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CONVERSION FACTORS

To convert inch pound units in this report to the International System of
units (SI), multiply by the following factors:

Multiply inch-pound unit By To obtain SI unit
cubic foot per second 0.02832 cubic meter per second
(ft2/s) (m2/s)
foot (ft) 0.3048 meter
foot per second (ft/s) 0.3048 meter per second
gallon 3.785 liter (L)
3,785 cubic centimeter (cm3)
inch (in.) | 25.4 millimeter (mm)
inch per second (in/s) 25.4 millimeter per second
(mm/s )
ounce (o0z) 28.35 gram (g)
pint 0.4732 liter (L)
pound (1b) 453.6 gram (g)
pound per square inch (1b/in?) 6.895 kilopascal
quart (qt) 0.9464 Titer (L)

Temperature 1in degrees Celsius (°C) can be converted to degrees
Fahrenheit (°F) by the formula:

F=9/5 (°C) + 32
Sea level: In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 (NVGD 1929)--a geodetic datum derived from a general

adjustment of the first-order level nets of both the United States and Canada,
formerly called Sea Level Datum of 1929.
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GUIDELINES FOR COLLECTION AND FIELD ANALYSIS OF
WATER-QUALITY SAMPLES FROM STREAMS IN TEXAS

By

Frank C. Wells, Willard J. Gibbons, and Michael E. Dorsey

ABSTRACT

This manual provides standardized guidelines and quality-control proce-
dures for the collection and preservation of water-quality samples and defines
procedures for making field analyses of unstable constituents or properties.

Descriptions and procedures are given for several methods of sampling for
which a variety of samplers may be used. Sample-processing devices such as
sample churns and filtration apparatus are discussed along with methods of
cleaning.

Analyses for unstable constituents or properties are by necessity per-
formed in the field. This manual addresses analytical techniques and quality
assurance for: (1) Water temperature; (2) specific conductance; (3) pH; (4)
alkalinity; (5) dissolved oxygen; and (6) bacteria.



INTRODUCTION

Samples from streams are obtained and analyzed to evaluate the chemical,
physical, and biological quality of the water. As part of its mission to as-
sess the availability and utility of water as a natural resource, the U.S.
Geological Survey (USGS) is responsible for a large part of the water-quality
data collected from streams throughout the nation. These data are used by
planners, developers, water-quality managers, and pollution-control agencies.
To be reliable, the data must describe accurately the characteristics or the
concentrations of constituents in the water.

Some properties or the concentrations of some constituents in water may
change substantially within minutes or hours after sample collection. Samples
for some constituents may be stabilized by treatment with a preservative.
However, immediate analysis for some properties is required for dependable
results. Careful attention to standardization and the exercise of quality
control for these field procedures are paramount if the resulting data are to
be reliable.

The methods presented in this manual for the collection and analysis of
time-critical water-quality parameters conform to policies of the Water
Resources Division of the USGS. These methods require care and time on the
part of the individuals collecting the water samples and making appropriate
field measurements. The collection, field measurement, and processing of
water-quality samples may take 4 hours or longer. Collection of water samples
from even the smallest stream may require a minimum of 30 minutes. During
high flows, when collection of water samples must be made from a bridge, the
time required to collect an appropriate sample easily may exceed 1 hour.

Field measurements of temperature, specific conductance, pH, and dis-
solved oxygen require that instruments be calibrated to precise standards to
insure the quality of data collected and reported. These instruments must be
calibrated prior to every measurement. At most sites, field personnel must
filter and preserve a large amount of water. This water may contain a large
amount of suspended sediment, which clogs filters and increases filtration
time. Field measurements for indicator bacteria require a large number of in-
dividual samples be filtered using sterile equipment. A1l of these processes
require time. The minimum time required to process samples at a special peri-
odic or NASQAN station is 1.5 hours, and may take as long as 3 hours.

With the present emphasis on legal action and social pressure to abate
pollution, all personnel should be aware of the responsibility to collect a
sample that is a reliable description of the water resource and to provide
data that are a reliable description of the sample.

This manual is designed to provide standardized guidelines and quality-
control procedures for the collection and preservation of samples and field
analysis of the common constituents or properties of samples from streams in
Texas. As part of the "Quality-Assurance Plan for Water-Quality Activities of
the Texas District,"” a copy of these guidelines are provided to all personnel
in the District who are directly involved in the collection and field analysis
of samples from streams in Texas.



The Texas District and Subdistrict office water-quality specialists will
provide documentation of additional provisional or revised procedures released
by the Water Resources Division’s Office of Water Quality to field personnel
for inclusion in this manual.

