In Reply Refer To: October 28, 1998
Mail Stop 412 or
Mail Stop 415

OFFICE OF WATER QUALITY TECHNICAL MEMORANDUM 99.02
OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM 99.01

Subject:  Guidance for Collecting Discharge-Weighted Samples in
Surface Water Using an Isokinetic Sampler

PURPOSE AND SCOPE

The purpose of this memorandum is to provide guidance for

collecting discharge-weighted, depth-integrated samples in surface

water using isokinetic samplers. Tables 4-15 and 17-24 in Appendix
4 quantify acceptable ranges of reeling and transit rates for

rigid-bottle and bag isokinetic samplers when used with standard

reels. This memorandum also reviews common terminology to provide

a better understanding of surface-water sampling procedures.

This memorandum does not provide guidance on other sampling
technigues such as point sampling, area-weighted sampling, or non-
isokinetic sampling. The techniques may be useful and/or desirable
depending on the sampling design and objectives of a project.

BACKGROUND

Under most field conditions, isokinetic, depth-integrated sampling
techniques must be used to collect discharge-weighted samples.
Constituent concentrations determined from discharge-weighted
samples are used to compute the discharge of any constituent. The
discharge of any constituent is the product of the stream

discharge and the discharge-weighted concentration of the
constituent.



The Office of Surface Water and the Office of Water Quality
recognize that the uses and limitations of depth-integrating
samplers are not well documented. Consequently, samples that must
be collected using discharge-weighted, depth-integrated,

isokinetic sampling techniques are sometimes being collected under
depth and velocity conditions that are outside the range where
isokinetic samples are obtainable with available samplers. The
following information is presented to better define and document

the operational ranges of the most commonly used depth-integrating
samplers used by the U.S. Geological Survey. Similar information

is presented in Chapters A2, A4, and A6 of Techniques of Water-
Resources Investigations book 9, “National Field Manual for the
Collection of Water-Quality Data,” by Wilde and others, eds., in
press.

GUIDANCE FOR COLLECTING DISCHARGE-WEIGHTED SAMPLES
IN SURFACE WATER USING AN ISOKINETIC SAMPLER

Many factors can affect whether the concentration of a constituent
(property) in a discharge-weighted sample adequately represents
the discharge-weighted concentration of that constituent in the
stream at the time of sampling. This memo primarily discusses the
inherent physical limitations of commonly used depth-integrating
samplers. These samplers collect isokinetic samples under a
relatively narrow set of conditions that need to be understood by
those collecting the sample. The operational ranges of commonly
used samplers are presented in tables 4 through 15 and 17 through
24 in Appendix 4. If water samples are obtained within these
operational ranges, the sample can be reasonably assumed to be
representative of the stream at the time of sampling.

Equal-Discharge-Increment and Equal-Width-Increment Sampling
Methods: Uses and Limitations

Isokinetic sampling is necessary to discharge-weight (velocity-

weight) samples and to accurately collect the sand fraction of

suspended sediment. Equal-discharge-increment (EDI) and equal-
width-increment (EWI) sample-collection methods are specifically
designed to result in the collection of discharge-weighted, depth-

integrated, isokinetic samples (Appendixes 2 and 3). If used

correctly, and samples are taken within the limitations of the

sampler used, both methods result in samples that have the same
concentration of constituents.



EDI is the most universally applicable discharge-weighted sampling
method. This method can be used to collect a single composite
sample or a series of samples representing each increment of
discharge. The basic assumption that must be made for the EDI
method to be properly used is that the concentration of any
constituent collected at the centroid of the equal increment of
discharge represents the mean concentraton in that entire

increment of discharge. When using the EDI method and compositing
the sample, the total composite sample volume can be estimated on-
site before sampling begins because an approximately equal volume
(at least the minimum volume shown for the deepest vertical) of
water is collected at each increment of discharge. The total
composite volume can be estimated by multiplying the volume
collected at the deepest vertical by the number of increments of
equal discharge sampled.

When using the EDI method and not compositing, the samples at each
vertical are analyzed separately. The volume collected at each

vertical can be any volume from within the isokinetic range of the
sampler for that vertical. The total constituent discharge is the

sum of the products at the individual increment stream discharge

and the constituent concentration from that increment.

The EDI method can be used to collect discharge-weighted samples
at water velocities less than about 1.5 feet per second in
nonstratified streams. Although the samplers do not collect true
isokinetic samples at flows less than about 1.5 feet per second, a
lack of suspended sand makes it unnecessary to collect fully
isokinetic samples under these conditions (Office of Water Quality
Technical Memorandum 76.17, “Water Quality--Sampling Mixtures of
Water and Suspended Sediment in Streams,” May 12, 1976, states
that a velocity of 2 feet per second is required to transport

sand). The EWI method cannot be used under these low velocity
conditions since this method assumes isokinetic sampling in each
vertical, which is not possible at velocities less than about

about 1.5 feet per second.

The EWI method is broadly applicable to streams in which the cross
section has a relatively uniform depth and water velocity. EWI is
more limited in application than is the EDI method, primarily
because of the requirement to use only one transit rate and
because of sampler limitations. All EWI samples must be collected
within the isokinetic range of the sampler because EWI samples are
by definition discharge-weighted samples and the isokinetic
collection ability of the sampler is used to discharge weight the
sample. All EWI water-quality samples must be composited.



The EWI method cannot be used if a significant number of verticals
in the cross section require transit rates slower than the transit
rate used at the deepest, fastest vertical because of the one-
transit-rate requirement. Tables 7, 11, 15, 20, and 24 in Appendix
4 provide transit rates for a range of stream depths and

velocities for several bottle and nozzle combinations. To
determine if the slower velocity verticals can be sampled at the
same transit rate as the faster velocity verticals, compare the
slowest transit rate that will fill the bottle at the deepest

(highest velocity) vertical with the maximum rate allowable at the
slowest vertical. When using a bottle sampler, the full reeling or
transit rate at the deepest, fastest vertical will usually exceed

the fastest allowed rate at one or two verticals near the
streambank. The difference in constituent concentration in a
composite sample caused by this error may be insignificant because
(a) the cumulative discharge associated with slow and shallow
sections is usually negligible with respect to the total

discharge, and (b) the sample volume collected isokinetically from
these sections is negligible with respect to the total sample
volume. Also, there may be compensating errors of excessive
transit rates and oversampling in slow water velocities.

Currently available bottle samplers generally are not designed to
collect samples isokinetically at water velocities of less than
about 1.5 feet per second. Currently available bag samplers
generally do not collect samples isokinetically at water

velocities of less than about 3 feet per second. Thus, the EWI
method cannot be used at cross sections at which all, or large
parts, of the sampling cross section have velocities of less than
about 1.5 feet per second when using a bottle sampler, or less
than 3 feet per second when using a bag sampler.

Usable Range of Bottle Samplers

Generally, bottle samplers (see Appendix 1, “Definitions”) can
collect isokinetic samples in streams up to 15 feet deep, at water
velocities greater than about 1.5 feet per second, as long as the
sampler does not fill above the outlet of the nozzle, or the

transit rate does not exceed 0.4 times the mean stream velocity at
the sampling vertical (see Appendix 3).



Common errors observed in the use of a 3-liter bottle sampler
include excessively fast transit rates and its use in streams that
are too shallow. A clear indication that the transit rate is too
fast is the absence of bubbles from the exhaust port when the
sampler is lowered, or an insufficient volume of water in the
sampler after a round-trip transit has been completed (see
Appendix 4, tables 4 through 24.

Usable Range of Bag Samplers

Currently available bag samplers may collect samples
isokinetically to any depth that the bag capacity is not exceeded
by the minimum round-trip sample volume (Appendix 4, table 16) if
(1) the temperature is greater than about 8 degrees Celsius, (2)
the mean velocity at verticals is more than about 3 feet per
second, and (3) the transit rate is less than 0.4 times the mean
stream velocity at the sampling vertical (see Appendix 4, tables
17-24). Because several factors can affect the sampling efficiency
of bag samplers, it is recommended that a field calibration of the
bag samplers hydraulic efficiency be done on-site before each set
of samples is collected.

Sampling Streams Less Than 15 Feet Deep

Container selection

There is no substantial difference in the range of depths and
velocities that can be sampled with different 1- and 3-liter

sample bottle and nozzle combinations. However, transit rates can
differ substantially for different 1- and 3-liter bottle and

nozzle combinations. The 1-liter bottle sampler is the best choice
for isokinetic sampling for water chemistry in streams less than

15 feet deep. The 1-liter sampler has a smaller unsampled zone and
requires much smaller minimum volumes for each vertical than the
3-liter bottle sampler.

The 3-liter bottle sampler has an unsampled zone of at least 7
inches and should not be used in streams less than about 2 to 3
feet deep when (1) the EWI method is being used or (2) sand is to
be analyzed as part of the sample and the stream velocity is
sufficient to transport sand. The 3-liter bottle sampler requires
very slow transit rates in slow to moderate stream velocities.



Currently available bag samplers can be used for depth-integrated,
isokinetic water-quality sampling of streams less than 15 feet

deep and provide a much wider isokinetic range in depth and
velocity than do bottle samplers. Bag samplers require water
temperatures above about 8 degrees Celsius, velocities greater
than 3 feet per second, strict attention to transferring all the

sand out of the bag, and clean sampling techniques when
appropriate. The D-77 bag sampler can be used in streams as
shallow as 2 to 3 feet deep. Frame-type bag and bottle samplers
require deeper streams in order to minimize the effect of the
unsampled zone. For deep, swift streams (greater than about 7 feet
per second) a heavily weighted frame-type bag or bottle sampler
would be a reasonable choice for water-quality sampling.

Sampling Streams More Than 15 Feet Deep

Point samplers, as described in Edwards and Glysson (1998), are
the preferred samplers to collect isokinetic, depth-integrated
samples in streams deeper than about 15 feet. Point samplers are
known to contaminate trace-element samples and cannot be easily
sterilized so that if samples are to be analyzed for trace

elements or bacteria, bag samplers must be used.

Nozzle selection

For 1-liter bottles, the 5/16-inch nozzle for shallow depths and

the 1/4-inch nozzle for greater depths provide adequate ranges in
transit and reeling rates. For 3-liter bottles, even the 5/16-inch
nozzle requires excessively slow transit rates at shallow depths.
For a bottle sampler, larger nozzles provide greater range between
the slowest and fastest isokinetic transit rates (in feet per
second). Smaller nozzles provide a larger difference between the
slowest and fastest, total round-trip transit time. These
statements may seem counter intuitive but examination of the
tables for bottle transit rates and reeling rates will clarify the
statement. Smaller nozzles require slower transit rates. Nozzle
size has little effect on minimum sample volumes. For a pint
bottle, the 3/16-inch nozzle increases the isokinetic depth
capabilities from 9 feet for the 1/4-inch nozzle to 15 feet for

the 3/16-inch nozzle. No substantial increases in depth
capabilities are provided by reducing the nozzle size for any
other bottle.



Nozzles 3/16 inch and larger are recommended for sampling
suspended sediment.

For bag samplers, smaller nozzles may be preferred because they
provide isokinetic sampling in greater depth and velocity ranges
and smaller minimum volumes than do larger nozzles. Smaller
nozzles also provide a greater range between the slowest and
fastest, total round-trip transit time. And, as opposed to bottle
samplers, smaller nozzles also provide greater range between the
slowest and fastest isokinetic transit rates.

LOCATION AND DESCRIPTION OF OTHER INFORMATION

In the public ftp depot on srv3rvares.er.usgs.gov, the directory

</varl/itp/pub/wwebb/smplr.dat> contains Excel workbook files that
include tables 3 through 24 of Appendix 4 and additional workbook
files for different bottle, bag, and nozzle sizes. The workbooks

can be printed as is or can be modified to meet user needs.
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Appendix 1.
DEFINITIONS

Isokinetic sampling: “To sample in such a way that the water-
sediment mixture moves with no change in velocity as it leaves the
ambient flow and enters the sampler intake.” (ASTM)

Discharge-weighted sample: A sample that contains an equal volume
from each unit of discharge sampled.

Depth-integrated sample: A sample that is collected so that each
vertical portion of the stream depth is represented in the sample
in proportion to the desired sampling scheme.

Depth integration (for a discharge-weighted sample as defined by
ASTM): “A method of sampling at every point throughout a given depth
(the sampled depth) whereby the water-sediment mixture is collected
isokinetically so that the contribution from each point is propor-

tional to the stream velocity at the point. This process yields a

sample with properties that are discharge weighted over the sampled
depth.” (ASTM)

Depth integration to collect a discharge-weighted sample: “Depth-in-
tegrated sample--a discharge-weighted (velocity-weighted) sample of

water-sediment mixture collected at one or more verticals in accor-

dance with the technique of depth integration; the discharge of any

property of the sample expressible as a concentration can be obtained

as the product of the concentration and the water discharge repre-

sented by the sample.” (ASTM)

Equal-width-increment (EWI) and equal-discharge-increment (EDI)
sample-collection methods: Sampling methods that are specifically
designed to result in the collection of discharge-weighted, depth-

integrated, isokinetic samples. The procedures for collecting EWI

and EDI samples are described in Edwards and Glysson (1998). When

either method is used properly, the resulting samples contain the

same property concentrations.

Bottle samplers: Samplers that have rigid sample containers.
Because these bottles are rigid, they do not instantly transmit
the ambient pressure to the interior of the sample container and
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have neither pressure compensation nor opening and closing valves.
Point samplers described in Edwards and Glysson (1998) use rigid
bottles but have pressure compensation and opening and closing
valves and are not considered bottle samplers for the purposes of
this document. The tables in Appendix 4 were not designed for use
with point samplers. Point samplers should perform as bottle
samplers if held open from before the sampler enters the water to
until the sampler leaves the water.

Bag samplers: Samplers that have sample containers (bags) that
instantly transmit the ambient pressure to the interior of the
sample container and do not have opening or closing valves.

Transit rate: The rate at which the sampler is passed through the
water from the stream surface to the streambed or from the
streambed to the surface.

Unsampled zone: The part of the sampling vertical, usually assumed
to be the zone from the streambed to the sampler intake. Sampler
intakes are generally 4 to 7 inches above the streambed, depending

on the type of sampler used.

Increment: Refers to the subdivisions of the stream cross section
made based on equal widths (using EWI) or equal discharge (EDI).

Vertical: Refers to that location within the increment at which
the sampler is lowered and raised through the water column.

Centroid: The vertical within the increment at which discharge is
equal on both sides.
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Appendix 2. Some uses and advantages of the equal-width-increment (EWI) and equal-discharge-
increment (EDI) sampling methods

EWI method Advantages of the EWI method
USE EWI WHEN:
« Information required to determine locations of * The EWI method is easily learned and used for small
sampling verticals for the EDI method is not streams.

available. * Generally, less time is required on site if the EWI

OR method can be used and information required to
determine locations of sampling verticals for the

» The stream cross section has relatively uniform degpth EDI method is not available.

and velocity.
AND ESPECIALLY WHEN:

 The location of EDI sampling verticals changes
significantly at the same discharge from one sampling
time to another. This situation occurs frequently ir
sand bed streams.

EDI method Advantages of the EDI method

USE EDI WHEN:

« Information required to determine locations of * Fewer increments are necessary, resulting in a
sampling verticals for the EDI method is available shortened collection time (provided the locations |of
AND ESPECIALLY WHEN: samp_llng verticals can be dete_rmlnt_ad qu|pkly and
constituents are adequately mixed in the increment).

