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Summary of Technical Testimony in the
Colorado Water Division 1 Trial

The Colorado Water Division 1 Water The case, which began in 1976, wgn§
h

Rights trial was one of the most sig-to trial in 1991 and was decided i
nificant federal reserved instream flow 1993. During the year-long trial th
water rights cases to occur since thgudge heard from 49 expert witness

Supreme Court of the United Statesand evaluated 1,500 exhibits. The
ruled in the case of United States v.case was unusual in that more than qng

New Mexico in 1978. In Water Divi- half of the testimony dealt with thg¢
sion 1, the United States filed federalhighly technical sciences of hydrolog
claims for channel maintenancegeomorphology, and sediment tran
instream flows based on the Organicport.

Act interpretation of favorable condi-

tions of water flows. These claims to A recent publication by the Rock
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instream flows were challenged by theMountain Station (General Technical 5. sTREAM:S28A

State of Colorado and water conserReport RM-GTR-270) Summary of

vancy districts in northern Colorado the Technical Testimony in the Col

that divert water from national forests. rado Water Division 1 Triglsumma-
rizes the technical data and inform

The United States claimed it neededion pertaining to the disciplines

to keep a certain amount of water ingeomorphology, hydrology, and se

the headwater streams of the Laramienent transport mechanics presented

and South Platte Rivers on the Arapa-the court.

hoe, Roosevelt, Pike, and San Isabel

National Forests to protect streamNancy Gordon, senior co-author of th

channels and timber. OpponentsbookStream Hydrology: An Introduc/

feared future development of watertion for Ecologists read more than

storage projects within the National 15,000 pages of court transcripts

Forests would be nearly impossible if prepare the summary.

channel maintenance instream water

rights were granted. A major purpose of the document is
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The technical summary is prepared in two parts:

1. An Executive SummarfRM-GTR-270a, 4 pages) in-

tended primarily for managers which summarizes the hi
tory of federal reserved water rights, outlines the major i
sues argued in the case, and presents the court’s decisi

2. The Simmary of Technical Testimony in the Colorad
Water Division 1 Trial (RM-GTR-270, 140 pages) in-

tended for those interested in a detailed understanding
the case and its technical arguments. It includes sectic
about:

 History and policy issues

Theories on channel formation and maintenance

The character of streams in Water

Division 1

Field data collection and analysis

Sediment transport in mountain streams

The United States quantification procedure.

In his ruling, Judge Behrman recognized that reserved w
ter rights of the United States include channel maintenan
purposes. However, with respect to specific claims, Jud
Behrman concluded that the United States failed to shc
that the reserved water rights claimed are necessary to f
serve the timber or to secure favorable water flows for pi
vate and public uses under state law and that the Unit
States failed to establish the minimum amount of wat:

summarize the large amount of technical testimony abogéeded.

fluvial geomorphology, hydrology, and sediment transport

mechanics. The summary discusses channel formation arisk court, however, granted the United States reserved wé
maintenance, as viewed by scientists with differing opinrights for administrative sites and fire-fighting purposes ar
ions, and allows readers to form their own judgment abogliggested that the Forest Service use its special use peri

the technical merit or validity of differing viewpoints.

ting authority to control water diversions within the Na-
tional Forests in lieu of obtaining water rights.

The publication is also intended to help managers and sci-

entists understand how one experienced water court ju
viewed the testimony and technical evidence presented.

falal

3\.&
YCopies of 8mmary of Technical Testimony in the Colorad

highlighting some of the strengths and weaknesses, reader#/ater Division 1 Trial RM-GTR-270, 140 pages) are
can learn important lessons and hopefully use that knowyl-available from STREAM upon request. Send electronic

edge to make future instream flow quantification effort

requests via Data General (S28a), E-mail (/s=stream/
oul=s28a@mhs-fswa.attmail.com), or FAX (970-498-1660).

more understandable and compelling in a legal framework.
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Stream Habitat Quantification by Use of the Froude Number

Robert J. Danehy In field practice Fr can be calculated as
James M. Hassett

The analysis of aquatic habitats in streams has been t|&» =
: : 3

subject of much research during the past 40 years. Tt g;-';l

traditional visual classification of pool and riffle categories

has been modified to include numerous descriptive classegere TW = top width

However, visual classification schemes are gualitative and Q = discharge

subjective and do not allow for objective quantification and A = cross sectional area.

statistical comparisons across a range of stream habitat

types. Use of the Froude number provides an objectiguation (2) is exactly equivalent to equation (1). Cons

way to classify and analyze habitat units. quently, the Froude number can be computed by measuri
channel width, cross sectional area, and discharge at s

The Froude numbef() is used by hydraulic engineers tocific stream cross sections.

describe types of flowkr, derived from a force balance on

an element of incompressible fluid, can be expressed asBiologists have recently begun to use this tool in the anal
sis of habitat. Heede and Rinne (1990) suggested tha

P'E (1) hydraulic approach to aquatic habitat analysis could in
Fr=|— prove our understanding of the relationship between fis
&Y and flow. Statzner and Higler (1986) used hydraulic cha
acter to describe patterns of aquatic insect distributio
where Fr = the Froude number Jowett (1993) analyzed 1,112 stream sites in New Zeala
V2= the average cross sectional velocity (V=Q&and showedFr values for pools to be less than 0.18 Bnd
A) values for riffles to be greater than 0.41.
y = the hydraulic depth

g= the acceleration due to gravity. Danehy (1994) examined aquatic habitat in a small (11

km?) central New York watershed. Stream flows and 3
Fr can be thought of as the ratio of kinetic energy (propocross-sections one bankfull width apart were obtained
tional toV2) to potential energy (proportional &y). Fr 13 sites during summer low flow conditionBr (for each
values greater than 1 describe supercritical or shooting floeross section) anBr variance (for each site) were calcu-
Fr values less than 1 describe subcritical or tranquil flowlated using equation 2.
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Figure 1. Froude number longitudinal and frequency distributions at 31 cross sections at two sites on Onondagz
Tully, New York.

