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DEPARTMENT OF ECOLOGY
STREAMFLOW PRESERVATION PROGRAM

FLOW PRESERVATION CONCEPTS

Low Flow Restrictions

The need to maintain flows in streams in sufficient quantity to support
game and food fish populations was originally set forth as a state
policy under Title 75 RCW in 1949. Under Section 75.20.050 RCW it was
established that the Supervisor of Hydraulics (now the Director, Depart-
ment of Ecology) shall notify the directors of the departments of Fish-
aries and Game of applications for permits to divert surface waters and
he may refuse to issue such permits if, in the opinion of the directors
of Fisheries or Game, the diversions might result in lowering the flow
of water in any stream below the flow necessary to adequately support
food fish and game fish.

Since the enactment of this law, the involved agencies have communicated
their interests in water right applications primarily through biweekly
or monthly meetings in which the respective impacts of proposed diver-—
sions are thoroughly aired with respect to their effects on the fishery
resource. Through such discussions, low-flow or other restrictive
permit provisions are recommended by the Fishery and Game agencies to
accommodate their interests and, where appropriate, these are accepted
and applied to the respective water right permits. Many such low-flow
provisos have been applied to individual rights over the years, but
because of changing personnel and a lack of data, in many cases, there
is little justification or uniformity among the low-flow values selected
for different streams.

Minimum Flows

Recognizing the inadequacy of existing flow preservation activities, the
Legislature enacted a new law in 1967 to provide a more definitive
systematic approach to solving this problem. Under this law, codified
as Chapter 90.22 RCW and entitled "Minimum Water Flows and Levels,”
authority was granted to the Department of Ecology to establish minimum
stream flows and lake levels by administrative rule for purposes of
protecting fish, game, birds, or other wildlife resources, Or recreational
or aesthetic values, or to preserve water quality. The initiation of
such action may either be at the request of the Department of Fisheries,
the Game Commission, or by the Department of Ecology (which presently
includes the former Department of Water Resources and the Pollution
Contrcl Commission). In this law, hearing procedures were established
but no attempt was made to define criteria for determining how much flow
should be retained in each stream to protect instream resources and
environmental values.

To develop suitable methodology for evaluating instream flow requirements,
several investigations were initiated by the involved agencies. These



studies produced some results, but it became evident that considerably
more research is needed on this complex subject area before truly usable
relationships can be established between streamflow quantities, the
fishery resource, and other envirommental parameters. Consequently, to
date, although much effort has been expended in evaluating many streams,
only one minimum flow regulation has been promulgated under Chapter
90.22 RCW.

Base Flows

In the Water Resources Act of 1971, the Legislature took additional
action to affirm the state's interest in preserving instream values
through a declaration of fundamentals for utilization and management of
state waters. Contained in the third fundamental is a statement that
the quality of the natural enviromment shall be protected and, where
possible, enhanced through the retention of sufficient base flows in
perennial streams to provide for preservation of wildlife, fish, scenic,
aesthetic, and other envirommental and navigational values.

From a hydrologic sense, the term base flow normally refers to:

1. Those flows sustained in a stream during periods of fair
weather or;

2. That component of streamflow primarily derived from ground-
water effluent.

In perennial streams, ground water usually contributes to streamflow to
some degree throughout the year, consequently, it is reasonable to view
base flow as a year round phenomenon. Base flows, as described in the
Water Resources Act, have therefore, been broadly interpreted as the
lower levels of flow that occur in a stream.

Although base flow and minimum flow concepts are similar in intent,
legal and technical procedures associated with development and promul-
gation of base flow regulations are somewhat less cumbersome than those
related to minimum flow. Considering this advantage, and the need for
expeditious implementation of a state-wide flow preservation program to
prevent further deterioration of instream values, the Department of
Ecology has decided to concentrate its efforts on the development of
base flow regulations.

In addition to stated envirommental purposes, base flows constitute an
allocation of part of the resource and, as such, serve as a foundation
for water resource accounting and further planning activities, including
allocation of the remaining resource among competing uses.

BASE FLOW ACTIVITY

Within the state water resource program, the base flow activity, as
currently envisioned, consists of four basic elements. Descriptions of
these elements, together with procedures that will be followed in the
development and implementation of base flow regulations, are presented
in the following sections.



Stream System Analysis

Fundamental to sound base flow management is the need for a well designed
streamflow measurement network that is capable of adequately controlling
water diversions in all parts of each basin. Since the effectiveness of
a flow control station is inversely related to the size of the drainage
system it measures and, similarly, to distance from the various diver-
sions within that drainage system, it is necessary to employ enough flow
measurement stations to obtain a reasonable degree of sensitivity to the
the water diversions being monitoread.