» Small, non-homogeneous increments need to be . . . . .
.+ Sampling during rapidly changing stages is

sampled separately from the rest of the cross section._ .. L2
. facilitated by the shorter sampling time.

The samples from those verticals can be analyzed
separately or appropriately composited with the reste Subsamples making up a sample set may be analyzed

of the cross-sectional sample. (Have your sampling separately or may be appropriately composited with

scheme approved.) the rest of the cross-sectional sample.
OR » The cross-sectional variation in constituent discharge
can be determined if sample bottles are analyzeq

* Flow velocities are less than the isokinetic transit-rate ..
. : . individually.

range requirement. A discharge-weighted sample ican
be obtained, but the sample will not be isokinetic.| < A greater range in velocity and depth can be sampled

OR isokinetically at a cross section.

 The total composite volume of the sample is known

» The EWI sampling method cannot be used. For and can be adjusted before sampling begins.

example, isokinetic samples cannot be collected
because stream velocities and depths vary so mugch

that the isokinetic requirements of the sampler are|not
met at several sampling verticals.

OR

« Stage is changing rapidly. (EDI requires less sampling
time than EWI, provided the locations of sampling
verticals can be determined quickly.)




Appendix 3. Isokinetic, depth-integrating water-quality samplers and sampler characteristics

[Ry, transit rate in feet per second (ft/s),,\lean stream velocity in the vertical being sampled, in ft/s; DH, depth integrating hand-
held sampler; PN, polypropylene cap and nylon nozzle; PFA, fluorocarbon polymer; C&N, cap and nozzle; PC, plastic coated; PT,
polypropylene or fluorocarbon polymer bottle; PDC, plastic dip coated; ND, to be determined; D, depth integrating sampler; AL,
aluminum; PTB, polypropylene bottle with plastic bag (Reyrioldgen bag only type tested) or fluorocarbon polymer bag; FB, D-77
cap and nozzle with frame and bag; L, liter; DFS, dependent on frame size]

Sampler dimensions| Distance Maximum | Maximum | Sample | Nozzle | Maximum
Sampler Sampler of nozzle| Suspension calibrated depth, container | intake | transit rate|
desig- construction | Length Width Weight from method velocity, in feet size, in sizeP ratio’
nation material bottom, in feet liters* | ininches| R/Vp
(inch) (inch) (pound)| ininches per second
US DH-81 plastic 650 32 08 48 hand-held| 8.9 15 1 3/16 0.2
PN or (PC) (PT)
PFA C&N 14 1/4 0.3
5/16° 0.4
US DH-95 bronze 23 6.0 35 4.5 hand ling ND 15 1 3/16 0.2
(PDC) with PN of (PT)
PFA C&N 15 1/4 0.3
14 5/16° 0.4
US D-95 bronze 28.5 6.0 64 4.5 cable & reel 7.5 15 1 3/16 0.2
(PDC) with PN or] (PT)
PFA C&N 15 1/4 0.3
14 5/16° 0.4
US D-77 | bronze (PDC)with 29 9.0 75 7 cable & reel 7.2 15 3 1/4 0.1
PN or (PT)
PFA C&N 5/16° 0.2
us Aluminum (PDC)| 29 9.0 42 7 cable & reel 3.3 15 3 1/4 0.1
D-77AL with PN or (PT)
PFA C&N 5/16° 0.2
D-77 |bronze (PDC)with 29 9.0 75 7 cable & reel 7.2 95 3 3/16 0.4
BAGf PN or (PTB)
PFA C&N 56 1/4 0.4
36 5/16 0.4
FBfo steel (PDC) DFS DFS | cable &reel ND 95 3 3/16 0.4
(3L with PN or
PFA C&N 56 1/4 0.4
36 (PTB) 5/16 0.4
FBfo steel (PDC) DFS DFS cable & resl ND >200 8 3/16 0.4
8L) with PN or (PTB)
PFA C&N 160 1/4 0.4
100 5/16 04

3Bottle with standard mason jar threads.
PNozzle sizes are those recommended for the application shown.
‘Refer to NFM 4, Appendix A, for maximum transit-rate ranges, and to Office of Surface Water Technical Memorandum 94.05, Maxi
Sampling Depths and Transit Rates for Suspended Sediment and Water-Quality Samplers, dated January 31, 1994.
Length, width, and weight will depend on specific bottle dimensions. Weight indicated is for cap and nozzle only. Hastitedsgila
with clear heat-shrinking tubing.
Distance of nozzle from the bottom will depend on specific bottle dimensions.
Do not use D-77 bag sampler if water temperature is less ¥tan 8
YHydraulic efficiency of bag samplers has not been verified.
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Appendix 4.

TABLES

Tables 3 through 24 provide guidelines for using bag and bottle
samplers to collect discharge-weighted, depth-integrated,
isokinetic samples. Tables of reeling rates and transit rates
(tables 4-15 and 17-24) list the theoretically defined minimum
and maximum reeling rates (in seconds per turn) and transit
rates (in feet per second) for various stream depths and
velocities for commonly used nozzles and bottle or bag
combinations when using an A, B, or E reel. In the tables, the
minimum values are defined as “full” to indicate that when using
a listed rate, the bottle will be full after one round-trip

transit; the maximum values are defined as “fastest” to indicate
the fastest reeling rate or transit rate that can be used for

the isokinetic range of the sampler. The tables also list the
volumes that should be in the samplers after one complete round-
trip transit. The sample volumes, reeling rates, and transit

rates assume one complete round-trip vertical transit of a
sampler that, starting empty, goes from the stream surface to
the streambed and returns to the surface at a sampling vertical
of specified depth and mean velocity for a given bottle and
nozzle combination. All depths shown in tables 3 through 24 are
water depth minus the unsampled zone. A key assumption used here
and in previously published work is that the velocity

distribution at each vertical is that described in Edwards and
Glysson (1998) in which the water velocity at the deepest point
in the transit is 0.5 of the mean stream velocity in the

vertical.

The information provided in the tables is not new, but rather is

a tabular representation of the information presented in the
following references: Edwards and Glysson, 1998; Federal
Interagency Sedimentation Project (FISP), 1952; and a written
communication (distributed with each US D-77 sampler) from
Hydrologist-in-Charge, Federal Inter-Agency Sedimentation
Project, 2/21/79, Operating Instructions D-77 Suspended Sediment
Sampler or similar identically computed information for newer
samplers. The values in these tables were computed at each depth
and velocity from the minumum and maximum transit rate ratios
shown in figures similar to 39, 40, and 41 of Edwards and

Glysson (1998) for the applicable nozzle and bag or bottle
combination.
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The utility of the tables of reeling and transit rates may be
enhanced if used with a vertical transit pacer VTP 74 (available
from FISP).

The mean velocity and depth of a sampling vertical must be known
to use the tables and assure that 1- and 3-liter bottle samplers

are used within their isokinetic range. The mean velocity of a
vertical can be estimated adequately for sampling purposes by
dividing 10 by the seconds required for a floating object to

travel 11.6 feet at the sampling vertical. (Timing a peanut

passing an 11.6-foot length of flagging trailing from a suspension
cable works quite well.)

Tables For Bottle Samplers

Tables 3 through 15 in Appendix 4 apply to specific bottle, cap,

and nozzle combinations and apply to samplers when that bottle,
cap, and nozzle combination is used with the sampler. For example,
the table for a 1-liter bottle and 5/16-inch nozzle applies to any

of the approved samplers (such as US DH-81, US DH-95, US D-95)
when that bottle, cap, and nozzle are used in the sampler. The
range of velocities on the tables may exceed the velocity of a
stream in which some samplers are stable. (An aluminum D-77
sampler is unstable in stream velocities greater than 3.5 feet per
second, but the 3-liter table shows reeling and/or transit rates

for 9 feet per second.)

Table 3 lists the minimum volume that must be in the sample bottle
after the first transit of the sampler from the stream surface to
the streambed and return to the surface, at a sampling vertical of
specified depth for a given bottle and nozzle combination. If the
volume of sample in the bottle is less than that listed in table

3, the sample was not collected isokinetically. A volume equal to
or greater than that listed and less than the maximum volume
indicates, but does not guarantee, that the sample was collected
isokinetically. Further indication that a sample was collected
isokinetically is obtained by comparing the volume in the sampler
with the volume computed from the product of nozzle area, mean
stream velocity, and total transit time at the vertical.
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The volumes in table 3 were calculated for each size sample bottle
using the minimum allowable transit rate for that bottle, nozzle,

and depth combination. The minimum required volume depends only on
the stream depth, bottle size, and atmospheric pressure and is
independent of stream velocity and transit rate. The volumes

listed in table 3 are for sea level and should be increased by

about 4 percent for each 1,000 feet of elevation.

When a sampler filled to the maximum (full) volume is tipped down
from the horizontal, water will spill out of the nozzle; this

spillage might increase the concentration of sand in the sample.
When using the EWI method, sample spillage would result in
underrepresentation of that vertical in the composited sample. In
some conditions the maximum depth of sampling should be limited
because the “full” volume of the sampler needs to be limited to a
volume such that water will not be spilled when the sampler is
used. For bottle samplers, the tables provide reeling and transit
rates designated as “-10 tip.” When these or faster rates are

used, the sampler will not spill if tipped 10 degrees down from
horizontal. A 10-degree-down tip reduces the operational depth of
1- and 3-liter bottle samplers about 3 feet because of the reduced
maximum sample volume.

When a sampler is filled to a volume exceeding the -10 tip volume,
watch carefully to assure that the sampler has not overfilled.
When a sampler is filled to the maximum (full) volume it is

difficult to determine that it has not overfilled and spilled back

to the maximum (full) volume.

Tables 4, 5, and 6 list the minimum (full), -10 tip, and maximum
(fastest) reeling rates (in seconds per turn) for various depths
and velocities for a 1-liter bottle, cap, and 1/4-inch nozzle
combination when using an A, B, or E reel.

Table 7 lists the full, -10 tip, and fastest transit rates (in
feet per second) for various depths and velocities for a 1-liter
bottle, cap, and 1/4-inch nozzle combination.

Tables 8,9, and 10 list the full, -10 tip, and fastest reeling

rates (in seconds per turn) for various depths and velocities for a
1-liter bottle, cap, and 5/16-inch nozzle combination when using
an A, B, or E reel.



Table 11 lists the full, -10 tip, and fastest transit rates (in
feet per second) for various depths and velocities for a 1-liter
bottle, cap, and 5/16-inch nozzle combination.

Tables 12, 13, and 14 list the full, -10 tip, and fastest reeling
rates (in seconds per turn) for various depths and velocities for a
3-liter bottle, cap, and 5/16-inch nozzle combination when using
an A, B, or E reel.

Table 15 lists the full, -10 tip, and fastest transit rates (in
feet per second) for various depths and velocities for a 3-liter
bottle, cap, and 5/16-inch nozzle combination.

16



Appendix 4--Table 1. List of tables for bottle samplers

Table Type Bottle Nozzle Reel Units
4 Reeling 1L 1/4 A seconds/turn
5 Reeling 1L 1/4 B seconds/turn
6 Reeling 1L 1/4 E seconds/turn
7 Transit 1L 1/4 any feet/second
8 Reeling 1L 5/16 seconds/turn
9 Reeling 1L 5/16 seconds/turn
10 Reeling 1L 5/16 seconds/turn
11 Transit 1L 5/16 any feet/second
12 Reeling 3L 5/16 seconds/turn
13 Reeling 3L 5/16 seconds/turn
14 Reeling 3L 5/16 seconds/turn
15 Transit 3L 5/16 any feet/second

17
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Tables for Bag Samplers

Table 16 lists the minimum (full) volume that must be in a bag
sampler after the first complete transit from the surface of the
stream to the streambed and return to the surface, at any sampling
vertical of specified depth for the specified nozzle. If there is

less sample in the sampler than listed in table 16, the sample was
not collected isokinetically, possibly because the transit rate
exceeded four-tenths the mean stream velocity at that vertical.
(Four tenths the mean stream velocity at a vertical is the maximum
(fastest) transit rate allowed for isokinetic sampling.)

The depths and velocities in the tables are arbitrary but focus on
typical conditions that may frequently be encountered. There are
many configurations for bag samplers and only the field personnel
will know the stable range of their bag-sampler configuration.

There is no single, exact volume for a bag sampler because each

bag installation results in a slightly different volume. The full

volumes used to develop tables for bag samplers assume the sampler
is not allowed to spill and the nozzle is not tipped below

horizontal. The maximum usable volume of a 3-liter bag sampler is
estimated to be 2.6 liters based on USGS field experience.

Tables 17, 18, and 19 list the minimum (full) and maximum
(fastest) reeling rates (in seconds per turn) for various depths
and velocities for a 3-liter bag, cap, and 1/4-inch nozzle
combination when using an A, B, or E reel.

Table 20 lists the minimum and maximum transit rates (in feet per
second) for various depths and velocities for a 3-liter bag, cap,
and 1/4-inch nozzle combination.

Tables 21, 22, and 23 list the minimum and maximum reeling rates
(in seconds per turn) for various depths and velocities for a 3-

liter bag, cap, and 5/16-inch nozzle combination when using an A,
B, or E reel.

Table 24 lists the minimum and maximum transit rates (in feet per
second) for various depths and velocities for a 3-liter bag, cap,
and 5/16-inch nozzle combination.



