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Simulation of Millerton Lake Water Temperatures
and Friant Dam Release Temperatures

Introduction

This expert report describes the available data and assumptions used to build a
water temperature model of Millerton Lake and match the simulated temperature
profiles with those measured by Friant Water Users Authority (FWUA) and U.S.
Department of the Interior, Bureau of Reclamation (Reclamation), during 2003
and 2004. The reservoir water temperature model was used to determine the
expected temperature of water released from Friant Dam during 2003 and 2004
for specified river release scenarios that are assumed to represent restoration
flows to support spring-run Chinook salmon. Because of the good calibration of
the CE-QUAL-W2 (W2) model with measured 2003 and 2004 temperature
profiles, these results are reliable and indicate the likely effects of increased river
releases from Millerton Lake.

Conclusions

Because the river restoration flows are higher during the spring months of
March—May when the reservoir historically fills to maximum storage levels, the
simulated surface elevations for 2003 and 2004 were about 50-60 feet lower on
April 30 and May 30. This caused the warm surface water and thermocline (i.e.,
zone of strong vertical temperature gradient) to be located about 50-60 feet lower
in elevation and much closer to the canal outlets at 465 feet and 445 feet
elevation. The higher release flows also caused the thermocline to be drawn
lower into the reservoir than with the historical river releases. The spring
inflows, with temperatures of 50-55°F in the April and May period, were placed
deeper in the reservoir and caused the water near the river outlet elevation (380
feet) to be warmer than historical conditions. Each canal diversion was about
5°F warmer than historically in the spring and summer months. The higher river
release during the spring and summer pulled down more water from below the
Madera Canal elevation of 445 feet toward the river outlet elevation of 380 feet.
The river outlet temperatures became progressively warmer than historically
during the summer, with a maximum river release temperature of more than 60°F
simulated for both 2003 and 2004 by the end of October. Because the lake
profile temperatures were warmer, the fall cooling and mixing were delayed by a
few days compared to the historical conditions.
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Qualifications

Dr. Russ Brown has worked on temperature models of reservoirs and rivers for
more than 25 years, beginning with his doctoral thesis from the Massachusetts
Institute of Technology on reservoir temperature and water quality modeling in
1978. He worked at the Tennessee Valley Authority (TVA) Hydraulics
Laboratory in Norris, Tennessee, on hourly water temperature data analysis and
reservoir temperature simulation models for 6 years. He then taught hydrology
and conducted research projects with graduate students at Tennessee
Technological University in Cookeville, Tennessee. He developed a two-
dimensional (2-D) reservoir water temperature and water quality model at TVA
and used it on several TVA and U.S. Amy Corps of Engineers reservoirs. He
came back to California in 1989 and has worked on a number of major water
resources projects and evaluations. He developed a stream temperature model as
part of the Mono Lake water rights proceedings for the State Water Resources
Control Board (State Water Board) and has used the stream temperature model
on several California streams, including the Merced River and the San Joaquin
River. He has used the W2 model on Lake Almanor and San Luis Reservoir and
has conducted many tidal hydraulic and salinity analyses in the Sacramento—San
Joaquin River Delta. He has prepared a number of technical reports for the City
of Stockton describing the tidal mixing and dilution of their treated wastewater
effluent into the San Joaquin River. He has testified in State Water Board
hearings on Mono Lake (1994), Delta Wetlands (1997), and Delta water quality
standards (1994 and 1998). He has testified in Central Valley Regional Water
Quality Control Board (CVRWQCB) hearings on the City of Stockton
wastewater discharge permit (2002). A more complete description of his
experience and publications is shown in his résumé.

This work was performed in July 2005 by Jones & Stokes staff under a contract
with Best Best & Krieger, with an estimated budget of less than $95,000.
Dr. Brown’s hourly rate is $225 for this expert testimony work.

Millerton Lake Temperature Model Development

Millerton Lake Geometry and Outlets

Construction of Friant Dam began in 1937 and was completed in 1942 to form
Millerton Lake. The Madera Canal, with a capacity of 1,000 cubic feet per
second (cfs), began diversions in 1944. The larger Friant-Kern Canal, with a
capacity of 4,000 cfs, began diversions in 1950.

The capacity of Millerton Lake is about 520 thousand acre-feet (taf) at the top of
spillway gates at elevation 578 feet mean sea level (msl). The surface area is
about 4,900 acres at the top of spillway gates. The storage is about 440 taf at the
spillway crest elevation of 560 feet. The Kern Canal outlet is at elevation 464
feet. The minimum storage of Millerton Lake that allows some diversion into the
Kern Canal is about 135 taf. The Madera Canal outlet is located at an elevation
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of 446 feet msl. The river outlets are located at an elevation of 380 feet, although
the bottom of the river channel is about 310 feet msl. The “dead” storage below
the river outlet is about 20 taf. The river outlet capacity is about 16,000 cfs, but
the designated maximum flood control release is 8,000 cfs.

The Kern Canal outlet centerline (9-foot-diameter pipes) is at elevation 464 feet
msl, with a 20-foot cut into the terrain upstream of the dam, suggesting that the
majority of the outflow comes from slightly above the outlet. The Madera Canal
outlet centerline (7.5-foot-diameter pipes) is located at elevation 446 feet, on the
north bank of the dam, and the majority of the outflow must come from above the
outlet. The majority of the releases from Millerton Lake are made through the
two canal outlets. Only the river outlets draw water from below the canal outlet
elevations. The normal minimum annual release from the river outlets to supply
the hatchery (35 cfs) and irrigation along the river to Gravelly Ford is about

120 taf, with a maximum summer release flow of about 225 cfs.

Figure 1 shows the vertical distribution of reservoir area and volume for
Millerton Lake behind Friant Dam. This geometry is closely approximated by
two simple equations, because the volume is the “integral” of the area:

Area (acres) = 0.6 * (Elevation — 300) * 1.6
Volume (acre-feet) = 0.6 /2.6 * (Elevation — 300) ~ 2.6

The reservoir is multi-purpose and provides both water supply storage and flood
control storage. The flood control storage (space) is 170 taf during the winter
rainfall season of October through March, reducing the maximum storage of
Millerton to 350 taf during this period. Mammoth Pool reservoir, upstream on
the San Joaquin River, can provide half of the flood control space (85 taf) if the
storage space is available in Mammoth Pool, allowing the Millerton flood control
maximum storage to increase by this amount to 435 taf. Large runoff events
may, however, fill Mammaoth Pool and require Millerton storage to be reduced to
the minimum flood control storage of 350 taf. Millerton is allowed to reach
maximum storage of 520 taf at the end of March. Canal diversions generally
increase in April and May and are highest in June, July, and August.

