Tolerance Index (tolerance values specified by DEQ)
calculated as Biotic Index, above.
% Collector-Gatherer + Filter-feeders   The sum of the
percentage of each of these functional-feeding groups in the
sample.
% Scraper + Shredder (Mountain, Spring and Plains)  The sum
of the percentage of each of these functional-feeding groups
in the sample.
Quantitative Similarity Index for Taxa  Can be used only when
comparing two samples.  Caculate the amount of overlap in
proportional abundance for each taxon, then sum this for all
taxa in both samples. Values can range from 0 to 1.
Quantitative Similarity Index for Functional-Feeding-Groups
Can be used only when comparing two samples.  Caculate the
amount of overlap in proportional abundance for each
functional-feeding-group, then sum this for all taxa in both
samples. Values can range from 0 to 1.
Dominants-in-Common-5 Can be used only when comparing two
samples.  It is the number of the five most numerically
dominant taxa in each sample, that are also one of the five
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numerical dominants in both samples.
% EPT individuals  The percentage of the sample made up of
individuals from the orders Ephemeroptera, Plecoptera, and
Trichoptera.
% Ephemeroptera  The percentage of the sample made up of
individuals from the order Ephemeroptera.
% Plecoptera (Mountain)  The percentage of the sample made
up of individuals from the order Plecoptera.
% univoltine  The percentage of individuals in a smaple from
taxa which typically complete their life cycles in 1 year.
% multivoltine  The percentage of individuals in a smaple
from taxa which typically complete their life cycles in more
than 1 year.
% Baetidae of Ephemeroptera (Spring)  The percentage of all
Ephemeroptera indivduals in a sample from the family
Baetidae.
Community Tolerance Quotient  Calculated as Biotic Index,
above, except using tolerance values from USDA Fisheries
Habitat Surveys Handbook (R-4 FSH 2609.23).  Values range
from 0 to 108.
Shannon H (log base 2) See C.I. Weber, ed. 1973. Biological
Field and Laboratory Methods for Measuring the Quality of
Surface Waters and Effluents. US EPA 670-4-73-001.
Cincinatti.
Number of Scraper Taxa  The number of taxa from the scraper
functional-feeding group.
Number of Predator Taxa  The number of taxa from the
predator functional-feeding group.
Number of Collector-Gatherer Taxa   The number of taxa from
the collector-gatherer functional-feeding group.
Number of Organisms Collected per Minute  of sampling effort.
Number of Organisms Collected per Foot  travelled during
sampling.


The following metrics should be used only for interpretation
of sources and causes of impairment, and not used in the
calculation of impairment rating:


% Hydropsychinae of Total Trichoptera (Foothills and 
Mountain streams)
% Chironomidae (Foothill and Mountain streams)
% Scrapers + Shredders (Foothills)
% Plecoptera (Foothill and Spring)
% semivoltine


DATA ANALYSIS


Data analysis should generally follow methods for RBP III,
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as outlined in EPA's Rapid Bioassessment Protocols for Use in
Streams and Rivers (EPA/444/4-89-001), utilizing the metrics
proposed herein.  When comparison is being made between data
sets, care must be taken to ensure consistency, especially in
taxonomy and use of tolerance values.


Provisional criteria for metric scoring have been
established for Montana wadable streams as follows:


SCORE: 3 2 1 0
PLAINS


Taxa Richness >24 24-18 18-12 <12
EPT Richness >8 8-6 5-3 <3
Biotic Index <5 5-6 6-7 >7
% Dominant Taxon  <30 30-45 45-60 >60
% Collectors (g+ff) <60 60-80 80-95 >95
% EPT >50 50-30 30-10 <10
Shannon Diversity >3.0 3.0-2.4 2.4-1.8 <1.8
% Scrapers + Shredders  >30 30-15 15-3 <3
# Predator Taxa >5 4-5 3-4 <3
% Multivoltine <40 40-60 60-80 >80


INTERMOUNTAIN VALLEY AND FOOTHILLS


Taxa Richness >28 28-21 21-14 <14
EPT Richness >14 14-13 12-11 <11
Biotic Index <4 4-5 5-6 >6
% Dominant <30 30-40 40-50 >50
% Collectors (g+ff) <60 60-75 75-90 >90
% Scrapers + Shredders  >30 30-20 20-10 <10
% Hydropsychinae of <75 75-85 85-95 >95


Trichoptera
% EPT >60 60-45 45-30 <30


MOUNTAIN


Taxa Richness >28 28-24 24-19 <19
EPT Richness >19 19-17 17-15 <15
Biotic Index <3 3-4 4-5 >5
% Dominant <25 25-35 35-45 >45
% Collectors (g+ff) <60 60-70 70-80 >80
% Scrapers + Shredders  >55 55-40 40-25 <25
% EPT >70 70-55 55-40 <40
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Impairment scores are computed as follows:
1) Compute metrics.
2) Determine the score (0 to 3) from the tables above.
3) Sum the scores for all metrics, and divide this total by
the maximum possible score ( 3 X (number of metrics used for
scoring) ).
4) the score resulting from step 3 will range from 0 to 1. 
Compare this score to the range of use support criteria
below to determine use support rating.


The following are suggested water quality use
support/standards violation thresholds, and are expressed as a
score with range from 0 to 1:


>0.75 Full support--standards not violated
0.25-0.75 Partial support--moderate impairment--standards 
violated
<0.25 Nonsupport--severe impairment--standards violated


TREND ANALYSIS


When data is being analyzed for trends be sure to take
account any differences in data analysis due to:


1. changes in methods.
2. level of taxonomic determination of the specimens.
3. differences in subsample size.
4. changes in taxonomy.
5. Rvisions in tolerance values.


Analysis for trends must be done carefully with regard for
the above listed issues.  Worthwhile trend analysis often
requires complete reanalysis of the entire data set starting with
the raw data.  Never assume that metrics directly read from past
reports are directly comparable to those you may have just
calculated.


QUALITY ASSURANCE/QUALITY CONTROL


1. At least 10 % of macroinvertebrate samples should be
replicated in the field.  Suggested methods for replication  are
to sample 2 nearby riffles for high gradient streams, 2 nearby
reaches for low-gradient streams.


2. Voucher collections should be submitted for all taxonomic
identifications on samples.


3. When work is contracted out part of the agreement is
based on an assessment of contractor competency.  Therefore DEQ
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will be consulted for agreement with decisions regarding
selection of any subcontractor.
 
HABITAT ASSESSMENT


When habitat assessment scores are being compared between
sites and/or years it is important to take into account the
potential use of differing forms.


REPORTS


Reports written for the Montana Department of Environmental
Quality following the methods described here require the
following:
1. Taxonomic lists of macroinvertebrates, including tolerance
values and functional feeding group designations used for each
taxon.  Taxa lists should include class, order, family, genus,
and species designations where possible.  Taxa lists should
follow the taxonomic classification scheme used in Appendix 1.
below to facilitate DEQ quality assurance activities.
2. Number pages on all reports, including appendices on unbound
reports.
3.  A clear summary of findings and conclusions.  This should be
a separate section of text, with a numbered list preferred.
4.  Clearly document the dates samples were collected in any
written report.
5.  If an internal reference is developed for the analysis,
describe the internal reference used.
6. Clear documentation of the proportion of sample subsampled.
7. Submit data both in hard copy and in electronic form.  
Below is a list of what needs to be included in the electronic
format file and the order it must appear in order to be read into
the database.  The fields need to be in the order shown, pipe
delimited, and in ASCII file format.  All the data from each
sample should be entered on one line. Note that fields 5, 8, 9,
and 13, are filled in with G, B, 1, and MTK, respectively, when
following the protocols outlined in this document.  If you
encounter a bug that does not have a code listed, please include
a note that specifies the family, the genus and species and how
many were found in the sample so we can enter the bug into our
system and create a code for it.  Fields 14 and 15 below would be
repeated for each invertebrate taxon in the sample.


Field 1 Station key 5-DIGIT NUMERIC
Field 2 Project ID NUMERIC
Field 3 Collecting Agency NUMERIC
Field 4 Samples Analyzed by NUMERIC
Field 5 Sample Type G
Field 6 Collection Date NUMERIC (00/00/00)
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Field 7 Collection Time NUMERIC (MILITARY TIME, 
Hrs, mins, as 00/00)


Field 8 Depth Qualifier B
Field 9 Mesh Size 1
Field 10 Sub-sample percent NUMERIC
Field 11 Duration of Kick NUMERIC (IN SECONDS)
Field 12 Length of Kick NUMERIC (IN FEET)
Field 13 Biota Sampling Method MTK
Field 14 Biota Code (taxon) M0000
Field 15 Result (count) NUMERIC
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APPENDIX 1: MONTANA MACROINVERTEBRATE CHECK-LIST


Note: Tolerance values (metals and HBI) that are in bold are from: D. McGuire
1992, 1993, and 1994.


These documents are available at the Montana State Library.


TAXA LIST


CODE TAXON HBI METALS FFG Volt


MISCELLANEOUS TAXA (NON-INSECTS)


M0591 PORIFERA


M0535 CNIDARIA


M0536 P     Hydra 8 3


PLATYHELMINTHES


M0590 Turbellaria P M


M0608   Tricaldida


4 4


ASCHELMINTHES


M0534 Nematoda


     Mermithidae


5 5


ANNELIDA


M0010 Oligochaeta 10 CG


M0015 CG U


M0609


     Lumbriculidae 4 1


           Eclipidrilus
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M0012 CG U     Enchytraeidae 4 1


M0017 CG M     Naididae 8 5


M0018 6 P          Chaetogaster diaphanus


M0019 8 CG          Nais communis


M0020 10 CG          Nais variabilis


M0021 6 CG          Ophidonais serpentina


M0022 CG M     Tubificidae 10 6


M0596 CG U     Lumbricidae 4 1


M0013           Lumbricina


M0001 Hirudinea 8 P


M0002 P     Erpobdellidae 8 4


M0005      Glossiphoniidae 9 4


M0007           Glossiphonia complanata 9 4


M0009 P U          Helobdella stagnalis 10 4


MOLLUSCA


M0583 FC USphaeriidae 8 3


M0584 5,8 FC     Pisidium


M0585 8 FC     Pisidium compressum


M0586      Pisidium milium


M0587 5,8 FC     Sphaerium


M0588      Sphaerium simile


M0555 SCAncylidae


M0556 SC     Ferrissia 6 1


M0557      Ferrissia parallelus


M0558 SC     Ferrissia rivularis 6 1


M0559 SC ULymnaeidae 6 3


M0561      Fisherola nutalli 3 1


M0562      Fossaria 6 3


M0563      Fossaria bulimoides cockerelli


M0565      Fossaria modicella


M0566 SC     Stagnicola 6 3


M0567      Stagnicola elrodi
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M0568 SC UPhysidae 8 3


M0569 SC U     Physella 8 4


M0570      Physella gyrina


M0571      Physella lordi


M0572      Physella propinqua nuttalli


M0573 SC UPlanorbidae 6 3


M0574 SC     Gyraulus 8 3


M0575 8 SC     Gyraulus parvus


M0576      Helisoma 6


M0577      Planorbella subcrenatum


M0580 Valvatidae


M0582      Valvata humeralis 3 1


M0537 Cladocera


M0538 Copepoda


M0553 Ostracoda


M0540 Gammaridae 4


M0541 SH,CG U     Gammarus 4 1


M0542      Gammarus lacustris


M0543 8


M0611


Talitridae


Hyalellidae


M0545 CG U     Hyallela azteca 8 3


M0546 Isopoda 8


M0548      Caecidotea 8 5


M0549      Caecidotea racovitzai racovitzai


M0551 SH SDecapoda 6 3


M0552      Pacifasticus 6 3


M0589 Acari 5 5


PHYLUM ARTHROPODA / CLASS INSECTAPHYLUM ARTHROPODA / CLASS INSECTA


M0328 ODONATA


M0329 PAeshnidae 5
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MO338 2.5 PGomphidae


M0339 P     Octogomphus


M0340 P S     Ophiogomphus 5 4


M0341      Ophiogomphus servus 5


M0343 PLibellulidae 9


MO330 PCalopterygidae


M0331 P     Hetaerina americana 6 3


M0333 PCoenagrionidae 7 3


M0334 P     Argia 7


M0335 7 P     Coenagrion/Enallagma


M0336 P     Enallagma 7 3


M0337 P     Ischnura 7 3


M0342 PLestidae 9


M0218 EPHEMEROPTERA


M0219 CG,SCBaetidae 4


M0220      Acentrella 4 CG


M0221      Acentrella edmundsi 6 CG


M0222 CG M     Acentrella insignificans 4 4


M0223 CG     Acentrella turbida 4 3


M0224 CG,SC     Baetis 5 4


M0225 M     Baetis bicaudatus 2 4


M0226      Baetis propinquis 6


M0227 M     Baetis (Psuedocloeon) punctiventris 6 3


M0228 M     Baetis tricaudatus 4 5


M0229 CG     Callibaetis 9 1


M0230 CG,SC     Centroptilum 2 1


M0232


M0603


     Diphetor hageni 5 1


     Fallceon


M0233 CG,F,SCCaenidae 7


M0234 CG,SC     Caenis 7 3


M0235      Caenis latipennis


M0236      Caenis youngi
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M0237 CG,SC,PEphemerellidae 1


M0238 2 CG     Attenella


M0239 CG U     Attenella margarita 3 1


M0240 CG,SC     Caudatella 0


M0241      Caudatella edmundsi


M0242      Caudatella heterocaudata 0 0


M0243 U     Caudatella hystrix 0 0


M0244 1 SC,P     Drunella


M0245 P U     Drunella coloradensis 0 0


M0246 P U     Drunella doddsi 1 0


M0247 SC     Drunnella flavilinea 2 0


M0248 SC U     Drunella grandis 2 1


M0249 U     Drunella spinifera 0 0 P


M0250 1.5 SC,CG U     Ephemerella


M0251      Ephemerella alleni 1


M0252 0     Ephemerella aurivillii


M0253 U     Ephemerella inermis 4 3


M0254 CG U     Serratella 2 1


M0255 CG     Serratella mitchneri 0


M0256 CG U     Serratella tibialis 2 1


M0257 CG     Timpanoga


M0258 CG U     Timpanoga hecuba 2 1


M0259 Ephemeridae 4


M0260 2.5 CG,P,F     Ephemera


M0261      Ephemera simulans 1


M0262 6 CG,F     Hexagenia


M0263      Hexagenia limbata 6


M0264 SC,CGHeptageniidae 4


M0265 SC,CG U     Cinygma 0


M0266 U     Cinygmula 0 0 SC,CG


M0267 CG,SC     Epeorus 2 0


M0268 U     Epeorus albertae 2 0


M0269 U     Epeorus deceptivus 0 0
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M0270 U     Epeorus grandis 0 0


M0271 U     Epeorus longimanus 1 0


M0272 SC,CG U     Heptagenia 4 1


M0273      Heptagenia soltari 3 1


M0274 SC,CG U     Ironodes 0 0


M0733      Leucrocuta 1


M0275 SC,CG U
    
     Nixe 4 1


M0276      Nixe criddlei 2


M0277      Nixe simplicoides 4


M0278 U     Rhithrogena 0 2 CG,SC


M0279 3.5 SC,CG     Stenonema


M0280      Stenonema terminatum 4 1


M0281 CG,SCLeptophlebiidae 2


M0282 CG,SC U     Choroterpes 2 1


M0283      Choroterpes albiannulata 2 1


M0284 CG     Leptophlebia 3 1


M0285 CG,SH U     Paraleptophlebia 1 1


M0286 U     Paraleptophlebia bicornuta 2 1


M0287      Paraleptophlebia debilis 1 1


M0288 CG,F     Traverella 2 1


M0289      Traverella albertana 2


M0290 2Oligoneuridae


M0291 2.5 CG,F,P     Isonychia


M0292 Polymitarcyidae 2


M0293 CGSiphlonuridae 1


M0294 SC,CG U     Ameletus 0 1


M0295 CG,SC,P,     Siphlonurus 2 1
SH


M0296 CGTricorythidae 4


M0297 CG M     Tricorythodes 4 4


M0298      Tricorythodes minutus 4 4


M0344 PLECOPTERA
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M0345 SH UCapniidae 1 0


M0346 P,SC,CGChloroperlidae 1


M0599 CG,P U     Chloroperlinae 1 2


M0347 1 2 CG,SC U     Kathroperla


M0348      Kathroperla perdita 1 2


M0349 0 P     Sweltsa


M0350 SH ULeuctridae 0 0


M0351 2 SH     Paraleuctra


M0352 SH,CGNemouridae 2


M0353 SH,CG U     Amphinemura 2 1


M0354      Amphinemura banksi 2


M0602 U     Malenka 1 1


M0356 U     Podmosta 2 1


M0357 SH     Prostoia


M0358 SH     Prostoia besametsa 3


M0359      Soyedina


M0360      Soyedina pooteri 0


M0361 U     Visoka cataractae 0 0


M0362 SH U     Zapada 2


M0363 SH U     Zapada cinctipes 3 3


M0364 SH     Zapada columbiana 2 1


M0365 SH     Zapada haysi 2


M0366 SH     Zapada frigida 1


M0367 SH U     Zapada Oregonensis Group 2 1


M0368 PPerlidae 2


M0369 .5 P     Acroneuria


M0370 P     Acroneuria abnormis 2


M0372 P S     Calineuria californica 2 3


M0373 P     Claassenia


M0374 P S     Claassenia sabulosa 3 3


M0375 P S     Doroneuria 0 2


M0376 P S     Doroneuria theodora 0


M0377 P S     Hesperoperla pacifica 1 3
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M0378 P,SC,CGPerlodidae 2


M0380      Cascadoperla trictura 2


M0381 P U     Cultus 2 2


M0382 p U     Isogenoides 3 2


M0383 P     Isogenoides elongatus 3


M0384 P,CG U     Isoperla 2 3


M0385      Isoperla fulva 3


M0386      Isoperla fusca 0


M0387      Isoperla longiseta 3


M0388      Isoperla mormona 2


M0389      Isoperla petersoni 1


M0390      Isoperla pinta 2


M0391      Isoperla sobria 2


M0392      Isoperla quinquepunctata 2


M0393      Kogotus 1 2 P,SC U


M0394      Megarcys 1 1 P U


M0396      Perlinodes aurea 1


M0398      Setvena bradleyi 0 1 P,SC


M0399      Skwala 3 3 P U


M0400      Skwala curvata 2 P


M0401 Peltoperlidae 0 SH,SC


M0402      Yoraperla 0 0 SH,SC U


M0403 Pteronarcidae 2 SH,SC,P


M0404      Pteronarcella 4 4 SH,P U


M0405      Pteronarcella badia 3 4 SH


M0406      Pteronarcys 2 2 SH,P,SC U


M0407      Pteronarcys californica 2 1


M0408 Taeniopterygidae 2 1 SH,CG,SC


M0410      Doddsi occidentalis 2


M0411      Taenionema 2 2


M0412      Taenionema pacificum 3


M0299 HEMIPTERA
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M0300 Belastomatidae 7 P


M0301      Lethocerus P


M0302 Corixidae 510 PI,P,SC


M0304      Hesperocorixa laevigata PI


M0305      Palmacorixa


M0306      Palmacorixa buenoi


M0307      Palmacorixa gillettei 5 3


M0308      Sigara 5 3 PI,CG


M0309      Trichocorixa P,CG


M0310      Trichocorixa borealis


M0311      Trichocorixa verticalis interiores


M0312      Trichocorixa naias


M0313      Trichocorixa verticalis


M0314 Gerridae 7 P


M0315      Gerris 5 3 P


M0316 Mesoveliidae 7 P


M0317      Mesovelia P


M0318 Naucoridae 7 P


M0319      Ambrysus 3 3 P


M0320 Notonectidae 10 P


M0321      Notonecta 5 3 P


M0325 MEGALOPTERA 7


M0326 Sialidae 4 P,CG


M0327      Sialis 4 4 P,CG


M0413 TRICHOPTERA


M0414 Brachycentridae 1 CG,F,SH, SC


M0416      Amiocentrus aspilus 3 1 CG U


M0417      Brachycentrus 1 FC,SC


M0418      Brachycentrus americanus 1 4 U


M0419      Brachycentrus occidentalis 2 3 U
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M0420      Micrasema 1 2 SH,CG U


M0421      Micrasema bactro 1 2


M0422 Glossosomatidae 0 2 SC,CG U


M0423      Agapetus 0 2 SC,CG U


M0424      Agapetus montanus


M0425      Anagapetus 0 SC


M0426      Culoptila 1 SC


M0427      Glossosoma 0 2 SC U


M0428      Glossosoma traviatum SC


M0429      Glossosoma velona SC


M0430      Protoptila 1 2 SC


M0431 Helicopsychidae 3 3 SC


M0432      Helicopsyche 3 3 SC


M0433      Helicopsyche borealis 3 3 SC U


M0434 Hydropsychidae 4


M0605  Arctopsychinae 2


FC,P


FC


M0435      Arctopsyche 2 3 FC U


M0436      Arctopsyche grandis 2 3


M0452      Parapsyche


M0453      Parapsyche elsis


M0606  Hydopsychinae


M0438


    


 


     Cheumatopsyche


0 1


5 5


FC U


FC U


FC


FC U


M0439      Hydropsyche 5 5 FC U


M0437      Ceratopsyche 5 5 FC U


M0440      Hydropsyche bidens 3 FC


M0441      Hydropsyche (Ceratopsyche) bronta 5 4 FC


M0442      Hydropsyche (C.) cockerelli 4 4 FC


M0443      Hydropsyche (C.) morosa 6 5 FC


M0444      Hydropsyche occidentalis 5 5 FC


M0445      Hydropsyche (C.) oslari 4 6 FC


M0446      Hydropsyche placoda 3 5 FC


M0447      Hydropsyche separata 4 FC


M0448      Hydropsyche simulans 7 FC







CODE TAXON HBI METALS FFG Volt


26


M0449      Hydropsyche (C.) slossonae 4 6 FC


M0450      Hydropsyche (C.) tana 3 FC


M0451      Hydropsyche (C.) vexa 3 FC


M0454 Hydroptilidae 4 PI,SC,CG


M0455      Agraylea 8 2 PI,CG M


M0456      Hydroptila 6 4 PI,SC M


M0457      Ithytrichia 3.5 SC


M0458      Ithytrichia clavata


M0459      Leucotrichia 2 1 SC,CG U


M0460      Leucotrichia pictipes 2 1


M0461      Mayatrichia 1 SC


M0462      Neotrichia 2 2 SC


M0463      Ochrotrichia 4 3 PI U


M0464      Oxyethira 3 2 PI,CG,SC


M0465      Zumatrichia 3 SC,CG


M0466      Zumatrichia notosa 3 1 SC,CG


M0467 Lepidostomatidae 1 SH


M0468      Lepidostoma 1 1 SH U


M0469      Lepidostoma-panel case SH


M0470      Lepidostoma-sand case SH


M0471      Lepidostoma-turret case SH


M0472 Leptoceridae 4 CG,SH,P


M0473      Ceraclea 3 1 CG,SH,P


M0474      Mystacides 4 3 CG,SH


M0475      Nectopsyche 2 3 SH,CG,P U


M0476      Oecetis 8 3 P,SH U


M0477      Triaenodes 6 1 SH


M0478 Limnephilidae 3 SH,CG,SC,P


M0479      Apatania 3 2 SC,CG U


M0481      Chyranda 2 2 SH U


M0482      Chyranda centralis 2 SH


M0483      Cryptochia furcata 1
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M0484      Dicosmoecus 2 1 SC,SH,P S


M0485      Dicosmoecus atripes


M0486      Ecclisomyia 4 2 CG,SC U


M0487      Glyphopsyche 1


M0488      Glyphopsyche irrorata 1


M0489      Hesperophylax 3 SH,SC,CG


M0490      Homophylax 2 SH


M0491      Limnephilus 3 2 SH,CG


M0492      Neophylax 3 2 U


M0493      Onocosmoecus 3 2


M0494      Psychoglypha 0 2 CG,SH U


M0495      Psychoglypha bella


M0496 Molannidae 6 SC,CG,P


M0497 Philopotamidae 3 FC


M0498      Chimarra 3.5 FC


M0499      Chimarra utahensis 4 FC


M0500      Dolophilodes 0 1 FC U


M0501      Wormaldia 0 1 FC U


M0502      Wormaldia gabriella 0 FC


M0503 Phryganeidae 4 SH,SC


M0504 Polycentropodidae 6 FC,P,SH


M0505      Neureclipsis 7 FC,SH,P


M0506      Nyctiophylax 5


M0507      Polycentropus 6 1 P,FC U


M0508 Psychomyiidae 2 CG,SC


M0509      Psychomyia 2 1 CG,SC


M0510      Psychomyia flavida 2


M0511 Rhyacophilidae 0 P,CG,SC


M0512      Rhyacophila 1 P,CG,SC


M0513      Rhyacophila Alberta Group 0 1 U


M0514      Rhyacophila Angelita Group 0 1 U


M0515      Rhyacophila Betteni Group 0 1 U


M0516      Rhyacophila Brunnea Group 2 1 U
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M0517      Rhyacophilla brunnea 0


M0518      Rhyacophila Coloradensis Group 0 1 S


M0519      Rhyacophila coloradensis 0


M0520      Rhyacophila Hyalinata Group 0 1 U


M0521      Rhyacophila Iranda Group 0


M0522      Rhyacophila narvae 0


M0523      Rhyacophila pellisa 0


M0524      Rhyacophila Sibirica Group 0 1 U


M0525      Rhyacophila Vemna Group 0


M0526      Rhyacophila verrula 0 1 U


M0527      Rhyacophila Vofixa Group 0 1 U


M0528 Uenoidae SC,CG


M0529      Neophylax 3 2 SC


M0530      Neophylax rickeri


M0531      Neothremma 1 1 SC,CG U


M0532      Neothremma alicia


M0533      Oligophlebodes 3 1 SC,CG U


M0322 LEPIDOPTERA 7


M0323 Pyralidae 5 SH,SC


M0324      Petrophila 5 3 SC U


M0023 COLEOPTERA


M0024 Curculionidae SH


M0025 Dryopidae 5 SH,SC,CG


M0026      Helichus 2 2 U


M0027 Dytiscidae 75 P U


M0028      Agabus 5 7 P


M0029      Deronectes 5 7 P


M0030      Oreodytes 5 7 P


M0031 Elmidae (L) 4 CG,SC,SH


M0032 Elmidae (A) 4 CG,SC,SH
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M0033      Cleptelmis 4


M0034      Cleptelmis ornata 4 4 U


M0035      Dubiraphia (L) 6 4


M0036      Dubiraphia (A) 6 4 U


M0037      Heterlimnius 3 3 U


M0038      Heterlimnius corpulentus 3 3


M0039      Lara 1 1 SH U


M0040      Lara avara 1 1 SH


M0041      Microcylloepus 5 4 U


M0042      Microcylloepus browni


M0043      Microcylloepus pusillus (L) 5 3


M0044      Microcylloepus pusillus (A) 5 3


M0045      Narpus 2 1


M0046      Narpus concolor 2 1 U


M0047      Optioservus (L) 5 5 SC,CG U


M0048      Optioservus (A) 5 5 CG,SC U


M0049      Optioservus divergens 4


M0050      Optioservus quadrimaculatus


M0051      Optioservus seriatus


M0052      Ordobrevia 5 3


M0610      Phanocerus


M0053      Stenelmis (L) 5 3 SC,CG


M0054      Stenelmis (A) 5 3 CG,SC


M0055      Stenelmis oregonensis 5


M0056      Zaitzevia 5


M0057      Zaitzevia parvula 4 3 U


M0058      Zaitzevia thermae


M0059
Gyrinidae 10 P


M0060      Gyrinus 5 3 P U


M0061 Haliplidae 7 7 SH,PI,P, SC


M0062      Brychius 5 5 SC,PI U


M0063      Haliplus 5 PI,SH


M0064      Peltodytes 5
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M0065 Heteroceridae


M0066 Hydrophilidae 5 7 P,CG,PI, SH U


M0067      Berosus (L) 5 P


     Berosus (A) CG


M0069      Hydrochus 7 SH


M0070 DIPTERA


M0071 Athericidae 2


M0072      Atherix 5 5 P U


M0073      Atherix pachypus 4 4 P


M0074 Blephariceridae 0 SC U


M0076      Bibiocephala grandis SC


M0077 Ceratopogonidae 6 5 P,CG,SC


M0078      Culicoides 10 P,CG


M0598 6 4  Ceratopogoninae P,CG M


M0079 Chaoboridae 8 P


M0080 Chironomidae 10 CG,F,P,SH,SC
,PS


M0607   Chironominae 8 CG,F,SH


M0082      Chironomus 10 4 CG,SH


M0083      Cryptochironomus 8 5 P M


M0084      Cryptotendipes 6


M0085      Demicryptochironomus 8 4 CG


M0086      Dicrotendipes 8 5 CG,F,SC


M0087      Endochironomus 10 6 SH,FC,CG


M0088      Glyptotendipes 10 SH,FC,CG


M0089      Microtendipes 6 4 FC,CG


M0090      Parachironomus 10 4 P,CG


M0091      Paracladopelma 7 4


M0092      Paralauterborniella (=Apedilum) 8 CG


M0093      Paratendipes 10 CG


M0094      Phaenopsectra 7 4 SC,CG,F


M0095      Polypedilum 6 4 SH,CG,F,P M
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M0096      Pseudochironomus 5 4 CG


M0097      Robackia 4 4 CG M


M0098      Saetheria 4 CG


M0099      Stenochironomus 5 CG,SH


M0100      Stictochironomus 5 CG,SH


M0101      Xenochironomus 4 0 P


M0102   Tanytarsini 6 FC,CG,SC


M0103      Cladotanytarsus 7 3 CG,F


M0104      Micropsectra 4 1 CG


M0105      Paratanytarsus 6 2


M0106      Rheotanytarsus 6 1 FC M


M0107      Stempellina 2 0 CG


M0108      Stempellinella 4


M0109      Sublettea


M0110      Tanytarsus 6 3 FC,CG,SC M


M0111   Tanypodinae 7 P,CG


M0604      Alotanypus 6 8


M0112      Ablabesmyia 8 3


P,CG


M0113      Apsectrotanypus 8 P


M0114      Brundiniella 3 7 P


M0115      Conchapelopia/Thienemannimyia P


M0116      Labrundinia P


M0117      Larsia 6 3 P


M0118      Macropelopia 6 5 P


M0119      Pentaneura 6 2 P,CG


M0120      Procladius 9 5 P,CG


M0121      Psectrotanypus 10 P


M0122      Tanypus 10 P,CG


M0123      Thienemannimyia 5 3 P M


M0124      Zavrelimyia 8 P


M0125   Diamesinae 5 CG,SC


M0126      Diamesa 5 9 CG,SC M


M0127      Pagastia 1 9 M
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M0128      Potthastia 2 5 CG,SC M


M0129      Potthastia Gaedii Group 2 5


M0130      Potthastia Longimana Group 2 5


M0131      Psuedodiamesa 2 CG


M0132      Sympotthastia 2 CG,SC


M0133   Prodiamesinae 3 CG


M0134      Monodiamesa 7 5 CG


M0135      Odontomesa 4 5 CG


M0136      Prodiamesa 3 3 CG


M0137   Podonominae 1 CG,SC


M0138      Boreochlus 1 CG,SC


M0139      Parochlus 1 CG,SC


M0140   Orthocladiinae 6 CG,SC,SH,P,P
S


M0142      Acricotopus


M0143      Brillia 4 4 SH,CG M


M0144      Cardiocladius 5 9 P M


M0145      Chaetocladius CG


M0146      Corynoneura 7 4 CG M


M0147      Cricotopus 7 9 SH,CG M


M0148      Cricotopus Cricotopus


M0149      Cricotopus Isocladius


M0150      Cricotopus Nostococladius 6 5 M


M0151      Cricotopus Tremulus Group


M0152      Cricotopus Trifascia Group 7


M0153      Diplocladius 5 CG


M0154      Eukiefferiella 8 9 CG,SC,P M


M0155      Eukiefferiella devonica Group 8 7


M0156      Krenosmittia 1 CG


M0157      Heterotrissocladius 0 CG,SC


M0158      Hydrobaenus 8 SC,CG


M0159      Lopescladius 2 CG


M0160      Nanocladius 3 4 CG M


M0161      Orthocladius 6 5 CG M
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M0162      Paracladius 8 CG


M0163      Parakiefferiella 6 CG


M0164      Parametriocnemus 5 4 CG M


M0165      Paraphaenocladius 4 4 CG M


M0166      Psectrocladius 8 CG,SH


M0167      Pseudorthocladius 0 CG


M0168      Pseudosmittia 6 4 M


M0169      Rheocricotopus 4 5 CG,SH,P M


M0170      Stilocladius


M0171      Symbiocladius 4 1 PS


M0172      Synorthocladius 2 1 CG,SC M


M0173      Thienemanniella 6 4 M


M0174      Tvetenia 5 4 CG M


M0175 Culicidae 10 CG,FC


M0176      Aedes 7 5 CG,F


M0177      Anopheles FC


M0178 Deuterophlebiidae 0


M0179      Deuterophlebia 0 0 SC M


M0180 Dixidae 4 CG


M0182 Dolichopodidae 4 4 P,CG


M0183 Ephydridae 6 CG,SH,SC, P


M0184 Empididae 6 6 P,CG U


M0185      Chelifera 5 4 U


M0186      Clinocera 5 4 U


M0187      Hemerodromia 6 4 P,CG U


M0188      Oreogeton 4 7 P


M0189 Muscidae 10 P


M0190      Limnophora 6 7 P


M0191 Pelecorhynchidae 1 P,SH


M0192 Psychodidae 4 CG,SC


M0597      Pericoma 4 4 CG U


M0193 Simuliidae 6 FC,SC


M0194      Cnephia 1 FC
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M0195      Prosimulium 4 2 FC M


M0196      Simulium (Eusimulium) 5 5 FC M


M0198      S. (Psilozia) 7 7 FC M


M0199      Twinnia 7 SC


M0200 Stratiomyiidae 7 4 CG,SC U


M0201      Euparyphus 7 4 CG,SC


M0202 Tabanidae 6 3 P


M0203 Tanyderidae 5


M0204      Protanyderus 5 1


M0205 Tipulidae 3 SH,CG,P


M0206      Antocha 3 4 CG U


M0207      Dicranota 3 2 P U


M0208      Erioptera 7 CG


M0209      Hesperoconopa 1 1


M0210      Hexatoma 2 2 P U


M0211      Limnophila 3 P


M0212      Ormosia 6 2 CG


M0213      Pedicia 6 P


M0214      Pilaria 7 P


M0215      Pseudolimnophila 2 4 CG U


M0216      Rhabdomastix 1 1 U


M0217      Tipula 4 4 SH U
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FIELD LIST 


____MACROINVERTEBRATE SAMPLE BOTTLES 
____LABEL MARKERS
____LABELS
____TAPE
____LABELS TO PUT INTO BOTTLES
____NETS
____FIELD DATA SHEETS
____CAMERA
____FILM
____ETHANOL or other preservative
____PAN OR BUCKET (not necessary, but can aid quick sample
examination)
____PENCILS
____CLIPBOARD(S)
____FIELD METER(S)
____CALIBRATION BUFFER
____DI WATER
____THERMOMETERS
____HIP BOOTS
____MAPS
____GPS unit
____SITE INFORMATION, (location, sampling effort etc)
____BATTERIES
     TAPE RECORDER (for field notes on the fly)
      FIELD NOTEBOOK
        SURVEY GEAR (level, rod, tape)
        REBAR (or other to mark permanent cross-sections)







HABITAT ASSESSMENT FIELD DATA SHEET RIFFLE /POOL  PREVALENCE


Stream                                                            Site                                                                              
Date                                                                Investigator                                                                   


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1A. Riffle Development riffle as wide as stream but length that is not as wide existent


SCORE  (        ) 9-10  6-8 3-5 0-2


Well-developed riffle; Riffle as wide as Reduced riffle area Riffles virtually non-


stream and extends less than two times as stream and its
two times width of width. length less than two
stream. times width.