Appendix 4.--Table 2. List of tables for bag samplers

Table Type Bag Nozzle Reel Units
17 Reeling 3L 1/4 A seconds/turn
18 Reeling 3L 1/4 B seconds/turn
19 Reeling 3L 1/4 E seconds/turn
20 Transit 3L 1/4 any feet/second
21 Reeling 3L 5/16 seconds/turn
22 Reeling 3L 5/16 seconds/turn
23 Reeling 3L 5/16 seconds/turn
24 Transit 3L 5/16 any feet/second

19



Appendix 4.--Table 3. Minimum volumes for bottle samplers
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MINIMUM VOLUMES FOR ISOKINETIC SAMPLING, in mL
Conditions:
1. Transit rate up = transit rate down
2. For bottle samplers
3. One complete transit starting empty
4. Sampler spills at -10 degree tilt below double line
Bottle Pint Quart 1Ltr+cap 3 Ltr + cap
Nozzle 3/16 1/4 3/16 or 1/4 1/4 5/16 1/4 or 5/16
Depth,
in feet
1 o1 51 106 132
2 95 97 197 243 712
3 133 145 275 340 993
4 166 193 343 423 1237
5 194 241 402 497 1451
6 220 290 455 562 1641
7 242 338 502 620 1890
8 263 386 544 672 1960
9 281 435 558 719 2096
10 297 617 761 2220
11 312 649 800 830 2332
12 326 677 836 906 2435
13 353 704 868 981 2529
14 381 728 898 2615
15 408 926 2695
Max. volume 475 475 735 1050 1050 2830




Table 4. Areel ISOKINETIC REELING RATES, 1LITER BOTTLE, 1/4 inch nozzle
(Reeling rates in SECONDS PER TURN,; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH RATE MEAN STREAM VELOCITY IN VERTICAL feet per second max vol.| volume-
-10 vol. | min. vol.

in feet 150 | 200 | 250 | 3.00 | 350 | 400 | 450 | 500 | 6.00 | 7.00 | 800 | 9.00 [minvol.| mL
1 full 36 27 22 18 16 14 12 11 9.1 7.8 6.8 6.0 1050 | 918
1 -10tip[ 28 21 17 14 12 10 9.2 8.3 6.9 59 52 4.6 798 667
1 fastest| 4.5 34 2.7 2.3 1.9 1.7 1.5 14 1.1 1.0 0.9 0.8 132
2 full | 181 | 136 | 109 | 9.1 7.8 6.8 6.0 54 45 3.9 34 3.0 | 1050 | 806
2 -10tip| 13.8 | 10.3 8.3 6.9 5.9 5.2 4.6 4.1 34 3.0 2.6 2.3 798 555
2 fastest| 4.2 31 2.5 2.1 1.8 1.6 14 1.3 1.0 0.9 0.8 0.7 243
3 full 12.1 9.1 7.2 6.0 52 4.5 4.0 3.6 3.0 2.6 2.3 2.0 1050 | 710
3 -10tip| 9.2 6.9 55 4.6 39 34 31 2.8 2.3 2.0 1.7 15 798 458
3 fastest| 3.9 29 2.3 2.0 1.7 15 1.3 1.2 1.0 0.8 0.7 0.7 340
4 full 9.1 6.8 54 45 39 34 3.0 2.7 2.3 1.9 1.7 15 1050 | 626
4 -10tip| 6.9 52 4.1 34 3.0 2.6 2.3 2.1 1.7 15 1.3 1.1 798 375
4 fastest| 3.7 2.7 2.2 1.8 1.6 14 1.2 1.1 0.9 0.8 0.7 0.6 423
5 full 7.2 54 4.3 3.6 31 2.7 2.4 2.2 1.8 1.6 14 1.2 1050 | 553
5 -10tip| 5.5 41 3.3 2.8 24 2.1 1.8 1.7 14 1.2 1.0 0.9 798 301
5 fastest| 3.4 2.6 2.1 1.7 15 1.3 1.1 1.0 0.9 0.7 0.6 0.6 497
6 full 6.0 45 3.6 3.0 2.6 2.3 2.0 18 15 1.3 1.1 10 1050 | 488
6 -10tip| 4.6 34 2.8 2.3 2.0 1.7 15 14 1.1 1.0 0.9 0.8 798 236
6 fastest| 3.2 2.4 1.9 1.6 1.4 1.2 1.1 1.0 0.8 0.7 0.6 0.5 562
7 full 52 39 31 2.6 2.2 1.9 1.7 16 13 1.1 1.0 0.9 1050 | 430
7 -10tip| 39 3.0 2.4 2.0 1.7 15 1.3 1.2 1.0 0.8 0.7 0.7 798 178
7 fastest| 3.1 2.3 1.8 15 1.3 1.1 1.0 0.9 0.8 0.7 0.6 0.5 620
8 full 45 34 2.7 2.3 1.9 1.7 15 14 1.1 1.0 0.8 0.8 1050 | 378
8 -10tip| 34 2.6 2.1 1.7 15 1.3 1.1 1.0 0.9 0.7 0.6 0.6 798 126
8 fastest| 2.9 2.2 1.7 14 1.2 1.1 1.0 0.9 0.7 0.6 0.5 0.5 672
10 full 3.6 2.7 2.2 18 16 14 1.2 11 0.9 0.8 0.7 0.6 1050 | 288
10 |-10tip| 2.8 2.1 1.7 14 12 1.0 0.9 0.8 0.7 0.6 0.5 0.5 798 37
10 |fastest| 2.6 2.0 1.6 1.3 1.1 1.0 0.9 0.8 0.7 0.6 0.5 0.4 761
12 full 3.0 2.3 1.8 15 13 1.1 1.0 0.9 0.8 0.6 0.6 0.5 1050 | 214
12 | -10tip
12 |fastest| 24 18 1.4 1.2 1.0 0.9 0.8 0.7 0.6 0.5 0.5 04 836
14 full 2.6 1.9 1.6 1.3 1.1 1.0 0.9 0.8 0.6 0.6 0.5 04 1050 | 152
14 |-10tip
14 |fastest| 2.2 1.7 1.3 1.1 0.9 0.8 0.7 0.7 0.6 0.5 0.4 04 898
15 full 24 18 14 12 1.0 0.9 0.8 0.7 0.6 0.5 0.5 04 1050 | 124
15 |-10tip
15 |fastest| 2.1 16 1.3 1.1 0.9 0.8 0.7 0.6 0.5 0.5 0.4 04 926




Table 5. Breel ISOKINETIC REELING RATES, 1LITER BOTTLE, 1/4 inch nozzle
(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;
RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH RATE MEAN STREAM VELOCITY IN VERTICAL feet per second max vol | volume-
-10 vol. | min. vol.
in feet 150 | 2.00 | 250 | 3.00 | 350 | 400 | 450 | 5.00 | 6.00 | 7.00 | 800 | 9.00 |minvol.| mL
1 full | 543 | 408 | 326 [ 272 | 233 [ 204 | 181 | 163 | 136 | 116 | 102 | 91 (1050 | 918
1 |-10tip| 413 | 31.0 | 248 | 20.7 | 17.7 | 155 | 138 | 124 [ 103 | 89 | 77 | 69 | 798 | 667
1 |fastest| 68 | 51 | 41 | 34 | 29 | 26 | 23 | 20 | 17 15 13 11 | 132
2 full | 272 | 204 | 163 [ 136 | 116 [ 102 | 91 | 82 | 68 | 58 | 51 | 45 [1050 | 806
2 |-10tipf 20.7 | 155 [ 124 [103 | 89 | 77 | 69 | 62 | 52 | 44 | 39 | 34 | 798 | 55
2 |fastest| 63 | 47 | 38 | 31 | 27 | 24 | 21 |19 | 16 [ 13 | 12 10 | 243
3 full | 181 | 136 | 109 [ 91 | 78 | 68 | 60 | 54 | 45 | 39 | 34 | 30 [1050 | 710
3 |-10tipf 138 [ 103 | 83 [ 69 | 59 | 52 | 46 | 41 | 34 | 30 | 26 | 23 [ 798 | 458
3 |fastestf 59 | 44 | 35 [ 29 | 25 | 22 | 20 | 18 | 15 13 11 10 | 340
4 full | 136 | 102 | 82 [ 68 | 58 | 51 | 45 | 41 | 34 | 29 | 25 | 23 [1050 | 626
4 |-10tipf 103 | 7.7 62 | 52 | 44 | 39 | 34 |31 | 26 |22 19 17 [ 798 | 375
4 |fastest{ 55 | 41 | 33 | 27 | 23 | 21 |18 | 16 | 14 [ 12 10 | 09 | 423
5 full | 109 | 82 | 65 [ 54 | 47 | 41 | 36 | 33 | 27 | 23 | 20 | 18 [1050 | 553
5 |-10tip| 83 | 62 | 50 [ 41 | 35 | 31 | 28 | 25 | 21 18 | 15 | 14 | 798 | 301
5 |fastestf 51 | 39 [ 31 (26 | 22 | 19 | 17 | 15 | 13 | 11 10 | 09 | 497
6 ful | 91 | 68 | 54 [ 45 | 39 [ 34 | 30 | 27 | 23 19 17 15 [1050 | 488
6 |-10tip| 69 | 52 | 41 [ 34 | 30 | 26 | 23 | 21 | 17 15 | 13 11 | 798 | 236
6 |fastest| 48 | 36 | 29 [ 24 | 21 | 18 | 16 | 15 | 12 10 | 09 | 08 | 562
7 ful | 78 | 58 | 47 [ 39 | 33 [ 29 | 26 | 23 | 19 17 15 13 [1050 | 430
7 -10tip| 5.9 44 35 30 25 22 2.0 18 15 13 11 10 798 178
7 |fastest| 46 | 34 | 28 [ 23 | 20 | 17 |15 | 14 | 11 10 | 09 | 08 | 620
8 ful | 68 | 51 | 41 [ 34 | 29 | 25 | 23 | 20 | 17 15 | 13 | 11 |1050 | 378
8 |-10tip[ 52 | 39 [ 31 [ 26 | 22 |19 | 17 | 15 | 13 | 11 10 | 09 | 798 | 126
8 |fastest| 43 | 33 | 26 | 22 19 | 16 | 14 | 13 | 11 | 09 [ 08 | 0.7 | 672
10 ful | 54 | 41 | 33 [ 27 | 23 | 20 | 18 | 16 | 14 | 12 10 | 09 |1050 | 288
10 |[-10tip| 41 | 31 | 25 | 21 18 | 15 | 14 | 12 | 10 |09 | 08 | 07 | 798 | 37
10 |fastest{ 39 | 30 | 24 | 20 | 17 | 15 | 13 |12 |10 [ 08 | 07 | 07 | 761
12 full 4.5 34 27 23 19 17 15 14 11 10 0.8 0.8 [1050 | 214
12 |-10tip
12 |fastest| 36 | 27 | 22 18 | 15 | 14 | 12 |11 | 09 |08 | 07 | 06 | 836
14 full | 39 | 29 | 23 [ 19 17 | 15 | 13 | 12 | 10 | 08 | 07 | 06 [1050 | 152
14 |-10tip
14 |fastest| 3.3 25 20 17 14 12 11 1.0 0.8 0.7 0.6 0.6 898
15 full | 36 | 27 | 22 18 16 | 14 |12 | 11 | 09 |08 | 07 | 06 [1050 | 124
15 [-10tip
15 |fastest| 32 | 24 | 19 16 14 | 12 | 11 | 10 | 08 | 07 | 06 | 05 [ 926




Table 6. Ereel ISOKINETIC REELING RATES, 1LITER BOTTLE, 1/4 inch nozzle
(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;
RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH RATE MEAN STREAM VELOCITY IN VERTICAL feet per second max vol | volume-
-10 vol. | min. vol.
in feet 150 | 200 | 250 | 3.00 | 350 | 400 | 450 | 5.00 | 6.00 | 700 | 800 | 9.00 [minvol.| mL
1 full 725 | 543 | 435 |1 36.2 | 31.1 | 272 | 242 | 21.7 | 181 | 155 | 136 | 121 | 1050 | 918
1 -10tip| 55.1 | 41.3 | 331 | 275 | 236 | 20.7 | 184 | 165 | 138 | 11.8 | 103 9.2 798 667
1 fastest| 9.1 6.8 54 45 3.9 34 3.0 2.7 2.3 1.9 1.7 15 132
2 full 362 | 272 | 2.7 | 181 | 155 | 136 | 121 | 109 9.1 7.8 6.8 6.0 1050 | 806
2 -10tip| 275 | 20.7 | 165 | 138 | 11.8 | 10.3 9.2 8.3 6.9 5.9 5.2 4.6 798 555
2 fastest| 8.4 6.3 5.0 4.2 3.6 3.1 2.8 25 2.1 1.8 1.6 14 243
3 full 242 | 181 | 145 | 121 | 104 9.1 8.1 7.2 6.0 52 45 4.0 1050 | 710
3 -10tip| 184 | 138 | 11.0 9.2 79 6.9 6.1 55 4.6 39 34 31 798 458
3 fastest| 7.8 59 4.7 39 33 29 2.6 2.3 2.0 1.7 15 13 340
4 full 181 | 13.6 | 10.9 9.1 7.8 6.8 6.0 54 45 39 34 3.0 1050 | 626
4 -10tip| 13.8 | 10.3 8.3 6.9 59 52 4.6 4.1 34 3.0 2.6 2.3 798 375
4 fastest| 7.3 55 4.4 37 31 2.7 2.4 2.2 1.8 1.6 14 12 423
5 full 145 | 10.9 8.7 7.2 6.2 5.4 4.8 4.3 3.6 31 2.7 24 1050 | 553
5 -10tip| 11.0 8.3 6.6 55 4.7 4.1 3.7 3.3 2.8 24 21 1.8 798 301
5 fastest| 6.9 5.1 4.1 34 2.9 2.6 2.3 2.1 1.7 15 1.3 1.1 497
6 full 12.1 9.1 7.2 6.0 52 4.5 4.0 3.6 3.0 2.6 2.3 2.0 1050 | 488
6 -10tip| 9.2 6.9 55 4.6 39 34 31 2.8 2.3 2.0 17 15 798 236
6 fastest| 6.5 4.8 39 3.2 2.8 2.4 2.2 1.9 1.6 1.4 1.2 11 562
7 full 104 7.8 6.2 52 4.4 3.9 35 31 2.6 2.2 19 1.7 1050 | 430
7 -10tip| 7.9 59 4.7 39 34 3.0 2.6 2.4 2.0 1.7 15 13 798 178
7 fastest| 6.1 4.6 3.7 31 2.6 2.3 2.0 1.8 15 1.3 1.1 10 620
8 full 9.1 6.8 54 45 3.9 3.4 3.0 2.7 2.3 1.9 1.7 15 1050 | 378
8 -10tip| 6.9 5.2 41 34 3.0 2.6 2.3 2.1 1.7 15 1.3 1.1 798 126
8 fastest| 5.8 4.3 35 2.9 2.5 2.2 1.9 1.7 14 1.2 1.1 1.0 672
10 full 7.2 54 4.3 3.6 31 2.7 2.4 2.2 1.8 1.6 14 12 1050 | 288
10 |[-10tip| 55 4.1 33 2.8 2.4 2.1 1.8 1.7 14 12 1.0 0.9 798 37
10 |fastest| 5.3 39 3.2 2.6 2.3 2.0 1.8 1.6 1.3 1.1 10 0.9 761
12 full 6.0 45 3.6 3.0 2.6 2.3 2.0 1.8 15 13 11 1.0 1050 | 214
12 |-10tip
12 |fastest| 4.8 3.6 29 24 2.1 18 16 1.4 1.2 1.0 0.9 0.8 836
14 full 5.2 3.9 31 2.6 2.2 1.9 1.7 1.6 1.3 1.1 1.0 0.9 1050 | 152
14 |-10tip
14 |fastest| 4.4 3.3 2.7 2.2 1.9 1.7 1.5 1.3 1.1 0.9 0.8 0.7 898
15 full 4.8 3.6 2.9 24 2.1 1.8 1.6 14 1.2 1.0 0.9 0.8 1050 | 124
15 |[-10tip
15 |fastest| 4.3 3.2 2.6 2.1 1.8 1.6 14 1.3 1.1 0.9 0.8 0.7 926
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Table 7. ISOKINETIC TRANSIT RATES, 1LITER BOTTLE, 1/4 inch nozzle
(transit rates in feet per second; Depth is water depth - unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic samplin

lume-
DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second max vol. | velume
RATE -10vol. | min.vol.

in feet 1.50 | 2.00 | 2.50 | 3.00 | 3.50 | 4.00 | 4.50 | 5.00 |6.00 | 7.00 | 8.00 | 9.00 | minvol. mL

1 full ]0.03| 0.04|0.05|0.06 | 0.06 | 0.07|0.08 | 0.09|0.11]0.13|0.15| 0.17| 1050 918

-10tip| 0.04 | 0.05| 0.06 | 0.07 | 0.08 | 0.10] 0.11| 0.12 | 0.15]0.17| 019 | 0.22| 798 667

fastest| 0.22| 0.29 | 0.37| 044 | 051| 059|066 | 0.73| 0.88] 1.03 | 1.17| 1.32| 132

full ]10.06 | 0.07 | 0.09|0.11|0.13| 0.15| 0.17| 0.18| 0.22| 0.26 | 0.29 | 0.33| 1050 806