Millerton Lake Operations for 2003 and 2004

Much can be learned about the operations of Millerton Lake from reviewing the
historical operations of recent years. Figures 2 and 3 show the operations for
2003 and 2004, the two recent years with reservoir temperature profiles that will
be used to calibrate the model (i.e., match the measured data). Both years had
moderate inflows, below the median inflow of about 1,500 taf. Calendar year
2003 had an inflow of about 1,400 taf, and calendar year 2003 had an inflow of
about 1,200 taf. Total canal diversions were 1,300 taf in 2003 and 965 taf in
2004, with river releases of about 120 taf in both years. There was just 1 week of
spills in 2003, with a maximum release of 1,000 cfs. There were no river spills
in 2004.

Simulation of Millerton Lake Water Temperatures and August 2005
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The initial storage in 2003 was about 300 taf, and the reservoir was filled to
capacity of 520 taf on April 15. Canal diversions increased rapidly to about
3,500 cfs at the end of April to prevent spilling. In the first week of June 2003,
canal diversions were more than 6,000 cfs, and the river spill was about 1,000 cfs
for a few days. Canal diversions were about 4,500 in the remainder of June and
July 2003 and declined to 2,500 cfs by the end of August and 1,250 cfs at the end
of September. Reservoir storage was at about 200 taf at the end of September
and filled slightly to 250 taf by the end of December.

Millerton storage in 2004 was 250 taf at the beginning of January and increased
more slowly than in 2003, reaching a maximum storage of less than 500 taf in
mid-May. Canal diversions were about 1,500 cfs in April and about 2,000 cfs in
May of 2004. June and July diversions were about 3,500 cfs, and diversions
declined to 1,500 cfs by the end of August and 1,000 cfs by the end of September
2004. The reservoir storage was about 200 taf at the end of August, but rose to
about 325 taf by the end of December 2004.

These two years exhibit typical storage operations for years with moderate
inflows. The reservoir was filled to maximum storage in April or May, and canal
diversions increased in the summer months. All of the snowmelt inflow in May
and June, as well as the water above 200 taf of storage, was released to the canals
by the end of September. Canal flows are generally low in October—December
and the reservoir is allowed to begin refilling. The months with greatest canal
diversions to meet water supply demands are June—August, with about half of
this maximum monthly amount required in May and September. Class | water
(800 taf) is delivered in most years to water contractors (districts) without
alternative sources of water. Class Il water (1,400 taf) is delivered, when
available in higher runoff years, to replace groundwater pumping or to recharge
groundwater supplies.

Inflow Temperatures

Temperatures of inflow to Millerton Lake during the winter months of January—
March produce the cool water pool (i.e., lower than 50°F) below the Kern Canal
outlet at elevation 464 feet. Temperatures were recorded by the U.S. Geological
Survey (USGS) below the Kerckhoff No. 1 hydroelectric plant from 1960 to
1974 and provide a good indication of the range of Millerton Lake inflow
temperatures that can be expected. Variations are generally controlled by the
seasonal meteorology and flow. Figure 4 shows these daily temperature records,
along with the measurements made during 2004 by Reclamation. The 2004
measurements started in March. The spring and summer temperatures look
similar to previous years, but the November and December 2004 data appear to
be cooler and more variable than the earlier years of data (the temperature probe
might have been exposed to air).

The minimum seasonal temperatures are generally 40-45°F in January and
February. Inflow temperatures increase to 45-50°F by the end of March and are
50-55°F at the end of May. Inflow temperatures are a maximum of 65-70°F at

Simulation of Millerton Lake Water Temperatures and August 2005

Friant Dam Release Temperatures 4
J&S 05458.05



Best Best & Krieger, LLP

the end of August and then decline to 60-65°F at the end of September, 55-60°F
at the end of October, and 45-50°F at the end of December. Because the inflow
temperatures fluctuate over this 5°F window, simulations of temperatures in
future years should be made for the upper and lower seasonal temperature
bounds. The inflow temperature during the months with high inflows (May and
June) can have a substantial effect on the shape of the temperature profiles, but
because the inflow temperatures are greater than 50°F, these inflows will enter
the reservoir at an elevation above the 50°F cool-water storage level.

The shape of the temperature profile or thermocline (i.e., zone of vertical
temperature gradient) can be modified by the inflow temperatures in May and
June. The increasing canal diversions from the Kern Canal outlet at 465 feet and
the Madera Canal outlet at 445 feet will have a more uniform effect on lowering
the elevation of the thermocline without changing its shape. Examples of this
difference between the effects of inflow and outflow on the temperature profiles
will be shown for 2003 and 2004 simulations. Surface warming during the
spring and summer will increase the surface temperatures and increase the
thermocline gradient (i.e., temperature difference).

Friant Dam Outlet Temperatures

The river outlet temperatures are determined by the reservoir temperatures at the
elevation of the river outlets, generally about 380-400 feet. The trashrack
structure extends from elevation 350 feet to 465 feet, but the centerline of the
penstock is at 380 feet msl. Under existing conditions, the normal release of
water to the San Joaquin River for downstream water supply to Gravelly Ford is
about 120 taf each year, with about 70 taf released in the May—September
irrigation period. The measured river release temperatures remain about 50°F
throughout the summer and fall. The summer release flow is just about equal to
the reservoir volume between the river outlet elevation and the Madera Canal
outlet elevation of 446 feet. Release temperatures measured by the California
Department of Fish and Game (DFG) (minimum daily temperatures at North
Fork Road Bridge) in 2003 are shown in Figure 5. The release temperatures
were 50°F for the entire year. These release temperatures are similar to release
temperatures measured by DFG in other recent years.

River release temperatures and temperatures in the Madera Canal (elevation

446 feet) and Kern Canal (elevation 464 feet) were measured by Reclamation in
2004 and are shown in Figure 6. River release temperatures were 46°F in mid-
March when measurements began. River release temperatures slowly increased
to 51°F at the end of November and then cooled to 49°F by the end of December.
The Madera Canal temperatures were 47°F when diversions began in March
2004. The Madera temperatures increased to 60°F at the end of July and reached
a peak of about 66°F in early September when diversions ceased. The Kern
Canal temperatures were about 48°F when temperature measurements began in
mid-March. Temperatures in the Kern Canal rose more quickly than the Madera
Canal temperatures, because the outlet is about 20 feet higher. Kern Canal
temperatures were 60°F in early July and reached a peak temperature of 71°F in
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August. Kern temperatures cooled slightly to 68°F at the end of September and
to about 65°F in mid-October when diversions ceased.

Measured Millerton Lake
Temperature Profiles in 2003

Millerton Lake temperatures were measured weekly by FWUA in 2003 at three
locations in the lake. The vertical profiles were collected at 3-foot intervals near
the dam and at two upstream locations. The temperature profiles at these three
locations were very similar. The dam profiles extend through the entire water
depth and will be shown and described.