Figure 1 is a comparison of two sites by longitudinal andt the Cows site predominated by pools while brook trot
frequency distribution oFr. The lowerFr values at the were found only at the Tully Farms Road site containin
Cows site indicate the predominant pool habitat while thmore riffles.

higher values at Tully Farms Road describe a more riffle

dominate environment. The distribution and size of brook comparison of the means of the 13 sites (Table 1) ser

trout (Salvelinus fontinalijsand brown troutRalmo truttd  rates the sites into distinct groups. Méarranged from
reflect those differences with much larger brown trout foun@l.13 to 0.47. Using Jowett’s criteria, a single site (Webst
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The Froude number can be an important addition to tl
aquatic ecologist’s tool box. The ability to describe habit:
quantitatively is a clear improvement over the many qual
tative approaches that have been proposed. From a m
practical standpoint, stream restoration projects are fr
quently managed by an engineer. The ecologist who ¢
express habitat concerns in terms meaningful to the en
neer is more likely to be heard.
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fish habitat. Fr variance for a reach provides additiona

important information. High variance indicates heterogg-
neous habitat which should be reflected in more diverge

communities. In Danehy (199#&y variance differences
between pool-riffle channels from higher gradient step-po
channels were evident. Pool-riffle channels h&d aari-
ance of less than 0.50 whereas the more complex step-p
channels had &r variance > 0.50.

While mearFr is a measure of habitat type, variance is
a measure of habitat complexity.
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The AGU system, which is an extension of the Wentworth scal
is widely used because size classes vary by doubling of the lov
class (e.g., 2, 4, 8, 16, 32, etc.) and the sizes correspond clos
to United States standard sieve mesh openings.

The actual size of particles may be based on:

(1) sieve diameter (the size of a square opening through whi
the particle will just pass),
(2) sedimentation diameter (based on the terminal settling v

locity of a sphere), or
‘ (3) the nominal diameter (the diameter of a sphere of the sal
volume as the given patrticle).

In practical application, the nominal diameter of large particle
(generally greater than 2 mm) is estimated by measuring the
termediate axis (neither the longest nor shortest of three mu
ally perpendicular sides of a patrticle).

Dear Doc Hydro: It seems like there are many differ-
ent ways to classify particle sizes. Is there a particle
size classification standard that is widely accepted?

Particle dimensions are normally expressed in millimeters. Hoy
High particle size variability is a common trait of many naturakver, in sedimentology literature, particle size (D) is often e>
rivers. The range of particle sizes in a river may span five Ol’d%ﬁessed in phig) units where they are derived from the equa
of magnitude. Consequently, the properties of an individual pagion:
ticle are largely irrelevant, and the behavior and characteristics

of groups of particles takes on increased significance. For this @ = -log,D (mm) = -3.3219 logD(mm).
reason, it is both necessary and convenient to group sediments
into different size classes. The minus sign was introduced so that sand sizes would he

positive numbers. The phi index is useful because it normaliz
As a result, numerous classification systems have developegrticle size distributions so they can be analyzed using pa
Most are essentially arbitrary and can be found in the engineefetric statistics and plotted directly on arithmetic graph pape!
ing, geologic, and fisheries literature. Most are based on the
metric system; however, a few early classification approache®yr detailed particle size classification, many users classify pe
used English units. ticles into 1/2¢ unit classes which increase by the (e.g., 2,
2.6,4,5.6,8,11.3,16, 22.6, 32, etc.) to achieve added precisi
The table on the following page shows some of the most com-
monly used particle size classification systems and allows reagy,c Hydro encourages use of the AGU system for consisten

comparison among them. Note that there is a remarkable degggRong those studying stream channel characteristics and s
of similarity between the various systems especially with respegims.

to size class breaks. Most differences are related to nomencla-

ture. This can be a problem, especially when people use thige table on the following page was originally developed by staff

same words but mean something different. the USGS Hydrologic Laboratory, Denver, Colorado, and modified fo
this presentation.

The most common classification system used in stream studies

in the United States is that proposed by the American Geophysi-

cal Union (AGU) (Lane, 1947). While there is no official stan-

dard in the strict sense, the vast majority of professional practi-

tioners use the AGU system.
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Editorial Policy
Federal Interagency
Sedimentation Project To make this newsletter a success, we neaghtary con-
Technical Advisory Committee tributions of relevant articles or items of general interest
YOU can help by taking the time to share innovative af
Larry Schmidt, Program Manager, proaches to problem solving that you may have develope
Stream Systems Technology Center,
is the new Forest Service representative on the Federal Please submit typed, single-spaced contributions limited
teragency Sedimentation Project Technical Advisory Comwo pages. Include graphics and photos that help explz
mittee (FISP Committee). The interagency technical conideas.
mittee addresses sediment instrumentation and measure-
ment techniques. We reserve editorial judgments regarding appropriate re
evance, style, and content to meet our objectives of ir
Larry assumed the responsibility at the October meetingoving scientific knowledge. Send all contributions to
replacing Dr. Howard Halverson, Forest Hydrology LaboStream Systems Technology Center, Attention: STREAL
ratory, Oxford, Mississippi. The Forest Service will chaiNOTES Editor.
the Technical Committee during FY 1996.

USDA policy prohibits discrimination because of race, color, national origin, sex, age, religion, or handicapping condition. Any perso
who believes he or she has been discriminated against in any USDA-related activity should immediately contact the Secretary of|Agri
ture, Washington, DC 20250.
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