-10tip| 0.07 | 0.10 | 0.12 | 0.15| 0.17 | 0.19] 0.22 | 0.24 | 0.29]| 0.34| 0.39 | 044 798 555

fastest| 0.24| 0.32 | 0.40 | 048 | 0.56| 0.63| 0.71| 0.79| 0.95]| 1.11 | 1.27 | 1.43| 243

full ]0.08| 0.11|0.14|0.17|0.19| 0.22|0.25| 0.28| 0.33|0.39 | 0.44| 0.50| 1050 710

-10tip| 0.11] 0.15] 0.18| 0.22 | 0.25| 0.29] 0.33| 0.36 | 044|051 | 058 | 0.65| 798 458

fastest| 0.26| 0.34 | 0.43| 051 | 0.60| 0.68| 0.77 | 0.85| 1.02]1.19 | 1.36| 1.54| 340

full ]0.11] 0.15|0.18|0.22|0.26| 0.29|0.33| 0.37| 044|052 | 059 | 0.66| 1050 626

-10tip| 0.15] 0.19] 0.24| 0.29 | 0.34 | 0.39]| 0.44| 0.48 | 0.58]| 0.68 | 0.77 | 0.87| 798 375

fastest| 0.27| 0.36 | 0.46 | 0.55| 0.64| 0.73]0.82|091|1.09|1.28 | 1.46| 1.64| 423

full 10.14| 0.18|0.23|0.28| 0.32| 0.37|0.41| 046 | 0.55| 0.64 | 0.74| 0.83| 1050 553

-10tip| 0.18 | 0.24 | 0.30| 0.36 | 0.42 | 0.48| 0.54 | 0.61 | 0.73[0.85| 0.97 | 1.09| 798 301

fastest| 0.29 | 0.39 | 0.49 | 0.58 | 0.68 | 0.78 | 0.87 | 0.97 | 1.17]| 1.36 | 1.55| 1.75| 497

full ]0.17] 0.22|0.28|0.33|0.39| 044|050 | 0.55| 0.66] 0.77 | 0.88 | 0.99| 1050 488

-10tip| 0.22 | 0.29] 0.36| 0.44 | 0.51 | 0.58| 0.65|0.73 | 0.87]1.02| 1.16| 1.31| 798 236

fastest| 0.31| 0.41 | 0.52|0.62|0.72]| 0.82] 093 | 1.03| 1.24]| 144 | 165| 1.86| 562

full ]0.19| 0.26|0.32|(0.39|045| 052|058 | 064 | 0.77]0.90 | 1.03| 1.16| 1050 430

-10tip| 0.25| 0.34| 042 | 051|059 | 0.68]|0.76 | 0.85| 1.02]1.19| 1.36| 152| 798 178

fastest| 0.33| 0.44 | 0.55|0.65|0.76| 0.87| 098 | 1.09| 1.31| 153 | 1.74| 196| 620

full 10.22| 0.29|0.37|0.44|0.52| 0.59|0.66| 0.74| 0.88| 1.03| 1.18 | 1.32| 1050 378

-10tip| 0.29 | 0.39| 048 0.58 | 0.68 | 0.77] 0.87 | 0.97 | 1.16| 1.36 | 1.55| 1.74( 798 126

||| N|IN|N[|ojo|jojajoa|a||~|A[R[[WWIW[ININ|IN|(F|F

fastest| 0.34 | 0.46 | 0.57 | 0.69| 0.80| 0.92| 1.03 | 1.15| 1.38| 1.61 | 1.84 | 2.07| 672

10 | full |0.28]037]|046|055]064|074[083]|092]110]129|147| 166| 1050 | 288
10 |-10tip|0.36| 048] 061|073 085| 0.97|109]121|145]169|194] 218| 798 37
10 |fastest|0.38| 0.51|0.63[0.76|089| 1.01|1.14| 127 | 152|178 | 2.03| 228| 761

12 | full |0.33]044]|055[066|077|088[099|110|1.32|155|177| 1.99| 1050 | 214
12 |-10tip

12 |fastest| 0.42| 055|0.69|083]097| 111|125 139 | 166|194 |222| 250| 836

14 | full |0.39]052]|064[077]090| 1.03[116]|129|155]|180|206| 232| 1050 | 152
14 | -10tip

14 |fastest| 0.45| 0.60|0.75[0.90| 1.05| 1.20 | 1.36 | 1.51 | 1.81| 211 | 2.41| 271| 898

15 | full |041]055]069[083]0097|110[124]138|166[193|221| 248 1050 | 124
15 | -10tip

=
(63}

fastest| 047 | 0.63 | 0.78[ 094 | 1.10| 1.25| 1.41|157|1.88]219|250| 2.82| 926




Table 8. A reel ISOKINETIC REELING RATES, 1LITER BOTTLE, 5/16 inch nozzle

(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second TECBL 2
RATE -0vol.| 52 =

in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 | 7.00 | 800 | 9.00 |minvol|S " S

1 | ful | 23 | 17 | 14 | 12 | 10| 9 | 8 | 7 | 58 | 50 | 43 | 39 | 1049 | 918

1 |wotip] 8] 13| 12| 9 | 8 | 7 |59 | 53| 44 | 38 | 33 | 29 | 800 | 68

1 |fastest| 29 | 22 | 17 | 15 | 12 | 11 | 10 | 09 | 07 | 06 | 05 | 05 | 132

2 | ful |116 | 87 | 70 | 58 | 50 | 43 | 39 | 35 | 29 | 25 | 22 | 19 | 1049 | 806

2 |0tip| 88 | 66 | 53 | 44 | 38 | 33 | 29 | 27 | 22 | 19 | 17 | 15 | 800 | 557

2 |fastest| 27 | 20 | 16 | 13 | 12 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 243

3 | ful | 7.7 | 58 | 46 | 39 | 33 | 29 | 26 | 23 | 19 | 17 | 14 | 13 | 1049 | 709

3 |-10tip| 59 | 44 | 35 | 29 | 25 | 22 | 20 | 18 | 15 | 13 | 11 | 10 | 800 | 460

3 |fastest|{ 25 | 19 | 15 | 13 | 11 | 09 | 08 | 08 | 06 | 05 | 05 | 04 | 340

4 | full | 58 | 43 | 35 | 29 | 25 | 22 | 19 | 1.7 | 14 | 12 | 11 | 10 | 1049 | 626

4 |-10tip| 44 | 33 | 27 | 22 | 19 | 17 | 15 | 13 | 11 | 09 | 08 | 07 | 800 | 376

4 |fastest| 23 | 1.8 | 14 | 12 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 04 | 424

5 | full | 46 | 35 | 28 | 23 | 20 | .7 | 15 | 14 | 12 | 10 | 09 | 08 | 1049 | 552

5 |-10tip| 35 | 27 | 214 | 18 | 15 | 13 | 12 | 11 | 09 | 08 | 07 | 06 | 800 | 303

5 |fastest{ 22 | 16 | 13 | 11 | 09 | 08 | 07 | 07 | 05 | 05 | 04 | 04 | 497

6 | full |39 | 29 | 23 | 19 | 17 | 14 | 13 | 12 | 10 | 08 | 07 | 06 | 1049 | 487

6 |-10tip| 29 | 22 | 18 | 15 | 13 | 11 | 10 | 09 | 07 | 06 | 06 | 05 | 800 | 238

6 |fastest| 21 | 16 | 12 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 04 | 03 | 562

7 | ful |33 | 25 | 20 | 17 | 14 | 12 | 11 | 10 | 08 | 07 | 06 | 06 |1049 | 429

7 |-10tip| 25 | 19 | 15 | 13 | 11 | 09 |08 | 08 | 06 | 05 | 05 | 04 | 800 | 180

7 |fastest{ 20 | 15 | 12 | 10 | 08 | 07 | 07 | 06 | 05 | 04 | 04 | 03 | 620

8 | full | 29 | 22 | 17 | 14 | 12 | 11 | 120 | 09 | 07 | 06 | 05 | 05 |1049 | 377

8 |-10tip| 22 | 17 | 13 | 11 |09 |08 |07 | 07 | 06 | 05 | 04 | 04 | 800 | 128

8 |fastest| 19 | 14 | 11 | 09 | 08 | 07 | 06 | 06 | 05 | 04 | 03 | 03 | 672

10 | ful | 23 | 17 | 14 | 12 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 04 |1049 | 287

10 |-10tip| 128 | 13 [ 11 [ 09 |08 | 07 |06 | 05 | 04 | 04 | 03 | 03 | 800 | 38

10 |fastest| 17 | 13 | 10 | 08 | 0.7 | 06 | 06 | 05 | 04 | 04 | 03 | 03 | 762

11 | ful | 21 | 16 | 13 | 11 | 09 | 08 | 07 | 06 | 05 | 05 | 04 | 04 |1049 | 219

11 |-10tip

11 lfastest| 17 | 13 | 10 |08 | 07 | 06 | 06 | 05 | 04 | 04 | 03 | 03 | 80

12 | ful | 19 | 14 | 12 | 10 | 08 | 07 | 06 | 06 | 05 | 04 | 04 | 03 |1049 | 143

12 |-10tip

12 fastest|{ 17 | 13 | 10 |08 | 07 | 06 | 06 | 05 | 04 | 04 | 03 | 03 | 906

13 | ful | 18 | 13 | 11 |09 | 08 | 07 | 06 | 05 | 04 | 04 | 03 | 03 | 1049 | 68

13 |-10tip

13 |fastest| 17 | 13 | 10 [ 08 | 07 | 06 | 06 | 05 | 04 | 04 | 03 | 03 | 981
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Table 9. Breel ISOKINETIC REELING RATES, 1LITER BOTTLE, 5/16 inch nozzle
(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;
RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)

DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second maxvoli g . g
RATE -10vol.| = ==
in feet 150 | 200 | 250 | 3.00 | 350 | 400 | 450 | 5.00 | 6.00 | 700 | 800 | 9.00 |minvol[ S 7 &
1 full | 348 | 261 [ 209 [17.4 | 149 | 130 | 116 | 104 | 87 | 74 | 65 | 58 [1049 | 918
1 |-10tip| 265 | 199 [ 159 [ 133 [ 114 [ 99 | 88 [ 80 | 66 | 57 | 50 | 44 | 800 | 668

1 |[fastest| 4.4 33 2.6 2.2 1.9 1.6 15 13 11 0.9 0.8 0.7 132

N

full | 174 | 13.0 | 104 | 87 74 | 65 5.8 52 | 43 3.7 3.3 29 |1049 | 806

N

-10tip| 13.3 | 9.9 8.0 6.6 5.7 50 | 44 | 40 3.3 2.8 25 22 | 800 | 557

2 |fastest| 4.0 3.0 24 20 1.7 15 13 12 1.0 0.9 0.8 0.7 | 243

w

full | 116 | 87 7.0 58 50 4.3 39 35 29 25 2.2 19 |[1049 | 709

w

-10tip| 8.8 6.6 53 44 38 33 2.9 2.7 2.2 1.9 17 15 | 800 | 460

3 |fastest| 3.8 2.8 2.3 1.9 1.6 14 13 11 0.9 0.8 0.7 06 | 340

4 full | 87 6.5 52 4.3 3.7 33 2.9 2.6 2.2 1.9 1.6 14 |[1049 | 626

4 |-10tip| 6.6 50 4.0 33 2.8 2.5 2.2 2.0 17 14 12 11 | 800 | 376

4 |fastest| 35 2.6 21 18 15 1.3 1.2 11 0.9 0.8 0.7 06 | 424

5 full | 7.0 52 4.2 35 3.0 2.6 2.3 21 1.7 15 13 12 ]1049 | 552

o

-10tip| 5.3 4.0 3.2 2.7 2.3 2.0 1.8 1.6 13 11 1.0 09 [ 800 | 303

5 |fastest| 3.3 25 20 1.6 14 12 11 1.0 0.8 0.7 0.6 05 | 497

»

full 58 4.3 35 29 2.5 2.2 1.9 17 14 12 11 1.0 |[1049 | 487

»