Figure 7 shows the measured temperature profiles collected for 2003, with
separate panels for each quarter of the year. Data are shown every 2 weeks,
although profiles were collected every week. The elevation is shown as depth
below 600 feet (so the profiles could be plotted). The first panel of Figure 7
shows that on January 3, temperatures were 50°F at the bottom, and slightly
warmer at 53°F in the mixed surface layer that extended about 100 feet to the
thermocline at elevation 450 feet. The bottom temperatures were cooled to about
47°F by the middle of March by the cold inflows during the winter. Bottom
temperatures remained cold throughout the year, warming only slightly to 49°F
by the end of the year. Surface temperatures warmed to above 55°F by March 14
and continued to increase through the spring to a maximum of 75°F on June 16.

The second panel of Figure 7 shows that surface heating and thermocline were
limited to the top 25-50 feet until mid-May. On May 5, temperatures below
elevation 500 feet were less than 50°F. The canal diversions in combination with
inflow temperatures in May caused the thermocline to descend to greater depths,
and the warming above 50°F extended to elevation 450 feet on June 16.

The third panel of Figure 7 shows that on July 1, the surface mixed layer of

20 feet had a temperature of about 77°F, and a strong temperature gradient
extended about 10 feet to about 59°F at elevation 490 feet. The temperatures
then indicated a second thermocline with a reduced temperature gradient
extending about 60 feet to 57°F at elevation 475 feet, with a stronger temperature
gradient over 25 feet to 50°F at elevation 450 feet. These two thermoclines then
merge into a single temperature gradient through the summer as the canal
diversions from 445 feet and 465 feet pull more warm water down from the
surface. By September 15, the temperatures at elevation 400 feet had increased
to 50°F, and the temperatures at elevation 450 feet were about 65°F. Surface
temperatures of 80°F were measured on several of the summer profile dates.

The fourth panel of Figure 7 shows that the surface temperatures remained above
70°F until November 15, and the surface mixed layer at a temperature of 55°F
extended to a depth of 75 feet (to elevation 425 feet) on the last measurement
date of December 15. These measured temperature profiles in Millerton Lake
during 2003 provide a detailed picture of typical reservoir temperature patterns,
including bottom cooling in the winter, surface warming and stratification (i.e.,
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heated layers) in the spring, deepening of the thermocline in the summer, and
surface cooling and mixing in the fall. These measured profiles provide a very
good record for judging the success of the model calibration process.

Measured Millerton Lake
Temperature Profiles in 2004

Millerton Lake temperature profiles were also collected during 2004. The
frequency was reduced, but a good record of surface stratification and canal
diversion effects was measured. The measured temperature profiles for 2004 are
shown in Figure 8, with separate panels for each quarter of the year.

The first panel of Figure 8 shows that on January 9, temperatures were 49°F at
the bottom and slightly warmer at 52°F in the mixed surface layer that extended
about 90 feet to the thermocline at elevation 430 feet. The bottom temperatures
were cooled to about 45°F by the end of February because of the cold inflows
during January and February. Bottom temperatures remained cold throughout
the year, warming only slightly to 46°F by the end of the year. Surface
temperatures warmed to above 65°F by April 30, and were almost 75°F on
June 4, 2004.

The second panel of Figure 8 indicates that surface heating and the thermocline
were limited to the top 25-50 feet until the end of April. On April 30,
temperatures below elevation 500 feet were less than 50°F. The canal diversions,
in combination with inflow temperatures in May, caused the thermocline to
descend to greater depths, and warming to more than 50°F extended to elevation
475 feet on June 4.

The third panel of Figure 8 shows that on July 2, the surface mixed layer of

20 feet had a temperature of about 76°F, and a strong temperature gradient to
62°F extended about 10 feet to elevation 500 feet. The measured temperatures
then indicated a slightly reduced temperature gradient extending about 50 feet to
50°F at elevation 450 feet. The “double” thermocline that was observed in 2003
was not measured in 2004. The thermocline elevation slowly descended through
the summer as the reservoir level declined and the canal diversions from 445 feet
and 465 feet pulled more warm water down from the surface. Nevertheless, by
August 6, temperatures were still 50°F at elevation 450 feet, between the Kern
diversions at 465 feet and the Madera Canal diversions at 445 feet. Temperatures
at the river outlet elevation of 380 feet were about 47°F through the summer.
Because the release temperatures were 50°F, some of the release water was
coming from elevation 400 feet or higher (as a result of withdrawal zone or
trashrack structure effects).

The fourth panel of Figure 8 shows that by October 1, when the reservoir
elevation was less than 500 feet, the surface temperatures were still about 70°F,
and the surface mixed layer was about 40 feet deep. By November 15 the
reservoir surface cooled to about 60°F, and by December 14 the surface
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temperatures had cooled to less than 55°F. Temperatures below elevation
400 feet remained at less than 50°F.

These measured temperature profiles of Millerton Lake in 2004, along with the
release temperatures in the river outlet and the two canals, provide a second year
of typical reservoir temperature patterns, including bottom cooling in the winter,
surface warming and stratification (i.e., heated layers) in the spring, deepening of
the thermocline in the summer, and surface cooling and mixing in the fall. These
measured profiles from 2004 provide a second good record for judging the
success of the model calibration process.

Calibration of the Millerton Lake
Temperature Model for 2003

The W2 temperature model was calibrated to match both years of data with the
same set of coefficient values. Appendix A describes the W2 model and the
normal calibration procedures used to adjust the model coefficient values.
Measured hourly meteorology from the Fresno CIMIS station was used for each
year. Because Millerton Lake inflow temperatures were measured only
beginning in March 2004, the inflow temperatures for all of 2003 and the winter
of 2004 were estimated. The average inflow temperatures for each date
measured for 1960-1974 were used as the starting estimate, and some periods
were adjusted to match the bottom temperatures in the winter and the temperature
profiles in the spring.

An unusual feature of Millerton Lake is the three separate outlet elevations—the
river outlet at elevation 380 feet, the Madera Canal outlet at elevation 445 feet,
and the Kern Canal outlet at elevation 465 feet. The W2 model blends the
diversions (i.e., withdrawals) from the dam to give a single downstream mixed
temperature. The Madera and Kern Canal were moved upstream to the second
and third model segment so that the outflow temperatures from each separate
outlet would be preserved in the model output.