ACKNOWL EDGMENTS

The authors wish to acknowledge Jack Rawson who retired from the USGS in
March 1989. Much of the material in this manual is taken directly from the
original manual he prepared in 1976 and updated in 1982. Other sections of
this manual were taken from a similar manual prepared by J. Rodger Knapton
(1985) of the Montana District, Water Resources Division, and from unpublished
manuals by Joanne Kurklin (1988) and Jerri V. Davis (1985) of the Oklahoma and
Missouri Districts, respectively.

SITE SELECTION

Sampling techniques to be used in a given situation will depend not only
on the data needs, but also on the nature of the flow and other conditions.
The site often must be located at a specific gaging station; but sometimes,
there may be some choice as to location. Generally, the site should be at or
near a gaging station because of the need to relate water quality to dis-
charge. Ideally, the site should have uniform depths and uniform velocities
throughout the cross section that is to be sampled. Cross sections used to
make discharge measurements usually are adequate locations for collection of
water-quality samples.

Sites immediately downstream from the confluence of two streams or down-
stream from a point source of pollution should be avoided because the water at
this type of cross section may not be well mixed. If this situation cannot be
avoided, the field person should take field measurements of temperature,
specific conductance, pH, and dissolved oxygen at a minimum of 10 verticals to
document Tateral variation, and collect water from a sufficient number of ver-
ticals in the cross section to insure that a representative sample has been
collected.

Selection of a sampling site immediately upstream from the confluence of
two streams also should be avoided unless the distance upstream from the con-
fluence is adequate to minimize the effects of backwater.

After a sampling site has been selected, samples should be collected at
the same cross section throughout the period of record, if possible. This is
not to say that the same section used during the low-flow wading stage must be
used during higher stages that require the use of a bridge or cableway.
Again, the same cross sections that are used to make discharge measurements
generally are adequate for the collection of water-quality samples. The loca-
tion of these cross sections at varying flow conditions should be documented
and maintained in the station folder.

After site selection has been made, but before routine sampling has
begun, field measurements of temperature, specific conductance, pH, and dis-
solved oxygen should be made and documented at a minimum of 10 verticals to
determine the uniformity of the water quality. These measurements also are to
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be made and documented on an annual basis. Over a period of years, these an-
nual cross-section measurements should be made at varying flow conditions when
possible.

SAMPLERS
SAMPLING EQUIPMENT, SELECTION, AND MAINTENANCE

Before departing on a water-quality data-collection trip, field personnel
should determine the types of samples to be collected and the field measure-
ments required in order to assemble the proper sampling and support equipment.

The streamflow conditions and sampling structures (bridge, cableway, or
other) determine which sampler(s) should be used. Stream depths and velo-
cities determine when hand samplers or cable-suspended samplers should be
used.

Stream velocity and depth are factors in determining whether or not a
stream can be safely waded. When the product of depth in feet and velocity in
feet per second equals 10 or greater, a stream’s wadeability is gquestionable.
However, application of this rule will vary considerably among individuals ac-
cording to their weight and stature and with the condition of the streambed.

The depth-velocity product also affects the action of each sampler. The
larger the product, the heavier and more stable the sampler required to col-
lect a representative sample.

Federal Interagency Sedimentation Project Sediment Samplers

Depth-integrating water-sediment samplers designed and built by the
Federal Interagency Sedimentation Project in St. Anthony Falls, Minn., and
available for use in the Texas District are listed in table 1. The choice of
appropriate samplers generally depends on the flow and depth in the stream.
Where streams are wadeable, or access can be obtained from a low bridge span
or cableway, the "DH" series of samplers should be used. These samplers were
designed to be used with a wading rod or handline.

When streams cannot be waded, but are shallower than about 15 ft, the "D"
series of samplers should be used. These samplers are designed to be sus-
pended from a bridge crane or cableway by means of a standard hanger bar,
cable, and reel system.

At depths greater than about 15 ft, the P-61, P-63, and P-72 point
samplers may be used. The heavier P-61 and P-63 samplers may be used to
depths as large as 180 ft. The lighter weight P-72 may be used to a maximum
depth of 72 ft. The "point" samplers may be used for point samples as well as
for depth integration. Each requires the use of an external battery pack
which may be obtained from the St. Anthony Falls Sedimentation laboratory or
from the USGS Hydrologic Instrumentation Facility (HIF) in Bay St. Louis,
Miss.