1B. Benthic Substrate dominated by with abundant by bedrock, gravel, sand, silt or


SCORE  (        )  9-10  6-8 3-5 0-2


Diverse Substrate Substrate diverse, Substrate dominated Monotonous fine


cobble. cobble but bedrock boulders, fine gravel, bedrock substrate.
boulder, fine gravel, sand or silt; cobble
or sand prevalent. present.


2. Embeddedness boulder particles are boulder particles are boulder particles are boulder particles are


SCORE  (        ) 16-20 11-15 6-10


Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or Gravel, cobble, or


between 0-25% between 25-50% between 50-75% over 75% surrounded
surrounded by fine surrounded by fine surrounded by fine by fine sediment.
sediment (particles sediment. sediment.
less than 6.35mm
[.25"])


0-5


3. Channel Alteration absent or minimal; present, usually in present on both gabion or cement;
(channelization, stream pattern areas of crossings, banks; and 40 to over 80% of the
straightening, dredging, apparently in natural etc, evidence of past 80% of the stream stream reach
other alterations) state. alterations (before reach channelized channelized and


SCORE  (        ) 16-20 11-15 6-10 0-5


Channel alterations Some channelization New embankments Banks shored with


past 20 yr) may be and disrupted. disrupted.
present, but more
recent channel
alteration is not
present.


4. Sediment Deposition enlargement of bars in bar formation, of new gravel, fine material,


SCORE  (        ) 16-20 11-15 6-10 0-5


Little or no Some new increase Moderate deposition Heavy deposits of


and less than 5% of mostly from coarse coarse sand on old increased bar
the bottom affected gravel; 5-30% of the and new bars; 30- development; more
by sediment bottom  affected; 50% of the bottom than 50% of the
deposition. slight deposition in affected; sediment bottom changing


pools. deposits at frequently; pools
obstructions, almost absent due to
constrictions, and substantial sediment
bends; moderate deposition.
deposition in pools
prevalent.







Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


5. Channel Flow Status channel; minimal the baseflow of the baseflow channel, and mostly


SCORE  (        ) 16-20 11-15 6-10 0-5


Water fills baseflow Water fills >75% of Water fills 25-75% Very little water in


amount of channel channel; <25% channel; riffle present as standing
substrate exposed. channel substrate substrates mostly pools.


exposed. exposed.


6. Bank Stability (Score evidence of erosion infrequent, small moderate frequency eroded areas; "raw"
each bank) or bank failure; little areas of erosion and size of erosional areas frequent along


Note: determine left or for future problems. banks in reach have bends; obvious bank
right side while facing erosion; high erosion sloughing; 60-100%
downstream. potential during high of banks have erosion


SCORE  (        ) (left) 3-5 0-2
SCORE  (        ) (right) 9-10 6-8


Banks stable; no Moderately stable; Moderately unstable; Unstable; many


apparent potential mostly healed over. areas; up to 60% of straight sections and


flow. scars on side-slopes.


7. Bank Vegetation streambank surfaces streambank surfaces streambank surfaces streambank surfaces
Protection (note: reduce covered by covered by covered in covered by
scores for annual crops stabilizing vegetation; vegetation; vegetation; extensive
and weeds which do not vegetation; disruption evident, dsiruption obvious; disruption of
hold soil well, eg vegetative disruption but not affecting full patches of bare soil vegetation;
knapweed) minimal or not plant growth or closely cropped vegetation removed


SCORE  (        ) (left)
SCORE  (        ) (right)


Over 90% of the 70-90% of the 50-70% of the Less than 50% of the


evident; almost all potential to any vegetation common; to 2 inches or less.
plants allowed to great extent; more less than one-half of
grow naturally. than one-half of potential plant height


9-10 6-8


potential plant height remaining.
evident.


3-5 0-2


8. Vegetated Zone Width zone >100 feet. zone 30-100 feet. zone 10-30 feet. zone <10 feet.
(score zone for each side
of stream)


SCORE  (        ) (left)
SCORE  (        ) (right) 9-10 6-8 3-5 0-2


Width of vegetated Width of vegetated Width of vegetated Width of vegetated


TOTAL SCORE (        ) MOD 5/16/95







HABITAT ASSESSMENT FIELD DATA SHEET GLIDE / POOL PREVALENT STREAMS
Stream                                                            Date                                                                              
Site                                                                Investigator                                                                    


Habitat  Category
Parameter


Optimal Sub-Optimal Marginal Poor


1. Bottom Substrate / Greater than 50% mix 30-50% mix of stable 10-30% mix of stable Less than 10% sta-
Available Cover of snags, submerged habitat; well-suited for habitat; habitat avail- ble habitat; lack of


SCORE  (        ) 16-20


logs, undercut banks, full colonization poten- ability less than desir- habitat is obvious;
rubble or other stable tial; adequate habitat able; substrate fre- substrate unstable or
habitat and at stage for maintenance of quently disturbed or lacking.
to allow full populations; presence removed.
colonization potential of additional substrate
(i.e., logs/snags that in the form of newfall,
are not new fall and but not yet prepared
not transient). for colonization (may


 scale).
rate at high end of


11-15 6-10 0-5


2. Pool Substrate Charac- Mixture of substrate Mixture of soft sand, All mud or clay or Hard-pan clay or bed-
terization materials, with gravel mud, or clay; mud may sand bottom; little or rock; no root mat or


SCORE  (        )  16-20  11-15 6-10 0-5


and firm sand preva- be dominant; some no root mat; no sub- vegetation.
lent; root mats and root mats and sub- merged vegetation.
submerged vegetation merged vegetation
common. present.


3. Pool Variability Even mix of large- Majority of pools large- Shallow pools much Majority of pools


SCORE  (        ) 16-20 11-15 6-10 0-5


shallow, large-deep, deep; very few shal- more prevalent than small-shallow or
small-shallow, small- low. deep pools. pools absent.
deep pools present.


4. Channel Alteration Channel alteration Some channel alter- New embankments Extensive channeliza-
(channelization, dredging, absent or minimal; ation present, usually present on both tion; banks shored
staightening, other alter- stream with normal, in areas of crossings, banks; channelization with gabion or ce-
ations) sinuous pattern. evidence of past chan- may be extensive, ment; heavily urban-


SCORE  (        ) 16-20 11-15 6-10 0-5


nel alterations, (prior to usually in urban areas ized areas; instream
past 20 yrs) may be or drainage areas of habitat greatly al-
present, but more agriculture lands; and tered or removed
recent channel alter- >80% of stream entirely.
ation is not present. reach channelized and


disrupted.


5. Sediment Deposition Less than 20% of 20-50% affected; 50-80% affected; Channelized; mud,


SCORE  (        ) 16-20 11-15 0-5


bottom affected; moderate accumula- major deposition; silt, and/or sand in
minor accumulation of tion; substantial sedi- pools shallow, heavily braided or nonbraided
fine and coarse ment movement only silted; embankments channels; pools al-
material at snags and during major storm may be present on most absent due to
submerged vegeta- event; some new both banks; frequent deposition.
tion; little or no en- increase in bar forma- and substantial
largement of islands tion. sediment movement
or point bars. during storm events.


6-10







Habitat Category
Parameter


Optimal Sub-Optimal Marginal Poor


6. Channel Sinuosity The bends in the The bends in the The bends in the Channel straight;


SCORE  (        ) 16-20 11-15 6-10 0-5


stream increase the stream increase the stream increase the waterway has been
stream length 3 to 4 stream length 2 to 3 stream length 2 to 1 channelized for a
times longer than if it times longer than if it times longer than if it long distance.
was in a straight line. was in a straight line. was in a straight line.


7. Channel Flow Status Water reaches base Water fills >75% of Water fills 25-75% of Very little water in


SCORE  (        ) 16-20 11-15 6-10 0-5


of both lower banks the available channel; the available channel channel and mostly
and minimal amount or <25% of channel and/or riffle sub- present as standing
of channel substrate substrate is exposed. strates are mostly pools.
is exposed. exposed.


8. Bank Vegetation Protec- More than 90% of 70-90% of the stream- 50-70% of the strea- Less than 50% of
tion (score each blank) the streambank sur- bank surfaces covered mbank surfaces cov- the streambank


Note:  determine left or native vegetation, but one class of plants disruption obvious; vegetation; disruption
right side by facing down- including trees, un- is not well-represented; patches of bare soil or of streambank
stream. derstory shrubs, or disruption evident but closely cropped vegetation is very


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 3-5 0-2


faces covered by by native vegetation; ered by vegetation; surfaces covered by


non-woody macro- not affecting full plant vegetation common; high; vegetation has
phytes; Vegetation growth potential to any less than one-half of been removed to 2
disruption minimal or great extent; more the potential plant inches or less in
not evident; almost all than one-half of the stubble height re- average stubble
plants allowed to potential plant stubble maining. height.
grow naturally. height remaining.


6-8


9. Bank Stability (score Banks stable; no Moderately stable; Moderately unstable; Unstable; many erod-
each bank) evidence of erosion or infrequent, small areas up to 60% of banks ed areas; "raw"


SCORE  (        ) (LB) 9-10 6-8 3-5 0-2
SCORE  (        ) (RB) 9-10 6-8 3-5 0-2


bank failure; little of erosion mostly in reach have areas of areas frequent along
potential  for future healed over. erosion; high erosion straight sections and
problems. potential during bends; obvious bank


floods. sloughing; 60-100%
of bank has erosional
scars.


10. Riparian Vegetation Width of riparian zone Width of riparian zone Width of riparian zone Width of riparian
Zone Width (score each >18 meters; human 12-18 meters; human 6-12 meters; human zone <8 meters;
bank riparian zone) activities (i.e., parking activities have impact- activities have little or no riparian


SCORE  (        ) (LB) 9-10 3-5 3-5 0-2
SCORE  (        ) (RB) 9-10 0-2


lots, roadbeds, ed zone only minimally. impacted a great deal. vegetation due to
clearcuts, lawns, or human activities.
crops) have not
impacted zone.


3-5 3-5


TOTAL SCORE (        ) MOD 10/18/94







Stream:_________________________ PHYSICAL CHARACTERIZATION/ WATER QUALITY Date:_______________________
Site name:_______________________     FIELD DATA SHEET Time:_______________________
Station Key:_______________________________ Project:____________________
Collecting Agency:_________________________ LEGAL DESCRIPTION: T Rosgen Class________________
____________________________________________________________________________________________________________________________________________________
PHYSICAL CHARACTERIZATION GPS Coordinates_______________     PDOP________


           _______________     Satellites_______
RIPARIAN ZONE/INSTREAM FEATURES


Forest Field/Pasture Agricultural Residential Commercial Industrial Other:________________
Local Watershed Erosion: None Moderate Heavy
Local Watershed NPS Pollution: No Evidence Some Potential Sources Obvious Sources
Estimated Stream Width_______m Estimated Stream Depth: Riffle______m Run______m  Pool______m
High Water Mark______m Velocity______ Dam Present: Yes___No____ Channelized: Yes____No_____
Canopy Cover: Open Partly Open Partly Shaded Shaded


SEDIMENT/SUBSTRATE:
Sediment Odors: Normal Sewage Petroleum Chemical Anaerobic None Other____________________
Sediment Oils: Absent Slight Moderate Profuse
Sediment Deposits: Sludge Sawdust Paper Fiber Sand Relic Shells Other____________________________
Are the underside of stones which are not deeply embedded black? Yes____ No____


Inorganic Substrate Components                                                                                         Organic Substrate Components                                                         Substrate Type
Diameter Percent Composition Substrate Type Characteristic Percent Composition


in sampling area in sampling area


Bedrock Detritus Sticks, Wood, 
Boulder >256 mm (10in) Course Plant
Cobble 64-256 mm (2.5-10 in) Materials (CPOM)
Gravel 2-64 mm (0.1-2.5 in) Muck-Mud Black, Very Fine
Sand 0.06-2.00 mm (gritty) Organic (FPOM)
Silt 0.004-0.06 mm Marl Grey, Shell
Clay <.004 mm (slick) Pigments
____________________________________________________________________________________________________________________________________________________
WATER QUALITY


Temperature_____C Dissolved Oxygen_____ pH_____ Conductivity_____ Discharge_____ Other_____________
Instrument(s) Used__________________________________________________________________________________________________________________________________
Stream Type: Coldwater Warmwater
Water Odors: Normal Sewage Petroleum Chemical None Other__________
Water Surface Oils: Slick Sheen Globs Flecks None
Turbidity: Clear Slightly Turbid Opaque Water Color
____________________________________________________________________________________________________________________________________________________
Weather Conditions Number of Kick Samples________
Photograph Number_________________ Duration of Kick_____________ _____________


Length of Kick________________          _____________ 
____Acceptable      _____Needs revision      _____Reject







Contractor Report Evaluation Form date:_________


Contractor:___________________________________
Report Title:_________________________________
Report Date:_______________
reviewed by:_____________________
QUESTIONS, REVISION REQUIREMENTS:


Subsampling


1.  Did the contractor follow the specified sub-sampling procedures?


2.  Are subsamples in the range of 270-330 organisms?


3.  Is the proportion of the sample that the contractor subsampled documented?


Taxonomy
4.  Is taxonomic resolution consistent with the SOP’s?


Data Analysis
5.  Is the correct set of metrics used for impairment rating?


6.  Was an appropriate reference used for the analysis?


7.  Did the contractor use replicate information in evaluating the level of
resolution if appropriate?


8.  For reports where time trends are being evaluated: Did the contractor account
for any differences in taxonomic resolution between years, etc?


9.  Are the metrics calculated correctly?


Report Details
10. Are the dates the samples were collected included in the report?


11.  Are the report conclusions clearly summarized?


12.  Are the pages numbered?







13.  Is the taxa list ordered consistent with the SOP’s?


14.  Are any deviations from the SOP’s explained and justified?


Other Comments:
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1.2 ABSTRACT


In May, 1979, the United States Environmental Protection Agency (EPA)
initiated a mandatory quality assurance program.  This program was
designed to assure all environmental measurements conducted by EPA,
state and local agencies and other sources result in data of a known
quality.  Meeting this goal requires the development of a Quality
Assurance Project Plan (QAPP) which contains management policies and
monitoring protocols which specify how the Montana Department of
Environmental Quality (DEQ) intends to produce data of known and
acceptable precision, accuracy, representativeness, and completeness. 
This document provides the above information for the Montana Department
of Environmental Quality.
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3.0 Project/Task Organization


MONTANA DEPARTMENT OF ENVIRONMENTAL QUALITY


________________________________ ____________________________________


Permitting and Enforcement Planning, Prevention and Remediation
Compliance Division Divisio n Assistance Division Division


____________________________________________ _________________________________


Resource Protection Pollution Monitoring & Data Technical/Financial Impacts
Planning Bureau Prevention Bureau Management Bureau Assistance Bureau Assessment


Bureau


Data Management Water Quality Analytical Services Air Quality
Monitoring Monitoring


Randy Apfelbeck, QAPP Project Manager, has the responsibility for updating and maintaining the Quality
Assurance Project Plan with oversight from the Monitoring and Data Management Bureau Chief.
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4.0  Problem Definition/Background


A.  It is the policy of the DEQ to provide sufficient quality control
and quality assurance to assure that data of known and acceptable
comparability, precision and accuracy, representativeness, and
completeness are collected in all monitoring projects.


Completeness of the data is related to the sampling frequency and the
percent of data passing acceptability criteria (valid samples). 
Completeness is achieved by selecting the proper sampling frequency,
providing adequate training, and adhering to instrument calibration,
monitoring, and maintenance protocols.


Comparability tests the consistency of units and collection and analysis
methods utilized by the various reporting agencies in Montana.  The
ultimate goal is direct comparison and improved correlation among data
submitted to the DEQ.


Representativeness refers to the nature of the conditions affecting
sampling methods and the particular parameter being measured.  The goal
is to locate and eliminate or minimize bias, so the data collected shows
the true conditions of the area being sampled.  This includes
consideration of siting criteria, spatial scales, monitoring objectives,
climatic change, source configuration, and duration of study.


Precision defines the ability of personnel and equipment to obtain
repeatable results for identical samples or conditions.


Accuracy reflects how close the measured data points are to what is
actually presented to the instruments.


B.  Obtaining representative samples and maintaining their integrity are
critical parts of any monitoring or enforcement program.  Analytical
methods have been standardized but the results of analyses are only as
good as the sampling and the sample preservation methods.  Each step in
a water quality investigation must be examined to ensure that the end
results will be meaningful, representative of the sampling source and of
known precision.  Location of sampling points, collection and
preservation of samples, field analytical techniques, measurement of
water flows, processing of data and interpretation of results are all
important steps in a water quality study.


This manual summarizes field procedures commonly used for in programs of
the Department of Environmental Quality :  Drinking Water, Groundwater
Monitoring, Intensive Surveys, MPDES Compliance Monitoring, and Clark
Fork Basin Study.  It is meant to describe "Standard Operating
Procedures" common to all programs, as well as documenting procedures
more specific to one or another program.  It is not meant to be a
compilation of all field procedures or the best existing methods for
conducting water quality investigations.
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This manual draws heavily from U.S. Environmental Protection Agency and
U.S. Geological Survey guidance on the collection and preservation of
water quality samples.  Often, this guidance has been modified and
adapted to suit the particular needs of the Department of Environmental
Quality.


In some instances, little guidance is available for certain field
procedures.  However, techniques and described procedures herein are
selected to maximize accuracy, simplicity, comparability of results with
other agencies and organizations, and continuity over time given
inevitable changes in personnel.
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5.0 Project/Task Description


A water quality study is often undertaken because there is a regulatory
or program decision to be made, and new environmental data are required
for the decision.  "Regulatory and program decisions" are decisions to
take an action, such as to


- determine whether a regulation is needed
- develop or revise a standard or regulation
- issue or revise a permit
- find a permittee in or out of compliance
- take enforcement action
- study a problem further
- determine program policy, d irection, or priorities
- implement a corrective action program.


In the past, emphasis in the design and implementation of a water
quality study has been on the field collection of water and wastewater
samples and the analysis of those samples, in the field and in the
laboratory, for water quality variables.  This emphasis, through
rigorous quality assurance and quality control procedures, has ensured
that the data collected is the "best data possible."  Historically,
little emphasis has been made on planning a study to ensure that the
data collected will provide adequate information for making a decision .


A water quality monitoring program should be designed to provide
information about water quality conditions over time and space and in
relation to management goals concerning water quality.  Generally, the
planning of a data collection effort needs to be emphasized,
particularly the following activities:  defining monitoring goals and
water quality; identifying statistical methodologies to be used and
statistical conclusions to be drawn; reviewing and analyzing historical
data; and determining where, what, and how frequently to sample. 
Monitoring programs which neglect precollection planning are often "data
rich, information poor."  Conclusions regarding water quality may not
satisfy management goals and information expectations.


An approach to monitoring system design has been developed by Robert
Ward at Colorado State University ( Water Quality Monitoring as an
Information System , presented to U. S. EPA's National Symposium on Water
Quality Assessment, June 1-3, 1998, Annapolis, Maryland).  This
approach, outlined below, focuses on the need to document why the
monitoring is being undertaken, what statistics are to be employed in
data analysis, and the need for consistency in all parts of the
monitoring system over time.


This approach is:


STEP 1 Define Information Expectations







Section No.   5.0 
Revision No.    0  


Date:  4/1/95


05-0.DOC


- determine management and corresponding monitoring
goals


- define water quality for monitoring system design
purposes


- identify statistical methodology to be used by
monitoring system


- state statistical conclusions to be drawn from
data and discuss how these conclusions relate to
management goals


- describe means of reporting conclusions


STEP 2 Confirm Statistical Design Criteria


- statistically characterize water quality
population to be sampled


- plot concentration and flow vs. time
- normality testing
- variance homogeneity testing
- independence testing


- state that assumptions of chosen statistical
methodology are met


STEP 3 Design Monitoring Network


- where to sample (from management/monitoring goals)
- what to measure (from water quality definition and


management/monitoring goals)
- how frequently to sample (from needs of selected


statistical methodologies)


STEP 4 Develop Operating Plans and Procedures


- sampling routes, equipment and employee training
- field sampling and analysis procedures
- sample preservation and transportation
- laboratory analysis and quality control procedures
- data verification protocols
- data storage and retrieval hardware and software
- data analysis software for chosen statistical


methodology


STEP 5 Develop Information Reporting Procedures


- type, format and frequency of reporting
- distribution of reports
- automation of reporting
- evaluation of information relative to expectations


defined in Step 1
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5.1 DEQ PROTOCOLS AND STREAM REACH ASSESSMENTS


5.1.1 Proposed DEQ Stream Reach Assessment Flowcharts


Proposed DEQ Stream Reach Assessment Protocols


Gather historical data and information concerning land
use, local impacts and culture.


Collaborate with conservation districts and local watershed
groups, and contact landowners to arrange access to stream


Identify preliminary stream reach breaks in accordance with:
-changes in landforms/geology/soils
-changes in land use patterns or ownership
-confluences with tributaries
-point sources


   Note: maximum length for each stream reach is 30 miles


Identify potential least-impaired stream reaches that can be used to
assist in determining reference conditions


Field
Conduct stream reach assessment


(see Stream Reach Field Assessment for details)


Analyze data and make a beneficial use
support decision


Provide feedback to the public, landowners
and conservation districts


Add information to WBS
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DEQ Stream Reach Field Assessment


Conduct stream reach
assessment


Perform a qualitative habitat
assessment for the entire


reach


Collect water quality samples and
data at sites located at the upper


and lower end of the reach


Document possible
sources


and causes of impairment


Collect field
chemistry


data at access points,


Gather information from the
local Conservation District


and landowners such as land
use, history, culture, etc.


Chemistry:
   -water column
   -sediment(metals)
   -chlorophyll(nutrients)


Biology:
   -macroinvertebrates(bugs)
   -periphyton(algae)
   -fish(optional)


Habitat/Physical:
   -measure or estimate flow
   -quantify geomorphology
   -instream/riparian qualitative
    habitat assessment
   -establish photo points


Where reference condition is not well
established, if possible, assess a least-impaired
stream reach within the region that has similar


hydrogeomorphology for comparison
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5.1.2 Proposed Stream Assessment Protocols


(June 24 1999; DRAFT)


I. Goals


1. To collect enough information about a water body to meet the
definition of sufficient and credible data.  Due to limited
resources, the Department is proposing to assess a stream via
conducting one field visit.  Therefore, a considerable amount
of effort will be made during the field visit to coordinate
with the Conservation Districts, land owners, etc. and to
collect data that reflects water quality over time.  For
example, macroinvertebrate and algae community structure,
habitat evaluations, sediment chemistry, and chlorophyll  a,
all may reflect both the conditions of a stream at the time
of sampling and also provide a historical perspective (e.g.,
Macroinvertebrates can reflect water quality for up to one
year prior to sampling).  In addition, an attempt will be
made to collect historical data (e.g., fishery data from
Montana Department of Fish Wildlife & Parks ( MDFWPs).


2. To make beneficial use support determinations with
confidence.  Data will be collected to evaluate biology
(fish, macroinvertebrates or algae), chemistry (water column
and sediment) and habitat characteristics (aquatic and
riparian).  In most cases, at least two of the three
categories (biology, chemistry or habitat) will be required
to show impairment in order for a water body to be considered
not fully supporting beneficial uses.


II. Methods


1. Location


All sampling locations will be documented using GPS, legal
description, site description and dated still photography.  Each
stream will be sampled near the mouth and near the headwaters. 
Streams will be sampled approximately once every 20 miles (or at
stream reach transitions locations; e.g., changes across
ecoregions or land use activities).  A DEQ Stream Reach Assessment
Form will be filled out for each stream reach. 


2. Chemistry


A) Water column grab sample: Analyze for pH, conductivity,
dissolved oxygen, temperature, common ions, nutrients
and trace metals.   Rationale:  Need water column
chemistry to detect impairment (e.g., exceeds water
quality standards or reference condition), and to
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characterize the stream (chemistry reflects
hydrogeomorphology, geology, etc).  Data will also be
useful for stream classification purposes.


B) Sediment composite grab samples:  Sample deposition
areas (e.g., surface sediments from the downstream side
of point bars; 0-2 cm).  Sieve the sediment to a
uniform particle size and determine organic matter
content.  Analyze sample for total recoverable trace
metals (nitric acid digestion) using an ICP scan (use
an atomic absorption furnace for low level analysis of
Se, As, and Hg).  Compare results to reference
condition.   Rationale:  Metals may enter the water
column only when high water occurs.  Metals that enter
the water column from runoff will often precipitate
under aerobic conditions or with a change in pH. 
Therefore, sediment may reflect metal availability to
aquatic life over a longer time frame than does a grab
sample from the water column. 


3. Physical/habitat


A) Conduct a stream reach survey:  Conduct stream survey
using a DEQ Stream Reach Survey Form (DEQ SOP Manual).
 The form provides a scoring system.  Compare the score
to reference condition.  Document physical impact using
dated still photography.  Document location of impact
using GPS, legal description and site description.  
Rationale:   Method documents impact to the riparian
habitat, stream channel, spawning gravels, etc. and
provides a numeric score that can be compared to
reference condition.  DEQ will also estimate discharge
and document Rosgen stream class, stream order,
elevation, gradient, aspect, basin area, upstream
length, drainage density and primary source of water
(e.g., spring) for classification purposes and
developing reference condition for future reference
(use maps where appropriate).  Note:  Average riffle
width and depth, and percent canopy should be recorded
for the site where biological samples are collected.


B) Optional Physical/habitat Data Collection:  Conduct a
pebble count, measure channel cross section, percent
fines, bank full discharge and discharge (discharge
should be estimated if it is not measured).  Determine
percent land use in the watershed via maps, aerial
photographs, etc.  ( e.g., percent dryland agriculture,
irrigation, road density, urban, etc.). Generate a GIS
map with land use coverages.


4. Biological
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A) Algae and Macroinvertebrates:  Collect algae and
macroinvertebrate following Montana DEQ sampling
methods (1995 SOP Manual).  Calculate index (e.g., for
calculating a macroinvertebrates index the method will
include cumulative scores of metrics that will include:
taxa richness, percent dominance, percent mayflies,
etc.). The index will be compared to reference
condition.  Rationale:  Invertebrates and algae
integrate impacts to water quality over time (e.g.,
toxins, sediment, nutrients, habitat, etc.).


B) Chlorophyll a:  Collect chlorophyll a samples and
calculate chlorophyll a /square meter.  Compare to
reference.  Rationale:  Excessive chlorophyll  a
indicates that algae is abundant (productivity;
biomass).  Algae are often more abundant in water
bodies that have increased nutrient loading.  


C) Fisheries:  Gather fishery information from MDFWPs
reports.  Rationale:   MDFWPs fishery reports provide
information concerning impacts to fishery populations
and habitat.
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5.1.3 To-do List for Stream Assessments


Things-to- do  list for stream assessments:


 Do bug samples first, before disturbing the habitat from walking
around in the stream.  Do the water chemistry samples last so they do
not sit around all day in the sun.  If you do water chemistry samples
first, make sure you preserve them and keep them in the cooler.


 Fill out field forms once samples have been taken. If the weather is
not too bad, input the information directly into the laptop computer.
 If it is raining, fill out a form that has been printed on rite-in-
the- rain  paper, then type into computer when you get back to your
vehicle.  MAKE SURE YOU CHARGE THE BATTERY ON THE COMPUTER BEFORE YOU
LEAVE FOR THE ASSESSMENT.


 Use at least two different labels for macroinvertebrate samples: One
on lid of jar and/or on the side, and a paper label filled out with
pencil inside the jar.  This will eliminate any possible confusion
once samples have been sent to be analyzed.


 In your field notebook, make a rough drawing of the stream at the
site being assessed.  Show the riffles that were sampled and any
features that would make it easy to find the same site again.


----------------------------------------------------------------------
Parameters that should be covered when making a stream assessment:


 Water chemistry samples
 TSS
 Macroinvertebrate samples
 Periphyton samples
 Sediment samples
 Chlorophyll  a samples
 Stream discharge (Marsh- McBirney meter)(Use meter until you are
comfortable with making an accurate estimate.)


 Identify location with GPS unit
 Measure pH, turbidity, conductivity, temp., DO, and
salinity(calculated from conductivity) (Horiba meter)


 Steam bed material characterization (conduct a pebble count)
♦ measure channel cross section
♦ determine bank full indicators
♦ Determine width/depth ratios
♦ Determine stream class ( Rosgen)
♦ Fill out field forms:


• Surface water quality field sampling data--for lab
• Stream discharge measurement notes--if taking measurements


(optional)
• Aquatic plant field sheet
• Physical characterization / Water quality field data sheet
• Macroinvertebrate habitat assessment field form (riffle / run


prevalence)**
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• Macroinvertebrate habitat assessment field form (glide / pool
prevalence)**


• Stream reach assessment form--for entire stream reach
**either/or...whichever applies to site being assessed.