Figure 9 shows the 2003 calibrated profiles obtained with the W2 model, after
about 10 adjustment (calibration) simulations. Most of the calibration
adjustments were made to the inflow temperatures. Some adjustments of the
outlets and withdrawal zone limits were also tried. The wind speed was adjusted
to 75% to better match the measured surface temperatures, which are sensitive to
the evaporative cooling that increases with wind. The January 9 temperatures
were used as the initial conditions for January 1. The measured temperature
profiles from the end of each month are shown in Figure 9. The “old” simulation
(dotted brown line) used the daily average of the inflow temperatures from 1960
to 1974. The calibrated model values (black solid line) used slightly reduced
(2.5°F) inflow temperatures in April and May to adjust the inflow placement
during these high inflow months. The measured temperatures are shown as small
box symbols.
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The simulated surface warming and mixing in the winter was slightly different
from the measured profiles at the end of January and February. This is a difficult
period to simulate accurately because the surface stratification and mixing depth
are very dynamic and dependent on the local meteorological conditions that may
not be reflected in the Fresno data. The temperatures below elevation 500 feet
are well matched, with a bottom temperature of about 47°F. The simulated
surface temperatures of 60—-65°F and the thermocline depth were reasonably
matched with the data at the end of March and April, although the simulated
temperatures between 500 feet and 550 feet were 2—-3°F cooler than the data.

Simulated temperatures at the end of May and June illustrate the sensitivity of the
thermocline temperatures between elevation 400 feet and 500 feet to the inflow
temperatures, and the resulting placement of the inflows into the reservoir profile
during April and May. The observed profiles show a “double” thermocline at the
end of June, with a very strong surface gradient. Temperatures were 60°F at
elevation 550 feet, 75°F at elevation 560 feet and almost 80°F at the surface
elevation of 575 feet. The second gradient was located between elevations

450 feet, where the temperature was 50°F, and 500 feet, where the temperature
was about 57°F. The simulated temperatures were warmer than the data between
elevation 400 feet and 475 feet, and cooler than the data between elevation

475 feet and 550 feet. The simulated 50°F temperature elevation of 410 feet was
40 feet below the measured 50°F temperature elevation of 450 feet. This
mismatch developed during the month of June, and apparently is caused by the
placement of the inflows in May and June. Without measured inflow
temperatures, it is more difficult to adjust the inflow temperatures to match the
measured profiles.

Surface temperatures were more than 80°F at the end of July and 77°F at the end
of August. The double thermocline was almost merged into a single temperature
gradient by the end of August. The 50°F elevation was lowered to about 440 feet
at the end of July and 420 feet at the end of August. The simulated 50°F
elevation also was reduced by a similar amount, but remained 40 feet too deep.
The bottom temperatures were about 48°F by the end of August, but the
simulated bottom temperatures warmed too fast, reaching 49°F at the end of
August.

Surface temperatures were cooled slightly to 75°F at the end of September and
were less than 70°F at the end of October, with a deepening surface mixed layer
of about 40 feet, that was caused by the surface cooling and convective mixing
(i.e., cool surface water is dense and tends to sink to the matched temperature in
the profile). The measured 50°F temperature elevation was 400 feet, but the
simulated 50°F elevation was 360 feet (still 40 feet too deep) at the end of
October.

Surface cooling and deepening of the mixed surface layer continued into
November and December. The measured bottom temperature was 48°F, but the
simulated bottom temperature was 51°F on December 19. The warmer simulated
temperature profile below elevation 450 feet that developed in June persisted and
influenced the simulated bottom temperatures for the remainder of the year.
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However, the general effects of the canal outlet diversions and river releases on
the elevation of the thermocline during the summer were accurately simulated.

Figure 10 shows the simulated temperatures at several depths in Millerton Lake
and the temperatures of the river release (380 feet elevation), the Madera Canal
(445 feet elevation), and the Kern Canal (465 feet elevation). The simulated
river temperatures match the measured minimum daily temperatures at the North
Fork Road Bridge throughout the year. Although the simulated temperatures at
elevation 380 feet were warmer than 50°F beginning in August, and were 2—-3°F
warmer than measured in November, the simulated river temperatures remained
less than 1°F warmer than measured. The simulated withdrawal zone must
extend below the elevation of the outlet. Temperature measurements were not
made in the canals during 2003.

Calibration of the Millerton Lake
Temperature Model for 2004

Inflow temperatures were available for 2004 beginning in mid-March. The
calibration of the simulated 2004 temperature profiles in Millerton Lake
generally involved some adjustment in the inflow temperatures to reproduce the
inflow placement in May. The wind speed was reduced to 75% of the measured
Fresno data to increase the surface temperatures. The outflow zone was limited
to above the canal outlet elevation, because the canal outlets are at the bottom of
the reservoir embankment at their respective outlet elevations.

Figure 11 shows the simulated temperature profiles in Millerton Lake for 2004.
The initial temperature conditions on January 9 were 52°F from the surface at
elevation 520 feet to the bottom of the surface mixed layer at elevation 440 feet.
The 50°F temperature was at elevation 400 feet, and the bottom temperature was
49°F below elevation 350 feet. There were apparently relatively cool inflow
temperatures in January and February because on February 27 the bottom
temperature was 46°F and the 50°F temperature was at elevation 500 feet. On
April 14 the surface temperatures were 64°F and the 50°F temperature was at
elevation 500 feet. The simulated temperature profile matched the measured data
very well, with a cooler surface temperature of 61°F.

On April 30, the simulated double thermocline between elevation 450 feet and
500 feet was about 3°F too warm. Because canal diversions were relatively small
in April, this appears to be the result of slightly too much inflow of about 50°F in
April. The measured 50°F elevation was still at 500 feet, but the simulated 50°F
elevation was at 475. Simulated bottom temperatures below 425 feet elevation
matched the measured data well. On June 4, the surface temperatures were
approaching 75°F, and the simulated temperatures in the double thermocline
were 1-2°F warmer than measured temperatures between elevation 425 feet and
500 feet.

On June 21, the surface temperatures were above 75°F and the gradual
drawdown of the thermocline by the canal diversions at elevation 465 and
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445 feet dominated the measured and simulated profiles. The simulated profile
was warmer than the measured temperatures between the 425 feet and 475 feet
elevations. By July 14, the measured thermocline, with almost 80°F from the
surface at 525 feet to the 500 feet elevation and 50°F at elevation 450 feet, was
closely matched by the simulated temperatures. Simulated bottom temperature
remained at 47°F below elevation 350 feet.

On August 6, the surface temperature was about 80°F and the 50°F temperature
was at elevation 425 feet, a drop of about 25 feet during the 45 days since the
June 21 profile. On October 1, the surface temperature was reduced to about
70°F, and the 50°F temperature was at elevation 400 feet, indicating a drop of
another 25 feet since August 6. Simulated bottom temperature was about 48°F.
Both of these temperature profiles were matched by the simulated temperature
profiles to within 1°F.

On November 16, surface cooling reduced the temperature to 60°F, and the
mixed layer extended 60 feet to 450 feet elevation. The 50°F temperature was
simulated at 375 feet elevation with a bottom temperature of 48°F below
elevation 375 feet. On December 14, surface temperatures had cooled to 54°F,
with a mixed layer depth of 80 feet to elevation 460 feet. The measured 50°F
temperature was at elevation 400 feet, although the simulated bottom
temperatures were warmer and the simulated 50°F temperature was at elevation
375 feet. Bottom temperatures below the river outlet (i.e., below elevation

375 feet) were very constant throughout the year, increasing only 2°F.

