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Hydrology for Reasonable and Prudent Alternative

I.

INTRODUCTION

The Fish and Wildlife Service (Service) and the Bureau of Reclamation
(Reclamation) have developed an alternative to the Animas-La Plata Project
(Project) that would offset the likelihood of jeopardy to the endangered
Colorado.squawfish.
The reasonable and prudent alternative described in the op1n1on relies upon
the redistribution of water released from Reclamation's Navajo Reservoir to
augment spring peak flows and to more closely mimic the natural hydrograph.
The Recovery Implementation Program will include at least 7 years, of research,
accompanied by research flows, to better �efine the needs of the fish. The
long-term (life of the Animas-La Plata Project) release of �ater from Navajo
Reservoir to the habitat areas may be modified from those supplied during the
research period as more fnformation i� gathered and analyzed� but it is
currently intended that water which is released from Navajo Dam be released in
such a manner as to mimic the pattern of a natural hydrograph.

The hydrology analysis that supports the jeopardy conclusion of the full
Animas-La Plata Project is presented in the projects effect-section of the
opinion. This analysis of the reasonable and prudent alternative was
presented to the Biology Committee assembled by Reclamation to develop the
biological basis for a reasonable and prudent alternative that could be
presented to the Service. The analysis of the full Project looked at the
historic flow regime (pre-Navajo Dam), the current or baseline flow, and the
flow with the full Animas-La Plata Project for a-series of wet, average, and
dry years. This analysis of the reasonable and prudent alterriative will
consider the historic flow regime, the baseline flow with Navajo Reservoir
operated to mimic the natural hydrograph and the initial construction of the
Animas-La Plata Project that includes construction of Ridges Basin Reservoir,
Durango Pumping Plant, and the Inlet Pipeline with an annual depletion of
57,100 acre-feet for the same series of wet, average; and dry years.
Key Water Management Options Included in the Reasonable and Prudent
Alternative

It is very important that the water management options underlying this
reasonable and prudent alternative be described accurately and completely.
These decisions ·have a direct, major effect on the magnitude and timing of the
flows that are available to provide habitat in the San Juan River fo�
endangered fish. These key elements were presented to the ·Biology Committee
at their meeting on December 6-7, 1990, as an explanation of the assumptions
underlying potential measures that might form a reasonable and prudent
alternative.
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The 7-year research period is designed to allow biologists to test
th.e relationship between varying hydrographs and the reproductive
and recruitment success of squawfish. This will involve the
testing Df a wide range of flows. Depending on the natural
contribution of tributaries such ,as the Animas River, varying
volumes of water will be required to be delivered from Navajo Dam.

At the end of the approximately 7-year research period, the Navajo
Dam and Reservoir would be used to mimic a natural hydrograph for
the life .of the Project based upon the research. Mimicry of the
natural hydrograph consists of high spring flows that provides a
gradually ascending limb fol.lowed by a gradually declining
recession limb to low, stable flows throughout the summer, fall
and winter. Based �n results of the hydrologic modeling conducted
during the development of the above alternative, it was
Reclamation's opinion, and also the conclusion of the Biology·
Committee, that an additional 57, 100 acre-feet depletion would not
appreciably affect Reclamation's ability to mimic the natural
hydr·ograph under current. leve 1 s of depletion of the San Juan
River.
C.

Computer mode.ling of water availability

· An important part of providing suitable habitat conditions for the
squawfish is the assurance that water will be available at the end
of the 7-year research period should the research indicate that
storage water from Navajo Reservoir is needed to supplement the
spring peak flows.
A com�uter model was prepared which simulated the hydrologic
.conditions on the San Juan River, both at current depletion levels
and with additibnal future depletions. Annual releases for
squawfish from 100, 000 acre-feet td 500, 000 acre-feet were
modeled, and the results were studted by fishery biologists
familiar with the endangered fish and the San Juan River Basin.