 Make sure you save information to a  new file name once each form is
filled out.  Save in stream assessment forms  folder.  Back-up new
files to a disk!


 Make sure you ve documented your location and specific points of
interest by taking photographs. A numbering system should be included
in the photograph for identification purposes (numbering cards should
be developed for this purpose).  Document your location (GPS and
narrative); the distance you are from the object;  the direction that
you are facing; and the type of film that you are using. Include
focal length if possible.


 At the end of your assessment or whenever youe from site to site,
make sure you spray your waders with Fantastic spray.  This will help
reduce the chance of spreading whirling disease.
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5.1.4 Field Supplies List


SUPPLIES LIST:
(numbers needed PER SITE SAMPLED)


BIOLOGICAL
 2 Macroinvertebrate sample bottles (500mL or 1000mL jars) for bug
samples


 1 small carboy with ethanol for preserving
 1 pan to view kick sample (OPTIONAL)
 1 D-frame kick net to collect bugs


WATER COLUMN
 3 250mL bottles for water chemistry samples
 1 ampule of nitric acid for preserving metals
 1 ampule of sulfuric acid for preserving nutrients
 1 1L bottle for TSS


SEDIMENT
 1 2000mL or 1000mL sample bottle for sediment sample
 1 two-piece plastic buchner funnel
 2 pieces of nylon mesh filter paper
 Plastic spoon to scoop stream bed sediment into funnel
 1 used 1000mL bottle to wash equipment (collects dilute nitric acid
used for washing)


 1 1000mL wash bottle with dilute nitric acid for washing equipment
between sites


CHLOROPHYLL
 1 1000mL bottle for collecting rocks
 aluminum foil to measure rocks
 1 periphyton bottle to scrape algae into
 Foam squares with known areas
 Spoon or knife to scrape algae off rocks


PERIPHYTON
 1 periphyton sample bottle (125mL jar) to collect periphyton sample
 1 small bottle of lugol�s solution with plastic pipette to transfer
lugol’s to bottle


METERS
 Horiba meter with standards (measures DO, pH, temp ., conductivity,
and salinity).


 1 small carboy of DI water to clean probes
 Marsh- McBirney flowmeter (measures discharge)
 1 wading rod for use with flowmeter
 1 tape measure for use with flowmeter
 2 chaining pins for use with flowmeter
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 1 Magellan GPS unit


FIELD FORMS
 Laptop with field forms in TMDL Assessment file
 Computer disk to backup files
 Laminated copy of field forms
 Copy of field forms on “Rite-in-the-rain” paper


OTHER
 2 alcohol-free lab markers to write on labels
 Camera and film
 2 pencils
 Clipboard
 Compass
 Cooler
 Hip boots
 Fantastic  spray to clean hip boots between sites
 maps
 Field notebook to write notes and sketch picture of site
 10 labels for outside of bottles
 2 paper labels for inside of bottles








5.3.2 -- Beneficial Use Support Decision (BUD) Guidelines
(DRAFT 12/1/99)


The Montana Department of Environmental Quality (DEQ) uses sufficient and credible data
to determine if designated beneficial uses are supported.  A water body is determined by
DEQ to be impaired and not supporting all of its designated beneficial uses if sufficient
credible data shows that a water body or stream segment is failing to achieve compliance with
applicable water quality standards (75-5-103 MCA).   DEQ has followed federal guidelines
(EPA 1997) to develop beneficial use-support decision guidelines. The beneficial use-support
decisions are based only on data determined to be sufficient and credible in accordance with
sufficient credible data guidelines that have been developed by DEQ.


DEQ conducts beneficial use-support determinations in order to document which state water
bodies are impaired due to anthropogenic impacts on water quality. Beneficial use-support
determinations include the following categories (EPA 1997):


• Full support
• Partial support
• Non-support
• Threatened


Montana water bodies are classified according to the present and future most beneficial uses
that they support (75-5-301 MCA). Montana has the following use designations that apply to
the state’s surface waters as modified by classification (ARM 17.30.620-629).


• Waters are suitable for drinking, culinary and food processing, bathing,
swimming and recreation; the growth and propagation of fishes and associated
aquatic life, waterfowl, and furbearers; and suitable for agriculture and industrial
water supply.


DEQ reviewers assess water bodies to determine the degree of use-support of the designated
beneficial uses.  DEQ has summarized the designated beneficial uses using the following
categories:


• Fish, aquatic life, and wildlife
• Human health (fish consumption, drinking water)
• Recreation (swimming, boating and aesthetics)
• Agriculture
• Industry


DEQ reviewers make beneficial use-support determinations for fish and aquatic life, human
health and recreation because they have the most stringent water quality requirements.
Therefore in most cases, when these beneficial uses are determined by DEQ to be fully
supported, all other uses (i.e., wildlife, agricultural and industrial) are fully supported by
inference. However, additional information such as the measurement of salinity and/or
toxicity may be necessary to determine if a water body is truly supporting wildlife or
agricultural beneficial uses. Figure 3 illustrates the decision process for determining
beneficial use support.







303(d) List


Water bodies that DEQ determines to be threatened, or partially supporting, or not supporting
their designated beneficial uses are placed on the 303(d) list of water quality limited
segments. Water bodies that are partially supporting or not supporting their beneficial uses
are considered to be impaired and failing to achieve compliance with water quality standards.
Water bodies that are threatened are likely to fail compliance with water quality standards in
the near future.  DEQ requires the development of a Total Maximum Daily Loads (TMDL)
plan for all water bodies that are on the 303(d) list.  A TMDL plan is developed to control
pollutants that threaten or impair a water body’s beneficial uses that have been designated by
the Montana Water Quality Act (MWQA).


DEQ reviewers combine all of the available information within a data category  (i.e.
physical/habitat, biology or chemistry/toxicity) and base their decisions to list or de-list
(303(d) List) a water body on the overall condition that the data reflects.  A portion of a water
body may be listed or de-listed (303(d) List) by DEQ if there are sufficient and credible data
which indicate that the smaller water body segment is uniquely impaired or fully supporting
its beneficial uses.


Water Quality Standards


Montana water quality standards are composed of two categories, a use-specific component
(ARM 17.30.621 through 629) and general provisions (ARM 17.30.635 through 646).
Standards within these categories may either be numeric or narrative.  The use-specific
standards may vary depending on the actual water-use classification, whereas, the general
provisions apply broadly to all state waters.  Narrative standards provide a minimum level of
protection to state water and may be used to limit the discharge of pollutants, or the
concentration of pollutants in state waters that do not have numeric standards (F.R. 36765)


Narrative Water Quality Standards


• Prohibition of undesirable aquatic life (ARM 17.30.637).
• No increases are allowed above naturally occurring concentrations of sediment,


settleable solids, oils or floating solids, which are harmful, detrimental, or
injurious to public health, recreation, safety, welfare, livestock, wild animals,
birds, fish or other wildlife (ARM 17.30.620-629).


Numeric Water Quality Standards


• Numeric chronic and acute aquatic life standards (Circular WQB-7)
• Human health standards (Circular WQB-7)
• During periods when the daily water temperature is greater than 60 degrees F, the


number of fecal coliforms are limited (ARM 17.30.620-629).
• Changes in pH, turbidity, color and temperature are limited (ARM 17.30.620-


637).


For the purpose of making beneficial use-support decisions, DEQ interprets nuisance aquatic
life as excessive biomass (e.g., alga growth) or the dominance of an undesirable species.







Natural refers to condition or material present from runoff or percolation over which man has
no control over or from developed land where all reasonable land, soil, and water
conservation practices have been applied.  Conditions resulting from reasonable operations of
dams at July 1, 1971, are natural (75-5-306 MCA).


Reference Condition


DEQ uses the reference condition approach for making beneficial use support determinations
for certain pollutants that have specific narrative standards, such as sediment.  The provision
that no increase above naturally occurring concentrations of sediment and settable solids, oils,
or floating solids are allowed which create a nuisance or render the water harmful,
detrimental or injurious applies to all classes of waters.  Since these levels depend on site-
specific factors, the reference condition approach is used.


Also, Montana water quality standards do not currently contain specific provisions which
address nutrients (nitrogen and phosphorus), habitat or flow modification.  However, these
constituents are all known to adversely affect beneficial uses under certain conditions or
combination of conditions.  In this case the reference condition approach is used to determine
if beneficial uses are supported.


This document includes guidelines that use reference conditions to interpret the support of the
use designations. DEQ often makes aquatic life and recreation beneficial use support
decisions by comparing the condition of a water body to the expected reference condition.
For the purpose of conducting beneficial use-support decisions DEQ defines reference
condition using the following definition:


• Reference condition is the full potential of a water body to support its present
and future most beneficial uses when all reasonable land, soil, and water
conservation practices have been applied.


DEQ does not refer to reference condition as pristine or to the condition of a water body
before a region was settled.  Reference condition is meant to accommodate natural variations
in biological communities, water chemistry, etc. due to climate, bedrock, soils, hydrology and
other natural physiochemical differences.   Reference condition is used to distinguish between
those conditions where the biology, chemistry and hydrogeomorphology are primarily
naturally derived and those exhibiting or expected to exhibit altered biology, chemistry or
hydrogeomorphology as the result of widespread and significant disturbance due to human
activity.  Therefore, reference condition should reflect a condition that is minimally impacted
from human activities.


 A comparison to reference condition should be made during a similar season and/or
hydrologic event. A comparison should not be made to the low or high points in the natural
ranges of reference condition. For example, the TSS of a stream at base flow during the
summer should not be compared to the TSS of reference condition that would occur during a
runoff event in the spring, or vice versa.  In addition, a comparison should not be made to the
lowest or highest TSS values of a reference site, which represent the outer boundaries of
reference condition








Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.
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5.3.3 Aquatic Life Beneficial Use-Support Decision Tables


The following tables were developed for making aquatic life use support-decisions for streams, and lakes and
wetlands. Data must pass the sufficient credible data test before a beneficial use-support decision can be
made to determine if a water body is placed on or removed from the 303(d) list.  The following tables include
impairment decisions using toxicity tests and chemical toxicant data; conventional chemistry data such as
dissolved oxygen and nutrients; habitat data; and biological data.  These decisions are used directly when
using the independent evidence test to make a beneficial use-support determination for aquatic life; or are
combined when using the weight-of-evidence test to make a beneficial use-support determination for aquatic
life.







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


Table 9    5.3.3.1 AQUATIC LIFE USE SUPPORT DECISION CRITERIA FOR STREAMS  (Fish, Aquatic
Life, Wildlife)


DATA CATEGORY
(STREAMS)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


     A) TOXICITY
(e.g., WET Tests)


Bioassay test indicates
that there is no acute or
chronic toxicity


Bioassay test indicates
chronic toxicity


Bioassay test indicates
acute toxicity


    B) CHEMICAL
TOXICANTS - (trace
metals, ammonia,
chlorine, organics,
pesticides, etc.)
1


2


Acute and Chronic
Water Quality
Standards


Sediment Chemistry
(Toxicants, e.g., metals
and organic
compounds)


Models


Bioaccumulation (e.g.,
fish tissue)


For any pollutant: No
exceedence of acute or
chronic standard values;
and/or the chronic
standard values are
exceeded by < 10% no
more than once for one
parameter in a three
year period when
measurements were
taken at least four
times/year (quarterly).


Average sediment trace
metal concentrations are
similar to reference
condition.


Predictive models do not
indicate impairment.


Pollutants are not
bioaccumulated or are
only slightly above
background levels.


For any pollutant: Acute
standard values are
exceeded by 0.1-25%;
and/or chronic standard
values are exceeded by 
10-50%; and/or water
quality standard values
are exceeded in less than
or equal to 10% of the
measurements from a
large data set.


Average sediment trace
metal concentrations are
moderately higher than
reference condition.


Predictive models
indicate moderate
impairment.


Bioaccumulation of
pollutant is moderately
above background
levels.


For any pollutant: Acute
standard values are
exceeded greater than
25%; and/or chronic
standard values are
exceeded by greater
than 50%; and/or water
quality standard values
are exceeded in greater
than 10% of the
measurements from a
large data set. 


Average sediment trace
metal concentrations are
substantially higher
than reference condition.


Predictive models
indicate severe
impairment.


Bioaccumulation of
pollutant is substantially
higher than background
levels.


                                               
1Note: When possible, use the average concentration of samples collected over a 96 hour period and     


                         compare  directly to chronic standard values; one data point (n=1) is sufficient if no other             
                     data were collected within 96 hours.


2Note: Reference Condition may use a combination of the following:
1. Least-impaired stream
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
(Stream Chemistry)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


    C) CHEMISTRY
(Nutrients, dissolved
oxygen, pH, TSS,
turbidity, and
temperature)
3


4


5


Water quality
Standards


Nutrients


Sediment


Models


Water quality standard
values are not exceeded
for any pollutant; or the
measurements are
similar to reference
condition; and/or for one
parameter only, the
water quality standard
was randomly exceeded
by less than 10% in less
than or equal to 10% of
the measurements from
a large data set.


Nutrient concentrations
are similar to reference
condition.


Total Suspended
Sediment or turbidity
measurements are
similar to reference
condition.


Predictive models do not
indicate impairment.


Water quality standard
values are exceeded by
0.1-50%; Parameters
that do not have
numeric values will be
compared to reference
condition; and/or the
water quality standards
are exceeded for 11 to
25% of the
measurements from a
large data set.


Nutrient concentrations
are moderately higher
than reference condition.


Total Suspended
Sediment or turbidity
measurements are
moderately higher than
reference condition.


Predictive models
indicate moderate
impairment.


Water quality standard
values are exceeded by
greater than 50%;
Parameters that do not
have numeric values will
be compared to
reference condition;
and/or the water quality
standards are exceeded 
for greater than 25% of
the measurements from
a large data set.


Nutrient concentrations
are substantially higher
than reference condition.


Total Suspended
Sediment or turbidity
measurements are
substantially higher
than reference condition.


Predictive models
indicate severe
impairment.


                                               
3Note: Dissolved Oxygen requires consideration of diel changes and the time of year


 (e.g., presence or absence of critical life stage); pH and Temperature standards reflect deviations from natural.
 For pH and temperature a 10% exceedence of standards means a 10% exceedence of the maximum allowable
change from natural.


4Note: A large data set is 4 times/year for 3 years.


5Note: Reference Condition may use a combination of the following:
1. Least-impaired stream
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
(Streams)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


2. HABITAT
6


7


Habitat
(e.g., evidence of
excessive sediment or
dredging)


Flow


Riparian Area


Stream Reach Survey


Proper Functioning
Condition


Geomorphology (e.g.
pattern, channel cross
section, longitudinal
profile, pebble count)


Data indicate that the
habitat is similar to
reference condition.
(channel morphology;
substrate composition;
bank/riparian structure)


Flow regime of the
region.  Dams built prior
to July 1, 1971 are
operated in a reasonable
manner where impacts
to aquatic life habitat
are minimized. 


 The stream has riparian
vegetation of natural
types with minimal
short-term impacts.


The DEQ Stream Reach
Survey score is greater
than or equal to 75
percent of reference
condition or the total
possible score.


Proper functioning
condition


Measurements indicate
that the geomorphology
is similar to reference
condition.


Modification of habitat
slight to moderate, and
some evidence of 
watershed erosion
caused by land use
activities.  Channel
modification slight to
moderate. 


Comparison to reference
condition indicates that
flow alterations have an
impact on aquatic life
habitat. 


limited riparian zones
because of encroaching
land use patterns.


DEQ Stream Reach
Survey score is between
25-75 percent of
reference condition or of
the total possible score.


Functional- at risk


Measurements indicate
that the stream is
moderately unstable.


Severe habitat alteration
by channelization and
dredging activities, 
bank failure or heavy
watershed erosion.


Comparison to reference
condition indicates that
flow alterations have
severely impacted
aquatic life habitat.  


Removal of riparian
habitat is widespread.


The DEQ Stream Reach
Survey score is less than
or equal to 25 percent of
reference condition or of
the total possible score.


Nonfunctional


Measurements indicate
that the stream is
extremely unstable
(often Rosgen stream
types F, G and D).


                                               
6
Note: DEQ is using habitat and reference condition to interpret narrative water quality standards  that protect aquatic life       


                              use.


7
Note: Reference Condition may use a combination of the following:


1. Least-impaired stream
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
(Streams)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


3. BIOLOGY
8


9


10


Biological
Assemblages
   A) Macroinvertebrate
   B) Periphyton
   C) Fishery


Chlorophyll


Fish Survey
(Population estimates)


Wildlife


Data indicate
functioning, sustainable
biological assemblages
(assemblages include
fish, macroinvertebrates
and algae), none of
which have been
modified significantly
beyond the natural
range of the reference
condition (greater than
75 percent of reference
condition).


The benthic chlorophyll
level is similar to
reference condition; or
the chlorophyll is less
than or equal to 100
mg/m2.


 Sustainable (wild)
fishery is greater than 75
percent of reference
condition; or meets the
goals of a FWP
management plan.


Associated wildlife
populations are
minimally impacted.


 At least one biological
assemblage (assemblages
include fish,
macroinvertebrates and
algae) indicates
moderate impairment
when compared to
reference condition (25-
75 percent of reference
condition). 


The benthic chlorophyll
level is moderately
higher than reference
condition; or the
chlorophyll is greater
than 100 and less than
or equal to 150 mg/m2.


Sustainable (wild)
fishery population is 25-
75 percent of reference
condition; or the goals of
a FWP management
plan are not met due to
anthropogenic impacts
to water quality.


Associated wildlife
populations have been
moderately  impacted.


At least one assemblage
indicates severe
impairment 
(assemblages include
fish, macroinvertebrates
and algae).  Data clearly
indicate severe
modification of the
biological community
when compared to
reference condition (less
than 25 percent of
reference condition). 


The benthic chlorophyll
level is substantially
greater than reference
condition; or the
chlorophyll is greater
than 150 mg/m2.


The stream does not
support a sustainable
(wild) fishery due to
anthropogenic impacts
to water quality.


Associated wildlife
populations have been
severely impacted.


                                               
8Note: DEQ will work with MDFWPs to further develop fishery guidelines.


9Note: Associated wildlife includes amphibians, waterfowl, and furbearers.


10Note: Reference Condition may use a combination of the following:
1. Least-impaired stream
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


Table 10   5.3.3.2 AQUATIC LIFE USE SUPPORT DECISION CRITERIA FOR LAKES AND          
             WETLANDS


DATA CATEGORY
(Lakes/Wetlands)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY IMPAIRED


     A) TOXICITY Bioassay test indicates
that there is no acute or
chronic toxicity


Bioassay test indicates
chronic toxicity


Bioassay test indicates acute
toxicity


    B) CHEMICAL
(TOXICANTS -
trace metals, ammonia,
chlorine, organics,
pesticides, etc.)
11


12


Acute and Chronic
Water Quality
Standards


Sediment Chemistry
(Toxicants, e.g.,
metals, Organic
compounds)


Trophic Status


Models


Bioaccumulation
(e.g., fish tissue, etc.)


For any pollutant: No
exceedence of acute or
chronic standard values;
and/or the chronic
standard values are
exceeded by < 10% no
more than once for one
parameter in a three year
period when
measurements were taken
at a minimum frequency
of four time/year.


Average sediment trace
metal concentrations are
similar to reference
condition.


Trophic status is similar
to reference condition


Predictive models do not
indicate impairment


Pollutants are not
bioaccumulated above
background levels.


For any pollutant: Acute
standard values are exceeded
by 0.1-25%; or chronic
standard values are exceeded
by 0.1-50%; and/or water
quality standard values are
exceeded in less than or
equal to 10% of the
measurements from a large
data set.


Average sediment trace
metal concentrations are
moderately higher than
reference condition.


Trophic status exceeds
reference condition.


Predictive models indicate
moderate impairment.


Bioaccumulation of pollutant
is slightly above background
levels.


For any pollutant: Acute
standard values are exceeded
greater than 25%; or
chronic standard values are
exceeded by greater than
50%; and/or water quality
standard values are exceeded
in greater than 10% of the
measurements from a large
data set. 


Average sediment trace
metal concentrations are
substantially higher than
reference condition.


Trophic status is hyper-
eutrophic.


Predictive models indicate
severe impairment


Bioaccumulation of pollutant
is substantially higher than
background levels.


                                               
11Note: When possible, use the average concentration of samples collected over a 96 hour period and


compare directly to chronic standard values; one data point (n=1) is sufficient if no other data were collected
within 96 hours.


12Note: Reference Condition may use a combination of the following:
1. Least-impaired lake or wetland
2. Historical data
3. Upstream/down stream
4. Paired watershed
5. Review of existing literature
6. Expert opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
Lakes/Wetlands
(Chemistry)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


    C) Chemistry
(Nutrients, dissolved
oxygen, pH, TSS,
turbidity and
temperature)


13


14


15


Water Quality
Standards


Nutrients


Models


Water quality standard
values are not exceeded
for any pollutant; or the
measurements are similar
to reference condition;
and/or for one parameter
only the water quality
standard was exceeded
randomly by less than
10% in less than or equal
to 10% of the
measurements from a
large data set.


Nutrient concentrations
are similar to reference
condition.


Predictive models do not
indicate impairment


Water quality standard
values are exceeded by 0.1-
50%; Parameters that do not
have numeric values will be
compared to reference
condition; and/or the water
quality standards are
exceeded for 11 to 25% of the
measurements from a large
data set.


Nutrient concentrations are
moderately higher than 
reference condition.


Predictive models indicate
moderate impairment.


Water quality standard
values are exceeded by
greater than 50%;
Parameters that do not have
numeric values will be
compared to reference
condition; and/or the water
quality standards are
exceeded  for greater than
25% of the measurements
from a large data set.


Nutrient concentrations are
substantially higher than
reference condition.


Predictive models indicate
severe impairment.


                                               
13Note: Dissolved Oxygen requires consideration of diel changes and the time of year (e.g., presence or


absence of critical life stage). pH and Temperature standards reflect deviations from natural.  For pH and
temperature a 10% exceedence of standards means a 10% exceedence of the maximum allowable change from
natural.


14Note: A large data set is 4 times/year for 3 years.


15Note: Reference Condition may use a combination of the following:
1. Least-impaired lake or wetland
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
(Lakes/Wetlands)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


2. Habitat


16


17


Sediment


Water Level


Proper Functioning
Condition or HGM
Functional Assessment


Habitat Assessment


Data indicate that the
habitat is similar to
reference condition. (e.g.,
shoreline erosion;
substrate composition;
riparian vegetation;
littoral zone)


No significant deposition
of sediments beyond
reference condition.


Water level fluctuation is
similar to reference
condition; or dams are
operated in a reasonable
manner where impacts to
aquatic life (shoreline
erosion and habitat
alteration) are minimized.


Proper Functioning
Condition


Habitat assessment
indicate none/slight
impairment


Modification of habitat
includes moderate evidence
of  impacts to the shoreline
or littoral zone such as
erosion or removal of native
riparian or littoral
vegetation.


Moderate levels of sediment
are being transported to the
lake from the watershed.


Water level fluctuations 
have moderate impact on
aquatic life habitat; or dams
operations could be
improved to benefit all
designated beneficial uses,
including aquatic life.    


Functional- at risk


Habitat Assessment indicates
moderate impairment


Severe habitat alteration by
shoreline erosion (bank
failure)  or removal of
riparian or littoral
vegetation .


Excessive levels of sediment
are being transported to the
lake from the watershed.


Water level fluctuations have
severely impacted aquatic
life habitat; or dams are not
operated in to support all
designated beneficial uses,
including aquatic life.


Nonfunctional


Habitat assessment indicates
severe impairment.


                                               
16


Note: DEQ is using habitat and reference condition to interpret narrative water quality standards that protect aquatic life      
                               use.


17
Note: Reference Condition may use a combination of the following:


1. Least-impaired lake or wetland
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion







Note: For this guidance document, exceedence is defined as a result that is higher or lower than what Montana’s water
quality standards allow.


DATA CATEGORY
(Lakes/Wetlands)


NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


3. Biology
18


19


20


Biological
Assemblages
  - Fish
  - periphyton
  -phytoplankton
  - macroinvertebrates
  - zooplankton


Chlorophyll


Paleolimnology


Fishery Survey


Wildlife


Data indicate functioning,
sustainable biological
assemblages, none of
which have been modified
significantly beyond the
natural range of the
reference condition
(greater than 75 percent
of reference condition).


The chlorophyll levels are
similar to reference
condition.


Sediment core samples do
not indicate impairments.


Fishery is similar to
reference condition; or
meets FWP management
goals.


Associated wildlife
populations  impacted are
minimal.


  At least one biological
assemblage indicates
moderate when compared to
reference condition (25-75
percent of reference
condition). 


The chlorophyll level is
moderately higher than
reference condition.


Sediment core samples infer
moderate changes in salinity,
trophic status, sedimentation
rates or alkalinity as a result
of anthropogenic
impairment.


Fishery population is
moderately impaired; or
FWP management goals are
not met as a result of
anthropogenic impacts to
water quality.


Wildlife populations have
been moderately impacted.


At least one assemblage
indicates severe impairment.
 Data indicate severe
modification of the biological
community when compared
to reference condition (less
than 25 percent of reference
condition). 


The chlorophyll level is
substantially greater than
reference condition.


Sediment core samples infer
excessive changes in salinity,
trophic status, sedimentation
rates or alkalinity as a result
of anthropogenic impairment


The lake does not support a
fishery population due to
anthropogenic impacts to
water quality.


Associated wildlife
populations have been
severely impacted.


                                               
18Note: DEQ will work with MDFWPs to further develop fishery guidelines.


19Note: Associated wildlife includes amphibians, waterfowl, and furbearers.


20Note: Reference Condition may use a combination of the following:
1. Least-impaired lake or wetland
2. Historical data
3. Upstream/downstream
4. Paired watershed
5. Review of existing literature
6. Expert Opinion
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5.3.4 Human Health Use-Support Decision Tables


The following tables are used to make decisions that are primarily designed to protect human
health.  These decisions are developed to determine the use-support of drinking water; fish
consumption and contact recreation (e.g., swimming and boating) designated beneficial uses.  For
303(d) list purposes, data must pass the sufficient credible data test before a beneficial use-support decision
can be made. The independent evidence test is used to make the beneficial use-support determinations.


Table 11.  HUMAN HEALTH


BENEFICIAL USE NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


Drinking Water No human health
standard exceedences.


Not Applicable Exceedence of human
health standards.


Fish
Consumption


No restrictions or
advisories in effect.


Restricted
consumption advised.


Fish consumption is
not recommended.


Note: Assume drinking water will be treated prior to consumption (e.g., chlorination or filtration)


Note: For This Guidance Document, exceedence is defined as a result that is higher or lower than what
Montana’s water quality standards allow.


Note: Contact recreation beneficial use criteria is on the following page.
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Table 12.  CONTACT RECREATION


BENEFICIAL USE NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


Contact
Recreation
(e.g. swimming and
 boating)


Algae, etc.


Chlorophyll


Bathing Closure


Fecal Coliforms


De-watering


There are no excessive
blue-green algae
blooms, turbidity,
odor, toxins, etc.; or
similar to reference
condition.


The benthic
chlorophyll level is
similar to reference
condition; or the
chlorophyll is less than
or equal to 50 mg/m2.


No bathing area
closures.


Less than 200 colonies
fecal coliform per 100
ml for 90 percent of
the samples collected
in a 30-day period.  


Water quantity is
similar to reference
condition; Dams are
operated in a
reasonable manner
where impairment to
recreation is
minimized.


Excessive blue-green
algae blooms
turbidity, odor, toxins,
etc. moderately
restrict swimming or
boating. 


The benthic
chlorophyll level is
similar to reference
condition; or the
chlorophyll is less
greater than 50 mg/m 2


and less than or equal
to 100 mg/m2.


Beach closures. 


Not more than 10
percent of samples
exceed 400 colonies
fecal coliform per 100
ml during any 30-day
period. 


Water body is
partially dewatered
and discourages
recreation.


Swimming or boating
severely inhibited by
excessive blue-green
algae blooms,
pathogens, turbidity,
odor, toxins, etc. 


The benthic
chlorophyll level is
similar to reference
condition; or the
chlorophyll is greater
than 100 mg/m2.


Lakewide bathing
closures.


More than 10 percent
of samples exceed 400
colonies fecal coliform
per 100 ml in a 30 day
period. 


Water body is
dewatered and can not
be used for recreation.








Section No.   5.0  
Revision No.    3   


Date:  5/06/99


5.3.5 Agriculture and Industry Use-Support Decision Tables


Table 13     AGRICULTURE USE SUPPORT CRITERIA


BENEFICIAL USE NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


Agriculture
1


Salinity (general)


Livestock
(salinity)


Irrigation    
(salinity)


Toxicants


The water quality is
similar to reference
condition or does not
restrict use by
agriculture. 


The water salinity is
satisfactory for
livestock and poultry;
the specific
conductance is less
than 5000 umhos/cm.
 


The water is
satisfactory for
irrigation.  The
Sodium Adsorption
Ratios are less than 4;
or water may only
impacts sensitive
crops. Specific
conductance is less
than 1500.


Trace metal
concentrations are
similar to reference
condition. 


Water salinity
concentration exceeds
reference condition
and discourages use
by agriculture.


The water salinity
limits use by livestock
and poultry; Specific
conductance is
between 5000 and
15,000 umhos/cm.


Irrigation water may
have an adverse effect
on soils.
Sodium Adsorption
Ratios are between 4
and 18; or water may
have an adverse effect
on crops and may
require careful
management.  Specific
conductivity is 1500-
7500.


Trace metal
concentrations and
other toxicant
concentrations exceed
reference condition;
however, the water
can still be used for
agriculture.


Water salinity
concentrations exceed
reference condition
and can not be used
for agriculture.


Livestock and poultry
are unable to use the
water due to high
salinity; Specific
conductance is greater
than 15,000
umhos/cm.


Irrigation water is
likely to have an
adverse effect on soils.
Sodium Adsorption
Ratios greater than
18; or water has an
adverse effect on
crops.  Specific
conductance is greater
than 7500.


The water cannot be
used for agriculture
due to elevated trace
metals or other
toxicants.


                                               
1Note: Comparisons are made to reference condition
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Table 14.  INDUSTRY USE SUPPORT CRITERIA


BENEFICIAL USE
NOT/LEAST
IMPAIRED


MODERATELY
IMPAIRED


SEVERELY
IMPAIRED


Industry


Salinity


Turbidity


Water-column salinity
is similar to reference
condition and/or the
salinity does not
restrict use by
industry.


Water-column
turbidity is similar to
reference condition
and/or the turbidity
does not restrict use
by industry.


Water-column salinity
is above reference
condition and
discourages use by
industry.


Water-column
turbidity is above
reference condition
and discourages use
by industry.


Water-column salinity
is above reference
condition and cannot
be used by industry.


Water-column
turbidity is above
reference condition
and cannot be used by
industry.








                                                               Section No._  5.0__
                                                              Revision No.    1___
                                                                     Date: 7/8/99


Sufficient Credible Data and Beneficial Use-Support
Decision Diagram


Sufficient Credible Data Screen No
Gather
More
Data


Beneficial Use Support Determinations


Drinking Water
Fish Consumption
Contact Recreation


Agriculture
Industry


Aquatic Life
Fish


Wildlife


> 1 Data
Category


Overwhelming
Evidence


2 or 3
Data Categories


Independent Evidence Test Weight-of-Evidence Test


Fully Supporting
Threatened


Partially Supporting
Non-Supporting


Data Categories


Biological Chemical Habitat


3 Data Categories
&


2 Biological
Assemblages


Yes
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6.0  Data Quality Objectives for Measurement Data


6.1  GENERAL QAPP OBJECTIVES


The purpose of the Montana Water Quality Assurance Project Plan  is
to provide guidelines and procedures for the water monitoring
quality assurance (QA) program.  It is intended to serve as a
reference document for implementation and expansion of the quality
assurance program and provides detailed operational procedures for
measurement processes used by the DEQ.  The QAPP should be
particularly beneficial to operators, project officers, and
program managers responsible for implementing, designing and
coordinating water monitoring projects.  The QAPP is a compilation
of quality assurance principles, practices, guidelines, and
procedures that are applicable to water parameter measurement
systems.  They are designed to achieve a high percentage of valid
data samples while maintaining integrity and accuracy.
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6.2  MEASUREMENT DATA QUALITY OBJECTIVES


As water monitoring measurement systems increase in both cost and
complexity, it becomes essential that the DEQ have  methodologies
that shall, in a cost-effective manner, establish and increase the
completeness, precision and accuracy of the data produced by the
DEQ's measurement systems.