For a more detailed description of the samplers listed in table 1, the
reader is referred to USGS Open-File Report 86-531, "Field Methods for
Measurement of Fluvial Sediment" (Edwards and Glysson, 1988).
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Table 1.--Sampler designations and characteristics

[Epoxy-coated versions of all samplers are available for collecting trace metal samples. in., inch; lb, pound;
ft/s, feet per second; ft, foot; DH-, depth integrations hand held by rod or rope; P, pint sampler;
Cd, cadmium; Q, quart sampler; H, one-half gallon; D-, depth integration, suspension
by cable and reel; Al, aluminum; P-, point samplerl

Nozzle
Sampler Con- distance Sampler
desig- struc- Sampler dimensions from Suspension Maximum Maximum container Intake Nozzle
nation tion Length Width Weight bottom type velocity depth size size color
us -- material (in.) (in.) (in.) (in.) (ft/s) (ft) Pint Quart (in.)
DH-48 aluminum 13.0 3.2 4.5 3.5 rod 8.86 8.86 X -- 1/4 yel low
DH-75P Cd-plated 9.25 4.25 1.5 3.27 rod 6.6 16 X -- 3/16  white
DH-75Q cd-plated 9.25 4.25 1.5 4.49 rod 6.6 16 -- X 3/16  white
DH-75Ha/ Cd-plated 9.25 4.25 1.5 -- rod 6.6 -- (2 liter) 3716 white
DH-59 bronze 15 3.5 22 4.49 handline 5.0 19 X -- 1/8 red
DH-59 do. 15 3.5 22 4.49 do. 5.0 16 X -- 3/16 do.
DH-59 do. 15 3.5 22 4.49 do. 5.0 9 X -- 1/4 do.
DH-76 bronze 17 4.5 22 3.15 handline 6.6 16 -- X 1/8 red
DH-76 do. 17 4.5 22 3.15 do. 6.6 16 -- X 3/16 do.
DH-76 do. 17 4.5 22 3.15 do. 6.6 16 -- X 1/4 do.
DH-81 plastic b/7.5 4.0 0.5 (c) rod 8.9 ) (e) -- 3/16  white
DH-81 do. b/7.5 4.0 0.5 (c) do. 8.9 9 (e) -- 174 do.
DH-81 do. b/7.5 4.0 0.5 (c) do. 8.9 9 (e) -- 5/16 do.
D-49 bronze 24 5.25 62 4.0 cable reel 6.6 19 X -- 1/8 greenf/
D-49 do. 24 5.25 62 4.0 do. 6.6 16 X - 3/16 do. f/
D-49 do. 24 5.25 62 4.0 do. 6.6 9 X -- 174 do. f/
D-74 bronze 24 5.25 62 4.06 cable reel 6.6 a/19, a/1é6 X X 1/8 green
D-74 do. 24 5.25 62 4.06 do. 6.6 a/19, a/16 X X 3/16 do.
D-74 do. 24 5.25 62 4.06 do. 6.6 a/19, g9/16 X X 174 do.
D-74Al aluminum 24 5.25 42 4.06 cable reel 5.9 a/19, a/16 X X 1/8 green
D-74Al do. 24 5.25 42 4.06 do. 5.9 a/19, g/16 X X 3/16 do.
D-74Al do. 24 5.25 42 4.06 do. 5.9 a/19, 9/16 X X 174 do.
D-77 bronze 29 9 75 7 cable reel 18.0 15.5 (3 liter) 5/16 white
P-61 bronze 28 7.34 105 4.29 cable reel 16.6 as/180, g/120 h/x X 3716  blue
P-63 bronze 37 9 200 5.91 cable reel 6.6 a/180, g/120 h/X X 3716  blue
P-72 aluminum 28 7.34 &1 4.29 cable reel 5.3 as72.2, 9/50.9 h/X X 3716 blue
a/ Depth using pint sample container. e/ Any size bottle with standard mason jar threads.
b/ Without sample bottle attached. f/ The green nozzles used with the D-74 can be used
¢/ Depends on bottle size used. to replace calibrated brass nozzles no longer
d/ Refer to transit-rate determination graph con- available.

struction (in section “Transit Rates for Suspended- g/ Depth using quart sample container.
Sediment Sampling," USGS Open-File Report 86-531) h/ Pint milk bottle can be used with adapter sleeve.
with specific nozzle and bottle size used.

A1l samplers purchased from the Federal Interagency Sedimentation Project
before January 1980 were supplied with brass nozzles. Samplers purchased
thereafter were supplied with color-coded nylon nozzles and screws. A color-
coded nylon screw is permanently attached to each sampler equipped with color-
coded nozzles to serve as a reminder of the proper nozzles to be used.

Caution should be used when the nylon nozzles are screwed into the sam-
plers. Nozzles screwed into the sampler too tightly will bend (USGS Quality
of Water Branch Technical Memorandum 80.18). Nozzles should be tightened by
hand only to the point at which the knurled part of the nozzle just touches
the body.

-5~




Using the proper gasket to seal the bottle is as important as using the
correct nozzle in the instrument. Each sampler series uses a different size
or shape of gasket. Any of the samplers approved for the collection of pes-
ticides and trace metal samples should be equipped with the appropriate nylon
nozzles and silicone rubber gaskets.

