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APPENDIX C. STREAM NETWORK TEMPERATURE MODEL

(SNTEMP) METHODOLOGY

1.1 KEY FINDINGS

The Stream Network Temperature Model (SNTEMP) was used to create a calibrated water
temperature model for the Mokelumne River between Camanche Dam and the Cosumnes
River confluence. This model was used to simulate the effects of altering the release
temperature at Camanche Dam on the instream water temperature and the fisheries of the
Mokelumne River. The Sacramento Airport weather station was chosen as the source for
SNTEMP’s meteorological data. As the source of meteorology data, this station has a
conservative effect on SNTEMP results (prediction of higher water temperatures), since
Sacramento air temperature is warmer than Lodi and air temperature strongly influences
water temperature.

The calibration critera for the model were an overall mean difference of less than 1°C
between observed and predicted water temperature and a maximum single difference of
1.5°C. Little of the temperature data for the calibration nodes overlap, especially for the
reach below Woodbridge Dam. Because of the limited amount of temperature data available,
all of the data was used to calibrate the models. As a result, no data were left for standard
validation procedures.

Water temperatures in the Mokelumne River below Camanche Dam usually begin to rise in
mid-February and continue to rise until mid- to late October when temperatures gradually
begin to decrease (Figure C-7). During the heating period, water temperatures increase as
stream water travels away from the source (Camanche Reservoir). Water témperature rises
faster at lower flow rates than at higher flow rates, because there is less water to be heated
by environmental factors. Conversely, at higher flow rates, temperatures increase more
slowly. Although this trend is evident in all simulation runs, the most rapid temperature
increases occurred in the 100 cfs simulation run. Also, the highest rate of temperature
decrease occurred between 100 cfs and 200 cfs. At flow rates over 500 cfs, the amount of
heat gain relative to flow rate increase is neglible.

During the critical part of the year (March through June), water temperatures at Bruella Road
were positively correlated to Camanche release temperature (release water temperatures
ranged between 10° and 15°C at 1°C increment), but it had little effect on simulated water
temperatures at Ray Road. Between March and June at Bruella Road, the simulation runs
for critical dry, dry, and wet/normal water years (LMRMP) showed an average gain of
0.4°C, 0.6°C, and 0.7°C, respectively, in simulated water temperature for every 1.0°C
increase in the inflow water temperature. At Ray Road, dry and wet/normal water year
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simulations showed an average gain of 0.1° and 0.3°C, respectively, for every 1°C increase
in the inflow temperature, while critical dry water year results showed no effects.

Within the range of relative humidity (36 to 89%) used in the calibration runs on the
Mokelumne River, the water temperature at Bruella Road varied by about 0.5°C for a given
air temperature. The simulated pattern of water temperatures at Bruella Road due to relative
humidity was the same for air temperatures between 15° and 20°C (Figure C-18).

The effect of wind speed on the water temperature at Bruella Road for the range of wind
speeds used in the calibration runs for the Mokelumne River is about 1.5°C. The simulated
pattern of water temperatures at Bruella Road due to wind speed was the same for air
temperatures between 15° and 20°C (Figure C-19).

Simulated water temperatures using the "hot" meteorological years were slightly higher than
those in "normal" meteorological years during the winter months. However, for the critical
months of the year (March through June), the differences in water temperature were minimal
for different meteorological year types.