Considering the critical nature of the monitoring network, the initdial
step in base flow analysis is to examine existing streamflow records to
identify those sites best suited for flow management. Generally, exist-
ing or former comtinuous record stream gaging stations will be used for
base flow control whenever possible while, in areas devoid of such

record, sites are selected where a few or more miscellaneous flow measure-
ments have been made. Usually it is preferable to select flow control
sites that are located near the mouth of the main stem stream and the
mouths of major tributaries.

Concurrent with streamflow station selection, the basin (usually a water
resource inventory area) is subdivided into logical segments (tributary
drainages or stream reach units) that can be managed by each control
station. Ideally, flow from or through each management unit should be
controlled by a station at or near its downstream end or outlet. With
control at such locations, all diversion activity above the station is
reflected in flows measured at the statiom.

Upstream control (control station located above all or some of the
diversions in a management unit), while possible, presents exceedingly
complex management problems. Unlike downstream control, water diver-
sions below an upstream control station do not affect flows at the
station. Consequently with this type of control, different regulatory
flow levels are necessary for each affected diversion. Upstream control
stations should, therefore, be avoided whenever possible and employed
only where downstream control is not feasible. Detailed descriptions of
management procedures for both types of control situations are presented
below in the section on water right regulation.

For purposes of clarity and organization, designated control stations
and management units are identified on water resource inventory area
(WRIA) base maps and tabulated in downstream order on forms developed
for the environmental stream rating process. A sample of a stream
system analysis as prepared for the Chehalis River Basin, iz shown in
Figures 1, 2, 3, and 4 and Tables 1 and 2.

In the control station sections of Tables 1 and 2, each management unit
is identified by stream name, reach description, control station number,
and location of the station by river mile, seection, township and range.
If a management unit is described by stream name only, the entire stream
system from headwaters to mouth, including tributaries, is included
within the unit. Abbreviated description, in addition to the stream




name (nonstandard veach description), is provided if the unit consists
of only a part of the total pamed stream basin.

Small triangles on Figures I and 3 identify beginning and end points of
stream reaches or end points of entire streams and tributaries described
in the stream system analysis.

Figures 2 and 4 show the location of flow measurement sites, designated
as control stations, and some information about the type of streamflow
record that is available for each site. Numbers assigned to each station
generally correspond to the middle four digits of identifying numbers

for United States Geological Survey stream gaging statioms.

Stream Classification

Since stream and watershed environments vary widely, not only among
different stream systems but also within each drainage, it is reasonable
to assume that some streams will require higher levels of base flow than
others to adequately preserve their environmental values. A procedure
was, therefore, developed whereby these differences could be identified
and, in turn, used as a foundation for defining different levels of base
flow.

As discussed previously, Section 90.54.020(3) RCW of the Water Resources
Act requires that base flows be retained in perennial streams to preserve
various envirommental and navigational values. Following this guidance,
a simple rating system was devised for differentiating the relative
envirommental value of these parameters. The parameter rating system is
based on a scale of numerical values ranging from "four' for very high
value or usage to "zero" for no value or usage. Water quality standards
are incorporated in the system using a similar scale ranging from "four"
for the highest class (AA) to "one' for the lowest class (C). Parameter
definitions and the rating system are presented in condensed form in
Tables 3 and 4.

To maintain a resonable degree of uniformity and balance in the rating
process, a stream classification committee was formed consisting of
representatives from seven different state agencies that have a general
interest or responsibility in the area of stream related activities.
The representative of the Department of Ecology serves as chairman of
this group (see Table 5). Although the rating process is generally
controlled by the committee, each committee member is free to utilize
other expertise from within his organization or from other suitable
sources, including other govermmental agencies or quasi-governmental
groups, in developing rating values that represent his agency's views.

Prior teo the actual rating process, member agencies are assigned those
parameters most closely associated with their area of interest and
authority. Each committee member then rates these parameters for the
management units identified through stream system analysis. In geo-
graphic areas where member agencies lack authority or background, a
committee member may choose to withdraw from the rating process for that
particular area or stream system. Finally, after all rating forms are
submitted to the chairman, composite total rating values are prepared



for each management unit, by adding average rating values for each
parameter.