-10tip| 4.4 33 2.7 2.2 1.9 17 15 13 11 0.9 0.8 0.7 | 800 | 238

6 |fastest| 3.1 2.3 1.9 1.6 1.3 1.2 1.0 0.9 0.8 0.7 0.6 05 | 562

~

full 50 3.7 30 25 2.1 1.9 17 15 1.2 11 0.9 0.8 1049 | 429

~

-10tip| 3.8 2.8 2.3 1.9 1.6 14 13 11 0.9 0.8 0.7 06 | 800 | 180

7 |fastest| 2.9 2.2 18 15 13 11 1.0 0.9 0.7 0.6 0.6 05 | 620

oo

full | 43 3.3 2.6 2.2 1.9 1.6 14 1.3 11 0.9 0.8 0.7 [1049 | 377

oo

-10tip| 3.3 25 20 17 14 1.2 11 1.0 0.8 0.7 0.6 06 [ 800 | 128

8 |fastest| 2.8 21 17 14 1.2 1.0 0.9 0.8 0.7 0.6 0.5 05 [ 672

10 full 35 2.6 2.1 17 15 13 1.2 1.0 0.9 0.7 0.7 06 | 1049 | 287

10 |-10tip| 2.7 2.0 1.6 13 11 1.0 0.9 0.8 0.7 0.6 05 04 | 800 38

10 |fastest] 2.5 19 15 13 11 0.9 0.8 0.8 0.6 05 05 04 | 762

11 full | 32 24 19 16 14 1.2 11 0.9 0.8 0.7 0.6 05 ]1049 | 219

11 |-10tip

11 |fastest| 2.5 1.9 15 13 11 0.9 0.8 0.8 0.6 05 05 04 | 830

full | 29 22 17 14 12 11 1.0 0.9 0.7 0.6 0.5 05 [1049 | 143

-10tip

RIS

fastest| 2.5 19 15 13 11 | 09 | 08 | 08 | 0.6 0.5 0.5 04 [ 906

13 full | 2.7 2.0 1.6 13 11 1.0 0.9 0.8 0.7 0.6 05 04 11049 | 68

13 |-10tip

13 |fastest] 2.5 19 15 13 11 0.9 0.8 0.8 0.6 05 05 04 | 981




Table 10. Ereel ISOKINETIC REELING RATES, 1 LITER BOTTLE, 5/16 inch nozzle

(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second TECBL 2
RATE -10vol.| 52 =
in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 | 7.00 | 800 | 9.00 |minvol|S " S
1 | ful | 463 | 348 | 27.8 | 232 | 199 | 174 | 154 | 139 | 116 | 99 | 87 | 7.7 | 1049 | 918
1 |-10tip| 353 | 265 | 212 | 17.7 | 151 | 133 | 118 | 106 | 88 | 76 | 66 | 59 | 800 | 668
1 |fastest| 58 | 44 | 35 | 29 | 25 | 22 | 19 | 17 | 15 | 12 | 11 | 10 | 132
2 | full | 232 | 174 | 139 | 116 | 99 | 87 | 7.7 | 70 | 58 | 50 | 43 | 39 | 1049 | 806
2 |-10tip| 177 | 133 | 106 | 88 | 76 | 66 | 59 | 53 | 44 | 38 | 33 | 29 | 800 | 557
2 |fastest| 54 | 40 | 32 | 27 | 23 | 20 | 1.8 | 16 | 13 | 12 | 10 | 09 | 243
3 | full |154 | 116 | 93 | 77 | 66 | 58 | 51 | 46 | 39 | 33 | 29 | 26 | 1049 | 709
3 |-10tip| 118 | 88 | 74 | 59 | 50 | 44 | 39 | 35 | 29 | 25 | 22 | 20 | 800 | 460
3 |fastest| 50 | 38 | 30 | 25 | 21 | 19 | 17 | 15 | 13 | 11 | 09 | 08 | 340
4 | full |116 | 87 | 70 | 58 | 50 | 43 | 39 | 35 | 29 | 25 | 22 | 19 | 1049 | 626
4 |-10tip| 88 | 66 | 53 | 44 | 38 | 33 | 29 | 27 | 22 | 19 | 17 | 15 | 800 | 376
4 |fastest| 47 | 35 | 28 | 23 | 20 | 18 | 16 | 14 | 12 | 10 | 09 | 08 | 424
5 | full | 93 | 70 | 56 | 46 | 40 | 35 | 31 | 28 | 23 | 20 | 17 | 15 |1049 | 552
5 |-10tip| 70 | 53 | 42 | 35 | 30 | 27 | 24 | 21 | 18 | 15 | 13 | 12 | 800 | 303
5 |fastest| 44 | 33 | 26 | 22 | 19 | 16 | 15 | 13 | 1.1 | 09 | 08 | 07 | 497
6 | ful | 7.7 | 58 | 46 | 39 | 33 | 29 | 26 | 23 | 19 | 17 | 14 | 13 | 1049 | 487
6 |-10tip| 59 | 44 | 35 | 29 | 25 | 22 | 20 | 18 | 15 | 13 | 11 | 10 | 800 | 238
6 |fastest| 41 | 31 | 25 | 21 | 18 | 16 | 14 | 12 | 10 | 09 | 08 | 07 | 562
7 | full | 66 | 50 | 40 | 33 | 28 | 25 | 22 | 20 | 17 | 14 | 12 | 11 |1049 | 429
7 |-10tip| 50 | 38 | 30 | 25 | 22 | 19 | 17 | 15 | 13 | 11 | 09 | 08 | 800 | 180
7 |festest| 39 | 29 | 23 | 20 | 17 | 15 | 13 | 12 | 10 | 08 | 07 | 07 | 620
8 | full | 58 | 43 | 35 | 29 | 25 | 22 | 19 | 17 | 14 | 12 | 11 | 10 |1049 | 377
8 |-10tip| 44 | 33 | 27 | 22 | 19 | 17 | 15 | 13 | 11 | 09 | 08 | 07 | 800 | 128
8 |fastest| 37 | 28 | 22 | 19 | 16 | 14 | 12 | 11 | 09 | 08 | 07 | 06 | 672
10 | ful | 46 | 35 | 28 | 23 | 20 | 17 | 15 | 14 | 12 | 10 | 09 | 08 | 1049 | 287
10 |-10tp| 35 | 27 | 21 | 18 | 15 | 13 | 12 | 11 | 09 | 08 | 07 | 06 | 80 | 38
10 |fastest| 34 | 25 | 20 | 27 | 14 | 13 | 11 | 10 | 08 | 07 | 06 | 06 | 762
11 | ful | 42 | 32 | 25 | 21 | 18 | 16 | 14 | 13 | 11 | 09 | 08 | 07 | 1049 | 219
11 |-10tip
11 |fastest| 33 | 25 | 20 | 27 | 14 | 13 | 11 | 10 | 08 | 07 | 06 | 06 | 80
12 | ful [ 39 | 29 | 23 | 19 | 17 | 14 | 13 | 12 | 10 | 08 | 07 | 06 | 1049 | 143
12 |-10tip
12 fastest| 33 | 25 | 20 | 27 | 14 | 13 | 11 | 10 | 08 | 07 | 06 | 06 | 906
13 | ful | 36 | 27 | 21 | 18 | 15 | 13 | 12 | 11 | 09 | 08 | 07 | 06 |1049 | 68
13 |-10tip
13 |fastest| 33 | 25 | 20 | 17 | 14 | 13 | 11 | 10 | 08 |07 | 06 | 06 | 981




Table 11. ISOKINETIC TRANSIT RATES, 1LITER BOTTLE, 5/16 inch nozzle

(transit rates in feet per second; Depth is water depth - unsampled zone;
RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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max vol volume-
DEPTH RATE MEAN STREAM VELOCITY IN VERTICAL feet per second 10 vol. | min.vol.

in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 [ 700 | 800 | 9.00 [minvol|] mL
1 full 0.04| 006| 007 009| 010| 0.12] 013| 014| 017| 020| 023| 026| 1049 | 918
1 -10tip| 0.06| 0.08| 0.09| 011] 013| 0.45| 0417] 019| 023] 026| 030| 034 800 | 668
1 |fastest| 0.34| 046| 057| 0.69| 0.80| 092| 1.03| 115| 1.38| 161| 184| 2.07| 132

2 full 0.09| 012| 014 017| 020| 0.23| 026| 029| 035| 040| 046| 052| 1049 | 806
2 -10tip| 0.11| 0.15| 019 023| 026| 030| 034| 038| 045| 053| 060| 068| 800 | 557
2 |fastestf 0.37| 050| 0.62| 074| 087| 0.99| 112| 124| 149| 1.74| 198| 223| 243

3 full 013| 017 022| 0.26| 030| 035| 0.39| 043| 052| 060| 0.69| 0.78] 1049 | 709
3 -10tip| 0.17| 023| 028 0.34| 040| 045| 051| 057 0.68| 0.79| 091| 1.02| 800 | 460
3 |[fastestl 0.40| 053| 067| 080| 093| 1.07| 120| 133| 160| 1.87| 213| 240| 340

4 full 0.17| 023| 029 035| 040| 046| 052| 058| 069| 0.81| 092| 104| 1049 | 626
4 -10tip| 023| 030| 0.38| 0.45| 053| 060| 068| 0.75| 091| 106| 121| 1.36| 800 | 376
4 |fastest|] 043| 057| 0.71| 086| 1.00| 1.14| 128| 143| 171| 2.00| 228| 257| 424

5 full 022 029| 036| 043| 050| 058| 0.65| 072| 0.86| 101| 1.15| 1.29] 1049 | 552
5 -10tip| 028| 038| 047| 057| 066| 0.75| 08| 094| 113) 132| 151| 1.70| 800 | 303
5 |fastestf] 046| 0.61| 076 091| 106| 1.21| 137| 152| 182| 213| 243| 273| 497

6 full 026 035| 043| 052| 060| 069| 0.78| 086| 1.04| 121| 1.38| 155]| 1049 | 487
6 -10tip| 0.34| 045| 057] 0.68| 079 091| 102 2113| 136| 158| 181| 204| 800 | 238
6 |fastestl 0.48| 0.64| 081 097| 1.13| 1.29| 145| 161| 193| 226| 258| 290| 562

7 full 0.30| 040| 050 060| 071| 0.81]| 091| 101| 121| 141| 161| 181| 1049 | 429
7 -10tip| 040| 053] 066| 079 092| 106| 119| 132| 158| 185| 211| 238 800 180
7 |fastestf 051| 0.68| 085 102| 1.19| 1.36| 153| 170| 204| 238| 273| 3.07| 620

8 full 035| 046| 058| 0.69| 081| 092| 1.04| 115| 1.38| 161| 1.84| 207] 1049 | 377
8 -10tip| 045| 060| 0.75] 091| 106| 121| 136| 151| 181 211| 242| 272 800 128
8 |fastestl] 054| 0.72| 090| 108| 126| 144| 162| 180| 216| 251| 287| 323| 672

10 full 043| 058| 072 086| 101| 115| 1.29| 144| 1.73| 201| 230| 259] 1049 | 287
10 |-10tip| 057| 075 094| 113| 132| 151| 170| 189| 226| 264| 3.02| 340( 800 38
10 |fastest] 059| 0.79| 0.99| 1.19| 139| 159| 1.78| 198| 238| 277| 317| 357| 762

11 full 047| 063| 079| 095| 111| 127| 142| 158| 190| 222| 253| 285]1049 | 219
11 |-10tip

11 |fastest| 0.60| 0.80| 1.00| 1.20| 140| 160| 180| 200| 240| 280| 3.20| 3.60| 830

12 full 052 0.69| 086| 1.04| 121| 138| 155| 173| 207| 242| 276| 3311|1049 | 143
12 |-10tip

12 |fastest| 0.60| 0.80| 1.00| 1.20| 140| 160| 180| 200| 240| 280| 320| 3.60| 906

13 full 056 0.75| 094| 1.12| 131| 150| 168| 187| 224| 262| 299| 337]| 1049 | 68
13 |-10tip

13 |fastest| 0.60| 0.80| 1.00| 1.20| 140| 160| 180| 200| 240| 280| 320| 360| 981




Table 12. A reel ISOKINETIC REELING RATES, 3LITER BOTTLE, 5/16 inch nozzle

(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second TECBL 2
RATE -10vol.| 52 =

in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 | 7.00 | 800 | 9.00 |minvol|S " S

2 | ful | 31 | 23 | 19 | 16 | 13 | 12 | 10 | 9 | 78 | 67 | 59 | 52 | 2830 | 2118

2 |a0tip| 27 | 20 | 16 | 14 | 12 | 10 |91 | 82 | 68 | 58 | 51 | 45 | 2461 | 1749

2 |fastest| 7.9 | 59 | 47 | 39 | 34 | 29 | 26 | 24 | 20 | 17 | 15 | 13 | 712

3 | full | 208 | 156 | 125 | 104 | 89 | 7.8 | 69 | 63 | 52 | 45 | 39 | 35 | 2830 | 1837

3 |-10tip| 181 | 136 | 109 | 91 | 78 | 68 | 60 | 54 | 45 | 39 | 34 | 30 | 2461 | 1468

3 |fastest| 7.3 | 55 | 44 | 37 | 31 | 27 | 24 | 22 | 18 | 16 | 14 | 12 | 993

4 | full | 156 | 117 | 94 | 78 | 67 | 59 | 52 | 47 | 39 | 33 | 29 | 26 | 2830 | 1593

4 |-10tip| 136 | 102 | 82 | 68 | 58 | 51 | 45 | 41 | 34 | 29 | 25 | 23 | 2461 | 1204

4 |fastest| 68 | 51 | 41 | 34 | 29 | 26 | 23 | 20 | 17 | 15 | 13 | 11 | 1237

5 | full |125 | 94 | 75 | 63 | 54 | 47 | 42 | 38 | 31 | 27 | 23 | 21 | 2830 | 1379

5 |-10tip| 109 | 82 | 65 | 54 | 47 | 41 | 36 | 33 | 27 | 23 | 20 | 18 | 2461 | 1010

5 |fastest| 64 | 48 | 38 | 32 | 27 | 24 | 21 | 19 | 16 | 14 | 12 | 11 | 1451

6 | full |104 | 78 | 63 | 52 | 45 | 39 | 35 | 31 | 26 | 22 | 20 | 17 | 2830 | 1190

6 |-10tip| 91 | 68 | 54 | 45 | 39 | 34 | 30 | 27 | 23 | 19 | 17 | 15 | 2461 | 820

6 |fastest| 60 | 45 | 36 | 30 | 26 | 23 | 20 | 18 | 15 | 13 | 11 | 10 | 1641

7 | ful | 89 | 67 | 54 | 45 | 38 | 33 | 30 | 27 | 22 | 19 | 17 | 15 | 2830 | 1021

7 |-10tip| 78 | 58 | 47 | 39 | 33 | 29 | 26 | 23 | 19 | 17 | 15 | 13 | 2461 | 652

7 lfestest| 57 | 43 | 34 | 29 | 24 | 21 | 19 | 17 | 14 | 12 | 11 | 10 | 1809

8 | ful | 78 | 59 | 47 | 39 | 33 | 29 | 26 | 23 | 20 | 17 | 15 | 13 | 2830 | 870

8 |-10tip| 68 | 51 | 41 | 34 | 29 | 25 | 23 | 20 | 17 | 15 | 13 | 11 | 2461 | 501

8 |fastest| 54 | 41 | 32 | 27 | 23 | 20 | 1.8 | 16 | 14 | 12 | 10 | 09 | 1960

9 | ful |69 | 52 | 42 | 35 | 30 | 26 | 23 | 214 | 17 | 15 | 13 | 12 | 2830 | 734

9 |-10tip| 60 | 45 | 36 | 30 | 26 | 23 | 20 | 18 | 15 | 13 | 11 | 10 | 2461 | 365

9 |fastest| 51 | 39 | 31 | 26 | 22 | 19 | 17 | 15 | 13 | 11 | 10 | 09 |20%

10 | ful | 63 | 47 | 38 | 31 | 27 | 23 | 21 | 19 | 16 | 13 | 12 | 10 |2830 | 610

10 |-10tp| 54 | 41 [ 33 | 27 | 23 | 20 | 18 | 16 | 14 | 12 | 10 | 09 | 2461 | 241

10 |fastest| 49 | 37 | 29 | 25 | 21 | 18 | 16 | 15 | 12 | 11 | 09 | 08 | 2220

12 | ful | 52 | 39 | 31 | 26 | 22 | 20 | 17 | 16 | 1.3 | 11 | 10 | 09 | 2830 | 3%

12 |-10tp| 45 | 34 | 27 | 23 | 19 | 17 | 15 | 14 | 11 | 10 | 08 | 08 |2461 | 26

12 |fastest| 45 | 34 | 27 | 22 | 19 | 17 | 15 | 13 | 11 | 10 | 08 | 07 | 2435

14 | ful | 45 | 33 | 27 | 22 | 19 | 17 | 15 | 13 | 1.1 | 10 | 08 | 07 |2830 | 215

14 |-10tip

14 |fastest| 41 | 31 | 25 | 21 | 18 | 15 | 14 | 12 | 10 | 09 | 08 | 07 | 2615

15 | ful | 42 | 31 | 25 | 21 | 18 | 16 | 14 | 13 | 10 | 09 | 08 | 07 | 2830 | 135

15 |-10tip

15 |fastest| 40 | 30 | 24 | 20 | 17 | 15 | 13 | 12 | 10 | 09 | 07 | 07 |2695




Table 13. Breel ISOKINETIC REELING RATES, 3LITER BOTTLE, 5/16 inch nozzle

(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second maxvoli g . g
RATE -10vol.| = ==

in feet 150 | 200 | 250 | 3.00 | 350 | 400 | 450 | 5.00 | 6.00 | 700 | 800 | 9.00 |minvol[ S 7 &

2 full | 469 [ 352 [ 281 [ 234 [ 201 [ 176 | 156 [ 141 | 117 [ 100 | 88 | 7.8 | 2830 | 2118

2 |-10tip| 408 | 306 | 245 | 204 | 175 [ 153 [ 136 | 122 [ 102 | 87 | 76 | 68 | 2461 | 1749

2 |fastest|{ 118 | 88 | 71 | 59 | 51 | 44 [ 39 [ 35 | 290 | 25 | 22 | 20 | 712

3 full | 313 | 234 | 188 [ 156 | 134 | 117 | 104 | 94 | 78 | 67 | 59 | 52 | 2830 | 1837

3 |-10tip| 272 | 204 | 163 | 136 | 116 [ 102 | 91 | 82 | 68 | 58 | 51 | 45 | 2461 | 1468

3 |fastest| 1120 | 82 | 66 | 55 | 47 | 41 [ 37 | 33 | 27 | 23 | 21 | 18 | 993

4 full | 234 | 176 | 141 [ 127 [ 100 | 88 | 78 | 70 | 59 | 50 | 44 | 39 | 2830 | 1593

4 |-10tip| 204 | 153 | 122 | 102 | 87 | 76 | 68 | 61 | 51 | 44 | 38 | 34 | 2461 | 1224