Additional Water-Sediment Samplers
Weighted Bottle Sampler

The weighted bottle sampler is made of steel and is designed to accom-
modate a 1-L narrow-mouth glass bottle. It was designed for sampling streams
with relatively slow velocities (less than 1.5 ft/s) and for streams which are
not transporting sand particles. Samples collected using this sampler should
be depth integrated from multiple verticals and composited in a churn split-
ter.

Texas Basket Sampler

The Texas basket sampler was designed to accommodate glass or nylon
quart-size or smaller bottles. This sampler should not be used for routine
water-quality samples. Use of this sampler should be reserved for runoff in
small urban watersheds where changes in stage or changes in the quality of the
water may occur rapidly. Samples obtained using this sampler should be col-
lected using similar size bottles. For example, do not mix quart bottles and
pint bottles in the sampler at the same time because the smaller size bottles
will overfill.

Biochemical Oxygen Demand Sampler

The biochemical oxygen demand (BOD) sampler accommodates a 300-mL glass
BOD bottle and is designed to provide for a threefold displacement of water in
the sample bottle without aeration. This 10- to 15-1b metallic sampler or a
nylon modification thereof is used in the Texas District for the collection of
an unaerated sample for the measurement of dissolved oxygen during weather
conditions which make in situ measurements impractical. If velocity of the
flow is too fast for the sampler to be Towered to the streambed, sounding
weights should be attached to the rope or cable from which the sampler is
suspended.

Bed-Material Samplers

The samplers commonly used in the Texas District and described in this
section are physically limited to the collection of bed-material samples con-
sisting of particles finer than about 30 to 40 mm in diameter (finer than
medium gravel).

USBMH-60

The USBMH-60 sampler is a 30-1b handline sampler designed to sample
streams with moderate depths and velocities and with bed material that is
moderately firm but contains minimum gravel. The sampler mechanism consists
of a scoop or bucket driven by a spring. The scoop, when activated by release
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of tension on the hanger rod, can penetrate into the bed about 1.7 in. and can
hold approximately 175 cm® of material.

To cock the bucket into an open position for sampling, the sampler must
first be supported by the handline; then the bucket can be opened with an al-
len wrench. The hanger rod to which the handline is attached is grooved so
that a safety yoke can be placed in position to maintain tension on the hanger
rod assembly and to hold the bucket open for cleaning.

CAUTION: AT NO TIME SHOULD THE HAND
OR FINGERS BE PLACED IN THE BUCKET
OPENING.  ACCIDENTAL CLOSING OF THE
BUCKET MAY CAUSE PERMANENT INJURY!

The bucket closes when the safety yoke is removed and tension on the
handline is released, as will occur when the sampler comes to rest on the
streambed.

USBM-54

The USBM-54 is a 100-1b cable-and-reel sampler designed to sample bed
material of streams of any reasonable depth, except for streams with extremely
fast velocities. Operation of the sampler is similar to the USBMH-60 in that
it takes a sample when the tension on the cable is released as the sampler
touches the bed.

This sampler should be equipped with a safety bar which can be rotated
over the front, or cutting edge, of the bucket when cocked into open position.

Again, at no time should the hand or fingers be placed in the bucket opening
even though a safety bar is used.

The driving force of the bucket is a coil-type spring. The tension on
the spring is adjusted by the nut-and-bolt assembly protruding from the front
of the sampler. Maximum tension should be used only when the streambed
material is very firm.

Support Equipment

The following is a list of the most commonly used field support equip-
ment. Field persons are encouraged to copy, modify, or adjust the list to
their specific needs, and use it as a checklist for field-trip preparation.

1. Field meters
A. Thermistor (or thermometer)
B. Conductance meter and probe
1. Conductance standards
C. pH meter and probe
1. Spare probe
2. Buffers (4, 7, 10)
3. Electrolyte (potassium chloride (KC1))
a. One- or three-mL syringe
D. Dissolved oxygen meter and probe
1. Spare probe
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2. Probe repair kit
a. Filling solution
b. Membranes
c. O-rings
3. Air calibration chamber
4. Oxygen solubility table
5. Altimeter/barometer
2. Sampling equipment
A. Three- or four-wheel base with crane
1. Hanger bar
2. Pins
Reel
Rope
Tagline
Stopwatch
Waders/hip boots
Appropriate sample botties for Tow and high flow
1. Several clean narrow-mouth glass bottles for sampling
2. Assorted glass and plastic bottles for samples
Churn splitter(s)
Peristaltic pump and filter (142 mm or 100 mm)
1. Pump tubing
2. 142-mm filter support screens
3. Filter papers
4. Stainless steel forceps
J. Labels
K. Sample preservatives
1. Nitric acid (HNO,), mercuric chloride (HgCl,) ampules, etc.
2. Ice chest