Figure 12 shows the daily measurements of temperatures from various depths in
Millerton Lake, collected by Reclamation with a string of floating sensors. Data
from deeper sensors began in mid-March, with temperatures of 49°F at depths of
60 feet, 75 feet, and 90 feet. Data from the surface sensors began in mid-July,
with temperatures of about 80°F. The simulated surface temperatures match well
through the summer and fall, with a major cooling event in mid-September when
the surface temperatures dropped from 75°F to 70°F in just a few days. The
measured 30 feet temperatures were much closer to the surface temperatures than
the simulated values and do not agree with the profile measurements. The deeper
temperature measurements were also much warmer than the corresponding
simulated values. The deeper sensors indicated a cooling of temperatures
between July and October; this cooling resulted from the surface elevation
declining over this period. Overall, these floating sensors should have given a
very good picture of the temperature patterns within the reservoir, but they
appear to be recording temperatures from depths that are not as deep as intended.
Perhaps the line was tangled or angled, so that the sensors were not measuring as
deep as expected.

The bottom of Figure 12 shows the simulated outlet temperatures for 2004
compared with the measurements made in the river and the two canals, beginning
in mid-March. The measured river outlet temperatures slowly warmed from
about 47°F in mid-March to 51°F at the end of November. These measurements
were well matched by the simulated outflow temperatures. The Madera and
Kern Canal temperatures began at 48°F in mid-March and increased during the
spring and summer as surface warming increased reservoir temperatures and the
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canal and river outflows lowered the thermocline elevation. The Madera Canal
temperatures (outlet at 445 feet elevation) increased to 60°F at the end of July
and 65°F at the end of August. The Kern Canal temperatures increased to 60°F
in early July and reached 70°F in early August. The Kern Canal temperatures
remained about 70°F through September and then decreased to 65°F in late
October when the canal diversions ceased. The model simulations of these outlet
temperatures were generally very close (within 1°F) to the measured
temperatures.

Overall, the simulated 2004 temperatures in Millerton Lake for the historical
river releases and canal diversions and reservoir surface elevations were quite
close to the measured temperature profiles, available on a monthly interval. The
2003 and 2004 temperature profile data provides a solid basis for testing of the
ability of the W2 temperature model to reproduce the basic temperature patterns
in Millerton Lake, including winter inflow placement and cooling, surface
heating and stratification, the drawdown of the thermocline by the canal outflows
during the summer, and the surface cooling and convective mixing of the surface
layer in the fall. The W2 model was able to reproduce the measured temperature
patterns for 2003 and 2004 conditions and, therefore, provides a reliable tool for
evaluating the potential temperature effects from changes in Millerton Lake
operations to provide additional river releases.

Uncertainties in the W2 Temperature
Model of Millerton Lake

The simulations of Millerton Lake temperatures with the W2 model indicate that
there were some minor discrepancies in the calculations used in the model to
simulate 2003 and 2004 historical temperatures. A relatively minor discrepancy
was the match with surface temperatures. The hourly measured surface
temperatures in 2004 provide an excellent record of surface temperature
fluctuations. Some of the variations in wind speed and air temperatures at
Millerton Lake may not be captured in the Fresno data that were used for these
simulations. The most sensitive model parameter for adjusting the surface
temperatures is the wind-sheltering coefficient, which reduces the wind speed
value. The Millerton Lake calibration reduced the wind speed to 75% of the
measured Fresno values. Figure 12 indicates that a very close match with surface
temperatures was obtained once this calibration adjustment was made.

A second source of minor uncertainty was the inflow temperatures. The
placement of the inflow in the reservoir is dependent on the matched density
(i.e., equal temperature). However, the W2 model assumes inflow mixing will
increase just the temperature of the inflow as it moves down the reservoir
segments. A relatively cool inflow temperature (of 41-42°F) was used from
January to mid-March 2004 to place the water at the bottom of the reservoir and
reduce the bottom temperatures to the measured 46°F below elevation 400 feet.
The effective inflow temperatures were warmed by several degrees Fahrenheit by
the model, and placement tended to be higher than the matched profile
temperature. This effect was the likely cause of the moderate discrepancy in the
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simulated and measured profiles (double thermocline) in May and June 2003.
The adjusted inflow temperatures provided a good match with the measured
bottom temperatures in March of 2003 and 2004, and provided a fair match with
the temperature profiles in April and May of 2003 and 2004.

A third minor discrepancy was that the simulated warming of the bottom
temperatures remained slightly greater than measured. The measured 2003 data
suggest that the bottom temperatures warmed by only 1°F (47°F to 48°F) during
the entire year, while the simulated temperatures warmed by 4°F (47°F to 51°F).
The measured 2004 data indicate that the bottom temperatures warmed about 2°F
(46°F to 48°F), while the W2 model bottom temperatures warmed from 45°F to
49°F. The W2 model includes a bottom heat transfer term that is dependent on a
heat exchange coefficient and the estimated average “soil” temperature. This
warming term in the W2 model should be reduced to better match the measured
warming of the Millerton Lake bottom temperatures.

A fourth small discrepancy between the W2 model and the observed
temperatures involves the simulated withdrawal zone for each outlet. The W2
model uses an equation to distribute the outflow over a range of layers. For
example, the river outlet at elevation 380 feet is simulated to draw water from a
relatively wide range of elevations during the summer. In particular, the model
apparently takes some water from below the outlet elevation. This contributes to
the simulated warming of water located below the river outlet. In contrast, the
measured temperature profiles in 2003 indicate less warming below the elevation
of the river outlet. However, the measured temperatures below elevation 400 feet
were very well matched by the simulated temperatures in 2004. The river outlet
temperatures were well matched in both years, so the discrepancy in the
calculated withdrawal zone is relatively small.

The uncertainties that have been identified in the surface temperatures, inflow
placement, bottom warming, and withdrawal zone distributions produced
relatively minor discrepancies that did not influence the general temperature
profile patterns in Millerton Lake. The calibration of the W2 model simulations
with the measured temperature profiles, measured outlet temperatures, and
measured surface temperatures provides a reliable tool for evaluating the effects
of river restoration outflows on Millerton Lake temperatures and river outflow
temperatures.

Simulation of Millerton Lake Temperatures with
Increased River Releases for Restoration

Because of the good calibration results, the W2 model of Millerton Lake
temperatures can be used with confidence to simulate the temperature effects
from increased river releases and reduced reservoir storage conditions (lower
surface elevations). The potential river flows, identified by Chuck Hanson for
the FWUA to support restoration of spring-run Chinook salmon along the San
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Joaquin River below Friant Dam, were used to evaluate the effects on Millerton
Lake water temperatures.