4 |fastest| 102 | 77 [ 61 [ 51 | 44 [ 38 [ 34 | 31 | 26 | 22 | 19 | 17 | 1237

5 full | 188 | 141 [ 1123 | 94 | 80 | 70 | 63 | 56 | 47 | 40 | 35 | 31 | 2830 | 1379

5 |-10tip| 163 | 122 | 98 [ 82 | 70 [ 61 | 54 | 49 | 41 | 35 | 31 | 27 [2461 | 1010

5 |fastest| 96 | 72 | 58 | 48 | 41 [ 36 | 32 | 20 | 24 | 21 | 18 | 16 | 1451

6 full | 156 | 127 | 94 [ 78 | 67 | 59 | 52 | 47 | 39 | 33 | 29 | 26 | 2830 | 1190

6 |-10tip| 136 | 102 | 82 [ 68 [ 58 [ 51 | 45 | 41 | 34 | 29 | 25 | 23 [2461 | 820

6 |fastest| 91 | 68 | 54 | 45 | 39 | 34 [ 30 | 27 | 23 | 19 | 17 | 15 | 1641

7 full | 134 | 100 | 80 [ 67 | 57 | 50 | 45 | 40 | 33 | 29 | 25 | 22 | 2830 | 1021

7 |-10tip| 116 | 87 | 70 | 58 | 50 | 44 [ 39 | 35 [ 29 | 25 | 22 | 19 | 2461 | 652

7 |fastest| 86 | 64 | 51 | 43 [ 37 [ 32 [ 29 [ 26 | 21 | 18 | 16 | 14 | 1809

8 full [12.7 | 88 | 70 [ 59 | 50 | 44 | 39 | 35 | 29 | 25 | 22 | 20 [2830 | 870

8 |-10tipl|102 | 76 | 61 | 51 | 44 [ 38 [ 34 [ 31 ] 25 |22 [ 19 | 17 | 2461 | 501

8 |fastest|{ 81 | 61 | 49 | 41 [ 35 [ 30 | 27 [ 24 | 20 | 27 | 15 | 14 | 190

9 full [104 | 78 | 63 [ 52 [ 45 [ 39 [ 35 [ 31 [ 26 [ 22 [ 20 | 127 [2830] 734

9 |-10tip| 91 | 68 | 54 | 45 | 39 [ 34 [ 30 [ 27 [ 23 | 19 | 1.7 | 15 | 2461 | 365

9 |fastest| 7.7 | 58 | 46 | 39 | 33 | 290 [ 26 | 23 | 19 | 17 | 14 | 13 | 2096

0 | ful | 94 | 70 | 56 | 47 | 40 | 35 | 31 [ 28 | 23 | 20 | 1.8 | 16 [2830 | 610

10 |-10tip] 82 | 61 | 49 [ 41 | 35 [ 31 [ 27 [ 24 [ 20 | 127 | 15 | 14 | 2461 | 241

10 |fastest| 74 | 55 | 44 | 37 [ 32 | 28 [ 25 [ 22 | 18 | 16 | 14 | 1.2 | 2220

12 | ful | 78 | 59 | 47 | 39 | 33 | 29 | 26 | 23 | 20 | 27 | 15 | 1.3 [ 2830 | 396

12 |-10tip| 68 | 51 | 41 | 34 | 29 | 25 | 23 [ 20 | 17 | 15 | 1.3 | 11 [2461 | 26

12 Jfastest| 67 | 50 | 40 | 34 [ 20 | 25 [ 22 [ 20 | 27 | 14 | 13 | 11 | 2435

14 | ful | 67 | 50 | 40 | 33 | 20 | 25 [ 22 | 20 | 27 | 124 | 1.3 | 11 | 2830 | 215

14 [-10tip

14 lfastest| 62 | 46 | 37 | 31 [ 27 | 23 | 21 | 19 | 15 | 23 | 12 | 10 | 2615

15 | full | 63 | 47 | 38 | 31 ] 27 [ 23 |21 [ 19 |16 | 123 | 12 | 10 2830 | 135

15 |-10tip

15 |fastest| 60 | 45 | 36 | 30 | 26 | 22 | 20 | 1.8 | 15 | 13 | 1.1 | 10 | 2695




Table 14. Ereel ISOKINETIC REELING RATES, 3 LITER BOTTLE, 5/16 inch nozzle

(Reeling rates in SECONDS PER TURN; Depth is water depth-unsampled zone;

RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second TECBL 2
RATE -10vol.| 52 =

in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 | 7.00 | 800 | 9.00 |minvol|S " S

2 | full | 625 | 469 | 375 | 313 | 268 | 234 | 208 | 188 | 156 | 134 | 1.7 | 104 | 2830 | 2118

2 |-10tip| 543 | 408 | 326 | 272 | 233 | 204 | 181 | 163 | 136 | 116 | 102 | 91 | 2461 | 1749

2 |fastest| 157 | 118 | 94 | 79 | 67 | 59 | 52 | 47 | 39 | 34 | 29 | 26 | 712

3 | full | 417 | 31.3 | 250 | 208 | 179 | 156 | 139 | 125 | 104 | 89 | 78 | 69 | 2830 | 1837

3 |-10tip| 362 | 272 | 217 | 181 | 155 | 136 | 121 | 109 | 91 | 78 | 68 | 60 | 2461 | 1468

3 |fastest| 146 | 110 | 88 | 73 | 63 | 55 | 49 | 44 | 37 | 31 | 27 | 24 | 93

4 | full | 3.3 | 234 | 188 | 156 | 134 | 11.7 | 104 | 94 | 78 | 67 | 59 | 52 | 2830 | 1593

4 |-10tip| 27.2 | 204 | 163 | 136 | 116 | 102 | 91 | 82 | 68 | 58 | 51 | 45 | 2461 | 1204

4 |fastest| 137 | 102 | 82 | 68 | 59 | 51 | 46 | 41 | 34 | 29 | 26 | 23 | 1237

5 | full | 250 | 188 | 150 | 125 | 107 | 94 | 83 | 75 | 63 | 54 | 47 | 42 | 2830 | 1379

5 |-10tip| 21.7 | 163 | 130 | 109 | 93 | 82 | 7.2 | 65 | 54 | 47 | 41 | 36 | 2461 | 1010

5 |fastest| 128 | 96 | 77 | 64 | 55 | 48 | 43 | 38 | 32 | 27 | 24 | 21 | 1451

6 | full | 208 | 156 | 125 | 104 | 89 | 7.8 | 69 | 63 | 52 | 45 | 39 | 35 | 2830 | 1190

6 |-10tip| 181 | 136 | 109 | 91 | 78 | 68 | 60 | 54 | 45 | 39 | 34 | 30 | 2461 | 820

6 |fastest| 121 | 91 | 72 | 60 | 52 | 45 | 40 | 36 | 30 | 26 | 23 | 20 | 1641

7 | full | 179 | 134 | 107 | 89 | 77 | 67 | 60 | 54 | 45 | 38 | 33 | 30 | 2830 | 1021

7 |-10tip| 155 | 116 | 93 | 78 | 67 | 58 | 52 | 47 | 39 | 33 | 29 | 26 | 2461 | 652

7 |festest| 114 | 86 | 68 | 57 | 49 | 43 | 38 | 34 | 29 | 24 | 21 | 19 | 1809

8 | full | 156 | 117 | 94 | 78 | 67 | 59 | 52 | 47 | 39 | 33 | 29 | 26 | 2830 | 870

8 |-10tip| 136 | 102 | 82 | 68 | 58 | 51 | 45 | 41 | 34 | 29 | 25 | 23 | 2461 | 501

8 |fastest| 108 | 81 | 65 | 54 | 46 | 41 | 36 | 32 | 27 | 23 | 20 | 18 | 1960

9 | full 139 | 104 | 83 | 69 | 60 | 52 | 46 | 42 | 35 | 30 | 26 | 23 | 2830 | 734

9 |-10tip| 121 | 91 | 72 | 60 | 52 | 45 | 40 | 36 | 30 | 26 | 23 | 20 | 2461 | 365

9 |fastest| 103 | 7.7 | 62 | 51 | 44 | 39 | 34 | 31 | 26 | 22 | 19 | 17 |20%

10 | ful | 125 | 94 | 75 | 63 | 54 | 47 | 42 | 38 | 31 | 27 | 23 | 21 | 2830 | 610

10 |-10tip| 109 | 82 | 65 | 54 | 47 | 41 | 36 | 33 | 27 | 23 | 20 | 18 | 2461 | 241

10 |fastest| 98 | 74 | 59 | 49 | 42 | 37 | 33 | 29 | 25 | 21 | 18 | 16 | 2220

12 | ful 104 | 78 | 63 | 52 | 45 | 39 | 35 | 31 | 26 | 22 | 20 | 17 | 2830 | 3%

12 |-10tp| 91 | 68 | 54 | 45 | 39 | 34 | 30 | 27 | 23 | 19 | 17 | 15 |2461 | 26

12 |fastest| 90 | 67 | 54 | 45 | 38 | 34 | 30 | 27 | 22 | 19 | 17 | 15 | 2435

14 | ful | 89 | 67 | 54 | 45 | 38 | 33 | 30 | 27 | 22 | 19 | 17 | 15 |2830 | 215

14 |-10tip

14 lfastest| 83 | 62 | 50 | 41 | 35 | 31 | 28 | 25 | 21 | 18 | 15 | 14 | 2615

15 | ful | 83 | 63 | 50 | 42 | 36 | 31 | 28 | 25 | 21 | 18 | 16 | 14 | 2830 | 135

15 |-10tip

15 |fastest| 79 | 60 | 48 | 40 | 34 | 30 | 26 | 24 | 20 | 1.7 | 15 | 13 | 2695




Table 15. ISOKINETIC TRANSIT RATES, 3 LITER BOTTLE, 5/16 inch nozzle

(transit rates in feet per second; Depth is water depth - unsampled zone;
RATE, Full, fills bottle, -10tip fills bottle with no spillage up to a 10 degree down tip of the nozzle from horizontal; fastest is the fastest allowable rate for isokinetic sampling)
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max vol volume-
DEPTH RATE MEAN STREAM VELOCITY IN VERTICAL feet per second 10 vol. | min.vol.
in feet 150 | 200 | 250 | 300 | 350 | 400 | 450 | 500 | 6.00 [ 700 | 800 | 9.00 [minvol|] mL
2 full 0.03| 0.04| 005 006| 007| 0.09| 010| 011| 013]| 045| 0417| 0.19| 2830 | 2118
2 -10tip|] 0.04| 0.05| 006| 0.07| 009| 010| 011]| 012] 045] 017| 020]| 022| 2461 | 1749
2 |fastest| 0.13| 0.17| 021 025| 030| 0.34]| 038| 042| 051| 059| 068| 076 712
3 full 0.05| 006| 008 010| 011| 0.a3]| 014| 016| 019| 022| 026| 0.29| 2830 | 1837
3 -10tip| 006| 007| 0.09| 0.11| 0.13| 015| 047| 048| 022| 026| 029| 0.33] 2461 | 1468
3 |fastest] 0.14| 018| 0.23| 0.27| 032| 036| 041| 046| 055| 0.64| 0.73| 0.82| 993
4 full 0.06| 0.09| 011 013| 015| 0.47| 019| 021| 026| 0.30| 034| 038| 2830 | 1593
4 -10tip| 007| 010| 0212]| 0.15| 0.17] 020] 022 025| 029| 034 039| 044 2461 | 1224
4 |fastest|] 0.15| 0.20| 0.24]| 029| 034| 039| 044| 049| 059 068| 0.78| 0.88| 1237
5 full 008| 011 013] 016| 019| 0.21| 0.24| 027| 0.32| 037| 043| 0.48]| 2830 | 1379
5 -10tip| 009| 012| 0.15| 018| 021| 025| 028 031]| 037| 043| 049| 055]| 2461 | 1010
5 |fastestf 0.16| 0.21| 026| 031| 036| 042]| 047| 052| 062| 0.73| 0.83| 094| 1451
6 full 0.10| 0413| 016 019| 022| 0.26| 029| 032| 038| 045| 051| 058]| 2830 | 1190
6 -10tip| 011| 045| 018 022 026| 0.29| 033| 037| 044 052| 059| 066]| 2461 | 820
6 |fastest| 0.17| 022| 0.28| 033| 039| 044| 050| 055| 0.66| 0.77| 0.88| 0.99| 1641
7 full 0.11] 0.415| 019 022| 026| 0.30| 034| 037| 045| 052| 060| 0.67| 2830 | 1021
7 -10tip| 0.13| 017| 021] 026| 030| 034] 039| 043 052] 060| 069| 0.77| 2461 | 652
7 |fastest| 0.18| 0.23| 029 035| 041| 047 053] 058| 0.70| 0.82| 093| 1.05| 1809
8 full 013| 017 021| 0.26| 030| 034| 038 043| 051| 060| 0.68| 0.77] 2830 | 870
8 -10tip| 0.15| 020 025| 0.29| 034| 039] 044| 049| 059 069| 079| 0.88( 2461 | 501
8 |[fastest] 0.18| 0.25| 031| 037| 043| 049 055| 062| 074| 0.86| 099| 1.11| 1960
9 full 014 019| 024 029| 0.34| 0.38| 043| 048| 058| 0.67| 077 086| 2830 | 734
9 -10tip| 017| 022| 028]| 033] 039| 044| 050| 055| 066| 0O77| 0.88| 099| 2461 | 365
9 |fastest| 0.19| 026| 0.32| 039| 045| 052| 058| 065| 0.78| 0.91| 1.04| 1.17| 2096
10 full 016| 021| 027| 032| 037| 043| 048] 053| 064| 075| 0.85| 096] 2830 | 610
10 |-10tip| 018| 025| 031| 0.37| 043| 049| 055| 061]| 074] 086| 098] 2110|2461 | 241
10 |fastest] 020| 027| 0.34| 041| 048] 054| 061| 0.68| 082| 095| 1.09| 1.22| 2220
12 full 0.19| 026| 032 038| 045| 051| 058| 064| 077| 090| 102| 1.15| 2830 | 396
12 |-10tip| 0.22| 029| 037| 044| 052| 059| 066| 074| 088| 1.03| 118| 132|2461 | 26
12 |fastest| 0.22| 030| 037| 045| 052| 060| 067| 074| 089| 1.04| 1.19| 1.34| 2435
14 full 022 030| 037| 045| 052| 060| 0.67| 075| 090| 105| 1.19| 1.34] 2830 | 215
14 |-10tip
14 |fastest] 024| 032| 0.40| 048| 057| 065| 0.73| 0.81| 097| 113| 1.29| 1.45]| 2615
15 full 024| 032]| 040| 048| 056| 064| 0.72| 080| 096 112| 1.28| 144] 2830 | 135
15 |-10tip
15 |fastest|] 0.25| 0.34| 0.42| 050| 059| 067| 0.76| 0.84| 1.01| 1.18| 1.34| 1.51| 2695




Table 16. Minimum volumes for bag samplers

The volumes listed below are the minimum volumes in milliliters that must be
in a bag sampler to have not exceeded 0.4 times the mean stream velocity.

Generally bag samplers must be operated in water warmer that about 8 degrees
Celcius and where the velocity is greater than 3 feet per second.