OMMOOm

L = =
PR

L. Field sheets (TX-72Q) and clipboard
M. Field folders
3. Alkalinity supplies

A. Buret or Hach l/digital titrator and delivery tube

B. Alkalinity acid (cartridge for Hach)

C. Volumetric pipet(s) 25 mL and/or 50 mL

D. Magnetic stirrer and stirring bars

E. Nylon beakers (100 mL)

4. Coliform supplies

A. Media plates

B. Buffer water

C. Sterilized water

D. Incubators

E. Setup kit
1. Sterilized graduated cylinders (100 mL)
2. Sterilized dilution bottles
3. Sterile disposable pipets (1.0 to 10.0 mL)
4. Sterile disposable syringes (1.0 mL)
5. Alcohol burner
6. Supply of methanol
7. Filter apparatus and vacuum pump

1/ Use of brand names in this publication is for identification purposes only
and does not constitute endorsement by the U.S. Geological Survey.
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8. Sterile 0.47 u4S/cm at 25 °C filters
9. Stainless steel forceps
10. Grease pencils
5. Chlorine test/titration kit
A. Anhydrous sodium sulfite
B. 1:1 acetic acid
C. Potassium iodide (KI)
D. Thyodene
E. Scoop (1 g)
M
A

6. Miscellaneous
Cleaning supplies
1. Soap solution (Alconox)
2. 5 percent hydrochloric acid (HC1) solution (1 L)
3. Tissues, towels, brushes, etc.
4. Deionized water
5. Spray bottle (for soap solution and deionized water)
6. Hexane
Tool kit
Pens, pencils, permanent markers
7. afety equipment

Signs, cones, etc.

Bright vest

Flashing red 1light

First aid kit

Eyewash

Disposable rubber gloves
Fire extinguishers
Personal flotation device
Safety glasses

METHODS OF CLEANING SAMPLERS AND SUPPORT EQUIPMENT

Prior to using any sampler, it must be thoroughly cleaned. The critical
parts of the depth-integrating water-sediment sampler are the nozzle, that
part of the head underneath the gasket, and the entire center part of the
sampler head that may contact the sample.

HIO"'II’HO("CD)U)(-)W
e e e e e e e .

It is recommended that the sampler be cleaned with a moderate amount of
low-phosphate detergent solution and washed with tap water, and then rinsed
with deionized water prior to the field trip and in the field after sampling a
particularly dirty site. The use of excessive quantities of detergent is dis-
couraged to avoid possible contamination of nutrient samples. If the sampler
is to be used for the collection of samples for pesticide analysis, the
sampler should be rinsed with hexane before the tap water rinse.

Upon arriving at each field site, and prior to sampling, field personnel
should thoroughly rinse the empty sampler in the stream to wash away any con-
taminant.

The USGS churn splitter used for compositing and splitting water-sediment
samples should be cleaned prior to the field trip as follows:

1. Soak the churn for about 4 hours with a 5-percent solution of HCI.
2. Clean with a low-phosphate detergent.
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3. Rinse with tap water.
4. Rinse with deionized water.

Cleaning the churn in the field between individual sampling sites nor-
mally can be accomplished by rinsing with deionized water immediately after
sampling is completed and then rinsing with native water at the next site.
Sampling of a particularly dirty site may require that the sampler be thor-
oughly cleaned in the field. Thus, field vehicles should be equipped with the
following materials:

1. Low-phosphate detergent
2. Deionized or distilled water
3. Hexane
4. Stiff long-handle brush.
Prior to the field trip, if the BMH-60 sampler is to be used for the col-

lection of bed material for pesticide analysis, it should be cleaned as
follows:

1. With the bucket in a closed position, remove the two large flathead screws
and the socket-head capscrew at the downstream edge of the bucket.

2. Insert the allen wrench in the shaft, open the bucket about one-third of
the way, and remove the cover-plate gasket assembly.

3. Open the bucket fully and insert the safety yoke.

4. Using a stiff long-handle brush, clean the bucket thoroughly with deter-

gent, hexane, detergent again, and tap or deionized water.

Clean the cover-plate gasket assembly with detergent, and hexane and tap

or deionized water.

Reassemble the sampler and keep the bucket closed until ready for sam-

pling.

Upon arriving at each field site and prior to sampling, rinse the sampler

with native water.

~ ()} (3,
. ) .

SAMPLE COLLECTION AND TREATMENT
GENERAL CONSIDERATIONS

Many of the ions or other constituents normally present in a water sample
at the time of collection may not remain in the sample until it is analyzed in
the laboratory because of such chemical reactions as oxidation, reduction,
precipitation, absorption, and ion exchange. Some properties or constituents
such as temperature, specific conductance, alkalinity, dissolved oxygen, and
bacteria may change substantially within a few minutes or hours after sample
collection. Immediate measurement in the field is required for dependable
results for these parameters. Samples for other constituents may be stabi-
lized by preservative treatment, such as the addition of mercuric chloride and
refrigeration to minimize chemical change resulting from biologic activity, or
the addition of nitric acid to prevent the precipitation of cations.