Using the critical LMRMP flow, a comparison of outputs using daily (198 days) and bi-
monthly time steps showed that simulated water temperatures exceeded the 18°C criterion 33
times at Bruella Road; a difference of less than or equal to 1°C occurred 85.9 percent of the
time. The simulation run using dry LMRMP flow resulted in simulated water temperatures
exceeding the 18°C criterion 31 times at Bruella Road; differences of less than or equal to
1°C occurred 87.1 percent of the time. The simulation run using wet/normal LMRMP flow
resulted in simulated water temperatures exceeding the 18°C criterion only twice; the
difference was less than 1°C in both cases. At Ray Road, daily and bi-monthly time steps
were compared only for the time when LMRMP flow provided extra flow for temperature
control: April and May for dry LMRMP flow and April, May, and June for wet/normal
LMRMP flow. For the simulation run using dry LMRMP flow for Ray Road, comparing 60
days of daily and bi-monthly time step outputs resulted in 25 days that exceeded the 18°C
temperature criterion. The mean difference for the 25 days was 1.13°C, the minimum
difference was 0.03°C, and the maximum difference was 2.71°C. A difference of less than
or equal to 1°C occurred 48 percent of the time. For the simulation run using wet/normal
LMRMP flow for Ray Road, a comparison between 91 days of daily and bi-monthly time
step outputs resulted in 54 days that exceeded the 18°C temperature criterion. The mean
difference for the 54 days was 1.56°C, the minimum difference was 0.02°C, and the
maximum difference was 3.11°C. A difference of less than or equal to 1°C occurred 26
percent of the time (Figures C-34 and C-35).

1.2 DESCRIPTION OF STREAM NETWORK TEMPERATURE MODEL (SNTEMP)

The U.S. Fish and Wildlife Service’s SNTEMP model predicts instream water temperatures
based on historical or synthetic hydrological, meteorological, and stream geometry
conditions. SNTEMP consists of a series of computer programs that solve a set of heat
transfer equations for a simulated stream network. The stream network consists of a series
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of reaches connected by nodes. Each node represents a location where either a change
occurs in the stream or where model output is required. Changes in the stream include
dams, tributaries, confluences, and diversions; stream geometry includes azimuth, elevation,
latitude, width, and shading. SNTEMP can predict water temperatures at any point in the
network.

SNTEMP solves heat transfer equations for a steady-state condition. It assumes the rate of
heat exchange to and from the stream is balanced at any given cross-section in the network,
so that temperature is constant throughout the cross-section at any given instant. This rarely
occurs in a real stream, but steady-state approximation is valid if the data are averaged over
a long enough period. It is necessary to assume steady-state simplification to avoid excessive
complexity in time-dependent equations. Once the appropriate input parameters of a river
system are provided, the model calculates the downstream water temperature by determining
the incremental gain or loss of heat over the length of the river. SNTEMP treats a stream as
one dimensional, with no lateral or ertical variation in temperature.

1.3 METHODS
1.3.1 Development of SNTEMP for the Mokelumne River

Although SNTEMP is the best instream water temperature simulation model available, its
inability to calculate vertical water temperature variations presents a problem for a section of
the Mokelumne River. During the summer months (from April to mid-October), a segment
of the Mokelumne River (Lake Lodi) is impounded primarily for agricultural diversion and
seconarily for recreational purposes. This creates a seasonal lake/reservoir in a segment of
the Mokelumne River where vertical stratification occurs. Because of this situation,
temperature modeling of the Mokelumne River is separated temporally and spatially into four
modules. By separating the Mokelumne River into segments, Lake Lodi can be isolated and
a different temperature model applied. This model is the U.S. Army Corps of Engineers
(COE) at the Hydrologic Engineering Center’s Water Quality for River-Reservoir System
(WQRRS). WQRRS can calculate and predict stratification. (The calibration of Lake Lodi
module is discussed in further detail in Appendix B.) The remaining river segments are
further divided by season (summer and winter months).

The water temperature model for the Mokelumne River consists of three separate SNTEMP
models and one WQRRS model. Module 1 (SNTEMP) is calibrated for the entire reach of
the Mokelumne River during the winter months (from mid-October through March). Module
2 (SNTEMP) is calibrated for the reach of the Mokelumne River from Camanche Reservoir
to the beginning of Lake Lodi during the summer months. Module 3 (SNTEMP) is
calibrated for the reach of the Mokelumne River from Woodbridge Dam to the confluence of
the Cosumnes River during the summer months. The Lake Lodi module (WQRRS) is
calibrated for the summer months. To run a simulation for the Mokelumne River for an
entire year, all four of these modules must be executed separately in correct sequence. If
only the winter months are of interest, Module 1 is sufficient; if only the summer months are
of interest, the simulation must make use of Module 2, the Lake Lodi module, and Module 3
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of reaches connected by nodes. Each node represents a location where either a change
occurs in the stream or where model output is required. Changes in the stream include
dams, tributaries, confluences, and diversions; stream geometry includes azimuth, elevation,
latitude, width, and shading. SNTEMP can predict water temperatures at any point in the
network.