Figure 13 shows the restoration flows, for a “normal—-dry” year type (i.e., 20% to
50% cumulative natural inflow, 950 taf to 1,500 taf runoff). The daily minimum
release flow is about 500 cfs (490 cfs) year-round, with a steady increase in flows
during February, March, and April to a maximum of about 3,000 cfs at the end of
April. Recommended flows decrease to the base flow of 500 cfs by mid-May.
These suggested river release flows require a total volume of about 675 taf, an
increase of 550 taf from the current releases of 125 taf for downstream water
supply. The base flow of 500 cfs requires about 30 taf of water each month, and
the ramping flows in February—May require an additional 315 taf.

For 2003 the initial reservoir storage was assumed to be 250 taf, about 50 taf less
than the historical storage, based on monthly operational modeling by Daniel
Steiner, based on the USAN model. The larger river flows in February—May,
during the period when the reservoir historically fills to capacity in most years,
reduce the reservoir storage substantially. In 2003, the simulated restoration
flows reduce the reservoir storage to a maximum of 350 taf at the end of
February, and storage is reduced to a minimum of 200 taf at the end of May.
This reduction in storage will greatly reduce the available cool-water storage
(i.e., water with a temperature of less than 50°F). The historical canal diversions
of 1,300 taf were reduced to just 700 taf (55%) in 2003 to allow the increased
river releases of 675 taf.

Figure 14 shows the similar changes in reservoir operations for 2004. The initial
storage was about 250 taf (same as historical), but the maximum storage was just
300 taf at the end of March, and was reduced to 225 taf at the end of May. This
is nearly 275 taf less than the historical maximum storage of almost 500 taf in
mid-May. The reduced storage will likely reduce the available cool-water
storage in 2004. The historical canal diversions of 965 taf were reduced to

430 taf (45%) to allow the river releases to increase from 120 taf to 675 taf in
2004.

Simulated Millerton Lake Temperature Profiles with
Increased River Releases for 2003

Figure 15 shows simulated temperature profiles for these potential spring-run
Chinook salmon river restoration outflows from Millerton Lake in 2003. The
changes from the historical simulated temperatures are emphasized, because
these modeled incremental temperature changes are assumed to be caused by the
changed operations that are necessary to release more water to the river. The
differences between the simulated historical conditions and the measured
temperature data indicate the calibration of the model.

The January temperatures were similar to the historical simulation, although the
initial elevation was lower and the river releases were about 500 cfs rather than
100 cfs. On March 28, because of the high river releases in February and March,
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the reservoir surface elevation was 40 feet lower and the thermocline was located
40 feet below the historical conditions. Bottom temperatures below 350 feet
elevation were the same, but temperatures at 400 feet (river outlet is at elevation
380 feet) were about 1°F warmer than the historical simulation. On April 25, the
reservoir surface was 60 feet lower than historically because of the very high
releases in April. Simulated bottom temperatures were 1°F warmer and
temperatures at 400 feet were 2°F warmer than the historical simulation.

On May 30 the reservoir elevation was 60 feet lower than historical conditions
and the surface thermocline was very strong, with 75°F at the surface elevation of
500 feet, and 55°F just 10 feet deep. The temperatures between 475 feet and

375 feet were about 2-3°F warmer than historical conditions, so the outlet
temperatures were higher. On June 27 the reservoir was 40 feet lower than
historically, and the temperatures between elevation 500 feet and 350 feet were
about 2°F warmer than the historical simulation (the historical data were 1-3°F
cooler than simulated on this date).

On July 25 the reservoir elevation was 40 feet lower than historically, and bottom
temperatures were 50°F, about 2°F warmer than historical simulations. The
temperatures at 475 feet were 5°F warmer, and the temperatures below 450 feet
were about 2°F warmer than historical simulations. On August 29 the simulated
reservoir elevation was about the same as historically because of reduced canal
diversions necessary to compensate for the increased river releases.
Temperatures near the surface (top 50 feet) were similar to the historical
temperatures, but temperatures below elevation 460 feet were 2—4°F warmer than
the historical simulation.

On September 26, temperatures in the top 50 feet were similar to historical
temperatures, but temperatures at 400 feet were 6°F warmer and temperatures at
350 feet were 2°F warmer than the historical simulation. A similar pattern was
simulated on October 24, with temperatures of 62°F at 400 feet (just above the
river outlet), about 8°F warmer than the historical simulation.

On November 18 and December 19, the simulated surface temperatures remained
2-3°F warmer than the historical simulation because the deeper temperatures
were warmer and required more days of cooling to reduce the temperature of the
mixed layer. Bottom temperatures remained 2°F warmer than historically
throughout the cooling period, so there was still a 6°F gradient between the
surface mixed layer and the bottom on December 19.

Figure 16 shows the simulated surface elevation for the spring-run Chinook
salmon restoration river outflows for 2003. The minimum elevation in May was
500 feet, just 35 feet above the Kern Canal outlet. The simulated outlet
temperatures are shown at the bottom of Figure 16. The Kern Canal
temperatures began at 55°F in May, about 5°F warmer than historically and
continued warmer until September, when the maximum temperature of 70°F was
simulated. The Madera Canal temperatures were warmer than historical
temperatures and remained about 5°F cooler than the Kern Canal. The maximum
temperature of 65°F was reached at the end of August, 1 month earlier than
historically. Both canal diversions ceased at the end of September in the river
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restoration simulation, in order to maintain the higher than historical outflows of
500 cfs.

The simulated river release temperature was about 50°F in April and May during
the high river release flows, about 1°F warmer than historically. The river
release temperatures then increased much more than historically in the summer
months, reaching 54°F at the end of August, 57°F at the end of September, 60°F
at the end of October, and a maximum of 61°F in mid-November (9°F warmer
than historical temperatures). The additional river releases in the months of June
through October were about 80 taf. Because the river releases reduce the
elevation of the reservoir, warmer surface water was located closer to the river
outlet elevation at the beginning of the summer. The additional summer river
releases of 80 taf, in addition to the normal summer releases of 70 taf, required
all the water between elevation 380 feet (20 taf storage) and elevation 475 feet
(150 taf storage). Although there is not a large temperature difference between
these two elevations in the historical May 30 profile, the effects of the greater
drawdown of water to the river outlet increases the outlet temperatures by almost
10°F at the end of October.

Simulated Millerton Lake Temperature Profiles with
Increased River Releases for 2004

Figure 17 shows simulated temperature profiles for the potential spring-run
Chinook salmon river restoration outflow from Millerton Lake in 2004. The
changes from the simulated historical temperatures are emphasized, because
these modeled incremental temperature changes are assumed to be caused by the
operational changes that were necessary to release more water to the river. The
differences between the simulated historical conditions and the measured
temperature data indicate the calibration of the model.