A.  All data shall be of a known and documented quality .  The
level of quality required for each specific monitoring project
shall be established during the initial planning stages of the
project and will depend upon the data's intended use.  Two major
measurements used to define quality are accuracy and precision. 
Accuracy is defined as the closeness of the measured value to the
true value and precision is defined as the repeatability of the
data (actually the repeatability of the measurement system).


B.  All data shall be comparable .  This means all data shall be
produced in a similar and scientific manner .  The use of the
standard methodologies for sampling, calibration, auditing, etc.,
found in the QAPP should achieve this goal.


C.  All data shall be representative  of the parameters being
measured with respect to time, location and the conditions from
which the data are obtained.  The use of the standard
methodologies contained in the QAPP should insure that the data
generated is representative.


D.  Ideally, a 95% confidence of both precision and accuracy
should be maintained with a 15% difference or better between an
actual  amount of an introduced parameter (to a measurement system)
and the indicated  response of the measurement system.


E.  The QAPP must be dynamic to continue to achieve its stated
goals as techniques, systems, concepts, and project goals change.


F.  Data Quality Objectives ( DQOs) are statements of the level of
uncertainty that a decision maker is willing to accept in results
derived from a water quality study, when the results are going to
be used in a regulatory or programmatic decision.  To be complete,
these quantitative DQOs  must be accompanied by clear statements
of:


- the decision to be made;
- why water quality data are needed and how they will be used;
- time and resource constraints on data collection;
- descriptions of the data to be collected;
- specifications regarding the domain of the decision; and
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- the statistical calculations which shall be performed on the
data.


Not all water quality studies shall require DQOs.  Some water
quality monitoring is conducted with no expectation that the data
is needed to make a regulatory or program decision.  Ambient or
baseline water quality monitoring, or long-term trend monitoring,
may not involve a regulatory or program question.  For complaint
investigations, which require immediate response and are of short
duration, DQOs may be impractical.  Routine compliance monitoring
or drinking water supply monitoring may not ultimately involve a
regulatory or program decision.  However, such programs should
identify the situations or conditions under which a more intensive
data collection study would be triggered (for example, determining
non-compliance or taking an enforcement action).
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7.0  General Training Requirements


DEQ does not have a training program specifically tailored for the water
monitoring staff.  All employees are actively encouraged to pursue
training opportunities whenever possible and as needed.  The water
monitoring personnel have sufficient training to perform necessary
functions at an acceptable level.


DEQ monitoring staff will provide new monitoring personnel, voluntary
monitoring personnel, and local operators the necessary training for
their individual monitoring tasks.
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8.0  Documentation and Records


8.1  GENERAL REQUIREMENTS


The reliability of a Quality Assurance Program depends upon a
complete written description of the Quality Assurance activities.
 It is necessary to document the quality assurance activities for
the following reasons: (a) outlining responsibilities and a time
frame for performing specific quality assurance tasks and
detailing follow-up action required to eliminate identified
deficiencies shall unify the thinking of those involved with the
quality assurance program; (b) program managers and staff shall
not have to rely solely on word-of-mouth descriptions of quality
assurance policy and commitments; and (c) accurate data shall be
generated by the monitoring program and the validity of this data
can be demonstrated at a later date.
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8.2  DATA PROCESSING: REDUCTION, MANIPULATION, AND STORAGE OF
DATA


Adequate precautions must be taken during the reduction,
manipulation, and storage of data in order to prevent the
introduction of errors, or loss or misinterpretation of the data.


A.  Proper checks shall be made at all data handling points
between the analyst (who determines the data values) and the
individual who enters the data into the data storage system,
inclusively.


1.  All data must be recorded clearly and accurately on all
field or laboratory bench data sheets, and be periodically
checked.


2.  All data must be transferred and reduced from field and
bench sheets completely and accurately, and be periodically
checked.


3.  All field and bench sheets shall be retained in permanent
files.


4.  All data shall be organized into a standard format which
is logical and acceptable.


B.  An acceptable data storage and information system shall be
used.  This system shall be capable of:


1.  Receiving all properly reduced data ;


2.  Screening and validating all data to identify and reject
outliers, errors, or otherwise unacceptable data;


3.  Preparing, sorting, and inputting all acceptable data
into the data storage files; and


4.  Making all data readily available to potential uses.
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8.3  RECORD MAINTENANCE


Record maintenance is the responsibility of the DEQ Data
Management Coordinator.  DEQ currently employs the STOREASE data
management system.  All records shall be retained for at least
seven years.
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8.4  BIODATA SYSTEM


The Biodata System (BIOD) is a computerized system for managing
periphyton species composition and community structure data, along
with related environmental data and supporting sample information.
 BIOD is designed to generate a variety of reports that are useful
in assessing the biological integrity of surface waters where
periphyton samples have been collected.  BIOD is installed on
dBASE III software in the local area network of the Water Quality
Division in Helena.  For more information about BIOD, contact the
Information Systems Specialist at DEQ.
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9.0  Sampling Process Design


9.1  SELECTION OF SAMPLING LOCATIONS


A water quality study may involve the collection of samples from
any number of different sources (lakes, streams, groundwater,
wastewater discharges, drinking water supplies, etc.) and for one
or more reasons (planning, research, design, enforcement, or
regulation).  Whatever the sample source or reason for monitoring,
the selected sampling locations must be representative sites.  The
term "representative point" is defined as a location in surface
waters or ground waters at which specific conditions or parameters
may be measured in such a manner as to characterize or approximate
the quality or condition of the water body; or a location in
process waters or wastewaters  where specific conditions or
parameters are measured that adequately reflect the actual
conditions of those waters or wastewaters , 40 CFR, Part 35,
Subpart 8, Appendix A, at 224 (1986).


The selection of a sampling location must consider:


A.  Homogeneity:  Turbulence and good mixing enhance the
homogeneity (uniform distribution of constituents) within the body
of water or wastewater.  Stratification and poor mixing may occur
in lakes and rivers downstream of a discharge.  Stratification may
result from natural temperature gradients or different densities
of waterbody constituents (dissolved solids, suspended solids,
oils and greases, etc.).


B.  General characteristics of a waterbody or wastewater : 
Sampling sites representing a mainstream of a water or wastewater,
major water use areas (public water supply intakes, recreational
areas, fish spawning areas), at the mouths of major tributaries,
or in reaches defined by land use or morphologic zones all
contribute to an understanding of the characteristics of a water
or wastewater.


C.  Pronounced water quality degradation :  Critical locations that
have the potential for displaying the most pronounced water
quality or biological problems shall be considered.


D.  Flow measurement :  Locations shall be considered where the
corresponding discharges are known or can be estimated.
E.  Convenience, accessibility, and practicability.  However,
these shall be secondary to the representativeness of the
sampling.







Section No.   9.0 
Revision No.    1  


Date:  6/9/99


09-0.DOC


Since water quality varies from place to place in most water
systems, and over time at the same place, locations appropriate to
the information needs of a particular program must be selected.
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9.1.1  Selection of Surface Water Sampling Locations


The sampling of surface waters may involve the collection of
water, sediment, and biological ( benthic macroinvertebrates,
algae, fish, etc.) samples.  Most surface water quality
surveys conducted by DEQ emphasize the collection of water
samples for water chemistry data over sediment and biological
sample collection.  Collected biological samples are almost
exclusively benthic macroinvertebrates and periphyton.  The
following guidelines are for the selection of surface water
sampling locations although they are applicable to the
collection of biological samples where the aquatic biology is
expected to reflect the water quality.


A.  Ideally, a sampling location shall be near a streamflow
gaging station so that the water quality can be related to
the discharge.  If no gaging station is at or near the
sampling site, an effort shall be made to measure the flow
with a portable flow meter.  If a flow cannot be measured, an
estimate of flow shall be made.


B.  If a sample collection site is downstream from the
confluence of two streams or from a point source of
pollution, the collection of a representative sample may be
difficult.  Visual observation or field measurements
(specific conductance, temperature, pH, etc.) across the
cross-section shall verify that the flow at the sampling
location is mixed.  Generally, flow downstream of the
confluence of a discharge or tributary shall be completely
mixed after two meander traverses.


C.  Selection of a sampling site just upstream from the
confluence of two streams or a discharge can result in an
unrepresentative sample unless the distance upstream from the
confluence is sufficient to reduce backwater effects.


D.  After a sampling site has been selected , samples are
collected at the same location throughout the period of
record, if possible.  However, this does not mean that the
location sampled during high flow would necessarily be most
representative (mixing, flow velocity, sediment transport,
etc.) of conditions during low flow.


E.  Sampling stations selected for a monitoring program shall
be critically reviewed to ensure that the data generated from
the collected and analyzed water, sediment or biological
samples provide the information required to meet the
objectives of the monitoring program.
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9.1.2  Selection of Wastewater Sampling Locations


Wastewater sampling is an integral part of the DEQ Compliance
Monitoring Program, but may also be important in the conduct
of Intensive Surveys.  DEQ permits contain specific and
legally enforceable effluent limitations and self-monitoring
requirements for effluent sampling and flow measurement. 
However, sample collection for other programs or for other
objectives may require the collection of samples from
locations other than those specified in the permit.


Guidelines for the selection of wastewater sampling locations
are as follows:


A.  Collect samples at locations specified in the permit
unless they clearly do not meet the objectives of the
monitoring program.  Samples for BOD analyses shall be
collected before disinfection.


B.  Influent wastewaters shall be sampled at points of highly
turbulent flow to ensure good mixing.  Preferred sampling
points are:


1.  The upflow syphon following a communicator (in
absence of grit chamber) ;


2.  The upflow distribution box following pumping from
main plant wet well ;


3.  An aerated grit chamber;


4.  A flume throat; and


5.  A pump wet well.


In all cases, samples shall be collected upstream from the
recirculated plant supernatant and sludges.


C.  Effluent samples shall be collected at the site specified
in the permit, or if no site is specified in the permit, at
the most representative site downstream from all entering
waste streams before entry into the receiving water.
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9.1.3  Groundwater Site Selection


The relationship of the following factors to potential
pollution sources shall be considered and evaluated when
selecting ground-water sampling sites:


A.  The direction of ground-water flow, depth to ground
water, thickness of the aquifer (if applicable);


B.  Type of stratigraphy;


C.  Presence of perched water tables ;


D.  Types of soils;


E.  Depth to bedrock;


F.  Type of vegetation;


G.  Surface drainage pat terns ;


H.  Type of topography;


I.  General land use; and


J.  Surface features such as rock outcrops, seeps, springs,
streams, rivers, and wet areas.


The area of interest shall be located on an aerial
photograph, a USGS 7.5 minute quadrangle map, a USDA soils
map, and/or any other appropriate map that shows topography
and general relationships between surface features.  Aerial
photographs can usually be obtained at the local Agricultural
Stabilization Conservation Ser vice (ASCS) office or the local
county tax office.  USGS 7 .5 minute quadrangle maps can be
acquired from the State Geological Survey or from the USGS;
soils maps can be obtained from the USDA-SCS (Soil
Conservation Service). 


A visual inspection of the area may be sufficient to evaluate
and determine the surface conditions and their relationship
to the subsurface con ditions(See Section 11.4.3).  Sometimes,
surface and subsurface conditions cannot be correlated by
site inspection or reconnaissance.  When this occurs, a more
detailed study, possibly involving test drilling, must be
conducted.
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Sampling the unconfined or surficial aquifer downgradient of
potential pollution sources or spills (the most easily
contaminated aquifer) to determine if it has been affected is
extremely important.  Generally the direction of groundwater
flow can be estimated by two vectors - one in the direction
of surface water flow (i.e., downstream) and another toward
the nearest surface water stream or river, if present.  The
relative magnitude of these vectors shall vary according to
site conditions and in some instances, both direction and
magnitude may be changed by construction activities.  If both
a shallow and a deep aquifer are involved in the zone of
interest, a screening study shall reveal whether the deep
aquifer shall be sampled and a more detailed study is
required.


To assess subsurface conditions adequately, a minimum of
three wells is required :  one in the upgradient portion of
the area of interest, one in the middle portion, and one in
the downgradient portion.  In some cases, a more complex
system of wells may be needed to define the subsurface
conditions, especially in establishing the depth to the
shallow groundwater aquifer and the direction of groundwater
movement.


Site conditions and the scope of the project shall determine
the total number of wells required.  Existing wells shall be
used when possible.
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9.2  IDENTIFYING SITE LOCATIONS


9.2.1  Using Maps To Locate Sites


Several maps are useful for identifying site locations.  One
of the most useful and detailed maps is the topographic map
produced by the United States Geological Survey.  These maps
are published as 7.5 and 15 minute series (scales 1:24,000
and 1:62,500, respectively) with 40 and 80ft contours,
respectively.


A topographic map includes geographic features, roads,
trails, mining sites, buildings, and major public land
ownership.  Location descriptions are given as a legal
description (township, range and section) and as
latitude/longitude (degrees, minutes, and seconds).


The DEQ has a set of topographic maps for the entire state
with an index guide and map to assist in identifying the
appropriate map for the area of interest.  The DEQ also has a
program in AREV (Store-ease station requests) that determines
the site location's appropriate latitude and longitude using
legal description inputs.   


Another useful resource to identify site locations is the
Montana Atlas and Gazetteer.  The Montana Atlas has
topographical maps for the entire state with a scale of
1:250,000 with 100 ft contours.  Although the atlas has a
larger scale than the 7.5 or 15 minute series individual
topographical maps, they do provide more detailed public land
ownership information.


The atlas identifies locations of areas owned by the State of
Montana, Bureau of Land Management (BLM), National Forest
Service (USFS), National Park Service ( NPS), U.S. Fish and
Wildlife Service (USFWS), and Indian Reservations.  The
Montana Atlas and Gazetteer can be obtained at most local
book stores.


Other maps that can be helpful in site locations include
USFS, BLM, USFWS, NPS, Tribal and county maps.  These maps
vary in scale and detail but are often the most practical and
useful to find general locations and ownerships.  These maps
can be purchased from the appropriate agencies.  If more
detailed land ownership information is desired, a county plat
map can be found at the county courthouse or local
conservation district.


Aerial photography is useful if more detailed topographic
features or land use patterns are necessary.  Aerial
photographs may be available through the USFS or the Natural
Resources Conservation Service (NRCS).
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The DEQ has developed and distributed maps for Montana with
hydrologic segment plots to assist in determining the
associated hydrologic unit codes for the site location.


Geographic Information System (GIS) map coverage can be
obtained from the Montana State Library.  GIS coverage may
include political boundaries, land use, climatic, geologic,
hydrologic, and other information.  The GIS coverage is
constantly being updated and therefore the mapping
capabilities shall improve in the future.  A GIS map can be
made at any desired scale.
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9.2.2  Using The Global Positioning System


An alternative method for determining site locations is the
Global Positioning System (GPS).  Several compact hand-held
GPS receivers are currently on the market.  The DEQ is
currently using the Ensign GPS from Trimble Navigation.


The GPS system was developed by the U.S. Department of
Defense and receives signals from 24 satellites orbiting the
earth twice a day.  GPS receivers use these satellites as
reference points to triangulate their position by measuring
the travel time of a signal transmitted from each satellite
and computing its distance from the satellite.  The receiver
can calculate position, altitude, and velocity if it receives
simultaneous signals from at least four satellites.


The precision and accuracy of the measurement are determined
by the geometric arrangements of the satellites.  This
geometric arrangement is known as Dilution of Precision (also
known as DOP, HDOP or PDOP).  The higher the DOP, the lower
the accuracy.  To insure accuracy, make sure the DOP is less
than 5.0.  Satellite readings can be blocked by obstructions
such as trees, mountains, etc.  If only three satellites are
visible by the receiver, it can derive a two dimensional fix
if the altitude is specified by the user. The satellite data
screen may be useful locating the satellites and allowing for
the receiver to be positioned accordingly.


Before using the GPS receiver, make sure that it has been
initialized and has a complete updated satellite almanac. The
initializing process may take up to 30 minutes.  It shall
only take several minutes to acquire a GPS position fix after
the initialization if no major obstructions for viewing the
satellites are present.  Simply turn the
receiver on and hold it so the antenna is facing the sky;
make sure the antenna is exposed to the horizon and press the
POS  key to view the position screen.  The position screen
displays your position in latitude and longitude (degrees and
minutes), altitude (feet), the number of satellites being
tracked, and the DOP.  The position fix can be determined in
both three-dimension (3-D) or two-dimension (2-D) if the user
inputs the altitude.


Other information provided by the GPS system includes time,
date, and navigation.


The GPS, system if properly used with at least four
satellites (3-D) or three satellites (2-D), and a DOP or HDOP
less than 5.0, will provide an accuracy of 2 - 32 meters. 
Altitude, however, may be off several hundred feet.  For
quality assurance, always check the GPS outputs with a
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topographical map at the time the locations are being
determined to insure that no gross errors have been made. 


In addition to the hand-held GPS receivers, the DEQ also has
(2) GPS units that can be used where accuracy of less than 2
- 32 meters is required.  These units have an accuracy in the
centimeter range when determining horizontal position.
However, the units are not nearly as compact as the hand held
models and are much more expensive.  


Refer to the appropriate owner s manuals for additional
information.
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9.2.3  System For Geographic Location Of Features


Wells, springs, water-sampling locations, and stream- gaging
locations are assigned numbers based on the system of land
subdivision used by the U.S. Bureau of Land Management.


The number consists of twelve characters and describes the
location by township, range, section, and position within the
section.  The figure below illustrates the numbering method.
 First three characters of the number give the township, and
the next three characters the range.  The next two numbers
give the section number within the township.  The next three
letters describe the location within the quarter section
(160-acre tract) and the quarter-quarter section (40-acre
tract), and the quarter-quarter-quarter section (10-acre
tract).  These subdivisions of the 640-acre section are
designated as a, b, c, and d in a counterclockwise direction,
beginning in the northeast
quadrant.


If more than one feature in a 10-acre tract, consecutive
digits beginning with two are added to the number.  For
example, if a water-quality sample was collected in
Sec.21 ,T.9N.,R20W, it would be numbered 09N20W21DAA2.  The
letters, DAA, indicate that the well is in the NE  of the
NE  of the SE , and the number 2 following the letters DAA
indicates there is more than one water-quality sampling
location in this 10-acre tract. See Figure 1.
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9.2.4 Methods for using Compass and Clinometer


Silva Ranger Type 15CL


DEQ stream assessment procedures involve the use of a compass to determine the orientation of
photos for photo points, and the clinometer to determine slope aspects of streams.  The model used
at this time is the Silva Ranger Type 15CL.  The following procedures are used to take a bearing
between your position and a permanent landmark, as well as determine the slope aspect of a stream
using the clinometer. 


To use the compass to determine the direction the photographer is facing when a photo was taken,
stand at that point and hold the compass flat with the index arrow pointing the same direction as the
camera.  Align the north end of the orienting arrow with the north end of the needle.  The reading at
the index arrow is the direction you are facing.


To take a compass bearing of your location, find two permanent landmarks that will not be washed
away by a flood or other natural disturbance.  They should be fairly far apart from each other, since
they will be used to form a triangle with your position.  Hold the compass at eye level with the
sighting mirror open enough that you can see the orienting arrow and the index arrow in the mirror.
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 Sight in the first landmark by viewing it through the sight on the compass.  Then align the north end
of the orienting arrow with the north end of the needle by rotating the bezel.  The number read at the
index pointer is the first bearing.  Repeat this procedure for the second landmark, and record both
of these readings in your field notebook.  Straight lines drawn along each of these bearings on a map
will intersect at your position.


To use the clinometer to determine slope aspect, open the compass and turn the bezel so that the
point West is aligned with the index pointer.  Hold the compass at arms length so that the point South
on the bezel faces the ground, and align the edge of the compass so that it is parallel with the slope
of the stream.  The angle of inclination is read at the tip of the clinometer needle.
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10.0  Sample Collection


Sample collection is a vital part of the composition of waters and
wastewaters studies.  It is often the major source of error while
obtaining water quality information.  In any study involving small
samples of a material, inherent uncertainties exist related to the
homogeneity of the sampled source, the number and frequency of the
samples collected, the method of collection, and the size of the
individual samples.


The most important factors affecting the ability to adequately determine
the composition of water over a period of time are the methods and
frequencies of sample collection.


10.1  SAMPLE COLLECTION METHODS


The three general types or methods of sample collection are:


A.  The grab sample.  This is an individual discrete sample
collected over a period of time not exceeding 15 minutes.


B.  The simple composite sample.  It is collected by combining
equal volumes of two or more grab samples collected at a fixed
interval of time.


C.  The proportioned composite sample.  The volumes or collection
frequencies of the grab samples combined vary with flow.


The choice of collection method is usually dictated by the
circumstances surrounding the sample site and the objectives of
the monitoring program.  Some guidelines governing the selection
of a sample collection method are:


1.  A grab sample will adequately represent the flow at the
time it is collected if it is known or can be determined that
a source is uniform in composition (homogenous).  For most
dissolved constituents, some degree of homogeneity is common.
 For constituents that may be associated with suspended
material, a single grab sample may be a very poor
representation of the source being sampled.
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2.  A composite sample will accurately represent the water in
a vertical cross section of a stream by combining appropriate
volumes of samples taken at a series of points along the
cross section, and will be used if the source is not known or
not believed to be homogenous.  For suspended sediment or
associated constituents, a composite sample will better
represent the quality of the water.  The number of samples to
be collected for compositing relates primarily to the
representativeness of the composite sample and secondarily to
the volume of the sample required for analysis. 


3.  Water stored in lakes and reservoirs is commonly not
uniformly mixed.  Thermal stratification and associated
changes in water composition are among the most commonly
observed effects.  Single grab samples from lakes or
reservoirs can be assumed to represent only the spot within
the water body from which they came.


4.  The collection of a grab sample is appropriate when the
sample:


a)  Characterizes water quality at a particular time;
b) Provides information about minimum and maximum


concentrations;
c)  Allows collection of variable sample volume;
d)  Corroborates composite samples; and
e)  Meets a requirement of a discharge permit.


5.  Grab samples will be used when:


a)  The stream does not flow continuously;
b) Water or waste characteristics ar e relatively


constant;
c) Variables to be analyzed are likely to change with


storage (dissolved gases, residual chlorine,
soluble sulfide, oil and grease, microbiological
parameters, organics, and pH);


d) Information on the maximum and minimum
concentrations or variability of concentrations is
desired;


e) The history of water quality is to be established
based on relatively short-time intervals; and


f) Spatial variability is to be determined, for
example, throughout the cross section and/or depth
of a stream or a large body of water.


6.  Composite samples will be used when:


a)  Determining average concentrations; and
b)  Calculating mass/unit time loading.


7.  The method of sample collection used in DEQ Compliance
Monitoring is usually specified in the permit.  The DEQ
Compliance Sampling Manual shows that sampling programs must
include a minimum of a 24-hour operating day composite
supplemented by two or more grab samples.  With highly
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variable wastewater characteristics or flow rate changes,
additional sampling is required.  A composite sample is
defined as a minimum of eight discrete samples taken,
proportional to flow, over the compositing period.


8.  Composite samples from lagoons with long detention times
may not be representative due to the tendency of lagoons to
short circuit.  Grab samples may be representative of lagoon
discharges.


9.  Agricultural discharges (concentrated animal waste or
manure from a confined feedlot, runoff from an agricultural
watershed, and irrigation return flows) are usually highly
variable.  A single grab sample may not be representative.  A
series of grab samples, or a flow-proportioned composite
sample, would be best.


10.  Biological samples ( benthic macroinvertebrate and
periphyton) may or may not be composited, depending on a
study's objectives.


11.  Composite samples will never be collected for
microbiological examination.  Data from individual samples
show a range of values which composite samples will not
display.  Also, one or more portions that make up a composite
sample may contain toxic or nutritive material and cause
incorrect results.
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10.2  SAMPLE COLLECTION FREQUENCY


When a sampling point has been selected and a procedure adopted
that ensures that each sample adequately represents the water
flowing at that instant, a decision is needed about how frequently
samples or measurements must be obtained.  The usefulness of water
quality data and the ability to interpret water quality data is
often tied directly to sampling frequency.  A few of the more
important factors to consider in determining sampling frequency
are:


A.  Types of variables to be measured.  Flow dependent variables
(suspended solids or associated constituents) might be sampled
more frequently during periods of sediment transport than during
low-flow periods.  Some water quality variables (temperature,
dissolved oxygen, and pH) may require diel sampling to define the
expected ranges.


B.  Expected seasonal changes.  Seasonal changes are manifested by
changes in flow, storm periods with attendant runoff, rising and
falling water temperatures, increased or decreased biological
growth, etc.


C.  Influence of man-caused inputs.  Anthropogenic activities may
be characterized by daily cycles (quality of a wastewater
discharge) or seasonal cycles (agricultural runoff).


D.  Variances of water quality variables.  Known variances
computed from collected water quality data may be useful in
computing future sampling frequencies.  Variances within a site
compared with variances between sites will be useful in optimizing
sampling frequency to avoid collecting data that are repetitive
and do not provide much water quality information.


E.  Data interpretation.  Data collection frequency ties directly
to data interpretation.  This does not mean that a great deal of
data must be collected.  It does mean that data must be collected
at the correct time and location.


F.  The expected budget, distance to and between sampling points,
and available manpower will have an influence upon the frequency
of sampling.


As a rule, it is much better to restrict the area of study or
scope of the program if non-hydrological constraints such as
budget or manpower force a reduction in the frequency of sampling.
 Also, if statistical evaluations of the data are planned, then a
statistical strategy in the sample collection must be in place. 
An appropriate number of samples must be collected to ensure that
the number of degrees of freedom is sufficient so that something
might be said about the data collected.  Significant as sampling
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frequency is in detecting stream standard violations, maintaining
effluent standards, estimating temporal changes in water quality,
and defining natural water quality variations, very few
quantitative criteria for designating appropriate sampling
frequencies are available.  However, a few guidelines can be used
to determine the frequency of sample collection.


These guidelines are:


1.  Samples will be collected or measurements made at such
intervals that no important cycles of change in concentration
could pass unnoticed between sampling times.  For some
streams where flow is completely controlled by large storage
reservoirs, or is maintained at a nearly steady rate by
large, constant groundwater inflows, a single sample may
represent the composition accurately for days or weeks.  For
many streams, however, one sample cannot be safely assumed to
represent the water composition for more than a few days.


2.  Statistical analysis of water quality data requires that
observations be independent, that is, there will be little or
no seasonal or serial correlation in a data set of a water
quality variable.  Seasonal correlation can be removed
statistically.  Generally, sampling surface waters more often
than monthly may introduce serial correlation into a data
set; groundwater sampling more frequently than quarterly may
also introduce serial correlation into a data set.  However,
sampling stream waters more frequently may be desirable than
once a month, for example, during spring runoff, depending on
a study's objectives.
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10.3  SAMPLE COLLECTION QUALITY ASSURANCE


Quality assurance is a significant part of every sampling program. 
It is a broad management concept of maintaining the ability to
furnish reliable information, and requires complete integration of
field and laboratory systems for sample collection and measurement.
 Quality assurance incorporates all peripheral but essential
operations such as survey design, equipment preparation, maintenance
tasks, data handling, and personnel training.  The objectives of
quality assurance are to assure that the generated data are
meaningful, representative, complete, precise, accurate, comparable,
and scientifically defensible.


Quality assurance begins in the planning of a water quality
monitoring project.  Quality assurance aspects in this phase of a
project are generally incorporated in a statement of Data Quality
Objectives (DQOs), Section 6.0.  DQOs specify the kinds of data
needed to fulfill the objectives of a water quality monitoring
project.  They ensure that the data collected will provide adequate
information for making a decision.  They require careful
consideration during the planning and design of a sampling program
(sampling site selection, sampling frequency, duration of sampling,
water quality variable selection, etc.).


The collection of water quality data is just as important as the
planning and design aspects.  Quality assurance procedures must be
followed to ensure that the integrity of samples collected is not
compromised, that is, those samples accurately represent the source
at the time they were collected.  This requires that some basic
sample collection, handling, and analytical procedures be followed.


The quality assurance procedures are:


A.  If several locations are to be sampled during one sampling run
which include both clean and polluted sites, use separate collection
equipment (buckets, automatic samplers, bailers, etc.) at each
location if possible.  Otherwise, sampling will progress from the
clean areas to the polluted areas and the collection equipment will
be rinsed several times with the water from the new source before
the sample is collected.


B.  Sampling equipment (buckets, funnels, bailers, etc.) will be
rinsed several times with the water to be sampled.  PCBs, oil and
grease, phenols, and hazardous waste samples will be taken directly
into the sample container.  If collection equipment is needed for
PCBs or hazardous waste, one-time-use equipment will be used, if
possible.  Otherwise,  decontamination procedures will be followed
where appropriate.
C.  The sample container must be appropriate to the sampled
variable ( Table 10.1).  Use special cleaning procedures, if
necessary (i.e., acid soaked  bottles for trace metals analyses).
 Sample containers will be rinsed three times with the source
water to be collected.


D.  All instruments used in the field must be calibrated before
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use, and periodically afterwards, according to the manufacturers'
recommendations.


E.  Continuous sampling devices must be calibrated according to
the manufacturers' specifications at the time of setup and checked
as often as necessary.  Sampler components (lines, collection
bottles, etc.) must be cleaned, or replaced as necessary, before
use.


F.  Equipment will be checked before being taken into the field to
make sure they are operating satisfactorily.  To the extent
possible and practical, backup equipment will be available.


G.  Each instrument requiring calibration will have a logbook
assigned to it in which all calibration information can be
recorded.  Information must include date and time of calibration,
method of the calibration, person performing the calibration, and
comments.  All maintenance and repairs done will are logged with
the name of the individual doing the work.  All maintenance and
repairs will be done as soon as possible after the need for such
work is noted.  The recording of the calibration data,
maintenance, and repair work is necessary to counter challenges to
the quality, integrity, and acceptability of the field data.


H.  All samples must be preserved according to EPA requirements
(Table 10.1).  Use preservative ampules sized for the volume of
the sample collected (do not over or under preserve).  Samples
that must be cooled at 4  C are best preserved with chunks of ice.
 Samples will be collected so that as little time as possible
lapses before they are preserved.  Data from samples that have not
been properly preserved or have exceeded maximum holding times
will be reviewed, later flagged or discarded.
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10.4  QUALITY CONTROL


Quality Control (QC) involves specific tasks undertaken to
determine the reliability of the laboratory data.  It is
accomplished internally by routinely analyzing blanks, duplicates,
and spikes in the day-to-day operation of a laboratory, or
externally by incorporating field originated blanks, duplicates,
and spikes into the set of the samples collected during a water
quality survey. 


The objectives of QC samples are to ensure that 1) the integrity
of data generated in a monitoring effort is not compromised by
extraneous sources of contamination (blanks); 2) the reported data
are favorably comparable to the true values (accuracy); and 3) the
results of a sample collection and measurement process (data
generated by analytical procedures) are reproducible (precision).


Water quality monitoring programs commonly use QC samples at two
points in the data generating process:


A.  Laboratories routinely use duplicates and spikes to establish
limits for precision and accuracy for each measurement parameter.
 These limits may change depending on the analytical method and
concentration range under consideration.  The limits allow the
investigator or data user to calculate an interval within which a
reported concentration is expected to occur (95% confidence
internal).   Also, the systemic errors inherent in the operation
of a laboratory or analysis of a sample (variation in the
preparation of standards, miscellaneous contamination, inaccurate
balances, instrument drift, interferences, etc.) will be
quantified.