A stream classification rating for the Chehalis River Basin is shown in
the right half of Tables 1 and 2. Generally, total rating values for
all management unitg in this basin ranged from 9 to 21 with the median
value being about 15. It should be noted that the maximum possible
rating for & stream management unit is 24 while the lowest score would
be 1,

Base Flow Level Definition

Discharge~Duration Hydrograph

In order to establish specific base flow levels at control stations by

a consistent standardized procedure, a hydrographic framework was
developed, based on commonly used and accepted statistical techniques.
This framework, called a discharge-duration hydrograph, shows the
relative yvear-round expectancy of different levels of streamflow for a
particular stream location based on an analysis c¢f historical streamflow
record for that lecation. Flow expectancy or frequency of cccurrence is
shown on a discharge-duration hydrograph in terms of the percent-cf-time
that the indicated daily discharges (or flows) have been equaled or
exceeded during the period of record analysis. To show a complete flow-
picture, a discharge-duration hydrograph is constructed as a family of
hydrographic curves with each individual curve displaying a specific
percent-of-time exceedance frequency level.

Since most streams experience a wide range in flows between wet and dry
periods, it is normally more practical to use a semi-—logarithmic plot
for discharge—duration hydrographs, with daily flow values as ordinates
along the logarithmic scale and time In days as abscissa on a uniform
scale. Such a plot, because of mathematical relationships, has an
additional value of displaying recessional streamflow, which normally
occurs in spring and summer, as a straight line or nearly a straight
line,

Computer programs have been developed for calculating and plotting
discharge-duration hydrographs from continuous record streamflow data.
Where oniy miscellaneous or short—-term flow records are available, it is
possible to construct duration hydrographs through regression relation-
ships with highly correlated long-term records collected at nearby
gaging stations. Sample discharge—duration hydrographs for Chehalis
Basin control stations are shown in Figures 5 and 6.

Conversion Curve

Base flow levels are developed within the discharge-duration hydrograph
framework through a conversion curve defining the relationship between
environmental stream rating and percent—of-time flow duration (Figures 7
and 8). The conversion curve relationship evolved through interagency
negotiations, an analysis of minimum flow requirements for fish and an
assessment of other instream needs. Studies of fish requirements,
particularly in western Washington, pointed to a general critical need



for flow during the spring to summer rearing period, while flow needs

for fish spawning and migration are more easily met during the high-flow
period. These relationships indicated that it would be desirable to use
different conversion curves for high-flow and low-flow periods. After
considerable debate, it was the concensus of involved agency participants
that the 95 percent-of-time flow-duration hydrograph would serve as a
guide for base flows during all high-flow periods while a variable
percent duration, based on stream rating value, would be used during
low-flow periods.

High-flow periods of the hydrograph are distinguished from low-flow
periods by a simple process of comparing the median daily flow for the
entire period of record analysis to the 50 percent-of-time discharge~
duration hydrograph curve. High-flow periods are those where the 50
percent of time hydrograph curve exceeds the median flow and, conversely,
low-flow periods are identified by the time when the 50 percent curve is
below the median flow.

Base Flow Hydrograph Construction

The controlling hydrograph curve that serves as a basis for final base
flow level definition is constructed as follows:

1. Identify high and low~-flow periods.

2. Delineate the 95 percent of time hydrograph curve during high
flow.

3. Delineate a low-flow period curve parallel to adjacent
hydrograph curves at the appropriate percent level.

4, Connect the two curves with a smooth transition line covering
a two month period of time, starting one month before the time
when the 50 percent of time curve crosses the median flow and
extending one month beyond this date.

Detailed hydrographs prepared in this manner are then used as the basis
for developing final working hydrographs. The working hydrographs are
constructed by a series of connected straight lines that closely approxi-
mate the detailed hydrograph shape but eliminate anamolous irregulari-
ties that distort general flow trends. Normally the basic semi-log
plotted hydrograph can be closely approximated with about four to six
straight line segments. In regulation form, specific points along each
straight line segment of the final base flow hydrograph are described by
flow value and date.

Base Flow Management

Administrative Rules

RCW 90.54.040(1} directs the Department of Ecology to adopt appropriate
rules and regulations to assure that waters of the state are utilized
for the best interests of its people. Rules defining base flow levels
and describing management procedures are therefore being developed for



adoption as an integral part of each comprehensive basin water manage-
ment program. Each basin regulation will be tailored to accommodate
specific problems and usually, in addition to base flow, only appropriate
elements will be included in each regulation. Considering base flow and
related aspects, each regulation will normally include sections to
establish base flows, to confirm historical stream closures and define
new closures, to establish appropriation limits and to define management
procedures and relationships among these elements. To amplify the
regulations, it is anticipated that much of the administrative detail on
base flow management will be incorporated in agency standard operating
procedures,