Releases as· high as 500, 000 acre-feet could be provided in a
significant number of years, but the water level in Navajo
Reservoir would be lower most of the time than it would be for
smaller annual releases. This �ould result in lower spring spills
that contribute to more natural flow patterns most of the time and
higher spring flows a smaller percentage of the time. The Biology
Committee and the Service believe that, under the current level of
depletion and with the Animas-La Plata Project depleting 57,100
acre-feet annually, an annual release of 300, 000 acre-feet most
closely resembles the natural spring flow pattern.
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If and when the level of depletions increases (through
future project depletions), some balancing of benefits will
be required. Lowering the level at which releases are
discontinued will allow the release of water for endangered
fish in more years, but the reservoir will spill less
frequently resulting in a sharper "spike" in the hydrograph.
Keeping this target level will preserve the gravity
diversio� for Navajo Indian Irrigation Project and preserve
a more "natural" shape of the hydrograph, but will reduce
the number of years that releases can be made.
D.

Includes only 57,100 acre-feet of Animas-La Plata Project
Depletion
The reasonable and prudent alternative to the full Animas-La Plata
Project (198,200 acre-feet diverted, 154,800 acre-feet depleted)
as presented to the Service by Reclamation includes the
construction of Ridges Basin Reservoir, the inlet pipeline and the
Durango Pumping Plant. Only the delivery system associated with
the depletion of 57,100 acre-feet will be built.
The reasonable and prudent alternative includes the delivery of
41,700 acre-feet in Colorado, of which 32,500 acre-feet are
designated for the Southern Ute and Ute Mountain Ute Tribes. It
is anticipated that this diversion will result in a depletion of
34,600 acre-feet. This also includes the diversion of 38,400
acre-feet in New Mexico, of which 7,600 acre-feet are designated
for the Navajo Nation. It is anticipated that this diversion will
result in a depletion of 19,200 acre-feet. The total diversion in
both states is 80,100 acre-feet, resulting in a total depletion of
53,800 acre-feet. In addition, a depletion of 3,300 acre-feet
will occur as a result of evaporation from Ridges Basin Reservoir.
Thus the average annual depletion to the San Juan River as a
result of the reasonable and prudent alternative will be 57,100
acre-feet. A table describing the depletions more fully is
attached.

The table describes the Municipal and Industrial (M & I)
components of the Project. Water supply projects with on-line
reservoirs normally store spring peak flows in high witer years
for redistribution during low flow periods. Since the Animas-La
Plata Project is fed by an off-stream reservoir, and the demand is
less that the supply, the pattern of depletions is directly
related to demand. Other components of the Animas-La Plata
Project may be substituted for the M & I portion, as long as the
net depletion from the San Juan River does not exceed 57,100 acre
feet and the pattern of use (and rate of return flow) is not
different from the Animas M & I features.
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Animas-La Plata Project
Phase 1 Water Supply and Depletions
(Acre-Feet)
Irrigation
Colorado
Non- Indian
Southern Ute
Ute Mountain Ute

Diversion

Depletion

72,200

57,800

3,300

2,600

25,760

20,600

16,000

12,900

840

600

16,840

13,500

9,200

4,600

26,500

24,000

6,000

6,000

41,700

34,600

30,800

15,400

7,600

3,800

38,400

19,200

*

3,300

*

New Mexico
Non-Indian
Ute Mountain Ute
Municipal and Industrial
Colorado
Animas-La Plata
Southern Ute
Ute Mountain Ute
New Mexico
San Juan Water Com.
Navajo Nation
Reservoir Evaporation
Ridges Basin
Southern Ute

*

Total Project Supply and Depletion
Total Municipal and Industrial Depletion
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3,200

=======

======

198,200

154,800
57,100

*

Discussion
The reasonable and prudent alternative, including the key water management
decisions discussed earlier, was analyzed using the same hydrologic model that
was used for the analysis of the full Animas-La Plata Project. This was done
to permit comparisons between the full Project depletion and the reasonable
and prudent alternative. The period of record selected for the analysis was
1935 to 1962. From this period, two wet, two dry, and two average years were
selected for analysis based upon water volumes during the spring runoff. Wet
years selected were 1938 and 1949, dry years were 1946 and 1951, average years
were 1936 and 1945. The six figures showing the flow patterns resulting from
the implementation of the reasonable and prudent alternative are included
(Figures 1-6).
1.