WATER DEPTH NOZZLE DIAMETER WATER DEPTH
MINUS UNSAMPLED IN INCHES MINUS UNSAMPLED
ZONE IN FEET 316 | w4 | 516 ZONE IN FEET
1 27 48 75 1
2 54 96 151 2
3 81 145 226 3
4 109 193 301 4
5 136 241 377 5
6 163 289 452 6
7 190 338 528 7
8 217 386 603 8
9 244 434 678 9
10 271 482 754 10
11 298 531 829 11
12 326 579 904 12
13 353 627 980 13
14 380 675 1055 14
15 407 724 1131 15
20 543 965 1507 20
25 678 1206 1884 25
30 814 1447 2261 30
35 950 1688 2638 35
40 1085 1930 3015 40
45 1221 2171 3392 45
50 1357 2412 3769 50
55 1492 2653 4146 55
60 1628 2894 4522 60
65 1764 3136 4899 65
70 1899 3377 5276 70
75 2035 3618 5653 75
80 2171 3859 6030 80
85 2306 4100 6407 85
90 2442 4342 6784 90
95 2578 4583 7161 95
100 2713 4824 7537 100
120 3256 5789 9045 120
140 3799 6754 10552 140
160 4342 7718 12060 160
180 4884 8683 13567 180
200 5427 9648 15075 200

minimum volume = area of nozzle x time in water x mean stream velocity in vertical @a transit rate = 0.4 x mean stream velocity

minimum volume in ml = 15 x 3.14 x 2.54 cubed x nozzle dia in inches squared x depth in feet
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Table 17. A reel ISOKINETIC REELING RATES, 3LITER BAG, 1/4 inch nozzle

(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second mex:vol
RATE max vol f-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 7.00 | 800 | 9.00 ]| 1000 | 12.00 |minvol| mi

6 | ful | 900 | 7.50 | 643 | 563 | 500 | 450 | 375 | 321 | 281 | 250 | 225 | 188 | 2607 | 2318
6 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 29

8 | ful | 675 | 563 | 482 | 422 | 375 | 338 | 281 | 241 | 211 | 188 | 169 | 141 | 2607 | 2221
8 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 386

10 | ful | 540 | 450 | 38 | 338 | 300 | 270 | 225 | 193 | 169 | 150 | 135 | 113 | 2607 | 2125
10 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 483

12 | ful | 450 | 375 | 321 | 281 | 250 | 225 | 1.88 | 161 | 141 | 1.25 | 113 | 094 | 2607 | 2028
12 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 0.28 | 025 | 021 | 579

14 | ful | 386 | 321 | 276 | 241 | 214 | 193 | 161 | 138 | 121 | 1.07 | 096 | 0.80 | 2607 | 1931
14 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 0.28 | 025 | 021 | 676

16 | ful | 338 | 281 | 241 | 211 | 188 | 169 | 141 | 121 | 105 | 0.94 | 084 | 070 | 2607 | 1835
16 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 773

18 | ful | 300 | 250 | 214 | 188 | 167 | 150 | 125 | 107 | 094 | 083 | 075 | 0.63 | 2607 | 1738
18 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 869

20 | ful | 270 | 225 | 193 | 169 | 150 | 1.35 | 1.13 | 096 | 084 | 0.75 | 068 | 056 | 2607 | 1642
20 |fastest| 100 | 083 | 07L | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 966

22 | ful | 245 | 205 | 175 | 153 | 136 | 123 | 102 | 088 | 077 | 068 | 061 | O5L | 2607 | 1545
22 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 1062

24 | ful | 225 | 188 | 161 | 141 | 125 | 113 | 094 | 080 | 070 | 0.63 | 056 | 0.47 | 2607 | 1449
24 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 1159

26 | ful | 208 | 173 | 148 | 130 | 115 | 104 | 087 | 074 | 065 | 058 | 052 | 043 | 2607 | 1352
26 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1255

28 | ful | 193 | 161 | 133 | 121 | 107 | 096 | 0.80 | 069 | 060 | 054 | 048 | 040 | 2607 | 1255
28 | fastest| 100 | 083 | 07L | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 1352

30 | ful | 180 | 150 | 129 | 113 | 100 | 090 | 075 | 064 | 056 | 050 | 045 | 0.38 | 2607 | 1150
30 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 0.21 | 1449

35 | ful | 154 | 120 | 110 | 096 | 086 | 0.77 | 064 | 055 | 048 | 043 | 039 | 032 | 2607 | 917
35 |fastest| 100 | 083 | 0.71 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1690

40 | ful | 135 | 113 | 096 | 084 | 075 | 068 | 056 | 048 | 042 | 033 | 034 | 028 | 2607 | 676
40 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 1931

45 | ful | 120 | 100 | 086 | 075 | 067 | 060 | 050 | 043 | 038 | 033 | 030 | 025 | 2607 | 435
45 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 2173

50 | ful | 108 | 090 | 077 | 068 | 060 | 054 | 045 | 039 | 034 | 0.30 | 027 | 023 | 2607 | 193
50 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 2414

58 | ful | 102 | 085 | 073 | 064 | 057 | 051 | 042 | 036 | 032 | 028 | 0.5 | 021 | 2607 | 48
53 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 2559




Table 18. B reel ISOKINETIC REELING RATES, 3LITER BAG, 1/4 inchnozzle

(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second mex:vol
RATE max vol f-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 7.00 | 800 | 9.00 ]| 1000 | 12.00 |minvol| mi

6 | ful | 135 | 113 | 964 | 844 | 750 | 675 | 563 | 482 | 422 | 3.75 | 338 | 281 | 2607 | 2318
6 |fastest| 150 | 125 | 1.07 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 29

8 | ful | 101 | 844 | 7.23 | 633 | 563 | 506 | 422 | 362 | 316 | 281 | 253 | 211 | 2607 | 2221
8 |fastest| 150 | 1.25 | 1.07 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 386

10 | ful | 810 | 675 | 579 | 506 | 450 | 405 | 338 | 289 | 253 | 2.5 | 203 | 169 | 2607 | 2125
10 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 483

12 | ful | 675 | 563 | 48 | 422 | 375 | 338 | 281 | 241 | 211 | 1.88 | 169 | 141 | 2607 | 2028
12 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 579

14 | ful | 579 | 482 | 413 | 362 | 321 | 289 | 241 | 207 | 181 | 161 | 145 | 121 | 2607 | 1931
14 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 676

16 | ful | 506 | 422 | 362 | 316 | 281 | 253 | 241 | 181 | 158 | 141 | 127 | 105 | 2607 | 1835
16 | fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 773

18 | ful | 450 | 375 | 321 | 281 | 250 | 225 | 1.88 | 161 | 141 | 1.25 | 113 | 094 | 2607 | 1738
18 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 869

20 | ful | 405 | 338 | 289 | 253 | 225 | 203 | 160 | 145 | 127 | 113 | 101 | 084 | 2607 | 1642
20 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 966

22 | ful | 368 | 307 | 263 | 230 | 205 | 184 | 153 | 13L | 115 | 1.02 | 092 | 077 | 2607 | 1545
22 |fastest| 150 | 1.25 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 0.3L | 1062

24 | ful | 338 | 281 | 241 | 211 | 188 | 169 | 141 | 121 | 105 | 094 | 084 | 070 | 2607 | 1449
24 | fastest| 150 | 125 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 0.3L | 1159

26 | ful | 312 | 260 | 223 | 195 | 173 | 156 | 1.30 | 111 | 097 | 087 | 0.78 | 0.65 | 2607 | 1352
26 | fastest| 150 | 125 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 03L | 1255

28 | ful | 280 | 241 | 207 | 181 | 161 | 145 | 121 | 103 | 090 | 080 | 0.72 | 0.60 | 2607 | 1255
28 | fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 1352

30 | ful | 270 | 225 | 193 | 169 | 150 | 1.35 | 113 | 096 | 084 | 0.75 | 068 | 056 | 2607 | 1150
30 |fastest| 150 | 125 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 0.3L | 1449

35 | ful | 231 | 193 | 165 | 145 | 129 | 116 | 096 | 083 | 072 | 064 | 058 | 048 | 2607 | 917
35 |fastest| 150 | 1.25 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 031 | 1690

40 | ful | 203 | 160 | 145 | 127 | 113 | 101 | 084 | 072 | 063 | 056 | 051 | 042 | 2607 | 676
40 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1931

45 | ful | 180 | 150 | 120 | 113 | 100 | 090 | 0.75 | 064 | 056 | 050 | 045 | 038 | 2607 | 435
45 |fastest| 150 | 125 | 1.07 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 2173

50 | ful | 162 | 135 | 116 | 101 | 090 | 081 | 068 | 058 | 051 | 045 | 041 | 034 | 2607 | 193
50 |fastest| 150 | 1.25 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 031 | 2414

58 | ful | 153 | 127 | 109 | 096 | 085 | 0.76 | 064 | 055 | 048 | 042 | 038 | 032 | 2607 | 48
53 | fastest| 150 | 1.25 | 107 | 094 | 083 | 0.75 | 063 | 054 | 047 | 042 | 038 | 031 | 2559




Table 19. E reel ISOKINETIC REELING RATES, 3LITER BAG, 1/4 inch nozzle

(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second mex:vol
RATE max vol f-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 7.00 | 800 | 9.00 ]| 1000 | 12.00 |minvol| mi

6 | ful | 180 | 150 | 120 | 113 | 100 | 90 | 75 | 64 | 56 | 50 | 45 | 38 | 2607 | 2318
6 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 29

8 | ful | 135 | 113 | 964 | 844 | 750 | 675 | 563 | 482 | 422 | 375 | 338 | 281 | 2607 | 2221
8 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 386

10 | ful | 108 | 900 | 771 | 675 | 600 | 540 | 450 | 386 | 3.38 | 300 | 270 | 225 | 2607 | 2125
10 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 0.42 | 483

12 | ful | 900 | 750 | 643 | 563 | 500 | 450 | 375 | 321 | 281 | 250 | 225 | 183 | 2607 | 2028
12 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 579

14 | ful | 771 | 643 | 551 | 482 | 429 | 386 | 321 | 276 | 241 | 214 | 193 | 161 | 2607 | 1931
14 |fastest| 200 | 167 | 143 | 125 | 1.11 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 676

16 | ful | 675 | 563 | 48 | 422 | 375 | 338 | 281 | 241 | 211 | 1.88 | 160 | 141 | 2607 | 1835
16 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 773

18 | ful | 600 | 500 | 429 | 375 | 333 | 300 | 250 | 214 | 188 | 1.67 | 150 | 125 | 2607 | 1738
18 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 0.42 | 869

20 | ful | 540 | 450 | 38 | 338 | 300 | 270 | 225 | 193 | 169 | 150 | 1.35 | 113 | 2607 | 1642
20 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 966

22 | ful | 491 | 409 | 351 | 307 | 273 | 245 | 205 | 175 | 153 | 136 | 123 | 102 | 2607 | 1545
22 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1062

24 | ful | 450 | 375 | 321 | 281 | 250 | 225 | 1.88 | 161 | 141 | 125 | 113 | 094 | 2607 | 1449
24 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 0.42 | 1159

26 | ful | 415 | 346 | 297 | 260 | 231 | 208 | 173 | 148 | 130 | 115 | 104 | 0.87 | 2607 | 1352
26 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1255

28 | ful | 386 | 321 | 276 | 241 | 214 | 193 | 161 | 138 | 121 | 1.07 | 096 | 0.80 | 2607 | 1255
28 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1352

30 | ful | 360 | 300 | 257 | 225 | 200 | 180 | 150 | 129 | 113 | 1.00 | 0.90 | 075 | 2607 | 1159
30 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 0.42 | 1449

35 | ful | 309 | 257 | 220 | 193 | 171 | 154 | 120 | 110 | 096 | 086 | 0.77 | 064 | 2607 | 917
35 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1690

40 | ful | 270 | 225 | 193 | 169 | 150 | 135 | 113 | 096 | 084 | 075 | 068 | 056 | 2607 | 676
40 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1931

45 | ful | 240 | 200 | 171 | 150 | 133 | 120 | 100 | 0.86 | 075 | 067 | 060 | 050 | 2607 | 435
45 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 2173

50 | ful | 216 | 180 | 154 | 135 | 120 | 1.08 | 090 | 077 | 068 | 0.60 | 054 | 045 | 2607 | 193
50 |fastest| 200 | 167 | 143 | 125 | 111 | 1.00 | 083 | 071 | 063 | 056 | 050 | 042 | 2414

58 | ful | 204 | 170 | 146 | 127 | 113 | 102 | 085 | 073 | 064 | 057 | 051 | 042 | 2607 | 48
53 | fastest| 200 | 167 | 143 | 125 | 111 | 1.00 | 083 | 071 | 063 | 056 | 050 | 042 | 2559




Table 20. ISOKINETIC TRANSIT RATES, 3LITER BAG, 1/4 inch nozzle
(Transit rate, in feet per second; Depth, is water depth - unsampled zone;
RATE: full; fills bottlel; fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH| pare MEAN STREAM VELOCITY IN VERTICAL feet per second max vol | VOlUMme-
-10 vol. |min. vol

in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 7.00 | 800 | 9.00 | 1000 | 1200 |minvol| mL

6 ful | 01| 013]| 016] 018] 020] 022 027] 031] 036]| 040| 044| 053] 2607 | 2318

6 |fastest| 100| 120| 140| 160] 180 200| 240| 280 320| 360| 400] 480| 29

8 full | 045| 048] 021| 024] 027] 030 036] 041] 047| 053] 059| 071 2607 | 2221

8 |fastest| 100| 120| 140| 160] 180 200| 240 280| 320| 360| 400] 480| 386

10 | ful | 019] 022] 026 030] 033] 037| 044] 052 059| 067] 074 089] 2607 | 2125

10 |fastest| 100] 120] 140| 160| 180| 200| 240] 280] 320| 360| 400| 480| 483

12 | ful | 022] 027] 031 036] 040] 044| 053] 062 071] 080] 089] 107| 2607 | 2028

12 |fastest| 100| 120| 140| 160| 180| 200| 240| 280| 3.20| 360| 400| 480| 579

14 | ful | 026] 031 036 o041] o047] 052| 062] 073] 083] 093] 104| 124| 2607 | 1931

14 |fastest| 100| 120 140| 160] 180] 200| 240] 280| 320| 360| 400| 480| 676

16 | ful | 030] 036] 041| 047] 053] 059| 071] 083 095 107| 119| 142| 2607 | 1835

16 |fastest| 100 120] 140| 160| 180| 200| 240] 280] 320| 360| 400| 480| 773

18 | ful | 033] 040] 047 053] 060] 067| 080] 093] 107| 120 133 160| 2607 | 1738

18 |fastest| 100| 120] 140| 160| 180| 200| 240] 280] 320 360] 400| 480| 869

20 | full | 0837 o044 o052| 059] 067] 074 089] 104] 119 1.33| 148| 178| 2607 | 1642

20 |fastest| 100| 120 140 160| 180] 200| 240 280| 3.20| 360| 400| 480| 966

22 | full | 041| o049] o057| 065 073] 081 098] 114| 1.30| 147| 163| 196| 2607 | 1545

22 |fastest| 100| 120| 140 160] 180] 200| 240 280| 320| 360| 400| 480] 1062

24 | full | 044 053] o062] 071] 080] 089 107| 124 142| 160| 178| 213| 2607 | 1449

24 |fastest| 100| 120 140 160| 180] 200| 240 280| 320| 360| 400| 480| 1159

26 | full | 048] 058] 067] 077] 087] 096 116| 135 154| 1.73| 193] 231| 2607 | 1352