Analysis for "total" or "total recoverable" constituents requires a raw
(unfiltered) sample of the water-sediment mixture; analysis for "dissolved"
constituents requires a filtered sample (generally, through a 0.45-um
membrane filter). Other analyses may require bottom material, residue of a
filtered sample, or biota obtained from the stream. The types of samples,
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sample containers, preservative treatments, and the volume of samples required
for analysis are documented in a series of reports issued periodically by the
National Water Quality Laboratory (NWQL). This information for current NWQL
schedules is retrieved annually, or more frequently, by the execution of the
computer program "LABSCHED" on the Amdahl computer in Reston, Va., or by the
"SPN" program on the NWQL Prime computer (NWQL node is LCOARV). Requirements
for the more common schedules included in sampling programs in the Texas
District are maintained in the Prime computer file,
<QWATER>QA>LABORATORY .SCHEDULES.

METHODS FOR COLLECTING DEPTH-INTEGRATED WATER SAMPLES

Approved sampling methods are (1) the equal-discharge-increment (EDI)
method, and (2) the equal-width-increment (EWI) method. If depth-integrating
samplers are not adequate because of Tlarge depths or large velocities, a
series of discharge-weighted samples may be collected by using a point-
sediment sampler. If the EDI method is used, four to nine verticals should be
sampled. If the EWI method is used, 10 to 20 verticals should be sampied. If
a point-sediment sampler is used, and the EDI method is used to determine sam-
pling locations, four to nine verticals are required. If the EWI method is
used to determine sampling Tocations with a point sampler, 10 to 20 verticals
are recommended.

NOTE: Regardless of the method used to collect water-quality or
suspended-sediment samples, care should be taken not to overfill the sample
bottles. A sample bottle is overfilled when the water surface in the bottle
is above the nozzle or air exhaust, with the sampler held level. Another
guide for sample bottle overfilling is the "three finger" test. To use this
test, grasp the bottle with the index finger wrapped around and level with the
top of the bottle. If the water surface in the bottle is above the third
finger, the sample is overfilled and must be discarded.

Upon arrival at a water-quality sampling station, the field person must
determine the sampling method appropriate for that station and flow condi-
tions. The field person must first determine if a weighted narrow-mouth
glass-bottle sampler or an approved suspended-sediment sampler should be used
(fig. 1). If a discharge measurement has been made immediately prior to
sample collection and the largest measured velocity did not exceed 1.5 ft/s,
an approved suspended-sediment sampler is not required to collect the depth-
integrated sample.

If the largest measured velocity is greater than 1.5 ft/s, or if a dis-
charge measurement has NOT been made immediately prior to sample collection,
then the field person must determine if the stream is transporting sand par-
ticles. This is done by going to the fastest flowing area of the sampling
cross section and obtaining a single vertical depth-integrated suspended-
sediment sample using an approved suspended-sediment sampler. If sand is
present, it will settle to the bottom of the pint or quart bottle in a few
seconds. If sand particles are present, then the water samples collected at
this station must be collected using an approved suspended-sediment sampler.

If it is determined that the single vertical depth-integrated suspended-
sediment sample contains NO sand, then the water sample may be obtained by
depth integrating with a clean, glass 1-L narrow-mouth bottle at multiple ver-
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Was a discharge measurement

Yes made prior to sampling? No
Maximum measured Suspended sediment sample
velocity > 1.5 ft/s? contains sand?
No
No
4L Yes
]

Multivertical depth integrated Multivertical depth integrated
samples may be collected with samples must be collected with
1-liter narrow—-mouth glass an approved suspended-sediment

bottle. sampler.

Figure 1.--Decision-making flowchart to determine whether a 1-liter narrow-mouth
glass bottle or an approved suspended-sediment sampler should be
used to collect water-quality samples.
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ticals. If the EDI method is used to determine sampling locations, four to
nine verticals will be sampled. If the EWI method is used to determine sam-
pling locations, 10 to 20 verticals will be sampled. Care should be taken not
to overfill the 1-L glass bottle. Under normal circumstances it takes approx-
imately 30 to 40 seconds for these bottles to fill. All samples collected
using the 1-L narrow-mouth glass bottle will be composited in the churn split-
ter, and appropriate subsamples will be withdrawn from the churn splitter.
Samples for organic and bacteria analysis should not be collected from mul-
tiple verticals because these samples cannot be composited in the churn
splitter. Samples for organic and bacteria analysis should be collected near
the centroid of flow from a single vertical.

A1l water samples except those for suspended-sediment, bacteria, and or-
ganic analysis, will be composited in a churn splitter. If raw water is
required for analysis, then the raw water samples will be withdrawn from the
churn using appropriate churning techniques. Once all raw water has been
withdrawn from the churn, water may then be withdrawn for filtered samples.