The January and February temperatures were similar to the historical conditions,
although the river releases were about 500 cfs rather than 100 cfs. On April 30,
because of the high river releases in February—April, the reservoir surface
elevation was 60 feet lower and the thermocline was located 60 feet below the
historical conditions. Simulated temperatures at 450 feet were 54°F, 5°F warmer
than the historical simulation; temperatures at 400 feet were 52°F, about 5°F
warmer than the historical simulation; and temperatures at 350 feet were 49°F,
3°F warmer than the historical simulation. Because the river outlet is at elevation
380 feet, this warming was not likely caused directly by the higher river releases.
Itis likely that the inflow temperatures of less than 50°F in April were placed
much deeper in the reservoir than under historical conditions and warmed these
bottom layers of the reservoir.

On June 4 the reservoir elevation was 50 feet lower than historically, with 73°F
at the surface elevation of 500 feet, and 55°F at elevation 450 feet. The
temperatures below elevation 450 feet were 3—7°F warmer than the historical
simulations, so the outlet temperatures would likely be correspondingly higher.
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On July 2 the reservoir elevation was 30 feet lower than historical conditions, and
bottom temperatures were 50°F, about 3°F warmer than the historical simulation.
The temperatures at 475 feet were 7°F warmer, and the temperatures below

450 feet elevation were 4—7°F warmer than the historical simulation. On

August 6 the simulated reservoir elevation was about the same as historically
because of reduced canal diversions necessary to compensate for the increased
river releases. Temperatures near the surface were 80°F and the top 50 feet (to
elevation 450 feet) were similar to the historical simulation, but temperatures
below elevation 450 feet were 5-7°F warmer than the historical simulation.
Simulated bottom temperatures were 51°F.

On October 1 the simulated reservoir elevation was 10 feet higher than
historically, and temperatures in the top 40 feet (to elevation 450 feet) were
similar to the historical simulated temperatures. Simulated temperatures at

400 feet elevation were 60°F, about 10°F warmer than the historical simulation.
On November 16, the simulated surface temperatures remained 2°F warmer than
the historical simulation because the deeper temperatures were warmer and
required more days of cooling to reduce the temperature of the surface mixed
layer. Bottom temperatures were 53°F, about 4°F warmer than the historical
simulation.

Figure 18 shows the simulated surface elevation for the spring-run Chinook
salmon restoration river outflows for 2004. The minimum elevation in August
was 500 feet, just 35 feet above the Kern Canal outlet. The simulated outlet
temperatures are shown at the bottom of Figure 18. The Kern Canal
temperatures began at 50°F in May, about 3°F warmer than historically. The
Kern Canal temperatures warmed rapidly in April because the thermocline and
reservoir surface elevation were lowered 25 feet as a result of the high river
releases. The Kern Canal temperatures were warmer than historical temperatures
until the beginning of August, when the maximum temperature of about 70°F
was simulated. The simulated Kern Canal temperatures were slightly cooler in
August and September because the reservoir surface elevation was higher. The
Madera Canal temperatures were warmer than historically and remained about
5°F cooler than the Kern Canal. The maximum temperature of 67°F was reached
at the beginning of September, the same as historical simulation, when the
Madera Canal diversions ceased. The Kern Canal diversions cease at the end of
September in the river restoration simulation in order to maintain the higher-
than-historical outflows of 500 cfs.

The simulated river release temperature was about 52°F at the end of April, about
6°F warmer than the historical simulation, because of the higher river releases
and placement of inflow temperatures into the bottom layers of the reservoir.

The river outlet temperature then increased during the summer, reaching 55°F at
the end of August, and then increased more rapidly, reaching a maximum of 61°F
at the end of October (11°F warmer than the historical simulation). The river
outlet temperature then decreased in November and December as surface cooling
and mixing reached the river outlet at 380 feet elevation.
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Simulated Millerton Lake Temperature Profiles
with Minimum Canal Diversions and
Increased River Releases for 2003

The previous simulations of the increased San Joaquin River restoration flows
assumed that no Madera Canal or Kern Canal diversions would be made prior to
May 1 or after August 31. However, there are required deliveries to some crops
and orchards that must be maintained. The result of some canal diversions in
January to April, and increased releases for river restoration flows, will be
reduced reservoir storage and much less filling of Millerton Lake in the spring
months. The temperatures in Millerton Lake and the release temperatures will
likely be slightly higher than simulated for the river restoration releases alone.

Figure 19 shows the simulated surface elevations compared with the historical
elevations for 2003. The initial storage of 217 taf (500 feet) is based on monthly
modeling by Daniel Steiner that included the river restoration releases but
maintained a fraction of the historical monthly diversions, while holding
Millerton storage above the 135 taf minimum required for Kern Canal diversions.
The historical canal diversions in January—April of 2003 were about 150 taf, and
the simulated canal diversions in these months were about 50 taf. Nevertheless,
the reservoir storage was at the minimum 135 taf at the beginning of May
(elevation 470 feet) with just barely enough water to allow Kern Canal
diversions. The simulated elevations increased during the high runoff of May
and June, reaching a maximum simulated elevation of about 530 feet on July 1.

The bottom of Figure 19 shows the simulated outlet temperatures for 2003. The
Kern Canal temperatures increased from 50°F in March to higher than 60°F in
late April and early May, because the canal outlet was in the surface layer as the
reservoir elevation declined to below 500 feet. The Kern Canal temperatures
were about 5°F warmer than historically until September, when the maximum
temperature of 70°F was simulated. The simulated temperatures in September
were similar to historical temperatures because the simulated elevations were
about the same as historically in this period. The Madera Canal temperatures
were also warmer than historically and remained about 5°F cooler than the Kern
Canal. The maximum temperature of 67°F (2°F warmer than historical
temperatures) was reached in the middle of October.

The simulated river release temperatures were about 50°F in April and May
during the high river release flows. The river release temperatures then increased
much more than historically in the summer months, reaching 54°F at the end of
August, 57°F at the end of September, and 60°F at the end of October and
remained 60°F until mid-November (8°F warmer than historical temperatures).
Because the increased river releases and the minimum canal diversions reduced
the elevation of the reservoir, warmer surface water was located closer to the
river outlet elevation at the beginning of the summer. Although the reservoir
elevation remained lower for this simulation than the previous 2003 river
restoration flows without any canal diversions in January—April, this simulation
of river release temperatures remained 1°F cooler in November.
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Figure 20 shows the simulated temperature profiles for the 2003 conditions with
high river restoration flows and minimum canal diversions in the January—April
period. The lower reservoir elevations apparently produced less inflow mixing,
and slightly cooler inflow temperatures were simulated to fill the bottom of the
reservoir, below elevation 400 feet. These slightly cooler bottom temperatures
persisted to the end of the year, and the river release temperatures were about 1°F
cooler than the previous simulation of increased river releases without minimum
canal diversion (See Figure 15). Nevertheless, the river releases were much
warmer than the historical conditions. The river release temperatures during the
spring-run Chinook salmon spawning period of October and November were 56—
60°F, and were 6-8°F warmer than the historical release temperature simulations
in these months. Both simulations of river restoration flows resulted in similar
warming of the river release temperatures to a maximum of about 60°F in
November 2003.