B.  The second point in the monitoring process where QC samples
are commonly used is in documenting quality control associated
with the collection of samples in the field.  Field blanks,
duplicates, and spikes are routinely incorporated into a
monitoring program without a good understanding of their function.
 The purpose of these samples is to validate the precision and
accuracy of laboratory data, and to determine the adequacy of
preservation techniques, equipment cleaning and preparation, and
sampling procedures.  Field blanks (Sections 11.11.1 and 11.11.2)
are used to measure and quantify the amount of contamination from
extraneous sources (preservatives, sample bottles, sample
handling, automatic samplers, etc.) which might compromise the
integrity of a sample (alter its true value or concentration).
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Duplicates and spikes reflect not only the errors and variations
inherent in the laboratory analyses, but also the errors and
variations inherent in the collection of duplicate samples and
preparation of spiked samples.  If the analyses of duplicate and
spiked samples are unacceptable ("out of limits"), it is virtually
impossible to tell whether the cause originates within the
laboratory, the field collection, or the preparation of the
samples.  Duplicate and spiked sample analyses that are acceptable
("within limits") have the total  error from the field collection
and laboratory analyses that is not greater than the laboratory
error alone.


QC samples (spikes, duplicates, blanks) will be an integral part
of any water quality monitoring.  The frequency of collection
depends on the nature of the monitoring effort; the guidelines
presented here will be applied on a case-by-case basis.  QA
project plans will provide more specific information on their use
in specific project areas.


1.  Duplicate  samples  are independent samples that are
equally representative of the parameters of interest at a
given point in space and time.  Results of duplicate samples
will, theoretically,  be the same.  Realistically, results
may differ due to the non-homogeneity of the sample source,
sampling and analytical errors.  Duplicate samples document
the technique and ability of the sampler and analyst to
produce representative water quality data.  In long-term,
ongoing monitoring programs, duplicates will be submitted
quarterly for those water quality variables of interest. 
Short-term monitoring programs with distinctly different
objectives will include at least one set of duplicate samples
for those variables of interest.


2.  Spiked samples  are prepared by mixing or diluting a given
volume of a known standard or reference solution (spike) with
a volume of ambient water (matrix).  The analytical objective
is to "recover" 100% of the spike concentration.  The actual
amount recovered is expressed as a percentage.


               A - B
      100  X     D  


  


Where: A = concentration of the matrix and spike
B = concentration of the matrix
D = actual concentration of the spike
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The percent recovered will be within some predetermined
acceptance limits established by the laboratory for that
parameter and measurement method.  Spiked samples will help
project managers in validating data and point to problem
areas in laboratory analysis.


3.  Field blanks  are obtained by running distilled/deionized
water through sample collection equipment (pumps, filters,
etc.) after decontamination and collection in the appropriate
sample containers.  The analyses of these samples will
determine if the decontamination procedures have been
sufficient.  They will be collected, stored, and shipped with
the other samples.  At least one field blank will be
collected during each sampling episode.  In addition, at
least one field blank will be collected for each thirty
samples collected during any one episode.


4.  Trip blanks  generally pertain to volatile organic samples
only.  They are prepared before the sampling event in
appropriate sample containers and are kept with the other
samples collected throughout the sampling event.  They are
then packaged for shipment with the other samples and sent
for analysis.  At no time after preparation, the samples are
to be opened before reaching the laboratory.  One trip blank
will be included for each sampling episode.


5.  Preservative blanks  are prepared by preserving a sample
of distilled/ deionized water in an appropriate sample
container.  The sample is analyzed for the variables of
interest.  The samples determine whether preservatives,
preservative ampules, or sample containers are contributing
detectable concentrations of an analyte to an environmental
sample.  One preservative blank will be submitted for each
sampling episode.  In addition, at least one preservative
blank will be submitted for each thirty samples collected
during a sampling episode.


In some situations, combining several QC samples into a
"hybrid" blank may be desirable.  For example, an acid soaked
bottle for trace metals analysis may be filled with distilled
or deionized water in the laboratory and preserved in the
field.  The sample would not only meet the objectives of a
field blank (thoroughness of decontamination) and a
preservative blank (preservative contamination) but it would
also indicate if contamination is introduced by the sample
handling and preservation technique.  To summarize, employing
QC/QA methods to ensure the integrity and accuracy of the
water quality data is important.
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10.5  PRESERVATION


Since few samples will be analyzed at a sampling site, they must
be stored in a container with a preservative to maintain the
integrity of a sample.  Complete preservation of samples
(wastewater or natural waters) is a practical impossibility
because complete stability for every constituent can never be
achieved.  At best, preservation can only retard the chemical and
biological changes that take place in a sample after it is
collected.


Methods of preservation are generally limited to chemical
addition, pH control, and refrigeration (icing).  Preservation is
intended to retard biological action, retard the hydrolysis of
chemical compounds and complexes, and reduce volatility of
constituents.


Also, these requirements are generally applicable to the Safe
Drinking Water Act.  Preservation of samples for other acts
(CERCLA, RCRA, FIFRA, TSCA) is often refrigeration only, or no
preservation at all.


Some guidelines will be followed when preserving samples.  These
include:


A.  Grab samples must be preserved as soon as possible; the
collection of grab samples must be timed so that little delay
occurs in preserving the sample.


B.  Be careful not to contaminate other samples with preservatives
intended for a different type of sample analysis.  Of particular
concern is the contamination of samples intended for nitrogen
analysis with nitric acid used for preserving samples for metals
analysis. 


C.  For composite samples, each aliquot will be preserved at the
time of collection.  When use of an automatic sampler is
impossible then samples may be preserved by refrigeration (or
icing) until the samples are composited.


D.  Holding times for various parameters will be regarded as
maximum  holding times; analysis will always be conducted as soon
after collection as possible.


E.  Samples for analysis of dissolved metals will be immediately
filtered on-site before adding nitric acid.
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F.  Samples requiring icing (refrigeration) must be iced as soon
as possible.  Cubed ice will be used liberally and in contact with
as much of the sample container as possible.  Cubed ice chills
samples better than block ice or synthetic ices (blue ice).


G.  The collection and preservation of fish samples require
special handling techniques.  These are covered in Field
Collection Method Section 12.1.4.


H.  Macroinvertebrate samples are preserved with 99% ethanol.  As
much water will be removed (decanted) as possible from the sample
container before adding ethanol.  An ounce or two (jigger) of
formalin may be added to ensure sample preservation under adverse
conditions (hot weather).


I.  Periphyton samples for taxonomic identification are preserved
by adding several ml of Lugol's solution, followed by
refrigeration.
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10.6  SAMPLE IDENTIFICATION


The method of identification of a sample depends on the type of
measurement or analysis.  When field measurements are made, the
data are recorded directly in logbooks or on field data sheets. 
Identifying information includes project name, station numbers,
station locations, date, time and names of samplers.  Field
measurements, observations, and remarks are then recorded.


Preserved samples for laboratory analyses are identified by a
sample tag or other appropriate identification. 


Sample tags will contain, at a minimum, the following information :
 sample location, sample number, date, preservatives, and analyses
to be performed (TSS/VSS, commons, metals, nutrients).  More
detailed information on requested analyses is entered on the data
card (Section 21.1).


Sample tags will be filled out using waterproof or indelible ink.
 Identifying information may be recorded directly on the sample
container if it is known that such documentation is resistant to
water, ice, rubbing or smearing, and other sorts of physical or
chemical abrasion.


QC samples (duplicates, blanks, spikes) will be clearly marked. 
If a sample is to be split, it is aliquoted into similar sample
containers.  Identical sample tags are completed and attached to
each split and marked " Split ".  The tag identifies the split
sample for the appropriate government agency, facility, or
laboratory.


When samples are received by a chemical laboratory, a unique
identification number is affixed to all sample containers
appropriate to that particular sampling event, and to the LIMS
database and analysis sheet containing the pertinent identifying
information (sample station, location, date and time of
collection, etc.).  In this manner, all submitted samples are
permanently identified by a unique sample number for recording of
field and laboratory measurements, and for permanent storage of
data.  Samples can also be archived up to the maximum recommended
holding time and reanalyzed, if necessary, with little chance of
misidentification.
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10.7  FIELD FORMS


The DEQ has field forms specifically for the collection of surface
waters and groundwater samples, evaluating macroinvertebrate
habitat, stream inventory, stream discharge, Chain-of-Custody,
wetland assessment, and wetland jurisdiction (Section 21.1).


Samplers must use the appropriate form and are required to fill-in
all the information requested that is relevant.  The information
on these forms includes sample location, hydrologic and
environmental condition, date and time the sampling took place. 
These forms also assist in the tracking process to provide quality
assurance.


The forms are used to notify the chemical laboratory that analytes
are requested to be tested or are used to assist in the
interpretation of results.  Much of the information on these forms
is also required for entering into the DEQ-AREV database and
STORET.
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11.0  Methods for Collecting, Analyzing, and Reporting Water Quality
and Sediment Chemical Data


11.1  FIELD EQUIPMENT AND PREPARATION PROCEDURES


11.1.1  Field Equipment List


Compiling a list of required field equipment for every
individual water quality survey is not practical.  Field
conditions, monitoring objectives, and the scope and
intensity of surveys varies so widely that advanced planning
and preparation are often necessary to define the equipment
that will be needed to collect samples for water quality
surveys.


Equipment may be characterized as "general sampling" or
"specialized sampling" equipment.  "General sampling"
equipment might be considered as equipment that would be
needed no matter what the circumstances of the planned
survey.  Special equipment may or may not be required.  Once
the objectives of a survey have been defined and knowledge of
field conditions has been obtained, the appropriate equipment
can be identified and prepared.


General sampling equipment includes:


- Vehicle (car, pickup truck, or 4-wheel drive depending
on field and weather conditions)


- Sample bottles (250ml or 1-l polyethylene bottles     
with caps)


- Preservative ampules (nitric acid for metals, sulfuric
acid for nutrients, sized for 250ml or 1L bottles)


- Wast e vessel (jar or ziplock) for used ampules
- Hip boots
- Rubber gloves
- Coolers (with ice or ice packs)
- Notebook for field notes
- Pens, pencils and waterproof marking pens
- Camera and film
- Maps
- Field tote or 5-gallon bucket
- Flashlight and spar e batteries
- Multi meter (pH, DO, Conductivity, Temperature)
- Hand-held GPS unit
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Special equipment is categorized by objective:


Flow measurements:


- Marsh- McBirney Portable Current Meter
- Wading rod for current meter
- Tape measure
- Flow data sheet s
- Calibrated 5-gallon plastic bucket
- Stop watch
- Clipboard
- Wooden Stakes or re-bar and hammer


- Key for gaging stations
- Carpenter's chalk
- Yardstick or calibrated rod for measuring weir 
depth
- Water measurement manual (tables for weirs,


flumes, etc.)


Filtering:


- Filter holders with filter and prefilter
- Sample bottles
- Syringes
- Collection bottles (500ml, polyethylene)


pH Measurement:


- pH meter
- pH standards 4.0, 7.0, and 9.0
- Squeeze bottle with deionized water
- Plastic beake rs


Dissolved Oxygen (DO) Measurement:


- DO meter (YSI model 52A with probe)
- Winkler field kit (check reagents)
- 300ml BOD bottles
- Thermometers
- Mercury barometers


TSS sample collection:


- DH-48 or other depth-integrating sampling devices
- Pint g lass bottles (cleaned and rinsed with


distilled water)
- Funnel
- Tape measure







Section No.  11.0 
Revision No.    0  


Date:  4/1/95


11-01.DOC


Biological sampling:


- Sterile thiosulfate-treated bottles for coliforms
- Hess sampler, scrub brush and metal rod ( benthic


macroinvertebrates)
- D-net ( benthic macroinvertebrates)
- 500ml or 1 Liter wide-mouth plastic jars for


benthic samples
- Forceps
- Ethanol
- Formalin
- Brushes
- Squeeze bottle
- Periphyton jars
- Scraper (spoon, knife, spatula)
- Lugol's solution


Miscellaneous:


- Bucket and rope (for bridge sampling)
- Axe
- Clipboard
- Traffic cones for bridge work
- Data cards
- Chain-of-custody forms and seals for coolers
- Garbage bags
- Money
- Sunscreen
- Bug repellant
- Red pepper spay
- Government employee identification
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11.1.2  Sample Container Preparation (Heavy Metals)


Procedures for equipment preparation, field collection, and
field analyses shall be consulted before sampling begins to
identify equipment needs most appropriate to a survey's
objectives and expected field conditions.


A. EQUIPMENT:


1.  250ml polyethylene bottles


2.  Preservative ampules


 B. REAGENTS: 5% HNO 3


C. PREPARATION:


1.  Fill bottles with 5% HNO 3 and cap.


2.  Let bottles soak at least 48 hours.


3.  Discard acid rinse, and rinse bottles at least
three times with DI water.


4.  Acid ampules shall be acid washed if contamination
is known or suspected.  Teflon ampules need to be
soaked when new.  When reused, only refilling is
necessary.


D. PRECAUTIONS: None


E. SPECIAL INSTRUCTIONS:


1.  Discard acid rinsate.  Do not reuse.


2.  Make sure acid-soaked bottles are clearly
identified when taken into the field.


3.  Procedure is particularly important for carbon-
furnace trace metals analysis.  Consult with a
laboratory on the requirements for Mass Spectrometer/
AA analyses.


F. REFERE NCES: None


G. PROJECT: Clark Fork Basin Study, NPDES Compliance
Monitoring, Intensive Surveys, Drinking
Water
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11.1.3  Filtration


A. EQUIPMENT:


1.  500ml wide-mouth polyethylene collection bottles
(Nalgene or equivalent)


2.  Nuclepure or Swin-Lok filter holders


3.  47mm diameter, 0.45um Gelman Supor-450 membrane
filters


4.  47mm diameter, Whatman GF/C glass microfibre
prefilters


5.  60ml plastic syringes ( Charise)


6.  150ml polyethylene sample bottles


7.  100ml polyethylene sample bottles


B. REAG ENTS: 3:1 solution HCL


C. PREPARATION:


1.  All equipment except filters and sample bottles
must be soaked in HCL bath (add HCL to water!) then
thoroughly rinsed in DI water.


2.  Apparatus that comes into incidental contact with
water samples (500ml collection bottles, filter
holders, and syringes) requires at least 3-4 hours of
acid soaking.  All filter holders and syringes shall be
disassembled completely before soaking.


3.  Sample bottles that shall contain samples for days
or weeks must be acid soaked overnight.


4.  Rinse all bottles and caps at least three times
with DI water.


5.  Use a pipette washer to rinse syringes and filter
holder components.  Load apparatus into the pipette
washer.  Let washer fill and empty four or five times
(approximately 20 minutes).


6.  Assemble filter holders according to manufacturers
instructions (use plastic gloves).


D. PRECAUTIONS:


1.  Make sure all bottles and other apparatus are
filled during the soaking period.  Make sure all of the
other apparatus comes into complete contact with the
acid solution.
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2.  Use latex gloves or other hand covering during all
aspects of cleaning and during filter assembly to
prevent acid burns and contamination of apparatus from
skin oils, dirt, etc.


3.  Keep the acid bath covered during and after use.


E. SPECIAL INSTRUCTIONS :  Change the HCL bath as needed.


F. REFERENCES:  None


G. PROJECT: Clark Fork Basin Study, NPDES Compliance
Monitoring, Intensive Surveys
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11.2  WATERFLOW MEASUREMENTS


11.2.1  Introduction


The measurement of flow for surface water and wastewater
sampling is essential to most water pollution control
activities.  Activi ties such as water quality enforcement
studies, DEQ permit compliance monitor ing, water quality
monitoring, municipal operation and maintenance investiga-
tions, planning, and research relies on accurate flow
measurement data.  The importance of obtaining accurate flow
data cannot be overemphasized, particu larly with respect t o
enforcement investigations since these data will be used as
evidence in enforcement case preparation.  DEQ permits often
limits the quantity (mass loading) of a particular pollutant
that may be discharged, and the calculations of mass loadings
are also frequently necessary for water qual ity studies and
other purposes.  As much attention and care will be given to
flow measurement in the design of a sampling program as to
the collection of samples and their subsequent laboratory
analysis.


The basic objectives of this section are to:


outline standard practices for DEQ personnel with
respect to waste water flow measurements during water
enforcement and compliance monitoring activities, and
other studies where wastewater flow measure ments are
required;


outline standard practices for obtaining surface water
flow during water quality surveys;


review acceptable, commonly used flow measurement
techniques; and


present general and specific quality assurance
procedures for the flow measurement equipment and
techniques.


A complete discussion of all available flow measurement
techniques is beyond the scope of this manual.  However, most
of the common techniques currently in use are covered in
general terms.  A compre hensive list of references is
included at the end of this section and a de tailed discussion
of flow measurement techniques may be found in these
references.
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11.3  WASTEWATER FLOW MEASUREMENTS


11.3.1  General


The USDI Water Measurement Manual  is the standard DEQ
reference for details on checking the installation of primary
open channel flow devices.  Basic guidance for making
wastewater flow measurements and a basic description of all
common wastewater flow measurement systems are given in the
EPA Compliance Inspection Manual .  This manual shall also be
used as DEQ guidance for such measurements.







Section No.  11.0 
Revision No.    0  


Date:  4/1/95


11-03.DOC


11.3.2  Site Selection


It is the field investigator's responsibility to insure that
the waste water flow measurement system or technique used
measures the total wastewater discharged (described by the
DEQ permit, if applicable).  All recycled waters must be
accounted for so that any reported flows accurately reflect
the volume of wastewaters discharged.  The actual location of
wastewater flow measurement is not important if these
criteria are met, and the chosen location is suitable for the
technique or flow measurement system used to measure flow.







Section No.  11.0 
Revision No.    0  


Date:  4/1/95


11-03.DOC


11.3.3  Flow Measurement Systems


Flow may be measured on an instantaneous or a continuous
basis.  A typical continuous system consists of a primary
flow device, a flow sensor, transmitting equipment, a
recorder, and possibly a totalizer.  Instantaneous flow
measurements can be obtained without using such a system.


The heart of a typical continuous flow measurement system is
the primary flow device.  This device is constructed to
produce predictable hydraulic re sponses related to the flow
rate of water or wastewater through it.  Examples include
weirs and flumes that relate water depth (head) to flow ,
Venturi and orifice type meters that relate differential
pressure to flow, and magnetic flow meters that relate
induced electric voltage to flow.  Standard primary flow
devices have undergone detailed testing and experimenta tion,
and their accuracy has been verified.


A flow sensor is required to measure the particular hydraulic
responses of the primary flow measurement
device and transmit them to the recording system.  Typically,
sensors include floats, pressure transducers, capacitance
probes, differential pressure cells, and electromagnetic
cells.


The sensor signal is generally converted using mechanical,
electromechani cal, or electronic systems into units of flow
recorded directly on a chart or transmitted into a data
system.  Systems that use a recorder are generally equipped
with a flow totalizer that displays the total flow on a real
time basis.


Studies that require continuous flow measurements require a
complete system.  Instantaneous flow measurements do not
necessarily dictate the use of any portion of such a system.
 Techniques that are described later in this section are
available for measuring instantaneous flows with portable
equipment.


An important consideration during wastewater studies is that
the investi gator may want to obtain continuous flow data at a
facility where only instan taneous flow data are being
measured.  If an open channel primary flow device is used for
making the instantaneous measurements, only the installation
of a portable field sensor and recorder is
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necessary.  If, on the other hand, the facility being
investigated does not use a primary flow device, and a
continuous flow record is desired , a portable primary flow
device must be installed.  This chapter does not cover in
detail the installation of primary flow devices, but many of
the cited references treat this area quite adequately. 


Wastewater flow measurement systems are generally very
accurate.  The total error inherent in a flow measuring
system is the sum of each component of the system.  However,
any system that cannot measure the wastewater flow within +
10 percent of the actual flow is considered unacceptable for
use in measuring wastewater flow.
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11.3.4  Use of Existing Flow Measurement Systems


The installation of systems to measure wastewater flows can
be a time-consuming task, particularly if a primary device is
not available.  Therefore, DEQ Program field personnel shall
always use existing facility primary flow devices and flow
measurement systems when the accuracy of these devices and
the system can be verified.  The objective of this section is
to outline the responsibilities of DEQ field personnel in
verifying the accuracy of existing primary flow devices and
systems.


The field investigator must verify that any existing flow
measurement system (including the primary flow device) used
to measure wastewater flows conforms with recognized design
and installation standards, and any devia tion from standard
conditions shall be thoroughly documented.  The accuracy of
the primary flow device shall be checked by making an
independent "calibration" or flow measurement.  If no usable
or existing primary flow measuring device is available or if
the device has been lost, the inves tigator shall attempt to
install a portable primary flow device.


If the discharger's flow measurement system is accurate
within + 10 percent of the actual flow, the investigator can
use the installed system.  The accuracy of flow sensors and
recorders can be easily checked for open channel flow devices
by making an instantaneous measurement using the primary flow
device and comparing this against the recorder reading.  The
accuracy of the recorder time trace shall be checked by
physically marking the times on the flow chart and comparing
these with the correct time.  It is necessary to make an
independent flow measurement when closed conduit systems must
be checked.


If the existing equipment cannot be calibrated in a timely
manner, the investigator shall install a portable flow sensor
and recorder for the duration of the investigation.  The
installation and use of this equipment are preferred to
attempts to correct incorrect flow measurement systems.  The
investigator shall note the action taken and inform the
discharger that the equipment shall be calibrated as soon as
possible if flow is required for calculating mass loadings or
is itself a permit monitor ing requirement.  If nonstandard
primary flow devices are being used, data supporting the
accuracy and precision of the methods being employed shall be
provided by the discharger.
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11.3.5  Specific Techniques


This section outlines and familiarizes the field investigator
with the most commonly used methods for wastewater flow
measurements and the primary devices that shall be
encountered during field studies.  Volumetric and dilution
techniques are presented at the beginning of this section,
since they are appli cable to both open channel and closed
conduit flow situations.  The remaining methods are grouped
under categories dealing with open channels and closed con-
duits.  The general method of checking individual primary
flow devices is given, where applicable.  Several estimation
techniques are presented.  However, it shall be recognized
that flow estimates do not satisfy DEQ permit monitor ing
requirements unless the permit specifically states that this
is permissible.  The following methods are included to enable
the field investigator to make accurate flow estimates when
necessary.


Volumetric Techniques  -- Volumetric flow measurement
techniques are among the simplest and most accurate methods
for measuring flow.  Basically, these techniques involve the
measurement of volume and/or the measurement of time required
to fill a container of known size.


Vessel Volumes  -- The measurement of vessel volumes to obtain
flow data is particularly applicable to batch wastewater
discharges.  Accur ate measurements of the vessel volumes and
the frequency that they are dumped are all required.  An
accurate tape to verify vessel dimensions and a stop watch
are the only required field equipment.  The NPDES Compliance
Inspection Manual  (2) is a useful reference on the equations
for calculating volumes of various containers.


Sump Pumps  -- This measurement is made by observing the sump
levels at which the pumps cut on and off and calculating the
volume contained between these levels.  This volume with the
number of pump cycles, shall give a good estimate of the
daily wastewater flow.  The inspector must also account for
the quantity of wastewater that flows into the sump during
the pumping cycle.
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Bucket and Stop Watch  -- The bucket and stop watch technique
is particularly useful for the measurement of small
wastewater flows.  Using it is accurate and easy.  The only
equipment required to make this measurement is a calibrated
container (bucket, drum, tank, etc.) and a stop watch.  A
minimum of 10 seconds to fill the container is recommended. 
Three consecutive measurements shall be made, and the results
shall be averaged.
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11.3.6  Dilution Methods


Dilution methods for water and wastewater flow measurements
are based on the color, conductivity, fluorescence, or other
quantifiable property of an injected tracer.  Dilution
methods require specialized equipment, special attention to
detail by the investigator, and time consuming.  However,
these techniques offer the investigator:


a method for making instantaneous flow measurements
where other methods are inappropriate or impossible to
use;


a reference procedure of high accuracy to check in-situ
those primary flow devices and flow measurement systems
that are nonstandard or are improperly installed; and


a procedure to verify the accuracy of closed conduit
flow measuring systems.


The Turner Designs nomograph  (3), the NPDES Compliance
Inspection Manual  (2), and the Geological Survey publication
(4) outline the recommended reference procedures.  The
dilution method utilizing Rhodamine WT dye is the preferred
reference procedure to be used by DEQ personnel when
verifying the accuracy of flow measurement systems.
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11.3.7  Open Channel Flow Measurements


Measurement of wastewater flow in open channels is the most
frequently encountered situation in field investigations.  An
open channel is defined as any open conduit, such as a
channel or flume, or any closed conduit, such as a pipe,
which is not flowing full.  The most commonly encountered
methods and primary flow devices used in measuring open
channel wastewater flows are described in this section. 
Several flow estimation techniques are also presented.


The measurement accuracies quoted in this section apply only
to the specific method or to the primary flow device being
discussed.  Total error involved in a continuous flow
measurement system, which is the sum of the errors of each
component, is beyond the scope of this discussion.


Weirs  -- A weir is defined as an overflow structure built
according to specific design standards across an open channel
to measure the flow of water.  The theory of flow
measurements using weirs involve the release of potential
static energy to kinetic energy.  Equations can be derived
for weirs of specific geometry that relate static head to
water flow (discharge).  Weirs are generally classified into
two general categories, broad crested and sharp crested.


Broad crested weirs take the following form ; Q=CLH 3/2.  Values
for the coefficient C are given in hydraulic handbooks (5,
6).  Unless such weirs have been independently calibrated,
they are usually not accurate enough for wastewater flow
measurements.


Sharp crested weirs are constructed in a variety of shapes. 
Rectangular, V-notch, and Cipolletti weirs are the most
common types.  If such weirs are constructed as outlined in
the USDI Water Measurement Manual  (1), they are considered
standard primary flow devices.


All weirs shall be inspected to determine if the weir
installation and construction conform to the conditions given
in the USDI Water Measurement Manual  (1), provide a uniform
influent flow distribution, and the weir is placed squarely
across the channel perpendicular to the direction of flow. 
Useful tools for checking weir construction and installation
include a carpenter's level, a framing square, a measuring
tape, and a staff gage.  Any problems observed during the
inspection or study shall be noted in the field logbook.
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A set of weir tables is necessary for calculating flows.  The
USDI Water Measurement Manual  (1), the Stevens Water Resource
Data Book  (7), and the ISCO Open Channel Flow Measurement
Handbook  (8) contain a complete set of tables.


For more procedural information, refer to Paragraph I of this
section ,  Field Analytical Procedure - Wastewater Discharge
Flow - Weirs.


Flumes  -- The conditions that must be met in a flume are
similar to those that occur at a weir or spillway crest;
water passing through the throat shall not be impeded by
downstream conditions (constrictions, bends in a channel,
obstructions).  Types of flumes include the Palmer- Bowlus,
Cutthroat, H, and Trapezoidal, but the most widely used is
the Parshall flume.  The Parshall flume is considered a
standard pri mary flow device when constructed and installed
as outlined in the USDI Water Measurement Manual  (1).  A
complete discussion of other types of flumes is given in
references 9, 10, 11, and 12.


All flumes shall be inspected to determine if the entrance
conditions provide a uniform influent flow distribution, the
flume dimensions conform to those given in the USDI Water
Measurement Manual  (1), the flume converging throat section
is level, and the throat section walls are vertical.  Useful
tools for checking the construction and installation of
Parshall (and other) flumes in clude a carpenter's level, a
framing square, and a measuring tape.  The flume shall be
closely examined to determine if it is discharging freely. 
If any question about free discharge exists, the downstream
head ( Hb) shall be measured and compared with the head at the
proper location (Ha) in the converging section.  A staff gage
is useful for making head measurements.  Any problems
observed during the inspection or study shall be noted in the
field log book.


A set of flume tables is necessary for calculating flows. 
The USDI Water Measurement Manual  (1), the Stevens Water
Resources Data Book  (7), and the ISCO Open Channel Flow
Measurement Handbook  (8) contain a complete set of tables.
The explanatory material accompanying these tables shall be
read and understood before they are used.  In many cases,
tabulated flow values are given for measured heads that are
not within the usable measurement range.
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Open Flow Nozzles  -- Open flow nozzles such as parabolic or
Kennison nozzles are factory calibrated and are ordinarily
supplied as part of a flow measurement system.  Calibration
and installation information for each nozzle shall be
supplied by or obtained from the manufacturer.  The accuracy
of these devices is reported to be often better than + 5% of
the indicated flow (10).  A framing square is useful for
checking the installation.  Volumetric flow measurement may
be used to check accuracy of this device if flow volumes are
not excessive.


Velocity-Area Method  -- The basic principal of this method is
that the flow in a channel (cubic feet/second) is equal to
the average velocity (feet/second) times the cross sectional
area (square feet) of the channel.  The velocity of the water
or wastewater is determined with a current meter; the area of
the channel is either measured or calculated using an
approximation technique in conjunction with a series of
velocity measure ments.  The USGS mid-section method and the
stream gaging techniques described in the USGS publication,
Discharge Measurements at Gaging Stations  (9) shall be the
standard practice of the DEQ.  This technique shall be used
(where appropriate) as an independent flow measurement to
verify the accuracy of existing flow measurement systems.


Slope-Area Method  -- The slope-area method consists of using
the slope of the water surface, in a uniform reach of
channel, and the average cross sectional area of that reach,
to estimate the flow rate of an open channel.  Flow rate is
estimated from the Manning formula (5, 6).  This method is an
estimation technique.
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11.3.8  Closed Conduit Flow Measurements


The accuracy of closed conduit flow measuring devices shall
be checked when necessary, by making an independent flow
measurement, preferably using a dilution technique.


Venturi Meter  -- The Venturi meter employs a conversion of
static head to velocity head whereby a differential is
created that is proportional to flow.  The typical accuracy
of a Venturi meter is given at 1% to 2% (10, 11, 12, and 13).


Orifice Meter  -- The Orifice meter is a pressure differential
device that measures flow by the difference in static head. 
Orifice meters require a 40 to 60 pipe diameters of straight
pipe upstream of the installa tion.  They can be quite
accurate, i.e., within 0.5%, although their usable range is
limited (10).


Flow Nozzle  -- The basic principle of operation is the same
as that of the Venturi meter.  The flow nozzle has an
entrance section and a throat, but lacks the diverging
section of the Venturi.  Flow nozzle accuracies can approach
those of Venturi meters (10).


Electromagnetic Flow Meter  -- The electromagnetic flow meter
oper ates according to Faraday's Law of Induction where the
conductor is the liquid stream, and the field is produced by
a set of electromagnetic coils.  The accuracy of the device
is within + 1% of full scale (10).


Other Closed Conduct Devices  -- References for other closed
conduit flow measurement methods such as acoustic flow
meters, trajectory methods, pump curves, and water meters can
be found in the NPDES Compliance Inspection  Manual  (2).







Section No.  11.0 
Revision No.    0  


Date:  4/1/95


11-03.DOC


11.3.9  Wastewater Discharge Flow - WEIRS


A.  EQUIPMENT:


1.  Measuring devices (yardstick, calibrated rod or
staff, or staff and measuring tape)


2.  Blue chalk


3.  Discharge table


B.  PROCEDURE:


1.  A weir is an overflow structure built across an
open channel to measure the rate of flow of water or
wastewater.  It consists of a rectangular or V-notch
opening having sharp edges and set vertically so that
the flow passes over it and falls away freely.  The
discharge is a function of the water in the pool
upstream from the crest relative to the crest
elevation, and the size and shape of the weir (see
illustration below).


2.  Some weir structures shall have a permanently
mounted staff gauge from which the head can be read. 
Discharge is determined from a table specific to the
kind of weir installed (V-notch, Cipolletti,
rectangular) or from a discharge equation.


3.  If no staff gauge is permanently installed, the
head must be measured manually.  Depending on the size
of the discharge channel, dropbox, or manhole, the
measuring device could be a yardstick or a staff or rod
several yards long.


4.  To measure the head, chalk the portion of the
measuring device in the area where the water line shall
terminate.  Sound the depth of the pool behind the
weir, taking the measurement at a point sufficiently
upstream to avoid the curve of the water surface over
the weir (a distance four times the maximum head on the
crest of the weir).  Using the wet line on the chalked
area to determine the pool depth, the head is
calculated by subtracting the crest height from the
height of the water surface.