For those stations where NO raw water is required for analysis by the
NWQL, the field person does not need to use an approved suspended-sediment
sampler even if sand is present. These stations usually are the daily sta-
tions. A depth-integrated multivertical sample using a clean 1-L narrow-mouth
glass bottle is required at these stations. If the EDI method is used to
determine sampling locations, four to nine verticals should be sampled. If
the EWI method is used to determine sampling locations, 10 to 20 verticals
should be sampled. A1l samples are to be composited in the churn splitter,
and filtered and preserved at the station. They are not to be brought back to
the field service unit for filtration. Alkalinity at the daily stations
should be determined in the field if the field person has the appropriate
equipment. If equipment for determining alkalinity is not normally carried in
the field vehicle, an 8-o0z filtered, chilled sample may be returned to the
field service unit for the alkalinity determination.

Samples collected for checking conductivity at the daily stations may be
collected from the centroid of flow. Depth integration of these samples is
not required because the sample is not used for chemical analysis.

Samples collected for analysis of suspended sediment must be collected
using an approved suspended-sediment sampler. Samples collected for suspended
sediment should be collected at the same verticals that samples for chemical
analysis are collected. More than one vertical may be collected in a single
bottle. For example, when using the EWI method of sampling, water from more
than one vertical may be collected in a single bottle, provided that the tran-
sit rate at each vertical is equal, and that the bottle is not overfilled. If
the bottle overfills, the field person should discard the water and resample
the verticals that were composited in that bottle.

Deviations from the above prescribed procedures may be allowed, but for
most streams, deviations should be kept to a minimum. Any deviations from the
above procedures should be noted on the field sheets and the reason for devia-
tion also should be noted. Conditions for deviation from the above procedures
would be if the stream was too shallow, or too narrow to obtain a depth-inte-
grated multivertical sample. At times when a multivertical depth-integrated



sample is not practical, samples should be collected from the centroid of flow
and composited in a churn splitter.

Safety hazards also may prevent the field person from following these
prescribed procedures, but safety may not be a constant factor. If a station
is unsafe on a consistent basis, the Subdistrict Chief and the District Safety
Officer should be notified so that appropriate actions may be taken to reduce
the safety hazards.

Much of the following discussion on proper sampling procedures is taken
directly from USGS Open-File Report 86-531. A1l personnel are encouraged to
obtain a copy of this report and become thoroughly familiar with proper sam-
pling procedures.

Equal-Discharge-Increment Method

With the EDI method, samples are obtained from the centroids of equal
discharge increments (fig. 2). This method requires some knowledge of the
distribution of streamflow in the cross section based on a long period of dis-
charge record or based on a discharge measurement made immediately prior to
selection of the sampling verticals. If such knowledge can be obtained, the
EDI method can save time and labor because fewer verticals are required than
when using the EWI method.

A minimum of four and a maximum of nine verticals should be used when
using the EDI method. This method assumes that the sample collected at the
centroid represents the mean concentration for the subsection. If this as-
sumption is not true, the number of verticals should be increased until it
becomes true or the EWI method should be used. For example, if tributary or
effluent inflow upstream from the sampling location is causing lateral varia-
tion in field measurements of temperature, specific conductance, pH, or
dissolved oxygen, then the EWI method would be preferable to the EDI method.

To use the EDI method without the benefit of previous knowledge of the
flow distribution in the sampling cross section, first measure the discharge
of the stream. Equal-discharge increments and centroids at which samples are
to be collected can be determined from the discharge measurement preceding the
sample (fig. 3). For example, assume that five verticals would be sampled.
Equal increments of discharge are then computed by dividing the total dis-
charge by the number of verticals (166/5 = 33.2). The first vertical (A) is
located at the centroid of the initial EDI or at a point where the cumulative
discharge from the left edge of water (LEW) is half of the EDI, in this case
33.2/2 = 16.6. Subsequent centroids (B, C, D, and E) are located by adding
the increment discharge to the discharge at the previously sampled centroid;
in this example A = 16.6, B = 33.2 + 16.6, C = B + 33.2, etc. Samples are
therefore collected at locations where cumulative discharge relative to the
LEW is 16.6, 49.8, 83.0, 116.2, and 149.4.

To determine the sampling locations of the centroids, the field person
must include a midpoint sampling locations column and a cumulative discharge
column (=Q) to the sheet of discharge-measurement notes by determining the
midpoint between the stations and by adding the discharges shown in the
"discharge column," and keeping a running total as shown in figure 4. The
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Samples collected

at each centroid

|

(n 24)

Yok

EXPLANATION

wW Width between verticals (not equal)

Q Discharge in each increment (equal, equal-discharge increment)

n Number of verticals sampled

Figure 2.——Equal—discharge-increment samples collected at the

centroid of flow of each increment.
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next step is to estimate the station of the above determined centroids. Each
centroid is located at the station in the cross section corresponding to the
occurrence of its computed cumulative discharge. The previously determined
EDI of 16.6 ft3/s is located between the midpoint stations 30 and 38, but
closer to midpoint station 38. Interpolation between these midpoint stations
would locate the sampling location at station 36. Using the same procedure,
estimates of centroid stations for discharges of 49.8, 83.0, 116.2, and 149.4
yields centroid stations of 60, 83, 109, and 144.

