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35 This is particularly true for release studies at
Sacramento. Release studies at Courtland
(downstream of Sacramento) showed less dramatic
improvement with the Cross Channel closed,
suggesting that other factors such as those included
in the USFWS model are also at work.

36 Approximating this line was done through a
standard least squares ‘‘best fit’’ computation.

EPA believes that on the San Joaquin
River the management measures
recommended by USFWS (with the
minor adjustments described below)
will protect the designated uses.
Accordingly, the criteria index values
for the San Joaquin were derived from
the modeled values associated with
these management measures.

(a) Sacramento River Fish Migration
Criteria

On the Sacramento River, the criteria
index values vary according to the water
temperature at Miller Park at the time of
the tagged fish release. ‘‘Ceiling’’ and
‘‘floor’’ criteria index values are
included to reflect the fact that at very
high water temperatures, the Fish
Migration use needs additional
protection, and at very low water
temperatures, temperature is unlikely to
affect fish migration. The actual index
values have been set to replicate the
survival values that would be attained if
the Delta Cross-Channel were closed
during the critical spring migration
period. The Sacramento River tagged-
fish release results indicate that, except
in very high temperature periods, those
periods in which the Delta Cross-
Channel is closed provide aquatic
conditions allowing for the protection of
the Fish Migration designated use.

(I) Using Temperature as the
Independent Variable for the Criteria. In
the Proposed Rule, Sacramento River
criteria varied according to water year
types reflecting precipitation in the
Sacramento River Basin. Using water
year type as the ‘‘independent variable’’
in the criteria allowed EPA to match
criteria index values with the natural
variation in precipitation. Further
analysis of the USFWS tagged-fish
release studies suggests that temperature
is a dominant factor influencing salmon
smolt survival in the Sacramento River.
Temperature at release alone is
significantly related to salmon smolt
survival (Letter from P. Fox to L. Hoag,
California Urban Water Agencies, dated
July 13th, 1994).

Because water temperature in the
Delta is largely independent of
management measures in the Delta (in
that it varies naturally with ambient
weather conditions), EPA will adopt
final Fish Migration criteria that vary
based on water temperature. That is, the
criteria index values will call for higher
smolt survival at lower water
temperatures, and lower smolt survival
at higher water temperatures. This
variation in the criteria index values
with temperature follows the pattern of
the natural variability of temperature
and survival existing on the Sacramento

River during periods in which the Fish
Migration designated use is attained.

Although it is generally adopting
water temperature as the independent
variable for the Sacramento River Fish
Migration criteria, EPA is modifying the
approach in two ways in order to better
protect the designated use. First, at very
high water temperatures (those above
72° F), measured smolt survival index
values approach zero. These high
temperature conditions are clearly not
consistent with protection of the Fish
Migration use. Protective measures
should therefore be used to increase
survival of smolts throughout this
period, even at times of high
temperature. To this end, USFWS has
recommended additional management
measures (primarily export restrictions)
to restrict passage of fish into the warm
waters of the central Delta and, thus,
lower mortality of smolts as they pass
through the Delta (USFWS 1992a). It is
EPA’s judgment that these measures
should be used to reduce the serious
degradation in migration conditions
occurring during high temperature
periods. EPA believes, therefore, that a
‘‘floor’’ to the Fish Migration criteria is
appropriate so as to encourage efforts to
protect salmon during these periods of
high temperature. EPA has included
such a ‘‘floor’’ at the 72° F temperature
level in its final Sacramento River Fish
Migration criteria.

Similarly, at lower temperatures, the
smolt survival index values likely
approach a maximum at some point.
The highest survival index recorded
(1.48) coincided with the lowest
temperature at release recorded during
salmon smolt survival experiments
(61°F). Below this temperature, it is
unlikely that lower water temperatures
would lead to a substantially increased
survival. In other words, once water
temperature reaches the lower
temperatures beneficial to smolt
survival, additional decreases in the
temperature would not be expected to
significantly increase survival. This
suggests that the Fish Migration criteria
should include a ‘‘ceiling’’ value
associated with those low temperatures.
Otherwise, the criteria would state that
continued lowering of water
temperature should yield higher and
higher survival. This result is unlikely
to be valid. EPA is therefore placing a
‘‘ceiling’’ on the criteria index values
corresponding to the 61°F level.

(II) Establishing criteria values. To set
the actual criteria values, the final rule
relies on the recommendation by
USFWS that the Delta Cross Channel be
closed at critical times during the spring
salmon migration period (USFWS
1992a). Recent investigations by USFWS

indicate that closing the Delta Cross
Channel is the most important factor in
the protection of smolts on the
Sacramento River (USFWS 1992b). The
historical experimental release results
support this hypothesis, in that data
points derived from periods when the
Cross Channel was closed show a
significant and consistent improvement
in survival compared to periods when it
is open (USFWS 1992b).35

Based on this beneficial relationship
between survival and the closure of the
Delta Cross Channel, EPA has
concluded that criteria index values
corresponding to a closed Delta Cross
Channel (adjusted to provide a floor for
high temperature periods) would reflect
conditions protecting the Fish Migration
designated use on the Sacramento River.
Accordingly, the final rule adopts
criteria index values, stated (as
explained below) as a continuous
function or line, to approximate 36 the
experimental survival index values
observed for Sacramento releases during
periods in which the Channel is closed.
The continuous function or line for
these criteria index values can be stated
as a simple linear equation (Index value
= 6.96 ¥ .092 * Fahrenheit
temperature).

This approach to developing criteria
index values addresses some of the
concerns about the criteria index
equations raised in the public comments
and at the CUWA scientific workshops.
Some commenters believed that the
complexity and structure of the
equations resulted in too much
uncertainty about their statistical
reliability. The revised approach used in
the final rule reduces this problem
because it sets the criteria index values
using observed tagged-fish release
results instead of modeled or computed
values.

The final criteria index value line
described above very closely
approximates the line created by
doubling the historical survival data
measured at times that the Delta Cross
Channel is open. These different lines,
and the underlying data, are
summarized in Figure 4. Although not
intentional, the near-coincidence of the
final criteria index value line and the
doubling line provides an independent
policy rationale for adopting this target
index, in that the Central Valley Project