5.  Determine discharge from a standard discharge table
appropriate for the kind of weir and angle of the V-
notch.


C.  SPECIAL INSTRUCTIONS:


1.  Be sure that tables used to calculate discharge are
appropriate for the kind of weir installed.


D.  REFERENCES:
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USGS (United States Geological Survey).  1980 National
Handbook of Recommended Methods for Water Data Acquisition. 
Chapter 1 - Surface Water.  1980.  Reston, Virginia


U.S. EPA (United States Environmental Protection Agency). 
Handbook for Sampling and Sample Preservation of Water and
Wastewater.  EPA-600/4-82-089.  Environmental Monitoring and
Support Laboratory.  Cincinnati, Ohio.


E.  PROJECTS:


NPDES Compliance Monitoring, Clark Fork Basin Study,
Intensive Surveys
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11.4  SURFACE WATER FLOW MEASUREMENTS


11.4.1 General


Surface waters are considered to be open channel for flow
measurement purposes.  All of the techniques used by DEQ
personnel to measure open channel flows have been discussed
in the wastewater flow measurement portion of this section. 
Except for very small surface streams, the installation of
primary flow devices is not practical.  Most surface water
flow measurements are made using classical stream gaging
techniques.  These techniques involve the use of the
velocity-area open channel technique discussed in the waste-
water portion of this section.  DEQ personnel shall use the
techniques outlined in the USGS publication Discharge
Measurements at Gaging Stations  (9) to:


Select the flow measuring site;


Perform stream gaging; and


Calculate flow.
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11.4.2  Techniques


Where possible, DEQ stream studies shall be conducted
utilizing the existing permanent stream gaging stations
operated by the USGS, the U. S. Army COE, or other federal or
state agencies.  These permanent gaging stations have estab-
lished water stage-discharge relationships that permit the
flow to be obtained from water stage measurements.  Staff
gage or recorder readings of a water stage at these stations
may be converted to flow by using the rating curve for that
gaging station.  The rating curve is available from the
operator of the perm anent gaging station.  An additional
benefit of using these permanent gaging stations is that
long-term flow records are generally available.


Where permanent gaging stations are not present, surface
water flows shall be measured utilizing classical stream
gaging techniques.  If a station is to be used more than once
during a water quality survey, a rating curve shall be
developed for that station.  This may be done by making a
series of independent flow measurements and simultaneous tape
down or staff gage measurements for that station at different
water levels.  The rating curve is developed using the same
measurement section each time; at least two, and
preferably three, flow measurement - tape downs shall be
made.  The flow measurements used to develop the rating curve
must bracket the lowest and highest flows encountered during
the study.  A tape-down rating curve is constructed by
plotting the tape-down measurements versus flows on a piece
of semi-log graph paper.
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11.4.3  Equipment Available (USGS National Handbook)


Equipment available to DEQ personnel for the measurement of
surface water or wastewater flows is categorized as follows :
 water level/stage hardware and recorders, velocity measuring
equipment and assemblies, and direct flow measurement
equipment and instrumentation.


The hardware available to DEQ personnel to determine the rise
and fall of a water surface with time (the water stage)
includes the following recording devices :  Stevens Model F
horizontal drum recorders and Stevens Model A-71 continuous
strip chart recorders, ISCO Model 1870 recording flow meters
used in the linear head mode, and ISCO Model 2870 recording
flow meters that have programmable functions.  Non-recording
equipment available includes vertical staff gages and tape-
down systems.


Instruments and equipment available to make velocity cross
sectional area measurements include current meters and
sounding (depth) equipment.  The current meters available to
DEQ per sonnel are the vertical-axis mounted Price AA and
Price pygmy meters (including direct readout meters), and
Marsh- McBirney solid state current meters.  Sounding
(determination of depth) is accomplished using a standard top
setting wading rod.  Width measurements are made by DEQ
personnel using a conventional surveyor's tape.


The equipment available for direct flow measurement includes
the following primary devices available for installation by
DEQ personnel :  V-notch weir plates and rectangular weir
plates.  Corresponding conversion of water level to flow rate
can be accomplished instantaneously from stage/staff gage
readings corresponding to the primary flow device in
use, or by instantaneous readings of the available recording
flow meter systems.  Continuous record ing systems available
are the ISCO Model 1870 and 2870 recording flow meters.
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11.4.4  Surface Water Flow Measurements (Streamflow)


11.4.4.1  Flowmeter


McBirney Model 201


NOTE: Other stream flow measuring devices include the Price
AA meter and the pygmy meter. The pygmy meter is most useful
for streams with low discharge.


A.  EQUIPMENT


1.  Marsh - McBirney Model 201 Portable Water Current
Meter


2.  Flow meter wading rod, calibrated in one-tenth foot
intervals


3.  Flow data sheets (Section 21.1.1.5) and clip board
(with cord to put around the neck)


B.  PROCEDURE


1.  Set the selector switch to the CAL  position.  The
meter shall show black (the calibrate sector of the
scale) if the batteries are good and the instrument is
working properly.


2.  Attach the probe to the wading rod, making sure the
clamp screw is tight and the probe is properly
positioned (the clamp screw is vertical).


3.  Select a stream section where flows are mostly
parallel, where there are no sharp turns in water
direction, and the bottom is reasonably smooth.  The
more uniform a channel is in depth, velocity, and
substrate size, the more accurate the velocity
measurements shall be.  The section can be smoothed by
reshaping the edges, removing rocks from the bottom,
and removing branches, weeds, or grasses.


4.  Set a tag line or cloth tape across the section as
perpendicular to flow as possible.  Anchor both ends
securely to wooden stakes, trees, shrubs, or anchor
with rocks or other large or heavy objects.







Section No.  11.0 
Revision No.    0  


Date:  4/1/95


5.  Begin measurements at either the left or right
bank.  The initial point is generally the tape reading
of the waterline and often has no depth or velocity to
measure.  In this case, the first measurement is made
at the first point where there is adequate depth (at
least 0.2ft) and measurable velocity.  Measurements
(depth and velocity) can, at times, be made at one or
both waterlines.  In other situations, there may be no
flow for some distance from the streambank due to
stagnant water or backwater effects.  In such a case,
begin and end measurements in the verticals in the no
velocity zone at the edge of where positive flow can be
measured.


6.  Water depth is determined from calibrations on the
wading rod (three marks = 1 foot intervals, two marks =
one-half foot intervals, one mark = one-tenth foot
intervals); read depths ignoring the "pile-up" effect
of water on the wading rod.


7.  Velocity is measured at six-tenths depth from the
water surface by moving the probe support so that the
foot indicator marks align with the proper scale
reading (in hundredths of a foot).  Care must be taken
to keep the meter pointed directly into the flow and to
keep the rod in a vertical position.  Wait at least 20
seconds before reading the panel meter.  Because flow
velocity usually fluctuates, the recorded velocity
shall usually represent an "average" of the range of
velocities noted during the measurement period.


8.  Switch the selector switch to the proper velocity
range (2.5, 5, or 10 feet per second) as conditions
require.


9.  Measurement points are best set at whole foot or
half-foot intervals, depending on stream width.


C.  PRECAUTIONS


1.  The limit for wading is set by safety
considerations.  The amount of water that can be waded
safely varies slightly with each individual, but is
principally a function of velocity, depth, and
substrate stability and slickness.  Do not take chances
in gauging " unwadable" streams.


2.  The position taken when making wading measurements
can affect the velocity of the water passing the
current meter.  The best position is usually about 1 to
3 inches downstream from the tape, and eighteen inches
or more from the wading rod, holding the wading rod at
the tag line, and standing in a position facing the
bank.


D.  QUALITY CONTROL
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1.  Because flow is not a direct measurement (velocity,
depth, width, and area are measured first), the
accuracy of the method cannot be determined.  With
selection of good cross sections, and careful
measurements of depth and velocity, measured flow shall
be within 15% of true flow.


2.  Precision of the method (and technique of the
investigator) can be determined by measuring total flow
several times along the same cross section.


3.  Peak instrument performance can be ensured by
conducting the periodic maintenance tasks detailed in
the Instruction Manual.  These tasks include cleaning
of the probe, checking the meter zero, and checking the
condition of batteries.


E.  SPECIAL INSTRUCTIONS


1.  Because total flow determination in an open channel
is a summation or integration process, the overall
accuracy of the measurement is generally increased by
increasing the number of partial cross sections. 
Generally, 25 or 30 cross sections, even for extremely
large channels, are adequate depending on the
variability and complexity of the cross sectional shape
and flow patterns.  With a smooth cross section and
good velocity distribution, fewer sections may be used.
 Partial sections shall be spaced so no partial section
contains more than 10 percent of the flow.  The ideal
measurement would have less than 5 percent of the flow
in any one section.  This means that measurement points
are closer together in the deeper and faster parts of
the stream and spread out in the shallower and slower
parts of the stream.  On small streams, a spacing of
0.5ft or less may be necessary, and there may be less
than 20 measuring points.


2.  Occasionally, flows are not perpendicular to the
established cross section for its entire width.  If
high or low flows change flow patterns at an
established cross section, consideration shall be given
to temporarily or permanently moving a cross section
rather than using a substandard, established one.


3.  The following example demonstrates the calculations
made using the mid-section method of measurement.  The
mid-section method assumes that the velocity at each
sampling point represents the mean velocity in the
partial rectangular cross sectional area.  The partial
area extends laterally from half the distance from the
preceding meter location to half the distance to the
next, and vertically from the water surface to the
stream bottom.


F.  PROJECTS
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NPDES Compliance Monitoring, Clark Fork Basin Study,
Intensive Surveys


11.4.4.2  Stick Method


A.  Procedure


1. Find a reach of stream that is fairly straight, as well
as uniform in width and depth.  This will assure that
laminar flow is achieved to the greatest extent possible.


2. Measure the length of the reach (in feet) and mark each
end.


3. Determine mean width (from the waters edge) by taking
at least three transects within each reach.


4. Determine mean depth by measuring depth at multiple
points throughout the reach.


5. Release a small stick or other floating object at the
top of the reach and count the seconds to reach the lower
point.  Assure that the object stays in the main current.
Repeat at least twice.


B.  Calculation


1.  Mean width x mean depth = cross-sectional area (ft^2)
2.  Convert stick float time to ft/second                 


(i.e., 26 ft/15 sec = 1.7 ft/sec)
3.  Determine CFS (1 x 2).


Note: This method tends to underestimate flow somewhat due to
the slower velocity of water near the surface.  However, it
is a good general estimate of flow.
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11.4.5  References for Water Flow Measurements (From


National Handbook of Recommended Methods for Water-Data Aquisition)


1. Water Measurement Manual, Second Edition, Revised,
United States Department of Interior, Bureau of
Reclamation, 1974.


2. DEQ Compliance Inspection Manual, United States
Environmental Protection Agency, May 1988.


3. Fluorometric Facts, Flow Measurements, Nomograph,
Turner Designs Company, Mountainview, California, 1976.


4. "Measurement of Discharge by Dye Dilution Methods,"
Hydraulic Measurement and Computation, Book 1, Chapter
14, United States Department of the Interior,
Geological Survey, 1965.


5. King, H. W., and E. F. Brater, Handbook of Hydraulics,
Sixth Edition, McGraw-Hill, New York, 1976.


6. Davis, C. V., and K. E. Sorenson, Handbook of Applied
Hydraulics, Third Edition, McGraw-Hill, New York, 1969.


7. Stevens Water Resource Data Book, Third Edition,
Leopold Stevens, Inc., Beaverton, Oregon, 1978.


8. ISCO Open Channel Flow Measurement Handbook, Second
Edition, Second Print ing, Instrumentation Specialists
Company, Lincoln, Nebraska, 1985.


9. "Discharge Measurements at Gaging Stations," Hydraulic
Measurement and Computation, Book I, Chapter 11, United
States Department of Interior, Geological Survey, 1965.


10. "Sewer Flow Measurement :  A State-of-the-Art
Assessment," Municipal En viron mental Research
Laboratory, Office of Research and Development, United
States Environmental Protection Agency, Cincinnati,
Ohio, 600-275027.


11. A Guide to Methods and Standards for the Measurement of
Water Flow, United States Department of Commerce,
National Bureau of Standards, NBS Special Publication
421, 1975.


12. Wells, E. A. and H. B. Gotaas, "Design of Venturi
Flumes in Circular Conduits," American Society of Civil
Engineers, 82, Proc. Paper 928, April 1956.


13. American Society of Testing Mater ials, 1985 Annual Book
of ASTM Standards, Volume 11 - Water, American Society
of Testing Materials, Philadelphia, Pennsylvania, 1985.


14. Groundwater,  Section 18, USDA-SCS National Engineering
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Handbook ,United States Department of Agriculture, Soil
Conservation Service, 1978.








Section No.  11.0 
Revision No.    0  


Date:  4/1/95


11-05.DOC


11.5  FLUOROMETERS


Fluorometers are useful in detecting dyes for Time-of-Travel and
dilution studies in streams.  Fluorometers are also useful in
detecting detergents that are commonly found in domestic
wastewater and septic systems, and for detection of septic systems
leakage into lakes and streams.


11.5.1  Stream Time-of-Travel


A.  GENERAL


Three principal methods are used to determine travel time in
streams.  These methods are surface floats , measurements of
cross sectional velocity, and tracers (dye).


A rough method for preliminary estimates of time-of-water
travel con sists of dropping sticks or other buoyant objects
from bridges into the stream reach under observation, and
noting the time required for them to float an estimated 3.1m
(10ft) or another convenient distance.  The velocity
estimates are too inaccurate for use in interpretation of
data or final reporting, but can be useful in preliminary
planning of studies and in subsequent more precise
measurements of time-of-water-travel.


Stream velocities at gaging stations, measured by the U. S.
Geological Survey in developing rating curves, may be applied
to the entire reach under observation to estimate time-of-
water travel.  This is more refined than using floating
objects, but can still be inaccurate.  Rarely are there more
than one or two gaging stations in most stream reaches being
studied.  Stream channels generally are restricted at gaging
stations and velocities are generally higher than average
velocities throughout the reach.  Cross sectional velocities
can also be determined at locations designated for a
particular study.


Tracer dyes provide a direct and highly accurate method of
determining time-of-travel.  This is the preferred method if
resources are available.


B.  PROCEDURES


Floats  -- Surface floats may be followed downstream and timed
for known distances to determine time-of-water-travel.  This
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requires the use of considerable judgment, for floats tend to
travel into quiet or eddy areas, or to become stuck on tree
limbs, the stream bank, or other obstacles.  The floats must
frequently be retrieved and returned to the stream current. 
The principal judgment factors are how long the floats should
be left in quiet areas before retrieval and where they should
be placed in the current.


Surface water velocity is greater than the average for the
entire stream, and a correction factor must be applied to the
surface velocity.  An average velocity of about 85% of the
surface velocity is a reasonable rule-of-thumb value.


Cross Section Measurements  -- The measurement of cross
sectional velocities at frequent longitudinal intervals and
the calculation of average velocity in the stream is a time-
consuming method of obtaining time-of-water-travel.


The longitudinal intervals at which cross sections shall be
measured vary with the characteristics of the stream channel.
 One cross section per 1.6km (1.0mi) may be adequate for
streams with reasonably uniform channels.  Cross sections at
every 0.16km (0.1mi) may be desirable for streams with
irregular channels.


Tracers  -- The most accurate method of measuring time-of-
travel involves following a tracer.  Some conservative
industrial waste constituents, salt, or radioisotopes may
serve as tracers; however, dye is most common.  The most
frequently used dye is Rhodamine WT; it can be detected in
concentrations as low as 0.01ppb by a fluorometer.


Before injection into the stream, the concentrated dye shall
be diluted with the stream water.  This shall help insure
immediate maximum dispersion.  Addition of concentrated dye
without dilution may incur incomplete disper sion,
particularly in shallow streams.  Calibration curves shall be
developed for each study with particular emphasis on
accounting for natural background fluorescence.


The dye should be distributed across the stream at a upstream
point, as nearly instantaneously as possible.  The ideal
distribution produces a narrow band of tracer in uniform
concentration across the stream.  The band of tracer mixes
with water ahead of and behind it by diffusion, and
longitudinal mixing, as it moves downstream to produce an
increasingly wider band.  The peak con centration remains
near, but downstream, the center line of the band and
decreases as longitudinal mixing proceeds.  Times-of-water-
travel to downstream points are the differences between the
time the dye was added to the stream and the times the
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centroid of the dye mass arrives at downstream points.  The
length of the dye cloud and the peak concentrations produces
a measure of instream dispersion.


If Rhodamine WT dye is used as a tracer, peak concentrations
from 1.0 to 50.0ppb allow satisfactory definition of the dye
concentration curve.


Most methods of calculating the dosage of dye needed at the
upstream point involves estimates of one or more stream
characteristics, such as flow, velocity, length of reach,
volume in the reach, cross sectional area, average depth, and
the roughness coefficient, "n", of the Manning's formula. 
USGS has produced excellent publications regarding time-of-
travel techniques, i.e., "Measure ment of Time-of-Travel and
Dispersion by Dye Tracing" (9) and " Fluorometric Procedures
for Dye Tracing" (10).


The stream shall be sampled frequently as the dye arrives at
the down stream point to define the tracer concentration
versus time curve with special emphasis on the peak.  The
frequency may be varied from once every minute to once every
10 to 15 minutes, depending on how wide the band of dye has
become at the sampling point.  The dye may be missed
completely by overestimating the time required for it to
travel downstream.  Much time may be wasted, on the other
hand, waiting for it to arrive if the time-of-travel is
underestimated.  All information that shall contribute to the
best possible preliminary estimate of the required time shall
be used.


Two primary methods are used for sampling and analyzing the
dye in a stream.  A submersible pump can be used to pump dye
continuously through a fluoro meter , or the stream samples can
be grabbed  either by hand or by automatic sampler at
specified frequencies then placed into the fluorometer
individ ually.  With the "flow-through" version, a strip
chart recorder connected to the fluorometer can be used to
plot the tracer concentration versus time.  Readings directly
from the fluorometer scale or conversion to dye
concentration can be manually plotted against time when using
the grab sampling technique.


A version of the grab sampling technique would be using an
automatic water sampler that discharges into separate
bottles.  The sampler is preset to collect samples at certain
intervals; at the end of the sample collection time, the
discrete samples would be analyzed and the concentration
determined for each sample.  The concentrations are then
plotted against time.


For proper determination of travel time, samples shall
continue to be analyzed until the stream background
concentration following the peak is mea sured.  With a time
versus concentration plot which coincides with the background
level to peak to background level, the centroid  or the actual
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travel time can be determined.


The Drinking Water Program shall be con tacted before
conducting tracer studies in freshwater systems to insure
that tracer concentrations do not impart color to downstream
public or private water supplies.


C.  EQUIPMENT AVAILABLE


The following DEQ equipment is available for time-of-travel
studies:


tracer standards
pumps
recorders
flow meters
floats
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11.5.2  Dilution Studies


A.  PROCEDURES


Much of the information discussed in the stream time-to-
travel studies applies to dilution studies.  USGS publication
"Measurement of Discharge by Dye-Dilution Methods" (11)
provides references for the techniques .


Dilution studies using tracer dyes evolve from "mass
conservation" prin ciples.  That is, a known mass of a tracer
is introduced at an upstream point, and after mixing with the
water to be traced, this mass should be accountable at
downstream locations.  Rhodamine WT provides an adequate
tracer for such investigations.  This dye is slightly
photoreactive and reaction rates are available in the
literature (generally, K rate is 0.034/day).  The technique
of choice is the use of fluorometers with tracer dyes due to
the high degree of accuracy and detection ability of
fluorometers plus the solubility properties of tracer dyes.


In dilution studies, the tracer dye is precisely metered into
the waters to be traced and then monitored after mixing by a
fluorometer at downstream stations.  This series of events
requires highly controlled metering rates and very accurate
fluorometric analyses.


B.  EQUIPMENT AVAILABLE


The following DEQ field equipment is available for dilution
studies:


fluorometer
metering pump
tracer standards
pumps


C.  SPECIFIC EQUIPMENT QUALITY CONTROL PROCEDURES


Refer to the quality control section in the previous section.
 The metering pump are calibrated before and during use; the
field calibration data are recorded in the field records.
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Investigations of industrial and municipal facilities for
NPDES permit compliance require measurements of discharge
rates.  Often encountered during these investigations are
flow measuring devices such as orifices and magnetic meters
that are inaccessible for flow measurements by standard
equations relating to hydraulic head and structure size.  The
following provides a direct technique for flow measurement
through orifices and magnetic meters using dye tracers.


Discharge rate through any structure can be defined by the
following mass balance equation:


MASS BALANCE EQUATION


Q2 = (C1) (q 1) - (C 2) (q 1)
C2


Where: Q2 = pipe flow rate
C1 = tracer injection concentration


                     C 2 @ (Q 2+q1)
q1 = tracer injection rate
C2 = tracer concentration after mixing
q1 @ C 1
(C1)(q1) = (C 2)(Q 2 + q 1)


Assuming a constant discharge rate and complete mixing of a
tracer material in the waste stream, the task is (1) to
inject a tracer material into the waste stream at a constant
rate and constant concentration, and (2) to measure the
concentration of the tracer after mixing with the waste
stream.
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11.5.3  Groundwater Time-of-Travel and Hydrologic Connections


A.  EQUIPMENT


1.  250ml sample bottles (polyethylene plastic or
glass)


2.  Rhodamine dye


3.  Ice chest


4.  Injection equipment as needed such as funnel and
hose


B.  PREPARATION


1.  Selection of the dye injection site is dependent on
the problem to be examined.  Injection sites may
include septic tank, drainfield, well, etc.  Volume of
dye to be injected depends on the estimated soil
characteristics, flow volume, distance, and time-of-
travel.  Rhodamine WT concentration shall not exceed
100ppb in a groundwater study nor 0.1ppb in a drinking
water supply.  The Turner 450 Fluorometer can detect
Rhodamine dye at less than 1.0ug/L concentration under
ideal conditions.


2.  Any dye injected into a well shall be nontoxic and
placed at or near the screen.  Dye injection shall be
accomplished using a sufficient volume of water to
insure movement into the flow system to be examined. 
For example, a well shall be surged with 3 well volumes
following the introduction of dye after determining the
well to be dyed is under the influence of the pumped
well.  A septic tank shall be surged with at least 1
volume following dye introduction with consideration
given to the infiltration limitations of the
drainfield, if any.


C.  COLLECTION


1.  Background samples shall be collected before any
introduction of a dye into the flow system.  Well
background samples shall be obtained following pumping
of the well to insure stabilized temperature and pH. 
Background stream or pond water sample sites are


dependent on the problem to be examined.  Background
samples are critical to fluorescence testing with high
"blank" fluorescence being the most limiting factor
relating to sensitivity of the test.


2.  Following dye injection, samples shall be obtained
from the selected sites over a period of time.  The
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start and end time are dependent on factors described
in 2.a of the Operator s Reference Manual for Digital
Fluorometer Model 450 with sampling periods ranging
between 1-30 days.


3.  Sample bottles shall be identified with specific
site ID number, name of sampler, date, and time of
collection.


D.  PRESERVATION


1.  Samples must be cooled to 4 C and maintained in
darkness until analyzed.


E.  PRECAUTIONS


1.  Be sure to triple rinse the sample bottle with the
source water before the collection of the sample.


2.  Check sample bottles to make sure they are properly
identified with the required information.


F.  QUALITY CONTROL


1.  Background and target samples must be from the same
sample locations. 


2.  Timing of the sample collection shall coincide to
minimize diurnal influences.  For example, all samples
shall be collected at same time each day and collection
time of the background sample.


3.  Samples shall be held no more than 2 weeks before
analysis.


G.  SPECIAL INSTRUCTIONS


Fluorescence can be useful in determining hydraulic
connections and flow rates based on introduced dyes. 
Specific dyes require specific filters on the fluorometer. 
Be sure to match your dye with available filters. 


Sewage impacts can be documented using the fluorescent
properties of detergent whiteners and specific filters on the
fluorometer.  Be sure the waste stream contains detergents
with whiteners before sampling.


The Turner 450 Fluorometer can be used in the field at a site
with 120V power.


H.  REFERENCES


Operator's Reference Manual, Model 450 Digital Fluorometer.
Sequoia-Turner Corporation, 1987.


Case Studies in WHP Delineation and Monitoring.  U.S. EPA-
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600/R-931, pg. 4-18 through pg. 4-60, 1993.
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11.5.4  Fluorometric Determination of Dye Tracer


A.  SCOPE AND APPLICATION


This method covers the determination of fluorescence as it
relates to com mercially available tracer dyes.  Rhodamine
dyes are fluorescent at a wavelength of 590 millimicrons,
making them detectable without major interferences in all
natural waters.


B.  SUMMARY OF METHOD


Fluorescent dyes emit light upon irradiation from an external
source.  The emitted light is proportional to the tracer
concentration within the sample.


C.  SAMPLE HANDLING


Since tracers are photoreactive, care must be taken to
protect samples from light sources.


All samples shall be stored in glass containers.


D.  INTERFERENCES


Temperature shifts the fluorescent properties of the
tracers; thus all samples shall be analyzed at the same
temperature as the calibration standards.


Natural conditions such as the presence of chlorophyll
or tannins and lignins in the waters to be traced can
impart background fluorescence.  Cali bration standards
shall be made from these ambient waters to account for
any potential background.


Sample tu rbidity may interfere.  In highly turbid
waters, accuracy may be enhanced by filtration before
analysis.


E.  APPARATUS


Turner Fluorometer Model 10-005


Calibration glassware


F.  STANDARDS


1.   Flow-Through Configuration


Working stocks (use a water sample from the study areas
as dilution water).
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a) Dilute 1ml dye to 1 liter dilution water: solution
"A" = lppt.


b) Dilute 10ml of solution "A" to 1 liter solution
"B" = 10ppm.


c) Dilute 100ml of solution "A" to 1 liter solution
"C"= 100ppm.


2.  Cuvette or Pour-Through Configuration


Working stocks (use a water sample from the study area
as dilution water).


a) Dilute 10ml dye to 1 liter:
solution "A" = 10ppt.


b) Dilute 10ml "A" to 1 liter:
solution "B" = 100ppm.


c) Dilute 1ml "A" to 1 liter:
solution "C" = 10ppm.


d) Dilute 10ml to 1 liter:
solution "D" = 1ppm.


From these stocks


a) Each ml "B" to 1 liter adds 100ppb
b) Each ml "C" to 1 liter adds 10ppb
c) Each ml "D" to 1 liter adds 1ppb


G.  PROCEDURE


1.  Turner Fluorometer Model 10-005


a) Allow fluorometer to warm up for 10 minutes.
b) Using background water, adjust for background


fluorescence by setting instrument on the most
sensitive scale (x31.6 and x100 sensitivity) to
read 0.0.


c) Machine circuitry is designed such that one
calibration standard, i.e., 100ppb, produces
linear responses throughout a range 0.05 to
300.00ppb.


d) Above 300ppb, emissions from the irradiated dye
sample interfere with one another producing a
nonlinear condition.  Thus, when working above 300
ppb, calibration curves are required.


e) Though a single 100ppb standard produces a linear
response in the range 0.1 to 300.0ppb, a second
standard, i.e., 10ppb, shall be used as a check.


f) Depending upon sensitivity needs, a 100ppb
standard can be used to provide a wide range of
tracer concentrations.  A typical applica tion by
the DEQ involves setting a 100ppb standard to
equal 10 on the mini mum sensitivity scale ( xMS and
x100).  With this setting, tracer concentrations
in the range 0.05 to 300.00ppb can easily be
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determined.


H.  PRECISION AND ACCURACY


Precision and accuracy for this method have not been
established.


I.  REFERENCE


Wilson, James F., Jr., Fluorometric Procedures for Dye
Tracing :  USGS Techniques for Water-Resources Investigations,
Book 3, Chapter A12 (1968).


Operating and Service Manual, Model 10 Series Fluorometers,
Turner Designs, October 1981.
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11.6  FIELD WATER CHEMISTRY


11.6.1  Water Temperature


A.  EQUIPMENT


A thermometer of known immersion type marked in fractions of
a degree calibrated against National Bureau of Standards
(NBS) certified thermometer is desirable.


B.  REAGENTS None


C.  COLLECTION None


D.  FILTRATION None


E.  PROCEDURE


1.  Immerse the thermometer to the correct depth. 
Total immersion thermometers are designed to be
immersed to the top of the mercury column.  In
practice, keep the thermometer totally immersed until
the temperature stabilizes, and partially immersed when
reading the temperature.


76mm (3-inch) immersion thermometers are to be immersed
exactly to that depth.  Thermometers of this type
usually have a line etched at that point.


2.  Allow the thermometer to remain in the water until
the temperature stabilizes.


3.  Read the thermometer as accurately as possible. 
Estimate one decimal place more than the thermometer
markings.  Correct the reading and record on the data
card.


F.  PRESERVATION None


G.  PRECAUTIONS


1.  Since the water temperature in most streams is not
constant from bank to bank, care must be exercised when
measuring water temperature.  Avoid shallow, slow
moving sunlit areas.  Select a location in the main
flow of the stream, keeping the thermometer in the
shade.
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2.  Lakes show vertical temperature gradients, so the
temperature is measured at the same level the sample is
taken.  This depth is included in the site descrip tion
on the sample card.


3.  When using glass column alcohol thermometers,
special care must be taken to prevent breakage. Mercury
thermometers are not recommended because, when broken,
sample and environmental contamination is a
possibility.


H.  QUALITY CONTROL


Thermometers must be standardized at a minimum of two
temperatures (0 oC and 25 oC are preferable) by comparing
readings with an ASTM or NBS standardized thermometer. 
Correction factors shall be recorded permanently on the
thermometer.  Restandardization may be desirable
periodically.


I.  SPECIAL INSTRUCTIONS


A second thermometer shall be carried into the field as a
backup in case of breakage.


J. REFERENCES None


K. PROJECT


Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys
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11.6.2  pH


A.  EQUIPMENT


1.  Portable Mach One pH Meter, Model 43800-00


2.  50ml plastic beakers


B.  REAGENTS


1.  Buffers, pH 4.0, 7.0, and 9.0


2.  DI water


C.  COLLECTION


A sample can be placed in a 50ml plastic beaker for
measurement away from the stream.


D.  FILTRATION None


E.  PROCEDURE


1.  Turn the meter on (Press  "0").


2.  Press "pH".


3.  Press "AUTO" manual.   The "Auto" indicator shall
light.  The "S1" and "pH" indicators shall flash. 
Zeros shall appear on the display.


4.  Place the electrode in the pH 4.0 buffer and press
the Dispenser Button once.  For best calibration, allow
thirty seconds before pressing the key in step 5.


5.  Press "STANDARD" and wait until the pH indicator
stops flashing.  The "S2" indicator now shall begin
flashing.  The actual pH value shall appear in the
display.  If the solution temperature deviates from
25 C, the display shall show the actual pH and not
4.01.


6.  Rinse the electrode with deionized water.  Place
the electrode in the pH 7.0 buffer and press the
Dispenser Button.  Allow 30 seconds to elapse before
performing step 7.


7.  Press "STANDARD".  "S2" shall stop flashing.  Wait
until the pH indicator stops flashing.  The actual pH
value shall appear in the display.  If the solution
temperature deviates from 25 C, the display shall show
the actual pH and not 7.00.


8.  Pressing any other key than "pH" at this point
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shall cause the meter to revert to its previous
calibration, and the new calibration shall be lost.


9.  Press "pH".  Rinse the electrode with deionized
water, place into the sample, and press the Dispenser
Button.


10.  Swirl the sample gently.  The meter is now
measuring the pH.  Read the sample pH value in the
display after the stability indicator stops flashing. 
Stability is usually reached in 20-30 seconds.


F.  PRESERVATION None; analyze immediatel y


G.  PRECAUTIONS


Read the instrument manual before use to become more familiar
with key functions, one and two standard calibration
procedures, maintenance, troubleshooting, error codes, etc.


H.  QUALITY CONTROL


Check the meter periodically using a pH 7.0 or 9.0 buffer. 
If drift has occurred, recalibrate.


I.  SPECIAL INSTRUCTIONS


1.  Calibration may be better if done with buffers that
bracket the range of pHs being measured.  If measuring
lake and stream pHs, pH 7.0 and 9.0 buffers are more
likely to bracket the expected pH values than pH 4.0
and 7.0 buffers.


2.  If the screen displays a fluctuating reading or
gives an E1 error code, air bubbles in the electrode
solution tubing are causing trouble.  Dispense more
electrode solution with the Dispensing Button or by
turning the Priming Knob counterclockwise to remove the
air bubbles.