Reoperated at current (baseline) level of depletion.
The first step in the analysis is to investigate the opportunities
for improving the flow pattern by reoperating Navajo Dam. The
level of depletions is identical to the Section 7 baseline (listed
in Table 3) in the biological opinion. Under this scenario, the
minimum release below Navajo Dam for trout was reduced to 300 cfs
and a 300,000 acre-feet release for endangered fish was made in
June whenever possible. The release for endangered fish was able
to be made in 96 percent of the years.
a.

Magnitude of peaks compared to historic�
The level of depletion in the San Juan River Basin has
increased since the pre-Navajo Dam era and Navajo Dam is
storing water during the peak runoff; therefore, the peaks
are lower than historic. During wet years, for instance,
the historic peaks in 1938 and 1949 were 11,478 cfs and
12,566 cfs respectively. Under the current level of
depletion, Navajo Dam can be operated to achieve peaks of
9,281 cfs and 10,84S cfs respectively. These peaks are
comparable to the 1987 peak of 9,026 cfs (Figure 7).
During average years, the historic peaks in 1936 and 1945
were 6,905 cfs and 7,419 cfs respectively. Under the
current level of depletion, Navajo Dam can be operated to
achieve peaks of 6,705 cfs and 7,888 cfs respectively.
While comparable to the historic spring peaks, these flows
are significantly less than the 1987 spring peak.
In dry years, the spring peak can be enhanced significantly
with storage releases from Navajo Dam. Historic peaks in
1946 and 1951 were 3,427 cfs and 3,169 cfs respectively.
Under the current level of depletion, Navajo Dam can be
operated to achieve peaks of 6,988 cfs and 6,648 cfs
respectively. These peaks are comparable to historic peaks
in an average year, but fall short of the peak in 1987.
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b.

Shape of hydrograph (ascending/descending limbs).
During wet years, Navajo Dam is refilling, and the ascending
limb of the hydrograph falls short of historic flows (see
figures). Since this storage provides the bulk of the flows
in average and dry years, it is not practical to restrict
spring storage in wet years. The descending limb in wet
years closely approximates the historic flows.
During average years, the ascending limb of the hydrograph
more closely approximates the historic pattern, but some
increased use and/or storage is reflected in the flows
received at the habitat area. The descending limb in
average years closely approximates the historic flow
pattern.
In dry years, only the minimum release for trout is in the
stream until the slug release in June. This results in a
very steep ascending limb of the hydrograph. Once again,
the descending limb closely approximates the historic flow
pattern.
The flows in 1987 were far from typical, even under historic
conditions. The very high winter flows (almost 5 times
higher than in our typical wet years) provided a strong base
flow that built gradually to a high peak. ·rhis flow pattern
resulted from a high level of Navajo Reservoir prior to the
spring peak caused by lack of demand at present for Navajo
yield. When a yearly spring release is made under the
reasonable and prudent alternative, this atypical situation
is very unlikely to recur. The descending limb in 1987
reverted to its typical flow pattern.

2.

During 7-year test period (with the initial depletion of 57,100
acre-feet for the Animas-La Plata Project).
This scenario describes the result of operating the system in
accordance with the reasonable and prudent alternative. The level
of depletions includes the Section 7 baseline (reoperated as
described above) with the initial depletion of 57,100 acre-feet
annually associated with the construction of Ridges Basin
Reservoir, Durango Pumping Plant and the inlet pipeline. As with
the reoperated scenario, the minimum release from Navajo Dam for
trout will be 300 cfs and 300,000 acre-feet will be released for
endangered fish in June whenever possible. The release for
endangered fish was able to be made in 96 percent of the years.
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a.