26 |fastest| 100| 120 140| 160] 180] 200| 240| 280| 320| 360| 400| 480| 1255

28 | full | 052| o062] 073| 083] 093] 104| 124| 145 166| 187 207| 249| 2607 | 1255

28 |fastest| 100| 120 140| 160| 180] 200| 240 280| 320| 360| 400| 480] 1352

30 | full | 056| o067] o078] 089] 100| 111| 133 156| 1.78| 200| 222| 267| 2607 | 1159

30 |fastest| 100| 120 140 160] 180] 200| 240 280| 320| 360| 400| 480| 1449

35 | full | 065] o078 o091| 104] 117] 130| 156] 181] 207| 233 259| 83411| 2607 | 917

35 |fastest| 100| 120 140| 160] 180] 200| 240| 280| 320| 360| 400| 480| 1690

40 | ful | o074] 089 104| 119] 133| 148| 178 207| 237| 267| 296| 356| 2607 | 676

40 |fastest| 100| 120| 140| 160] 180| 200| 240 280 320| 360| 400| 480| 1931

45 | ful | o083] 100| 117| 133] 150| 167| 200| 233 267| 300| 333| 400| 2607 | 435

45 |fastest| 100| 120| 140| 160] 180] 200| 240| 280| 320| 360| 400| 480| 2173

50 | full | 093] 111| 130| 148| 167| 185| 222 250| 296| 333| 370| 444| 2607 | 193

50 |fastest| 100| 120 140| 160] 180] 200| 240| 280| 320 360 400| 480| 2414

58 | full | 098] 118| 137| 157| 177] 196| 236] 275 3.14| 353| 393| 471| 2607 | 48

53 |fastest| 100| 120| 140 160| 180] 200| 240] 280| 3.20| 360| 400 480] 2559




Table 21. A reel ISOKINETIC REELING RATES, 3 LITER BAG, 5/16 inch nozzle
(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second LA
RATE max vol }-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 700 | 800 | 900 ] 1000 | 1200 |minvol| ml

2 | ful | 173 | 144 | 123 | 108 | 96 | 86 | 7.2 | 62 | 54 | 48 | 43 | 36 | 2604 | 2453
2 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 151

4 | ful | 863 | 719 | 616 | 539 | 479 | 431 | 350 | 308 | 270 | 240 | 216 | 180 | 2604 | 2302
4 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 302

6 | ful | 575 | 479 | 411 | 359 | 319 | 288 | 240 | 205 | 180 | 160 | 144 | 120 | 2604 | 2151
6 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 453

8 | ful | 431 | 350 | 308 | 270 | 240 | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 2604 | 2000
8 |fastest| 100 | 083 | 07L | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 604

10 | ful | 345 | 288 | 246 | 216 | 192 | 173 | 144 | 123 | 108 | 09 | 086 | 072 | 2604 | 1849
10 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 7%

12 | ful | 288 | 240 | 205 | 180 | 160 | 144 | 120 | 103 | 090 | 080 | 072 | 060 | 2604 | 1698
12 [fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 906

14 | ful | 246 | 205 | 176 | 154 | 137 | 123 | 103 | 088 | 077 | 068 | 062 | 05L | 2604 | 1547
14 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1057

16 | ful | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 077 | 067 | 060 | 054 | 045 | 2604 | 139%
16 | fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1208

18 | ful | 192 | 160 | 137 | 120 | 106 | 096 | 080 | 068 | 060 | 053 | 048 | 040 | 2604 | 1245
18 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1359

20 | ful | 173 | 144 | 123 | 108 | 096 | 086 | 072 | 062 | 054 | 048 | 043 | 036 | 2604 | 1094
20 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 0.3L | 028 | 025 | 021 | 1509

22 | ful | 157 | 131 | 112 | 098 | 087 | 078 | 065 | 056 | 049 | 044 | 039 | 033 | 2604 | 943
22 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1660

24 | ful | 144 | 120 | 103 | 090 | 080 | 072 | 060 | 051 | 045 | 040 | 036 | 030 | 2604 | 792
24 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 1811

26 | ful | 133 | 111 | 095 | 083 | 074 | 066 | 055 | 047 | 041 | 037 | 033 | 028 | 2604 | 642
26| fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 1962

28 | ful | 123 | 103 | 088 | 077 | 068 | 062 | 051 | 044 | 039 | 034 | 031 | 026 | 2604 | 401
28 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 2113

30 | ful | 115 | 096 | 08 | 072 | 064 | 058 | 048 | 041 | 036 | 032 | 029 | 024 | 2604 | 340
30 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 2264

32 | ful | 108 | 090 | 077 | 067 | 060 | 054 | 045 | 039 | 034 | 030 | 027 | 022 | 2604 | 189
32 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 031 | 028 | 025 | 021 | 2415

34 | ful | 101 | 08 | 072 | 063 | 056 | 051 | 042 | 036 | 032 | 028 | 025 | 021 | 2604 | 38
34 |fastest| 100 | 083 | 071 | 063 | 056 | 050 | 042 | 036 | 03L | 028 | 025 | 021 | 2566




Table 22. B reel ISOKINETIC REELING RATES, 3LITER BAG, 5/16 inch nozzle
(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second =G
RATE max vol {-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 700 | 800 | 900 | 1000 | 2200 |minvol| ml

2 | ful | 259 | 216 | 185 | 162 | 144 | 129 | 108 | 92 | 81 | 72 | 65 | 54 | 2604 | 2453
2 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 151

4 | ful | 129 | 108 | 924 | 809 | 719 | 647 | 539 | 462 | 404 | 350 | 323 | 270 | 2604 | 2302
4 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 302

6 | ful | 863 | 719 | 616 | 539 | 479 | 431 | 359 | 308 | 270 | 240 | 216 | 180 | 2604 | 2151
6 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 453

8 | ful | 647 | 530 | 462 | 404 | 359 | 323 | 270 | 231 | 202 | 180 | 162 | 135 | 2604 | 2000
8 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 64

10 | ful | 518 | 431 | 370 | 323 | 283 | 259 | 216 | 185 | 162 | 144 | 129 | 108 | 2604 | 1849
10 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 75

12 | ful | 431 | 359 | 308 | 270 | 240 | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 2604 | 1698
12 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 906

4 | ful | 370 | 308 | 264 | 231 | 205 | 185 | 154 | 132 | 116 | 103 | 092 | 077 | 2604 | 1547
14 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1057

16 | ful | 323 | 270 | 231 | 202 | 180 | 162 | 135 | 116 | 101 | 090 | 08L | 067 | 2604 | 13%
16 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 1208

18 | ful | 288 | 240 | 206 | 180 | 160 | 144 | 120 | 103 | 090 | 080 | 072 | 060 | 2604 | 1245
18 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1359

20 | full | 250 | 216 | 185 | 162 | 144 | 129 | 108 | 092 | 081 | 072 | 065 | 054 | 2604 | 1004
20 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1509

22 | full | 235 | 196 | 168 | 147 | 131 | 118 | 098 | 084 | 074 | 065 | 059 | 049 | 2604 | 943
22 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1660

24 | full | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 077 | 067 | 060 | 054 | 045 | 2604 | 7%
24 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1811

26 | full | 199 | 166 | 142 | 124 | 111 | 100 | 083 | 071 | 062 | 055 | 050 | 041 | 2604 | 642
26 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 1962

28 | full | 185 | 154 | 132 | 116 | 103 | 092 | 077 | 066 | 058 | 051 | 046 | 039 | 2604 | 4ol
28 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 2113

30 | full | 173 | 144 | 123 | 108 | 096 | 086 | 072 | 062 | 054 | 048 | 043 | 036 | 2604 | 340
30 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 2264

32 | full | 162 | 135 | 116 | 101 | 090 | 081 | 067 | 058 | 051 | 045 | 040 | 034 | 2604 | 189
32 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 031 | 2415

34 | ful | 152 | 127 | 100 | 095 | 085 | 076 | 063 | 054 | 048 | 042 | 038 | 032 | 2604 | 38
34 |fastest| 150 | 125 | 107 | 094 | 083 | 075 | 063 | 054 | 047 | 042 | 038 | 03L | 2566




Table 23. E reel ISOKINETIC REELING RATES, 3 LITER BAG, 5/16 inch nozzle
(REELING RATE, in SECONDS PER TURN; DEPTH, is water depth-unsampled zone;
RATE; full, fills bottle, fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH MEAN STREAM VELOCITY IN VERTICAL feet per second =G
RATE max vol {-min. vol
in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 700 | 800 | 900 | 1000 | 2200 |minvol| ml

2 | ful | 345 | 288 | 246 | 216 | 192 | 173 | 144 | 123 | 108 | 96 | 86 | 72 | 2604 | 2453
2 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 151

4 | ful | 173 | 144 | 123 | 108 | 958 | 863 | 719 | 616 | 539 | 479 | 431 | 359 | 2604 | 2302
4 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 32

6 | ful | 115 | 958 | 821 | 719 | 639 | 575 | 479 | 411 | 359 | 319 | 288 | 240 | 2604 | 2151
6 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 453

8 | ful | 863 | 719 | 616 | 539 | 479 | 431 | 359 | 308 | 270 | 240 | 216 | 180 | 2604 | 2000
8 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 604

10 | ful | 690 | 575 | 493 | 431 | 383 | 345 | 288 | 246 | 216 | 192 | 173 | 144 | 2604 | 1849
10 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 75

12 | ful | 575 | 479 | 411 | 350 | 319 | 288 | 240 | 205 | 180 | 160 | 144 | 120 | 2604 | 1698
12 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 906

14 | ful | 498 | 411 | 352 | 308 | 274 | 246 | 205 | 176 | 154 | 137 | 123 | 108 | 2604 | 1547
14 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1057

16 | ful | 431 | 359 | 308 | 270 | 240 | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 2604 | 13%
16 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1208

18 | ful | 383 | 319 | 274 | 240 | 213 | 192 | 160 | 137 | 120 | 106 | 09 | 080 | 2604 | 1245
18 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1359

20 | full | 345 | 283 | 246 | 216 | 192 | 173 | 144 | 123 | 108 | 096 | 086 | 072 | 2604 | 1094
20 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1509

22 | full | 314 | 261 | 224 | 196 | 174 | 157 | 131 | 112 | 098 | 087 | 078 | 065 | 2604 | 943
22 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1660

24 | full | 288 | 240 | 205 | 180 | 160 | 144 | 120 | 103 | 090 | 080 | 072 | 060 | 2604 | 7%
24 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 1811

26 | full | 265 | 221 | 190 | 166 | 147 | 133 | 111 | 095 | 083 | 074 | 066 | 055 | 2604 | 642
26 | fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 1962

28 | full | 246 | 205 | 176 | 154 | 137 | 123 | 103 | 088 | 077 | 068 | 062 | 051 | 2604 | 4ol
28 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 2113

30 | full | 230 | 192 | 164 | 144 | 128 | 115 | 096 | 082 | 072 | 064 | 058 | 048 | 2604 | 340
30 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 2264

32 | full | 216 | 180 | 154 | 135 | 120 | 108 | 090 | 077 | 067 | 060 | 054 | 045 | 2604 | 189
32 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 05 | 050 | 042 | 2415

34 | full | 208 | 169 | 145 | 127 | 113 | 101 | 085 | 072 | 063 | 056 | 051 | 042 | 2604 |
34 |fastest| 200 | 167 | 143 | 125 | 111 | 100 | 083 | 071 | 063 | 056 | 050 | 042 | 2566




Table 24. ISOKINETIC TRANSIT RATES, 3LITER BAG, 5/16 inch nozzle
(Transit rate, in feet per second; Depth, is water depth - unsampled zone;
RATE: full; fills bottlel; fastest, is the fastest allowable rate for isokinetic sampling)
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DEPTH| e MEAN STREAM VELOCITY IN VERTICAL feet per second max vol{ VOIUMe
-10 vol. [min. vol

in feet 250 | 300 | 350 | 400 | 450 | 500 | 600 | 7.00 | 800 | 900 | 1000 | 1200 [minvol| mL

2 ful | 006] 007] 008] 009] 010] 012| 014] 016] 019]| 02| 023] 028] 2604 | 2453

2 |fastest| 100| 120| 140| 160] 180| 200| 240| 280 320| 360| 400] 480 151

4 ful | 012| 014| 016] 019] o021] 023| 028] 032] 037| 042| 046| 056| 2604 | 2302

4 |fastest| 100] 120] 140| 160| 180 200| 240| 280] 320| 360| 400| 48| 302

6 ful | 047| o021] o024| 028 031] 035| 042| 049 056| 063] 070| 083| 2604 | 2151

6 |fastest| 100| 120| 140| 160] 180| 200| 240| 280 320| 360| 400| 48| 453

8 ful | 023| o028] 032| 037] o042| 046 056 065 074| 083] 093] 111| 2604 | 2000

8 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480 604

10 | ful | 029] 035| o041 046] 052] 058| 070] 081] 093] 104| 116| 139| 2604 | 1849

10 |fastest| 100| 120 140| 160] 180] 200| 240] 280] 320| 360 400| 480| 7%

12 | ful | 035] o042 o049 o056] 063 070| 083] 097 111| 125| 139 167| 2604 | 1698

12 |fastest| 100| 120| 140| 160] 180] 200| 240] 280 320| 360| 400| 480| 906

14 | ful | o041| o049] o057| 065] 073] 081 097] 114 130| 146| 162| 195| 2604 | 1547

14 |fastest| 100] 120| 140| 160] 180] 200| 240] 280] 320| 360| 400| 480| 1057

16 | ful | 046] 056] 065| o074] 083] 093| 111] 130 148| 167| 18| 223| 2604 | 139

16 |fastest| 100| 120 140 160] 180 200| 240] 280 320| 360| 400| 480| 1208

18 | ful | o052 o063] 073| 083] 094] 104| 125 146| 167| 188 209| 250| 2604 | 1245

18 |fastest| 100| 120| 140| 160| 180 200| 240| 280| 320| 360| 400| 480| 1359

20 | ful | o058] o070 o08t| 093] 104] 116| 139| 162 186 209| 232| 278| 2604 | 1094

20 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480| 1509

2 | full | oe4| o77] o0s9| 102] 115] 128 153] 179] 204| 230| 255| 306| 2604 | 943

22 |fastest| 100| 120| 140| 160] 180] 200| 240 280 320| 360| 400| 480| 1660

24 | ful | o70| o083 o097| 111] 125 139| 167 195| 223| 250| 278| 334 2604 | 792

24 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480| 1811

26 | full | o075| o090| 106| 121] 136| 151| 181| 211| 241| 271| 301| 362| 2604 | 642

26 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480| 1962

28 | full | os1| o97| 114| 130| 146] 162| 195| 227] 260| 292| 325| 390| 2604 | 401

28 |fastest| 100| 120| 140| 160| 180] 200| 240 280 320| 360| 400| 480| 2113

30 | full | o0s87| 1o4| 122| 139] 157| 174| 209| 243 278| 3413| 348| 417| 2604 | 340

30 |fastest| 100 120| 140| 160| 180] 200| 240] 280 320 3.60| 400| 480| 2264

32 | full | 093] 111 130| 148| 167| 186| 223] 260| 297| 334| 371| 445| 2604 | 189

32 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480| 2415

34 | full | 099| 118 138| 158| 177| 197| 237 276 315| 355| 394| 473| 2604 | 38

34 |fastest| 100| 120| 140| 160] 180] 200| 240| 280 320| 360| 400| 480| 2566
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