3.  The probe indicator shall remain on if the
calibration offset deviates from 0.0mV by 60 to 120mV
and/or the slope deviates from the ideal slope of
59.2mV/pH unit by 15 to 30% (the expected slope may
deviate from 59.2mV/pH unit by 5%; greater values
indicate that the meter is unable to detect stable
conditions).  Use the "REVIEW" key to note the offset
and slope.  Correct a wrong offset by a one-buffer
calibration.  Correct a wrong slope and offset by a
two-buffer calibration or return to the factory-set
calibration by removing the battery from the meter for
five seconds or longer.


J.  REFERENCES


Manual for Portable Hach One pH Meter Model 43800-00
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K. PROJECT


Clark Fork Basin Study, Intensive Surveys, Drinking Water
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11.6.3  Dissolved Oxygen (Winkler Method)


A.  EQUIPMENT


Field Kit including:


1.  Two BOD bottles with glass stoppers


2.  One filler tube and rubber stopper


3.  One burette and 500ml reagent bottles


4.  One 250ml erlenmeyer flask


5.  One 200ml plastic volumetric flask


6.  Nail clippers, knife, or razor blade


7.  Small flashlight or penlight


8.  One plastic 100ml beaker


B.  REAGENTS


Manganous Sulfate Powder Pillows ( Hach Catalog No. 1071)


Alkaline - Iodine - Azide Reagent Powder Pillows ( Hach
Catalog No. 1072)


Sulfamic Acid Powder Pillows ( Hach Catalog No. 1073)


Phenylarsine Oxide (PAO) Standard Solution 0.025N ( Hach
Catalog No. 1070)


Starch Solution


C.  COLLECTION


1.  Rinse the BOD bottle three times with the sample
water.  Insert a filler tube-rubber stopper into the
BOD bottle, and place bottle in water as shown below:


2.  With a vented rubber stopper in place, hold the
bottle vertically under water with a rubber vent tube
above the water surface.  Fill the bottle completely,
making sure there are no trapped air bubbles.


D.  FILTRATION None
E.  PROCEDURE


1.  Add one powder pillow of manganous sulfate and one
powder pillow of alkaline-iodine- azide.  Add the
reagents slowly to avoid introducing air into the
sample.
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2.  Stop with care to exclude air bubbles and mix by
inverting the bottle at least 20 times.


3.  Allow floc to settle below numbers on the bottle. 
Shake and allow to settle again.


4.  Carefully add one powder pillow of sulfamic acid,
re-stop, and mix by gentle inversion until floc
dissolves.  At this point, samples may be stored a few
hours in the dark without changing the results.


5.  Rinse the small volumetric flask several times with
a small volume of an acidified sample.  Insert the
flask mouth into the BOD bottle and invert to fill the
flask (for a 300ml sample bottle, 203ml volume is taken
for titration).


6.  Fill the burette with PAO solution using the
squeeze bulb.  Zero the initial reading by gently
tapping the burette.


7.  Rinse the erlenmeyer flask several times using the
excess acidified sample from the BOD bottle.  Pour the
sample from volumetric flask into the erlenmeyer flask.
 Titrate with PAO, swirling the flask gently, to a pale
straw color.


8.  Add 12-15 drops of starch solution and continue
titration to the first disappearance of the blue color.
 Refill the burette if more than 10ml of titrant is
required.


9.  Final burette reading equals mg/L of dissolved
oxygen.  Record to nearest 0.05mg/L.


F.  PRESERVATION None ; sample may be stored temporarily
(refer to Procedure step 4).
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G.  PRECAUTIONS


1.  Certain oxidizing agents cause positive
interferences; certain reducing agents cause negative
interferences ; certain organic compounds partially
obscure the titration endpoint.  Higher concentrations
of ferrous or ferric iron also reduce accuracy.


2.  Starch solution shall be as fresh  as possible. 
Old starch solution may make the endpoint difficult to
observe.


3.  Keep fixed samples out of direct sunlight.


4.  Using PAO of a different normality shall require a
conversion of the final reading.


H.  QUALITY CONTROL


  A dupli cate shall be analyzed near the beginning of a survey
to assess analytical technique.


I.  SPECIAL INSTRUCTIONS None


J.  REFERENCES


Standard Methods, 15th Edition, pp 388-393.


K.  PROJECTS


Clark Fork Basin Study, Intensive Surveys
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11.6.4  Dissolved Oxygen(DO Meter Method)


A.  EQUIPMENT


YSI Model 54A Oxygen Meter with probe and acces sories
(membran es, KCl probe solution, o-ring, razor blade)


B.  REAGENTS None


C.  COLLECTION


Samples for the measurement of dissolved oxygen shall be
collected very carefully so that atmospheric oxygen is not
introduced into the sample.  Avoid aeration, turbulence, or
any other kind of agitation that could introduce air into a
sample.


D.  FILTRATION None


E.  PROCEDURE


1.  Calibration


a) Switch the instrument to  OFF  and adjust the meter
to mechanical zero.


b)  Switch to RED LINE  and adjust to zero.
c) Plug the probe into the instrument, and wait 10 to


15 minutes for the probe to polarize.  Keep the
probe in a high humidity environment (i.e., a
calibration chamber).


d) Switch to ZERO  and adjust to "0" on the PPM scale.
e)  Switch to TEMP  and read on C scale.
f) Use the probe temperature and true local


atmospheric pressure (or elevation above sea level)
to determine the calibration values from Tables I
and II on the back of the meter.


g) The correct calibration value is calculated by
multiplying the DO concentration at the probe
temperature by the factor for the station
elevation.


h) Switch to 0-10 or 0-20ppm DO range and adjust the
meter with CAL  control to the calibration value
determined in step g.


2.  Measurement


a)  Place probe in sample and stir.
b) Allow sufficient time for probe to stabilize to the


sample temperature and dissolved oxygen
concentration.


c) Read the dissolved oxygen on the approp riate range.


F.  PRESERVATIONS
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None; measure dissolved oxygen immediately


G.  PRECAUTIONS


1.  Before using the probe, check the membrane for
wrinkling or for bubbles in the solution underneath the
membrane.  If either condition exists, refill the probe
with KCl solution and replace the membrane.


2.  Avoid agitation of the sample (see step C).


H.  QUALITY CONTROL


When possible, a Winkler titration shall be performed on a
sample to check the meter's performance.


I.  SPECIAL INSTRUCTIONS


1.  Sluggish or erratic meter performance could
indicate that the probe solution or membrane needs
replacing.


2.  The instrument shall be left on ZERO  between
measurements to avoid having to repolarize the probe.


J.  REFERENCES


Instructions for YSI Model 54 Oxygen Meter


K.  PROJECTS  Intensive Surveys
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11.6.5  Specific Conductance


A.  SCOPE AND APPLICATION


This method is applicable to ground, surface, and saline
waters, in addition to domestic and industrial wastes.


B.  SUMMARY OF METHOD


The specific conductance of a sample is measured by the
use of a self-contained conductivity meter, Whetstone
bridge-type, or equivalent.


Samples are p referably analyzed at 25 C.  If not,
temperature corrections must be made and the results
reported at 25 C.


C.  TEST PROCEDURE


1.  Follow instructions manual for the specific field
conductivity meter used.


2.  Check the meter with two standard solutions of
approximate specific conductances of 100 and
1,000umhos/cm, or standards that bracket the expected
sample conductance.  If the meter does not read within
one percent of the standards, determine what the
problem is and correct it before proceeding.  Most
field instruments read conductivity directly; with
those instruments, follow the manufacturer's
instructions.  Report the results to the nearest ten
units for readings less than 1,000umhos/cm and the
nearest 100 units for readings more than 1,000umhos/cm.


3.  Record the actual sample temperature when the
measurement is made.  The meter reading shall be
converted to specific conductance at 25 C using the
information in the manufacturer's instruction manual.
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D.  APPARATUS SECTION


Beckman SoluBridge  Model RB-5/RB-6


YSI Model 3530 Flow Through Cell


Hydrolab Corporation Surveyor II


E.  PRECISION AND ACCURACY


These conductivity meters have an accuracy of + 2% of
reading.  With satisfactory equipment, results within 1% of
the true value shall be obtained.


F.  REFERENCES


Standard Methods for the Examination of Water and Wastewater,
16th Edition, p. 76, Method 205 (1985).


Annual Book of ASTM Standards, Part 31, "Water," Standard
D1125-64, P. 120.


Methods for Chemical Analysis of Water and Wastes, US-EPA,
120.1 (1983).


Instruction Manual, SoluBridge  RB-5/RB-6, Beckman
Instruments, Inc., Rev. January 1982.


Surveyor II Operating Manual, Hydrolab Corporation, Rev. A 
February 1985.


YSI Model 3560 Water Quality Monitoring System Instructions,
July, 1988.
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11.6.6  Free and Total Chlorine(Colorimetric Method)


A.  EQUIPMENT


Hach Free and Total Chlorine Test Kit, Model CN-70


B.  REAGENTS


1.  DPD Total Chlorine Reagent Powder Pillows for 25ml
Sample, Catalog No. 14064


2.  DPD Free Chlorine Reagent Powder Pillows for 25ml
Sample, Catalog No. 14070


C.  COLLECTION


No special instructions are required for the collection of
the samples.


D.  FILTRATION   None


E.  PROCEDURE


1.  Rinse the square mixing bottle thoroughly with the
sample water.  Fill the bottle to the 25ml mark.


2.  Add the DPD free chlorine or DPD total chlorine
powder pillow to the bottle.  Swirl the bottle until
most of the reagent has dissolved.


3.  Fill one viewing tube to the 5ml mark with the
prepared sample.


4.  Hold the color comparator with the front facing you
(Hach logo is visible).  Insert the tube of the
prepared sample into the top right opening of the
comparator.


5.  Fill the second viewing tube with an untreated
water sample.  Insert this tube into the top left
opening.


6.  Hold the comparator up to a light (sky, window,
lamp) and view through the openings in the front. 
Rotate the disc to obtain a color match.


7.  Read the mg/L free chlorine through the scale
window within one minute of the addition of the
powder.
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F.  PRESERVATION None


G.  PRECAUTIONS


1.  High concentrations of monochloramine shall
interfere with the results of the free chlorine test. 
The free chlorine concentration must be read within one
minute of adding the reagent.


2.  This method is only acceptable for potable water. 
The spectrophotometric method needs to be used for
wastewater or ambient samples due to the increase
accuracy of this instrument.  Regulation 40 CFR 136
(NPDES) does not allow the colorimetric method for
regulatory purposes.


H.  QUALITY CONTROL


Check the method against a laboratory spectrophotometer, or
test laboratory-prepared chlorine standards.


I.  SPECIAL INSTRUCTIONS


This procedure is applicable for free or total chlorine
concentrations of 0 to 3.5mg/L.  If a more accurate
measurement of low concentrations (0.0-0.7mg/L) is desired,
the following modifications to the procedure must be made:


1.  Fill the viewing tubes (steps E3 and E5) to within
1/16 inch of the top.  The tubes must be stoppered
carefully to exclude air bubbles.


2.  The lengthwise viewing adapter and tubes must be
inserted as shown in the diagram below:


3.  Divide the value read from the scale windows by 5
to obtain the mg/L free or total chlorine


J. REFERENCES


Instructions for Hach Free and Total Chlorine Test Kit, Model
CN-70


K. PROJECTS Drinking Wat er
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11.7  MULTIMETERS


11.7.1  Horiba Water Quality Checker U-10


The U-10 Water Quality Checker is an instrument for
simultaneous multiparameter measurement of water quality. The
Horiba U-10 measures six different parameters of water
samples: pH, conductivity, turbidity, dissolved oxygen,
temperature, and salinity.


The U-10 is relatively compact and easily transported.
Measurements are taken simply by immersing the probe right
into the water sample.  The U-10 can store up to 20 data sets
in memory.


The U-10 is easily calibrated using standard pH 4.0 buffer.
Using the Auto-calibration procedure, the instrument
automatically calibrates pH, conductivity, dissolved oxygen
(atmosphere), and turbidity.  If more accuracy is desired, a
two-point calibration can be performed.


The U-10 auto-calibration accuracy appears to be good for
conductivity (5%).  The pH tends to drift on low conductivity
samples (<300umhos/cm) and has a 0 .5 pH units accuracy.  For
higher conductivity waters, the pH has an accuracy of 0.1 pH
units.  Dissolved oxygen has an accuracy of about 2ppm and
has a tendency to drift.  The dissolved oxygen reading is
sensitive to significant changes in the temperature and/or
atmospheric pressure that may occur while transporting the
meter in a vehicle.  In addition, the dissolved oxygen must
be corrected for altitude because the U-10 was originally
calibrated at sea-level.  The correction factors are found on
the graph below. To reduce drifting, the dissolved oxygen
meter must be allowed to equilibrate to its environment
before taking a reading.  The turbidity reading is the least
accurate of the tests and shall only be used to compare one
site from another.


REFERENCE Instruction Manual/Altitude Correction
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11.7.2  Hydrolab Scout 2


The Hydrolab Scout has a multiprobe capable of measuring
temperature, pH, dissolved oxygen, conductivity, salinity,
depth, and redox potential.  The multimeter has a 100 meter
cable attaching the multiprobe to the Scout 2 Display unit.
The Hydrolab Scout 2 is most useful when rapid collection of
data from a lake or deep river environment is desired.


The Hydrolab Scout can also be programmed to record water
quality readings unattended in a stationary environment at
preset time intervals.  However, this is not recommended by
the DEQ due to potential theft, vandalism, or catastrophes.
The replacement cost of the Hydrolab Scout and multiprobe
exceeds $6000.


If calibrated correctly the Hydrolab field multimeter can
have a precision and accuracy similar to that of laboratory
pH, conductivity, and oxygen meters. 
REFERENCE Instruction Manuals
PROJECT Clean Lakes
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11.8  SEDIMENT COLLECTION


A variety of methods can be used to collect a sediment sample
underlying a waterbody.  Dredging (Peterson, Ekman, Ponar),
coring, and scooping (BMH-60) are competent methods.  Regardless
of the method, precautions must be taken to insure that the sample
collected is representative and sediment samples collected for
chemical analysis are thoroughly mixed (except purgeable organic
compounds analysis) before being placed in the appropriate sample
containers.


These methods are discussed in the following paragraphs.


11.8.1 Lake Sediment (Ekman and Ponar Grab Samplers)


For routine analyses, the Peterson dredge can be used when
the bottom is rocky, in very deep water, or when the stream
velocity is high.  The dredge must be lowered very slowly as
it approaches bottom, because it can displace and miss
lighter materials if allowed to drop freely.


The Ekman dredge has only limited usefulness.  It performs
well where bottom material is unusually soft, as when it is
covered with organic sludge or light mud.  It is unsuitable,
however, for sandy, rocky, and hard bottoms and is too light
for use in streams with high velocities.  It can not be used
from a bridge more than a few feet above the water, because
the spring mechanism that activates the sampler can be
damaged by the messenger if dropped from too great a height.


The Ponar dredge is a modification of the Peterson dredge and
is similar in size and weight.  It has been modified by the
addition of side plates and a screen on the top of the sample
compartment.  The screen over the sample compartment permits
water to pass through the sampler as it descends thus
reducing the "shock wave."  The Ponar dredge is easily
operated by one person in the same fashion as the Peterson
dredge.  The Ponar dredge is one of the most effective
samplers for general use on all types of substrates.
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11.8.2  Wetland or Littoral Zone Sediment (Core Sampler)


Core samplers are used to sample vertical columns of
sediment.  They are particularly useful when a historical
approach to sediment deposition is desired for they preserve
the sequential layering of the deposit.  Many types of coring
devices have been developed depending on the depth of water
from which the sample is to be obtained, the nature of the
bottom material, and the length of core to be collected. 
They vary from hand-push tubes to weight or gravity driven
devices.


Coring devices are particularly useful in pollutant
monitoring because the "shock wave" created by descent is
minimal, thus the fines of the sediment-water interface are
only minimally disturbed.


The sample is withdrawn intact permitting the removal of only
those layers of interest.  Core liners manufactured of glass
or Teflon can be purchased, thus reducing possible sample
contamination.  The samples are easily delivered to the lab
for analysis in the tube in which they were collected.


The disadvantage of coring devices is that a relatively small
surface area and sample size is obtained often requiring
repetitive sampling to obtain the required amount for
analysis.  Since it is felt that this disadvantage is offset
by the advantages, coring devices are recommended in sampling
sediments for trace organic compounds or metals analyses.


In shallow, wadeable waters, the direct use of a core liner
or tube manufactured of Teflon or glass is recommended for
the collection of sediment samples.  Their use can also be
extended to deep waters when SCUBA equipment is available. 
Teflon is preferred to avoid glass breakage and possible
sample loss.  Stainless steel push tubes are also acceptable
and provide a better cutting edge and higher strength than
Teflon.  The use of the glass or Teflon tube by itself
eliminates any possible metal contamination from core
barrels, cutting heads, and retainers.  The tube should be
about 30.5cm (12in) if only recently deposited sediments
20.3cm (8in) or less are to be sampled.  Longer tubes shall
be used when the depth of the substrate exceeds 20.3cm.
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Soft or semiconsolidated sediments such as mud and clays have
a greater adherence to the inside of the tube and thus should
be sampled with larger diameter tubes.  Because coarse or
unconsolidated sediments such as sands and gravel tend to
fall out of the tube, a small diameter tube is more 
appropriate.  A tube about 5.1cm (2in) in diameter is usually
the best size.  The wall thickness of the tube should be
about 0.83cm (0.33in) for either Teflon or glass.  The inside
wall may be filed down at the bottom of the tube to
facilitate entry of the liner into the substrate.


Caution must be exercised to not disturb the area to be
sampled when the sample is obtained by wading in shallow
water.  The core tube is pushed into the substrate until only
10.2cm (4.0in) or less of the tube is above the sediment-
water interface.  When sampling hard or coarse substrates, a
gentle rotation of the tube while it is pushed will
facilitate greater penetration and cut down on core
compaction.  The tube is then capped with a Teflon plug or a
sheet of Teflon held in place by a rubber stopper or cork. 
After capping, the tube is slowly extracted, the negative
pressure and adherence of the sediment keep the sample in the
tube.  Before pulling the bottom part of the core above the
water surface, it too is capped.
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11.8.3  Grab Samples (Scooping)


If the water is wadeable, the easiest way to collect a
sediment sample is to scoop the sediment using a stainless
steel spoon or scoop.  This reduces the potential for cross-
contamination.  For streams, this can be accomplished by
wading into the stream, and while facing upstream (into the
current), scooping the sample along the stream bottom in the
upstream direction.  If the stream is too deep to wade but
less than 2.4m (8ft) deep, a stainless steel scoop attached
to a piece of conduit can be used either from the banks if
the stream is narrow or from a boat.
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11.8.4  Total Suspended Sediment (TSS)


A.  EQUIPMENT (Depth-integrated sampling)


1.  US DH-48 Suspended Sediment Hand Sampler with
0.64cm (0.25in) nozzle


2.  One glass pint TSS sample bottle with 0.64cm
(0.25in) clean nozzle


3.  One liter polyethylene sample bottle


4.  One plastic funnel


B.  COLLECTION


1.  Determine the appropriate sampling interval width,
based on the length and depth of the cross section and
flow velocity.  Visually inspect the cross section from
bank to bank, observing the velocity and depth
distribution, and apparent distribution of sediment in
cross section.  Determine the size of the interval that
represents approximately 10% of the flow at that part
of the cross section where the "unit width discharge"
is the largest or has greatest concentration of
sediment is moving.  This interval size must then be
used for the entire cross section.  The number of
sections is generally not less than 10 nor more than
20.


2.  Begin sampling where there is sufficient depth and
velocity.  In shallow water, there is the chance of
disturbing the sampling bedload, which is not material
in true suspension.  In very sluggish water, the sample
bottle shall not readily fill.


3.  Take samples at the predetermined interval.  The
sampler containing the sample bottle is lowered from
the surface of the water to the streambed and
immediately raised back to the surface, at a constant
rate with the nozzle pointed directly into the flow.


4.  Using the same bottle, sample intervals until the
bottle is filled to within about 6.4 to 7.6cm (2.5 to
3in) from the top (about 400ml).  Do not overfill, as
secondary circulation and enrichment of heavy particles
may occur.
5.  Rinse the funnel in the stream, and use it when
pouring the sample from the sample bottle into the    l
liter polyethylene bottle.  After most of the sample
has been transferred, swirl the remaining sample to
resuspend any remaining sediment before transferring
the remaining water. 


6.  Fill the 1 liter polyethylene bottle no more than
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75% full, leaving sufficient room for agitation and
complete mixing.  The more suspended solids, less
sample must be collected.  Collect at least 500ml for
laboratory analysis.


7.  Determine a vertical transit rate that will yield
about 800ml (approximately two bottlesful) of sample in
one traverse of the cross section.


C.  FILTRATION None


D.  PRESERVATION Chill to < 4 Co


E.  PRECAUTIONS


1.  Do not disturb the streambed by bumping the sampler
onto it, or dislodged material from the bed may enter
the nozzle, giving incorrect results.  Each bottle must
be inspected.  If coarse material is present, the
bottle is emptied and rinsed, and the section is
resampled using the same sampling intervals.


2.  If a bottle is overfilled, the bottle is emptied,
rinsed, and the section is resampled using the same
sampling intervals.


F.  QUALITY CONTROL


When duplicate TSS samples are collected, use the same
sampling intervals and vertical transit rate.
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G.  GRAB SAMPLES - SPECIAL INSTRUCTIONS


There are occasions when grab sampling for TSS shall be
desirable.  Some of these are:


1.  Stream velocity is too fast to safely wade the
cross section.


2.  Large floating and/or submerged debris is present.


3.  Stream depth is very shallow.


4.  Stream velocity is very slow.


5.  Stream width and depth are too great to depth
integrate.


When grab sampling a stream too shallow to depth integrate,
immerse a hand-held bottle in the centroid of flow with the
mouth of the bottle directed toward the current.  Care must
be taken to avoid getting the mouth of the bottle too close
to the streambed.  When grab sampling a stream too large or
too deep to depth integrate, grab sample in a location where
velocity is representative and at a depth approximately one
half the distance from the water surface to the streambed. 


H.  REFERENCES


Field Guidelines for Collection, Treatment, and Analysis of
Water Samples, Montana District US Geological Survey.  Open
File Report 85-409.


"A Study of Methods Used in Measurement and Analysis of
Sediment Loads in Streams.  Report J., Operating Instructions
for US DH-48 Suspended Sediment Hand Sampler:  Intra-Agency
Committee on Water Resources, Subcommittee on Sedimentation,
1965.


I.  PROJECT


Clark Fork Basin Study, Intensive Surveys
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11.8.5  Sediment Collection for Trace Metal Analysis


Contamination of a waterbody with trace metals is not always
detectable in the water column.  Therefore, other
measurements are needed to determine if a waterbody has been
impacted by trace metals.  These measurements may include
collecting biological samples or sampling the sediments
deposited from the water column. 


Trace metals entering a waterbody may not be detectable in
the water column because they may have precipitated, or
adsorbed to organic particulates or fine sediments.  Also,
contamination from an intermittent source may have been moved
past the sample site (i.e., flushed out).


A.  GRAB SAMPLE ANALYSIS


Sediment samples collected using methods in Sections 10.1 may
be analyzed for trace metals to identify potential sources of
water column pollutants.  The laborator processes the sample
by oven drying at 40 C and pulverizing with a pestle and
mortar. 


A subsample is then digested with nitric acid, diluted,
analyzed for total recoverable metals and reported in ug/kg
(ppm) as dry weight (oven dry).


If there is a desire for temporal or spatial comparability of
total recoverable metal results it may be important to have
information regarding particle size and total organic carbon
(TOC) content of the sediment.  This information assists in
determining the variations in the sample physical features
that may influence attenuation of trace metals by the
sediment.  A sediment sample containing large amounts of
silts, clays, or TOC is more likely to adsorb trace metals.


B.  Separating Sands from Fines by Sieving


One method developed to collect samples that are comparable
is by sieving the sediment fines.  Saturated sediment is
collected and sieved in the field via gravity or a hand
vacuum pump through a 0.062mm nonmetallic mesh inserted onto
a large diameter plastic funnel.  The 0.062mm mesh size
separates fines from sands.  Site water is used to wet sieve
100 grams of fines into a 1 liter container.  The sample is
kept chilled at 4 C and delivered to the laboratory.


At the laboratory the excess water is decanted, and
evaporated from the fines by oven drying at 40 C.  A
subsample can then be analyzed for total recoverable trace
metals and TOC.


C.  SEDIMENT SAMPLING METHODS


Equipment:
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--1 1000mL or 2000mL sample bottle
--Two-piece plastic Buchner funnel
--2 pieces of spectra nylon mesh filter paper (60 micrometer
pores)
--Plastic spoon
--1 250mL periphyton bottle
--1 used 1000mL sample bottle
--1 large nitric acid ampule
--1 1000mL wash bottle filled with DI water


Method:


First identify at least 5 wadeable, depositional zones at the
site being assessed.  These zones must be made up of VERY
fine bed sediment, since uniform size sediment is being
filtered through a mesh with pores of 60 microns in diameter. 
Depositional zones will be found on the inside bends of the
stream, shallow waters near the shore,  or areas just
downstream from obstacles such as boulders, islands, sand
bars, etc.  These zones must represent the entire stream
reach as best as possible, so it is important to identify as
many zones as is necessary to accomplish this.  A composite
sample of sediment will be taken from the zones that have
been identified.  At each zone, subsamples will be taken. 
The number of subsamples will be determined by the areal size
of the zone (the larger the areal size, the greater the
number of subsamples that should be collected).  This is done
in order to get a complete representation of each zone. 
Sediment should not be scooped from one spot in the zone, but
from the entire zone. 


Before taking any samples, the equipment must be cleaned. 
Take the nitric acid ampule and pour it in the 1000mL wash
bottle filled with DI water.  Wash off all of the equipment
by spraying the dilute nitric acid over the used 1000mL
sample bottle which will be used to collect the nitric acid. 
Place the tephlon 60 micron sieve between the two pieces of
the buchner funnel.  


At the first zone, scoop sediment from the stream bed and
place it on the sieve in the funnel.  Scoop sediment from
various places in the zone to represent the zone (as
discussed above with areal size).  Fill the funnel about an
inch and a half deep with the very fine sediment.  Too little
an amount of sediment will not give enough filtered particles
and too much will do damage to the mesh.  One inch to 1 ½
inch is sufficient.  Make sure the sediment completely covers
the mesh filter and add ambient stream water using the
periphyton bottle as a scoop.  Once the water is added, stir
the water and sediment being very gentle not to damage the
filter mesh.  If the composite sample is to be made up of 6
different zones, for example, make sure that you fill the jar
no more than 1/6 full.  This will help get a more
representative sample of the stream reach.  The less water
the better, but you must get at least 1cm of filtered
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sediment in order for analysis.  Once the first zone is
completed pour the excess sediment out and move to the next
zone.  


At the second zone, rinse the equipment with stream water and
then repeat the steps from the first zone.  Do the same for
the remaining zones until the jar is filled.  As was stated
above, you do not need to completely fill the 2L bottle.  The
least amount of water, the easier it will be for the lab to
analyze the sample.  There must be at least 1 cm of filtered
sediment for analysis.


Once done, close the jar and rinse off the equipment.  Place
a removable label on the jar with the name of the site, date,
recorders’ names, the number of zones making up the composite
sample, and any other pertinent information.  The jar should
be stored in a cooler and kept cool until delivered to the
lab.  DO NOT preserve the sample.  Allow the filter mesh to
dry separate from the funnel so it is not damaged.  Only one
sample is necessary for each site.  Deliver the sample to the
lab for ICP scan of metals present.  Make sure bottles are
acid soaked and returned after analysis.


D.  REFERENCES


Methods of Soil Analysis. Part 1 - Physical and Mineralogical
Properties, Including Statistics of Measurement and Sampling.
1965. Chapter 43 - Particle Fractionation and Particle-Size
Analysis.


Methods of Soil Analysis. Part 2 - Chemical and
Microbiological Properties. 1965.  Chapter 90 - Organic
Carbon.


National Handbook of Recommended Methods For Water-Data
Acquisition. 1977. Office of Water Data Coordination,
Geological Survey, U.S. Department of the Interior, Reston,
Virginia. Chapter 3 - Sediment.
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11.8.6 Percent Fines Calculation


Methods for Determining Percent Fine Sediments in Stream
Beds


Sediments that are smaller than six millimeters in
diameter are classified as fine, and the concentration of
these sediments in a streambed is given as a percent of the
total sediment.  DEQ procedures for classifying percent fines
are a modification of the procedure used by the U.S. Forest
Service.  The method used by the DEQ facilitates easier
viewing of the substrate, as well as a simplified sampling
procedure.


Site Selection


The samples are t aken in pool tails and riffles,
depending on the relative abundance of each in the stream
reach being assessed.  For example, if the reach contains 70%
riffles and 30% pools, then 70% of the sediment samples should
come from riffles and 30% from pool tails.  Samples within the
pools and riffles are taken at random.


Sampling Parameters


The DEQ has determined that at least six samples need to
be taken to achieve a stable level of variability.  A series
of test samplings was run ; the first involving only one
sample, the last involving ten samples.  The standard
deviation for the percent fine sediments of each set was
calculated, and the difference between the deviation of each
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set began to level out at six samples.  More than six samples
do not significantly affect the accuracy of the assessment,
but fewer than six and the accuracy is noticeably affected, as
seen in the graph below. 


Equipment


Equipment for this procedure consists of a five-gallon
bucket with a clear grid in the bottom.  The grid is made of
lines intersecting every inch to form 49 intersections (the 4
corners are cut off to make 45).  Each intersection is left
empty to form a space 6 mm long on each line to aid in
determining sediment size.  The grid material itself is a
clear acrylic (plexi-glass).  A square just large enough to
view 45 of the intersections is cut in the bottom of the
bucket, and the grid is glued on.  Four legs, approximately 1
inch long, are glued to the bottom to hold the bucket up off
of the sediment.  A brightly painted rock, about the size of
a baseball, is also used.


Procedure


To take samples, toss the rock out into the stream as
randomly as possible.  Place the center of the grid over where
the rock settled, and count the number of intersections where
sediment smaller than 6mm is present.  Repeat this procedure
until 6 samples have been collected.


Calculations


The percent of the sediments in the stream that are fine
is calculated by dividing the number of fine sediments in each
sample by the total number of intersections.  The average of
the six samples is calculated, and this number represents the
percent of the sediments in this section of stream that are
classified as fine.


References


R1/R4 Fish and Fish Habitat Standard Inventory Procedures
Handbook.  USDA, Forrest Service.  May, 1997
pp. 30
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11.9  WATER COLLECTION


11.9.1  Grab Samples (Streams)


A.  EQUIPMENT


1.  Sample bottles (plastic or glass appropriate for
the constituent being sampled and sized for the amount
required for analysis)


2.  Preservatives


B.  COLLECTION


1.  Select a spot where the sample shall represent the
stream or river.  In small, wadable streams, a sample
collected mid-depth at midstream is usually assumed to
represent the source.  If flow patterns, depth, or
another feature suggests that such a location would
probably not produce a representative sample, select a
better place to sample.


2.  Sample bottles shall be identified with the
following information (using a sample label or
indelible pen) :  station name and number, date,
parameters (metals, nutrients, TSS/VSS, commons), and
preservatives.


3.  Stand in the stream facing upstream.  Rinse out the
bottles three times with the source water.  Fill
bottles, leaving enough room for the preservative. 
When collecting TSS, fill the bottle no more than 75%
full which allows the laboratory analyst to thoroughly
mix the sample before aliquoting.


4.  Preserve samples following recommended EPA
guidelines (refer to Section 10.5).


C.  FILTRATION


Filtration is required only for the collection of dissolved
constituents.  Refer to the specific procedure of interest
for sample filtration.
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D.  PRESERVATION


Samples must be preserved following recommended EPA
guidelines (refer to EPA Handbook Section 3.1.4).


E.  PRECAUTIONS


1.  Be sure that the inside surfaces of sample bottles
and bottle caps are not touched or come into contact
with some object or material that could contaminate the
sample.


2.  Check sample bottles to make sure that bottles are
correctly identified with the required information. 
Make sure samples are promptly and correctly preserved.