Magnitude of peaks compared to historic.
The level of depletions in the San Juan River Basin has
increased since the pre-Navajo Dam era, Navajo Dam is
storing water during the peak runoff, therefore the peaks
are lower than historic. During wet years, for instance,
the historic peaks in 1938 and 1949 were 11,478 cfs and
12,566 cfs respectively. Under the current level plus
initial Animas depletions, Navajo Dam can be operated to
achieve peaks of 9,148 cfs and 10,712 cfs respectively.
These peaks are still comparable to the 1987 peak of 9,026
cfs.
During average years, the historic peaks in 1936 and 1945
were 6,905 cfs and 7,419 cfs respectively. Under the
current level plus initial Animas depletions, Navajo Dam can
be operated to achieve peaks of 6,572 cfs and 7,755 cfs
respectively. While comparable to the historic spring
peaks, these flows are likewise significantly less than the
1987 spring peak.
In dry years, the spring peak can be enhanced significantly
with storage releases from Navajo Dam. Historic peaks in
1946 and 1951 were 3,427 cfs and 3,169 cfs respectively.
Under the current level plus Animas M&I depletions, Navajo
Dam can be operated to achieve peaks of 6,850 cfs and 6,287
cfs respectively. These peaks are comparable to historic
peaks in an average year, but also fall short of the peak in
1987.

b.

.

Shape of hydrograph {ascending/descending limbs).
Examining the hydrograph developed for current level and
current level plus Animas, there is no change in the shape
of the hydrograph. The only change evident is a reduction
in volume equal to the initial Animas-La Plata Project
depletions each month.

4.

Under full depletion.
Although there is no commitment in this biological opinion and
reasonable and prudent alternative to future Section 7
consultations, it is useful in this analysis to look at the flow
pattern under full depletion. Full depletion, for this analysis,
is defined as full development of compact allotments by all three
states {Colorado, Utah and New Mexico). Under this scenario, only
290 cfs can be provided as a minimum release from Navajo Dam for
trout. As with the other scenarios, 300,000 acre-feet will be
released for the endangered fish in June whenever possible. The
endangered fish release can be made only 33 percent of the time
under these assumptions.
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This flow scenario is somewhat misleading. Until the research
required under the reasonable and prudent alternative is completed
and the biologists can quantify the amount and timing of the flows
needed to establish a self-sustaining endangered fish population,
a realistic flow scenario cannot be developed. For example,
reducing the flow releases in dry years to adult maintenance
levels would increase the number of years that spring peaks could
be augmented.
a.

Magnitude of peaks compared to historic.
The level of depletions in the San Juan River Basin has
increased since the pre-Navajo Dam era, Navajo Dam is
storing water during the peak runoff, therefore the peaks
are lower than historic. During wet years, for instance,
the historic peaks in 1938 and 1949 were 11,478 cfs and
12,566 cfs respectively. Under full depletions, Navajo Dam
can be operated to achieve peaks of 8,765 cfs and 10,261 cfs
respectively. These peaks are still comparable to the 1987
peak of 9,026 cfs.
During average years, the historic peaks in 1936 and 1945
were 6,905 cfs and 7,419 cfs respectively. Under full
depletions, Navajo Dam can be operated to achieve peaks of
6,200 cfs and 7,381 cfs respectively. While full depletion
peaks are somewhat comparable to the historic spring peaks,
these flows are significantly less than the 1987 spring
peak.
In dry years, under the full level of depletion, the spring
peak cannot be enhanced with storage releases from Navajo
Dam. Historic peaks in 1946. and 1951 were 3,427 cfs and
3,169 cfs respectively. Under full depletions, the spring
peak flows were 1,525 cfs and 1,187 cfs respectively. These
peaks are considerably lower than the historic peaks in both
dry and average years.

b.

Shape of hydrograph (ascending/descending limbs).
While there is little change in the shape of the hydrograph
between current depletion and current depletions plus Animas
M&I there is a noticeable change when full depletions are
considered. With full depletions the shape of the
hydrograph is altered significantly, the hydrograph shifts
downwards in every month except June when a large spike is
evident. The spik� is only obtainable 33 percent of the
time and consequently the preservation of a natural
hydrograph with a high June peak would be a significant
change which will be evaluated during the study period.
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When the spike is evident, it has a extremely steep
ascending and descending limbs because the flows in the
months before and after the peak have been reduced
significantly to store water in Navajo for the depletions.
When the peak is not evident the flows are lower in all
month of the year with only a small peak which is provided
mainly by unregulated tributaries.
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