Simulated Millerton Lake Temperature Profiles
with Minimum Canal Diversions and
Increased River Releases for 2004

Figure 21 shows the simulated surface elevations compared with the historical
elevations for 2004. The initial storage of 192 taf (490 feet) is based on monthly
modeling by Daniel Steiner that included the river restoration releases but
maintained a fraction of the historical monthly diversions, while holding
Millerton storage above the 135 taf minimum required for Kern Canal diversions.
The historical canal diversions in January—April of 2004 were about 180 taf, and
the simulated canal diversions in these months were about 60 taf. Nevertheless,
the reservoir elevation remained at about 500 feet through March and declined to
a minimum of about 480 feet at the beginning of May. The simulated elevations
remained between 480 feet and 500 feet through October and then increased to
525 feet by the end of the year. Simulated elevations were similar to historical
elevations in September and October, at a minimum of 480 feet.

The bottom of Figure 21 shows the simulated outlet temperatures. The Kern
Canal temperatures increased from 50°F in March to higher than 60°F in May
and June because the canal outlet was in the surface layer as the reservoir
elevation declined to below 500 feet. The Kern Canal temperatures were warmer
than historically until September, when the maximum temperature of 74°F was
simulated. The simulated temperatures in September were similar to historical
temperatures because the simulated elevations were about the same as
historically. The Madera Canal temperatures were warmer than historical
temperatures and remained about 5°F cooler than the Kern Canal. The maximum
temperature of 69°F (2°F warmer than historical temperatures) was reached at the
beginning of September.

The simulated river release temperatures increased from 46°F to 52°F in April
and remained at about 53°F in May. The river release temperatures then
increased at about the same rate as historically in the summer months, reaching
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57°F at the end of August, and 59°F at the end of September, but then increased
rapidly at the end of September and reached a maximum of 64°F in mid-October.
The release temperatures then declined with surface cooling and mixing,
decreasing to 61°F at the end of October, and 55°F at the end of November.
Because the river releases and the minimum canal diversions reduced the
elevation of the reservoir, warmer surface water was located closer to the river
outlet elevation at the beginning of the summer. The simulated reservoir
elevations remained 15-25 feet lower for this simulation than the previous
simulation of river restoration flows without any canal diversions in January—
April, and this simulation resulted in a maximum release temperature of 64°F,
3°F warmer than the previous simulation and 13°F warmer than the historical
maximum of 51°F at the end of November.

Figure 22 shows the simulated temperature profiles for the 2004 conditions with
high river restoration flows and minimum canal diversions in the January—April
period. The simulated temperatures below elevation 450 feet were generally 1-
2°F warmer than the previous simulation of increased river releases without
minimum canal diversions (See Figure 17) and were much warmer than the
historical temperature simulation. Both simulations of river restoration flows
resulted in similar warming of the river release temperatures, to higher than 60°F
in October 2004.

Summary of Changes in Millerton Lake
Temperature Profiles with Increased Releases
for River Restoration

Because the river restoration flows are higher during the spring months of
March—May when the reservoir fills to maximum storage levels, the simulated
surface elevations for 2003 and 2004 were about 50-60 feet lower on April 30
and May 30. This caused the warm surface water and thermocline to be located
about 50-60 feet lower in elevation and much closer to the canal outlets at

465 feet and 445 feet elevation. The higher release flows also caused the
thermocline to be drawn lower into the reservoir than with the historical river
releases. The spring inflows, with temperatures of 50-55°F in the April and May
period, were placed deeper in the reservoir and caused the water near the river
outlet elevation (380 feet) to be warmer than historical conditions. Each canal
diversion was about 5°F warmer than historically in the spring and summer
months. The higher river release during the spring and summer pulled down
more water from below the Madera Canal elevation of 445 feet toward the river
outlet elevation of 380 feet. The river outlet temperatures became progressively
warmer than historically during the summer, with a maximum river release
temperature of more than 60°F simulated for both 2003 and 2004 by the end of
October. Because the lake profile temperatures were warmer, the fall cooling
and mixing was delayed by a few days compared to the historical conditions.
Because of the good calibration of the W2 model with measured 2003 and 2004
temperature profiles, these results are reliable and indicate the likely effects of
increased river releases from Millerton Lake.
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Figure 2
Historical Operations of Millerton Lake for 2003
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Friant Outflows for 2004
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Historical Operations of Millerton Lake for 2004
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Measured Inflow Temperatures
for Millerton Lake, from 1961 to 1974, and 2004




02053.02 101

90

Friant River OutletTemperature

85

80

75

70

65

60

Temperature (F)

55

50

45

40 T T T T T T L T T LTI LI TTTTTEITIITTTTTTTTT —
01-Jan 01-Feb 03-Mar 03-Apr 04-May 04-Jun 05-Jul 05-Aug 05-Sep 06-Oct 06-Nov 07-Dec

2003

DFG North Fork Bridge Data

Figure 5. Measured Friant Dam Release Temperatures for 2003
(DFG minimum temperatures at North Fork Bridge.)

90

Friant River OutletTemperatures

85

80

Temperature (F)

01-Jan 01-Feb 03-Mar 03-Apr 04-May 04-Jun 05-Jul 05-Aug 05-Sep 06-Oct 06-Nov 07-Dec
2004

River Data ¢ MaderaData A KernData

Figure 6. Measured Friant Dam Release Temperatures for 2004

a Jones & Stokes

Figures 5 and 6

Measured Friant Dam Release Temperatures
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Calibration of W2 Temperature Model to Match
Measured 2003 Temperature Profiles in Millerton Lake



05458.05 003

March 28, 2003
600
550 | L
O

- 500
[
<2
S 450
<
>
@
w 400

350 -

300

45 55 60 65 70 75 80 85
Temperature (°F)
Simulated 0O  Measured Simulated - Old
April 25, 2003
600
L

550 = ——
— 500 -
()
&
S 450
<
>
@
w400 |

350

300

45 55 60 65 70 75 80 85
Temperature (°F)
Simulated O  Measured Simulated - Old
/\ .
i Jones & Stokes Figure 9 (Page 2 of 6)

Calibration of W2 Temperature Model to Match
Measured 2003 Temperature Profiles in Millerton Lake
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Calibration of W2 Temperature Model to Match

Measured 2003 Temperature Profiles in Millerton Lake
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Calibration of W2 Temperature Model to Match
Measured 2003 Temperature Profiles in Millerton Lake
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Calibration of W2 Temperature Model to Match
Measured 2003 Temperature Profiles in Millerton Lake
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Calibration of W2 Temperature Model to Match
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