If the cross section at the measurement site is stable and the control
governing the stage at the measurement cross section is also stable, previous
discharge measurements may be used to determine centroids of equal increments
of discharge.

By plotting the cumulative discharges versus stations for the example,
the stations of the centroids may be read directly from the curve. The values
are 36, 60, 83, 109, and 144, which correspond to the previously estimated
values.

A number of these measurements may be plotted on the same sheet and
carried into the field (fig. 5). If the cumulative percent of the total dis-
charge is plotted against sampling locations as shown in the figure, then the
selection of appropriate stations becomes a relatively easy task. For dis-
charges that fall between those plotted, the field person can estimate the
locations of the centroids by interpolating between the curves.

Equal volumes of water should be collected at each of the sampling loca-
tions using the EDI method. Transit rates between sampling locations may vary
to obtain equal volumes of water (fig. 6). For example, in a given cross sec-
tion, slower transit rates will be needed in slow-flowing water, and faster
transit rates will be needed in faster-flowing water to obtain equal volumes
of water. Equal sample volumes are of primary importance when using the EDI
method. Approximate filling times for pint and quart sample bottles are given
in figures 7 and 8. The field person should note that although transit rates
may vary, transit rates should not exceed 0.4 times the mean velocity of flow
in the vertical.

Equal-Width-Increment Method

A depth-integrated multivertical sample obtained by the EWI method re-
quires a sample volume proportional to the amount of flow at each of several
equally-spaced verticals in the cross section. This equal spacing between the
verticals across the stream and sampling at an equal transit rate at all ver-
ticals yields a gross sample volume proportional to the total streamflow.
This method is used most often in shallow, wadeable streams and sand-bed
streams where the distribution of discharge in the cross section may vary be-
tween sampling trips. It is also useful in streams where tributary flow has
not completely mixed with the main-stem flow.

The number of verticals required for an EWI measurement depends on the
distribution of sediment and flow in the cross section at the time of sampling
as well as on the desired accuracy of the result. In general, a minimum of 10
verticals should be used for streams over 5 ft wide. For all but the very
wide and shallow streams, a maximum of 20 verticals usually is ample. For
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Transit rate = TR

EXPLANATION
TR Transit rate each centroid (not equal)

V  Volume coliected at each centroid (equal)

I
A_ Centroid in each increment (samples collected)

Figure 6.——Vertical transit rate relative to sample volume collected at
each equal—-discharge—increment centroid.
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those streams less than 5 ft wide, as many verticals as possible should be
used as long as they are spaced a minimum of 3 in. apart to allow for discrete
samples of each vertical and to avoid overlaps.

The width of the increments to be sampled, or the distance between verti-
cals is determined by dividing the stream width by the number of verticals
necessary to collect a sample that is representative of sediment and flow in
the cross section (fig. 9). For example, if the stream width is 160 ft, and
the number of verticals necessary to represent the cross section is 10, then
the width (W) of each sampled increment would be 16 ft. The sample station
within each width increment is located at the center of the increment (W/2),
beginning at a location of 8 ft from the bank. Assuming that the edge of
water is at station 0, sampling locations would be at 8, 24, 40, 56, 72, 88,
104, 120, 136, and 152 ft.

The EWI sampling method requires that all verticals be traversed using
the same transit rate (fig. 9). The descending and ascending transit rates
must be equal during the sampling traverse of each vertical, and they must be
the same at all verticals. By using this equal-transit technique with a stan-
dard depth-integrating sampler, a volume of water proportional to the dis-
charge in the vertical will be collected (fig. 10). Note that by using equal
transit rates, equal volumes of water will NOT be collected at each vertical.
Larger volumes of water will be collected in fast-flowing water and smaller
volumes of water will be collected in slow-flowing water.

It is often difficult to maintain an equal transit rate when collecting
samples while wading. The following procedure is useful in alleviating this
difficulty. The sampler should be held at a reference point on the body (for
example, the hip) at which Tlevel the downward and upward integration is
started and finished (even though part of the traverse is in the air). The
same reference point should be used at each vertical, allowing the same amount
of time to elapse during the round trip of the sampler (regardless of the
stream depth encountered). It should be remembered that the reference point
at which the sampler traverse is started and stopped must be located above the
water surface at the deepest vertical sampled and must be the same for each
vertical.

Because the maximum transit rate must not exceed 0.4 times the mean
velocity in th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>