Streamflow Control

As stated previcusly, the foundation for base flow management is an
adequate flow measurement network for controlling out-of-stream water
diversions. In the conduct of field activities to maintain base flow
levels, certain key control stations will be designated as regional
streamflow indicators. These stations could be incorporated as part of
the Columbia River Operational Hydro-Meteorological Management System
(CROHMS), an integrated system run egsentially by federal agencies for
the rapid or real time monitoring of hydrologic and meteorlogic data.
The key control station network shall be used to monitor general stream-
flow conditions and will serve to identify where flows are approaching
required base flow levels, thus signaling when water right regulation
will be necessary. During periods of critical flow, all control stations
will be monitored directly in the field as conditions require.

Water Right Regulation

The implementation of any type of flow preservation program greatly
increases the complexity of water right regulation activities. With the
addition of base flow requirements, water right regulation can essen-
tially be divided intoc three different phases:

1. Water rights established later than the effective date of a
bagse flow regulation -

a. For management units with downstream control, when
streamflow recedes to established base flow levels, the
upstream diversions under such rights are stopped in
order of priority until there is sufficient flow at the
control station to meet or exceed the required base flow.

b. For management units with upstream control, to assure the
maintenance of established base flow levels below the
station, a specific downstream water diversion within the
management unit must be stopped when the flow at the gage
is equal to the established base flow, plus the amount of
the water right diversion in question added to the amount
of other downstream diversions in the management unit
that have water right priority dates between the time
when the base flow was established and the priority date
of the specified diversion.




2. Water rights established before the effective date of a2 base
flow regulation that are subject to low-flow restrictions-—

a. For water rights with low-flow restrictions that are
equal to or less than base ilow requirements, diversion
shall be controlled in priority sequence according to
individual conditions of each low=-flow proviso.

b. For water rights with low-flow restrictions that exceed
base flow requirements, the Department of Ecology, in
concert with the principle of priority based on time,
shall take no action to regulate such rights until alil
diversions under rights subject to base flows have been
curtailed.

3. Water rights established before the effective date of a base
flow regulation that are not subject to iow-flow restrxictions.
Such rights are regulated in priority sequence only when there
is insufficient water available to accommodate all rights in
this category and only after diversion has been curtailed
under all other rights that are subject to flow restrictionms.

In addition to the foregoing, minimum flow regulations may be promulgated
under authority of Chapter 90.22 RCW to supersede base flow regulations
and, in such cases, a fourth phase would be superimposed on the water
right regulation system. Here base flow requirements, specified for
water rights in existence prior to the effective date of the minimum

flow regulation, remain in force, while water rights holding priorities
later than that date are only subject to the minimum flow restrictions.
If base flows can be established, however, that will adequately accommo-
date instream requirements, there will be little need for imposing
additional restrictions on streams through the minimum flow procedure.
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TABLE 3

PARAMETER DEFINITIONS

Wildlife Values

Tncludes use values for wild animals and birds. Fisgh are
excluded.

Fish Values

Tneludes use values for propagation, rearing, and migration
of fish, and values of streams for fishing.

Scenic and Aesthetic Values

Includes audible and visual values of natural beauty associ-
ated with flowing streams and their surroundings.

Navigational Values

Refers to commercial and recreational boating, including
canoeing, kayaking, and rafting. '

Other Environmmental Values

Refers to other miscellanecus envirommental values not
covered under the above parameters and includes other
forms of recreation, such as swimming and wading.

Water Quality Standards

Refers to Washington Water Quality Standards as revised and
adopted on June 19, 1973.



STREAM CLASSIFICATION SYSTEM FOR DETERMINING BASE FLOW LEVELS
BASED ON RELATIVE ENVIRONMENTAL PRESERVATION INTEREST

Parameters

Wildlife Values

Fish Values

Scenic and Aesthetic Values
Navigation Values

Other Environmental Values

Water Quality Standards

TABLE 4

Basis of Rating

Very high value or heavy usage
Generally high value or usage
Moderate value or usage
Low value or light usage

No value or usage

Class AA
Class A or Lake Class
Class B

Class C

(VH)
(#)
M)
(L)
()

Rating Value




Department
.Department
Department
Department

Department

TABLE 5

BASE FLOW STREAM CLASSIFICATION
COMMITTEE MEMBERSHIP AGENCIES

of Ecology

of Fisheries

of Game

of Natural Resources

of Highways

Interagency Committee for Outdoor Recreation

State Parks and Recreation Commission