3.  Tighten the bottle caps securely to avoid loss of
contents.


F.  QUALITY CONTROL


The most important aspects of quality control in the
collection of water quality samples are:


1.  Samples collected represent the source at the time
the samples are collected, and that these samples shall
produce the quality of information necessary to meet
the objectives of the survey.


2.  The integrity of the samples collected is not
compromised by contamination, misidentification, or
improper sample handling or preservation.


G.  SPECIAL INSTRUCTIONS


Several water quality constituents require a slight
modification in the collection procedure.  For example,
sample bottles for oil and grease, and volatile organic
compounds shall not be rinsed with the source water before
filling.  This method is acceptable for most commonly
analyzed constituents (BOD, COD, TSS, commons, metals,
nutrients).  Consult a reference or a laboratory analyst
about sample containers, preservatives, collection
procedures, etc., when samples are collected for less routine
analysis. 


H.  REFERENCES


U.S. EPA (U.S. Environmental Protection Agency).  1982
Handbook for Sampling and Sample Preservation of Water and
Wastewater, U.S. EPA-600/4-87-049, Environmental Monitoring
and Support Laboratory, Office of Research and Development,
Cincinnati.
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11.9.2  Dissolved Nutrients or Metals


A.  EQUIPMENT


1.  One 500ml. wide-mouth polyethylene collection
bottle ( Nalgene or equivalent)


2.  One Swin-Lok nuclepore filter holder (with 47mm
diameter, 0.45um Gelman Supor-450 membrane filter and
47mm diameter Whatman GF/C glass fibre prefilter)


3.  One 60ml syringe ( Charise)


4.  One 150ml polyethylene sample bottle


5.  One 100ml polyethylene sample bottle


B.  COLLECTION


Rinse the 500ml bottle three times with the ambient water
sample.  Fill the bottle to within several millimeters of the
top, then cap.  If the sample contains significant suspended
solids that might making filtering difficult, allow the
sample to settle no longer than 1 hour.


C.  FILTRATION


1.  Draw 50ml of sample into the syringe.  Insert
syringe into filter holder cap and purge the filter
with water.  Waste the filtrate.


2.  Detach syringe and draw another 50ml of sample. 
Filter approximately 25ml into each sample bottle. 
Rinse bottles with filtrate and discard rinse water.


3.  If collecting for Soluble Reactive Phosphorus
(SRP), filter 50ml of water into the 100ml bottle. 
Label the bottle for SRP analysis (Do not preserve).


4.  If collecting for dissolved nutrients, filter 100ml
of water into the 150ml bottle.  Immediately preserve
with H 2SO4.  Label for analysis of N (dissolved NH 3 and
dissolved NO 2 + N0 3) or P (dissolved ortho-phosphorus;
Note: this is not the same as soluble reactive
phosphorus).
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D.  PRESERVATION


For dissolved nutrients, dilute H 2SO4 for N (provided by
laboratory in marked ampules) to compensate for a smaller
sample size than is used for total nutrients (100 ml verses
250 ml).  Do not use any preservative for SRP.  Chill to
<4 C.  SRP must be analyzed within 48 hours; sample to be
analyzed for N must meet the recommended holding times.


For metals, use dilute HNO3 to compensate for a small sample
size.


E.  PRECAUTIONS


1.  Special care must be taken to avoid sample
contamination.  Do not touch the surfaces of any
filtration apparatus (syringes, filter holder inlet or
outlet, caps of collection or sample bottles) which
shall come into contact with the filtered or unfiltered
sample.  Do not let these surfaces come into contact
with the surfaces of other objects to prevent
contamination from or transfer of dirt, dust, oil,
grease, etc.


2.  Keep filtered samples well chilled (<4 C).  Special
arrangements for sample shipment, analysis, etc., may
have to be made to meet the 48-hour holding time for
SRP.


3.  Use 150ml bottles for nutrients and metals, and 100
ml bottles for SRP.  This standardization shall help
avoid confusion during sample preservation and
laboratory analysis.


F.  QUALITY CONTROL


See Field Collection Procedure, Section 10.4, for the
preparation of filter blanks.
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G.  SPECIAL INSTRUCTIONS


Use only apparatus prepared using Equipment Preparation
Procedure, Section 11.1.


H.  REFERENCES    None


I.  PROJECT


Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive
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11.9.3 Integrated Samples (Equal Width and Depth)


An integrated sampling design may be desirable to reflect the
average concentration for parameters sampled in stratified
lakes and reservoirs.  The DEQ uses point integration
sampling of lakes using a Kemmerer bottle or similar device,
and compositing.


Integration sampling may also be desirable for constituents
that are not uniformly dissolved or suspended in the water
column of streams and rivers.  The constituents sampled may
include total suspended sediment, total recoverable metal,
total metals, or total nutrient concentrations that may be
associated with sediment.  Stream integration sampling is an
attempt to meet the basic requirement that the sample
collected represents the entire water-sediment mixture at the
immediate vicinity of the sampling point at the time of
sampling.


The DEQ uses a DH-48 depth integrating sampler and the equal-
width-increment method (USGS, 1985) to sample wadeable
streams.  The methods incorporate equal width and depth by
sampling by depth integration at vertical space across a
transect.  A total load (i.e., tons/day or lbs/day) of
sediment, total nutrients or total metals can be estimated by
measuring stream discharge simultaneously with the collection
of an integrated sample.  The total load is calculated by the
following equation:


Depth Integrated Sample Concentration (mg/L)(0.0000000011026
tons/mg)(28.31684 L/CF)(Measured CFS)(86,400 sec/day) =
tons/day


A.  PRECAUTIONS


If sampling for trace metals do not use metal alloy
integrated samplers where the sample has contact with the
metal.


B.  REFERENCES


National Handbook of Recommended Methods For Water – Data
Acquisition, USGS (1977)


Field Guidelines for Collection, Treatment, and Analysis of
Water Samples, Montana District. U.S. Geological Survey Open-
File Report 85-409 (1985)
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11.9.4  Pesticides


A.  EQUIPMENT


Acetone-rinsed one-gallon glass container with teflon-lined
caps (supplied by Chemistry Laboratory)


B.  COLLECTION


Samples collected from surface water for pesticide analyses
are collected as are most other water samples.


The container does not need to be rinsed with the source
water.  Fill the container and cap.


C.  FILTRATION None


D.  PRESERVATION


No preservative is added.  Chill the sample to <4 C.  Holding
time is 14 days.


E.  PRECAUTIONS None


F.  QUALITY CONTROL  None


G.  SPECIAL INSTRUCTIONS


Laboratory analyst needs some idea of the specific pesticide
to be analyzed.  No scan can be run to give preliminary
identification of one or a group of pesticides that might be
present.  Consult with the Chemistry Laboratory before
samples are collected.


H.  REFERENCES None


I.  PROJECT


Intensive Surveys (Complaint Investigations)
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11.9.5  Water Sampling Equipment (Teflon Bailer, Kemmerer, and Van Dorn Bottles)


The physical location of the investigator when collecting a
sample may dictate the equipment to be used.  If surface
water samples are required, direct dipping of the sample
container into the stream is desirable.  This is possible,
however, only from a small boat, a pier, etc., or by wading
in the stream.  Wading, however, may cause bottom de posits to
rise and bias the sample.  Wading is acceptable if the stream
has a noticeable current (is not impounded), and the samples
are collected directly into the bottle while pointed
upstream.  If the stream is too deep to wade or if the sample
must be collected from more than one water depth or from a
bridge, etc., supplemental sampling equipment must be used.


Teflon bailers may be used for surface water sampling, if the
data requirements do not require a sample from a strictly
discrete interval of the water column.  A closed top bailer
with a bottom check-valve is sufficient for many studies.  As
the bailer is lowered through the water column, water is
continually displaced through the bailer until the desired
depth is reached, at which point the bailer is retrieved. 
This technique may not be successful where strong currents
are found, or where a discrete sample at a specific depth is
required.


If discrete samples are desired at a specific depth, and the
parameters to be measured do not require a Teflon coated
samplers, a standard Kemmerer or Van Dorn sampler may be
used.  The Kemmerer sampler is a brass cylinder with rubber
stoppers that leave the ends of the sampler open while being
lowered in a vertical position to allow free pass age of water
through the cylinder.  The Van Dorn sampler is plastic and is
lowered in a horizontal position.  In each case, a messenger
is sent down a rope when the sampler is at the designated
depth, to cause the stoppers to close the cylinder, which is
then raised.  Water is removed through a valve to fill
respective sample bottles.  With a rubber tube attached to
the valve, DO sample bottles can be pro perly filled by
allowing an overflow.  With multiple depth samples, care
shall be taken not to stir up the bottom sediment and thus
bias the sample.


A plastic bucket can be used to collect samples if the
parameters to be analyzed do not preclude it.  However, the
bucket shall be rinsed twice with the sample water before
collection of the sample.
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11.9.6  Automatic ISCO Samplers


The automatic ISCO sampler is a programmable sampler that can
be used where intensive routine sampling is desired.  The
sampler can be set to sample at time intervals or flow
intervals by hook up to an automated ISCO flow meter.  The
sampler can be programmed to collect composite or grab
samples at preset volumes.


The ISCO sampler, however, can require a great deal of effort
to install and needs to be protected from the elements and
vandalism.  In order to generate useful data the ISCO sampler
also requires sound technical support.  


A.  REFERENCES Owners Manual
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11.10  GROUNDWATER DATA COLLECTION


11.10.1  Purging Equipment and Techniques


A.  GENERAL INFORMATION


Wells shall be purged before taking samples in order to clear
the well of stagnant water that is not representative of
aquifer conditions.  The method of purging is to pump the
well until three to five times the volume of standing water
in the well has been removed and until the specific
conductance, temperature, and pH of the groundwater
stabilizes.  Normally, a combination of the two methods is
employed (i.e., specific conductance, tempera ture, and pH are
measured at intervals and three to five volumes are purged).
 If a well is pumped dry, this constitutes an adequate purge
and the well can be sampled following recovery.  However, if
possible, monitoring wells shall not be pumped dry.  If the
well is pumped dry, water that has been trapped in the
sandpack may be sampled.  In addition, as water reenters the
well it may cascade down the well screen and strip volatile
contaminants.


B.  EQUIPMENT AVAILABLE


Monitoring well purging is accomplished by using in-place
plumbing/pumps or when in-place pumps are not available, by
using DEQ equipment; either a peristaltic, bladder,
centrifugal, or other appropriate pump, depending on well
depth.  A Teflon, closed-top bailer may be used for purging;
however, bailing may stir up sediment in the well if
conducted improperly.


Other monitoring equipment used during purging includes water
level indi cators, pH meters, thermometers, and conductivity
bridges.


C.  PURGING TECHNIQUES (WELLS WITHOUT PLUMBING OR IN-PLACE
PUMPS)


1.  General Information


For permanently installed wells, the depth of water
shall be determined (if possible) before purging.  This
can be accomplished by attaching a weight on the end of
a tape and lowering it into the well until it touches
the water, or by use of a mechanical or electrical
water level indi cator.  DEQ per sonnel shall exercise
extreme caution during this procedure to
prevent contami nation of the groundwater.  This is a
critical concern when samples for trace organic
compounds or metals analyses are collected.


2.  Using Pumps to Purge -- When suction lift or
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centrifugal pumps are used, only the intake line is
placed into the water column.  To minimize
contamination, the line placed into the water is either
standard cleaned Teflon (Appendix B of the Standard
Operating Procedures DEQ Ground Water Program), in the
case of the suction lift pumps, or standard cleaned
stainless steel pipe attached to a hose, when
centrifugal pumps are used.


When submersible pumps (bladder, turbine, displacement,
etc.) are used, the pump itself is lowered into the
water column.  The pump must be cleaned as specified in
Appendix B of the Standard Operating Procedures DEQ
Ground Water Program.


3.  Using Bailers to Purge -- Standard cleaned
(Appendix B of the Standard Operating Procedures DEQ
Ground Water Program) closed top Teflon bailers with
Teflon leaders and new nylon rope are lowered into top
of the water column, allowed to fill, removed then the
water is discarded.


4.  Field Care of Purging Equipment -- Regardless which
method is used for purging, new plastic sheeting shall
be placed on the ground surface around the well casing
to prevent contamination of the pumps, hoses, ropes,
etc., in the event they need to be placed on the ground
during the purging or they accidentally come into
contact with the ground surface.  It is preferable that
hoses used in purging that come into contact with the
ground water be kept on a spool, both during
transporting and during field use, to further minimize
contamination from the transporting vehicle or ground
surface.


5.  Purging Entire Water Column -- The pump/hose
assembly or bailer used in purging shall be lowered
into the top of the standing water column and not deep
into the column.  This is done so that the purging
shall "pull" water from the formation into the screened
area of the well and up through the casing so that the
entire static volume can be removed.  If the pump is
placed deep into the water column, the water above the
pump may not be removed, and the sub sequent samples
collected may not represent the ground water.
To reduce cross contamination between wells, no more
than 0.9 to 1.5m (3 to 5ft) of hose shall be lowered
into the water column.  If the recovery rate of the
well is faster than the pump rate, the pump may be left
hanging at the initial level until an adequate volume
has been purged.  If the pump rate ex ceeds the recovery
rate of the well, the pump must be lowered, as needed,
to accommodate the drawdown.


After the pump is removed from the well, all wetted
portions of the hose and the pump shall be cleaned as
outlined in Appendix B of the Standard Operating
Procedures DEQ Ground Water Program.
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Careful consideration shall be given to using pumps to
purge wells that are excessively contaminated with oily
compounds, because it may be difficult to adequately
decontaminate severely contaminated pumps under field
conditions.  When these type wells are encountered,
alternative purging methods, such as bailers, shall be
considered.


D.  PURGING TECHNIQUES (WELLS WITH IN-PLACE PLUMBING)


1.  General Information


In-place plumbing is found at water treatment plants,
industrial water supply wells, private residences, etc.
 The objective of purg ing is t he same as with
monitoring wells without in place pumps, i.e., to
ultimately collect a sample representative of the
ground water.


The volume to be purged depends on several factors: 
whether the pumps are running continuously or
intermittently, how close to the source the sample can
be collected, and the presence of any storage/pressure
tanks between the sampling point and the pump.  If
storage/pressure tanks are present, an adequate volume
must be purged to totally exchange the volume of water
in the tank.


2.  Continuously Running Pumps -- If the pump runs
continuously, and the sample can be collected before a
storage/pressure tank, no purge, other than opening a
valve and allowing it to flush for a few minutes, is
necessary.


3.  Intermittently Running Pumps -- If the pump runs
intermittently, it is necessary to determine the volume
to be purged, including storage/pressure tanks that are
located before the sampling location.  The pump shall
then be run continuously until the required volume has
been purged.
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11.10.2  Sampling Equipment and Techniques


A.  EQUIPMENT AVAILABLE


Sampling equipment used by the Program in cludes Teflon, PVC,
and stainless steel bailers, submersible centrifugal
stainless steel pumps, and a bladder pump assembly.


Other monitoring equipment used during sampling includes
water level indi cators, pH meters, thermometers, and
conductivity bridges.


B.  SAMPLING TECHNIQUES -- WELLS WITH IN-PLACE PLUMBING


Samples shall be collected following purging from a valve or
cold water tap as near to the well as possible.  Samples
shall be collected directly into the appropriate containers
(refer to Standard Sample Containers, Appendix A).  Also,
refer to the Potable Water Supply discussion in Section 10.3.


C.  SAMPLING TECHNIQUES -- WELLS WITHOUT PLUMBING


Following purg ing, samples shall be collected using a Teflon
or stainless steel bailer or a submersible centrifugal
stainless steel pump.  The pump used for purging generally
shall not be used for sampling.  All equipment shall be
cleaned using the procedures described in Appendix B of the
Standard Operating Procedures DEQ Ground Water Program. 
Also, refer to the Potable Water Supply discussion, Section
10.3, for additional information.


D.  SPECIAL SAMPLE COLLECTION PROCEDURES


E.  TRACE ORGANIC COMPOUNDS AND METALS


Special sample handling procedures shall be instituted when
trace contaminant samples are being col lected.  All sampling
equipment, including pumps, bailers, water level measurement
equipment, etc., which come into contact with the water in
the well must be cleaned by the cleaning procedures described
in Appendix B of the Standard Operating Procedures DEQ Ground
Water Program.  Pumps shall not be used for sampling, unless
the interior and exterior portions of the
pump and discharge hoses can be thoroughly cleaned.  Blanks
shall be collected to determine the adequacy of cleaning
before collection of any sample using a pump.  Samples for
purgeable organic compounds analyses shall be collected with
well bailers.  The procedures given in the General
Considerations, Special Precautions for Trace Contaminant
Sampling (Section 10.3) shall be followed.


F.  WELL PUMPING RATE - BUCKET/STOP WATCH METHOD


The pumping rate of a pump can be determined by collecting
the flow of water from the pump in a bucket of known volume
and timing how long it takes to fill the bucket.  The pumping
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rate shall be in gallons per minute.  This method shall be
used only with pumps with a constant pump rate, such as
gasoline powered or electric submersible pumps.  It shall not
be used with battery powered pumps.  As the batteries lose
their charge, the pump rate decreases so that pumping rate
calcu lations using initial, high pump rates are erroneously
high.


G.  VOLUME OF WATER IN WELLS


In order to purge wells, the volume of water in the well
shall be known.  To determine the volume, the following
method shall be used.  Measure the distance from the bottom
of the well to the static water level, then measure the
inside diameter of the well or casing.  Obtain the volume of
the well by the formula:


V = 0.041 d 2h


Where: V = volume of water (gallons)
d = diameter of well (inches)
h = depth of water (feet)


   


If preferred, a quick reference nomograph or table may be
used.


Additional groundwater related data can be obtained from most
local, state, and federal agencies dealing with water
resources.  Some states require well drillers to be licensed,
and all work performed on wells must be reported to the state
on prescribed forms.  These forms are available to the
public, so a study of wells installed in the area of interest
may provide background infor mation as to the subsurface
conditions.  State geological surveys, as well as the USGS,
have various types of water related papers and reports on all
phases of groundwater studies in each state. 
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City and county governments usually have departments that
deal with water related projects that may provide data for
the local area.  Federal agencies such as the SCS, U. S. Army
Corps of Engineers, the Bureau of Reclamation, U. S. Forest
Service, Science and Education Administra tion, and the U. S.
Public Health Service have water programs that may provide
data.  Other sources include the Bureau of Mines, colleges,
universities, and technical societies such as American
Association of Petroleum Geologists, American Institute of
Mining and Metallurgical Engineers, American Water Well
Association, Association of Engineering Geologists, and
Geological Society of America.
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11.11  QUALITY CONTROL (WATER SAMPLING)


11.11.1  Filter Blanks


A.  EQUIPMENT


1.  One 500ml wide-mouth polyethylene collection bottle
(Nalgene or equivalent)


2.  One Swin-Lok filter holder (with 47mm diameter
0.45um Gelman Supor-450 membrane filter and 47mm
diameter Whatman GF/C glass fibre prefilter)


3.  One 60ml syringe ( Charise)


4.  Four 150ml polyethylene sample bottles


5.  Two 100ml polyethylene sample bottles


B.  COLLECTION


1.  Rinse four sample bottles three times each with DI
water.


2.  Fill one 100ml bottle with approximately 50ml of DI
water.  Label "DI Blank #1".  Analyze for O-PO 4.


3.  Fill one 150ml bottle with approximately 100ml of
DI water.  Label "DI Blank #2".  Preserve with H 2SO4. 
Analyze for NH 3 and NO 2 + NO 3.


4.  Fill one 150ml bottle with approximately 100ml of
DI water.  Label "DI Blank #3".  Preserve with HNO 3. 
Analyze for trace metals.


C.  FILTRATION


See Dissolved Nutrients or Metals, Section 11.9.2, for
collection methodology, and for filtration procedure.  Fill
the second 100ml bottle with 50ml of filtrate.  Label "Filter
Blank #1." Analyze for O-PO 4.  Fill second 150ml bottle with
100ml of filtrate.  Label "Filter Blank #2".  Preserve with
H2SO4.  Analyze for NH 3 and NO 2 + NO 3.  Fill the third 150ml
bottle with 100ml of filtrate preserve with HNO 3.  Analyze
for trace metals.
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D.  PRESERVATION


Dilute H 2SO4 for N(provided by laboratory in marked ampules)
to compensate for small sample size.  No preservative for P.


E.  PRECAUTIONS


See Field Collection Procedures, Section 10.4, for special
precautions.


F.  QUALITY CONTROL


Use only DI water taken from carboy used by Laboratory
Analyst to prepare standards.  This is the freshest DI water
in the laboratory.


G.  SPECIAL INSTRUCTIONS


1.  Use only apparatus prepared using Equipment
Preparation Procedure, Section 11.1.


2.  Filter blanks may be prepared in either the
laboratory or the field.  The primary purpose of the
blanks is to check the thoroughness of the procedure
for acid-cleaning filtration apparatus and to check for
contaminants in the filters.


H.  REFERENCES None


I.  PROJECT


Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys
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11.11.2  Field Blanks


A.  EQUIPMENT


One 250ml polyethylene bottle filled with DI water


B.  COLLECTION


Rinse bottle three times with DI water.  Fill bottle nearly
to top and cap.


C.  FILTRATION None


D.  PRESERVATION


Transport bottle to field.  At the end of the field study,
preserve sample with HNO 3 for trace metals and H2SO4 for
total nutrients.  Return to laboratory for analysis.


E.  PRECAUTIONS


1.  Make sure bottle has been acid-soaked according to
Equipment Preparation Procedure, Section 11.1.


2.  Determine whether the preservative ampule shall be
a Teflon ampule or a regular laboratory preservative
ampule.


F.  QUALITY CONTROL


Use only DI water taken from carboy B in the Chemistry
Laboratory.  This carboy is used most frequently and water in
it is therefore replaced often.  It is also the water used in
the preparation of laboratory standards.


G.  SPECIAL INSTRUCTION


One liter bottle may be needed for analysis of certain metals
or nutrients.


H.  REFERENCES  None


I.  PROJECT


Clark Fork Basin Study, NPDES Compliance Monitoring,
Intensive Surveys.
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11.11.3  Duplicates


A.  EQUIPMENT


1.  Sample  bottles  (1L or 25ml polyethylene bottles)


2.  Preservatives


B.  COLLECTION


1.  Samples are collected following Water Collection
Procedures, Section 11.9.1, (Grab Samples) and
procedures for the particular parameters of interest
(i.e., TSS, Dissolved Nutrients, etc.).


2.  When collecting duplicate samples, all steps
performed in collecting one sample (or set of samples)
shall be repeated so that two samples (or sets of
samples) have been collected.


3.  Ideally, duplicates shall be submitted to the
laboratory under a fictitious name that is recorded in
the field notes or log book.  Due to the laboratory's
familiarity with the DEQ's long term sampling programs,
"fictitious" names often arouse suspicion and it is
debatable whether such precautions accomplish their
objectives.  Fictitious names are usually more
successful in one-time surveys or short term surveys
where laboratory analysts are unfamiliar with sampling
locations.  Duplicates may be submitted to the
laboratory labeled as "Duplicate" samples.


4.  Duplicates must be handled identically
(temperature, preservation, etc.).


C.  FILTRATION


Filtration is conducted as required in the procedure
appropriate to the parameter(s) of interest.


D.  PRESERVATION


Samples are preserved as necessary to meet EPA requirements.
 It is important that duplicates be handled (temperature,
preservation, etc.) identically.


E.  PRECAUTIONS


1.  It is important that duplicates are collected under
the same conditions.  In grab sampling streams,
wastewater discharges, etc., this can best be done by
collecting them side-by-side and simultaneously, if
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possible.  Samples collected at different times or at
different points in a stream shall not be measuring the
error in the collection or analytical process, but the
natural spatial or temporal variation in water quality.


F.  QUALITY CONTROL


1.  Acceptable limits for duplicate sample analyses is
defined as a difference no greater than two standard
deviations specified in the laboratory's Quality
Assurance limits for the appropriate parameter,
concentration range, and measurement method.


2.  In case duplicate analyses are unacceptable ("Out
of limits"):


a) Audit the records (field notes or log book,
laboratory records, bench logs, strip charts,
internal quality control checks) and evaluate
methodology and techniques.


b) Initiate corrective action based on the findings of
step a.


c) Submit another duplicate as soon as possible for
the constituents in question.


d) Re-evaluate procedures and/or records associated
with the new duplicate as soon as possible.


e) Determine the acceptability of data; unacceptable
data shall be withheld from the data base;
withdrawn from the data base if already entered; or
used with discretion.


3.  If a duplicate is submitted using a fictitious
name, be sure appropriate steps are taken to prevent
its being entered permanently into the computer or
office file as a real sample.


G.  SPECIAL INSTRUCTIONS


There is often a temptation to take duplicate samples from a
"common bucket" to eliminate temporal and/or spatial water
quality variability.  While this increases the homogeneity of
the sample, it also represents a deviation from the usual
sample collection procedure and introduces another possible
source of sample contamination.  Such a procedure shall be
avoided.


H.  REFERENCES  None


I.  PROJECT


Clark Fork Basin Study, NPDES Compliance Monitoring,
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Intensive Surveys, Drinking Water
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11.11.4  Spikes


A.  EQUIPMENT


1.  One new four-liter polyethylene cubitainer


2.  One clean (preferably acid rinsed) 1000ml
volumetric flask


3.  One 10ml volumetric pipette


B.  REAGENTS


1.  Environmental sample


2.  Preservatives


3.  EPA Quality Control samples


C.  PREPARATION


1.  Spikes are prepared by diluting a small volume of
an analyte of known concentration with an environmental
sample (matrix).  After analyzing the spike and the
environmental sample, the accuracy of the measurement
method can be determined by calculating how much of the
analyte was recovered.


2.  Spikes shall be prepared so that the addition of an
analyte increases the sample concentration by 50 to 200
percent.  This requires that the environmental sample
collected have measurable concentrations of the
constituents of interest, preferably at a minimum
concentration of 5X the detection limit.  Historical
data shall be reviewed to determine possible sources of
environmental samples.  Slightly to moderately polluted
waters (i.e., below wastewater treatment discharges,
streams affected by acid mine drainage) are good
prospects.


3.  Select an EPA Quality Control sample to use for the
spike.  Select one that, based on the review of
historical data, shall increase concentrations of the
constituents of interest 50 to 200 percent.
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4.  Collect the environmental sample in the four-liter
cubitainer.  Rinse three times before filling, and
preserve with an adequate amount of the appropriate
preservative.  Handle and ship as any other sample.


5.  Consult instructions for EPA Quality Control
samples for specific preparation instructions. 
Generally, 10ml of the QC sample are pipetted into the
volumetric flask, then diluted to 1000ml with the
environmental sample (procedure may vary depending on
the constituent of interest).  Mix thoroughly.


6.  Transfer the spiked sample to a regular sample
bottle.  The spike is identified and is recorded in the
field notes or log book.


7.  Transfer the environmental sample to a regular
sample bottle and label with the proper identifying
information.


8.  The sample and spike must be handled identically
(temperature, preservation, etc.), and analyzed for the
same parameters.


9.  Submit both spike and sample to the laboratory in a
routine manner.


D.  PRECAUTIONS None


E.  SPECIAL INSTRUCTIONS


1.  Acceptable spiked sample analyses are recoveries
within the acceptance limits specified in the Chemistry
Laboratory's Quality Assurance Limits  for the
constituent, concentration range, and analytical method
of interest.  Percent recovery is calculated as  


100 x (A-B)/D
                                 


Where A = concentrations of matrix & spike
          B = concentration of matrix


       D = actual spike concentration
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2.  In case analyses are unacceptable ("out of
limits"):


a) Audit the records (field notes or log book,
laboratory records, bench logs, strip charts,
internal quality control checks) and evaluate
methodology and techniques.


b) Initiate corrective action based on the findings of
step a).


c) Submit another duplicate as soon as possible for
the constituents in question.


d) Re-evaluate pro cedures and/or records associated
with the new duplicate as soon as possible.


e) Determine the acceptability of the data.  
Unacceptable data shall be withheld from the data
base, withdrawn from the data base if already
entered, or used with discretion.


3.  If a spike is submitted using a fictitious name, be
sure appropriate steps are taken to prevent its being
entered permanently into the computer or office files
as a real sample.


F.  REFERENCES    None
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11.11.5  Reference Sample


A.  EQUIPMENT


1.  One clean (preferably acid rinsed) 1000ml
volumetric flask


2.  One 10ml volumetric pipette


B.  REAGENTS


1.  One reference sample


2.  Preservatives


3.  Deionized water


C.  PREPARATION


Reference samples are prepared by diluting a small volume
(10ml) of an analyte of known concentration to 1 liter with
deionized water and adding the required preservative.  The
reference sample has a known confidence interval that must be
achieved by a USEPA certified laboratory and shall be run
with all samples for QA/QC.


D.  PRECAUTIONS None


E.  SPECIAL INSTRUCTIONS


Reference samples are run by the Chemistry Bureau routinely.
Documentation of reference sample QA/QC is available from the
Chemistry Bureau on demand.


F.  REFERENCES    None
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11.12  INTERPRETING ANALYTICAL RESULTS


11.12.1  Inductively Coupled Plasma(ICP) Method


The ICP scan is an economical method to determine if water or
sediment samples have high levels of trace metals.  It shall
be understood however that the ICP scan is not corrected for
interferences and may not have standards in the range of the
level of detection for all metals scanned. Therefore, the
precision and accuracy of the ICP are questionable.  In
addition, the ICP scan detection level is much higher than if
each metal were analyzed individually using the recommended
QA/QC protocols.


The following metals can be analyzed using an ICP scan at the
DEQ Chemistry Bureau:


TRACE METALS DETECTION LEVEL (PPM) SEDIMENT DRINKING WATER
WATER MATRIX MATRIX DILUTION STANDARD (PPM)


Aluminum 0.01 10
Antimony 0.01 10 0.006
Arsenic 0.05 10 0.05
Barium 0.01 10 2.00
Berylium 0.01 10 0.004
Boron 0.05 10
Cadmium 0.03 10 0.005
Calcium 1.00 100
Chromium 0.01 10 0.10
Cobalt 0.01 10
Copper 0.01 10
Iron 0.01 10
Lead 0.05 10 0.015
Magnesium 1.00 200
Manganese 0.01 10
Molybdenum 0.01 10
Nickel 0.02 10 0.10
Potassium 1.00 10
Selenium 0.05 10 0.05
Silica 1.00 400
Sodium 5.00 100
Stontium 0.01 10
Titanium 0.01 10
Vanadium 0.01 10
Zinc 0.01 10


The Chemistry Bureau reports ICP Scans as a printout directly
from the instrument.  The report must be interpreted to
incorporate any dilutions made during the analyses.  Sediment
samples are initially analyzed using 0.25mg diluted to 50ml.
 Further dilutions may be used for trace metals that exceed
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standards.
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11.12.2  Analytical References


Analytical Methods and Interpretation


Standard Methods For The Examination of Water and Wastewater,
18th Edition (1992)


Study and Interpretation of Chemical Characteristics of
Natural Water, United States Geological Survey Water-Supply
Paper 2254.


Protection of Public Water Supplies from Ground-Water
Contamination (1985), EPA/625/4-85/016. Center for 


Environmental Research Information, Cincinnati, 45268


Design of Water Quality Monitoring Systems. Robert C. Ward,
Jim C. Loftis and Graham B. McBride (1990), Van 


Nostrand Reinhold - New York. Library of Congress
Catalog Card No. 90-46323.


National Handbook of Recommended Methods for Water-Data
Acquisition, Office of Water Data Coordination Geological
Survey, U.S. Department of the Interior, Reston, Virginia
(1977) and Revisions.


Methods and Guidance for the Analysis of Water, EPA-821/C-97-
001 CD-ROM, US EPA, Office of Water, Washington, D.C., 20460.
 The newest resource is Methods and Guidance for the Analysis
of Water CD-ROM.  This resource provides a comprehensive
collection of EPA wastewater and drinking water methods and
guidance documents in one source.  Included on this CD-ROM
are the 100, 200, 300, 500, 600, and 1600 series methods; and
guidance documents on trace metals, oil and grease, and the
streamlinig initiative.  The CD-Rom includes a powerful text
search engine to allow searches by method number, analyte
name, and key words.  Further, all methods and guidance are
presented in Adobe Acrobat (PDF) format and are
electronically linked to allow users to instantly access
methods by clicking highlighted words in the analyte list and
table of contents.