SNTEMP solves heat transfer equations for a steady-state condition. It assumes the rate of
heat exchange to and from the stream is balanced at any given cross-section in the network,
so that temperature is constant throughout the cross-section at any given instant. This rarely
occurs in a real stream, but steady-state approximation is valid if the data are averaged over
a long enough period. It is necessary to assume steady-state simplification to avoid excessive
complexity in time-dependent equations. Once the appropriate input parameters of a river
system are provided, the model calculates the downstream water temperature by determining
the incremental gain or loss of heat over the length of the river. SNTEMP treats a stream as
one dimensional, with no lateral or ertical variation in temperature.

1.3 METHODS
1.3.1 Development of SNTEMP for the Mokelumne River

Although SNTEMP is the best instream water temperature simulation model available, its
inability to calculate vertical water temperature variations presents a problem for a section of
the Mokelumne River. During the summer months (from April to mid-October), a segment
of the Mokelumne River (Lake Lodi) is impounded primarily for agricultural diversion and
seconarily for recreational purposes. This creates a seasonal lake/reservoir in a segment of
the Mokelumne River where vertical stratification occurs. Because of this situation,
temperature modeling of the Mokelumne River is separated temporally and spatially into four
modules. By separating the Mokelumne River into segments, Lake Lodi can be isolated and
a different temperature model applied. This model is the U.S. Army Corps of Engineers
(COE) at the Hydrologic Engineering Center’s Water Quality for River-Reservoir System
(WQRRS). WQRRS can calculate and predict stratification. (The calibration of Lake Lodi
module is discussed in further detail in Appendix B.) The remaining river segments are
further divided by season (summer and winter months).

The water temperature model for the Mokelumne River consists of three separate SNTEMP
models and one WQRRS model. Module 1 (SNTEMP) is calibrated for the entire reach of
the Mokelumne River during the winter months (from mid-October through March). Module
2 (SNTEMP) is calibrated for the reach of the Mokelumne River from Camanche Reservoir
to the beginning of Lake Lodi during the summer months. Module 3 (SNTEMP) is
calibrated for the reach of the Mokelumne River from Woodbridge Dam to the confluence of
the Cosumnes River during the summer months. The Lake Lodi module (WQRRS) is
calibrated for the summer months. To run a simulation for the Mokelumne River for an
entire year, all four of these modules must be executed separately in correct sequence. If
only the winter months are of interest, Module 1 is sufficient; if only the summer months are
of interest, the simulation must make use of Module 2, the Lake Lodi module, and Module 3
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Meteorological data used to develop the Mokelumne River SNTEMP model were obtained
through the National Climatic Data Center, Asheville, North Carolina. A weather station at
Sacramento Airport, near the study site, provided the meteorology data for SNTEMP (air
temperature, wind speed, relative humidity, and percentage of sunshine). Given the location
(latitude and elevation) of the meteorological station, SNTEMP assumes adiabatic conditions
and corrects the changes in air temperature, relative humidity, and atmospheric pressure
(calculated by the model using site elevation) for the study site.

Both the Sacramento and Stockton airports were considered as sources of meteorological data
for the Mokelumne River study site. Although the Stockton Airport is slightly closer to the
Mokelumne River, the meteorological database at the Sacramento Airport is more extensive.
Since SNTEMP is calibrated for Mokelumne River water temperature model using air
temperature, we compared air temperature at the two airports. Mean daily air temperature
between 1 January 1986 and 31 May 1990 (except for May 1988) was compared at the two
airports to assess the difference in air temperature. We found that the mean difference
(Sacramento minus Stockton) in air temperature between the two stations was -0.06°C (-
0.1°F), the minimum single difference was -3.33°C (-6.0°F), the maximum single difference
was 5.56°C (+10.0°F), and 86 percent of the records were within + 1.11°C (2.0°F) of
each other (see Figure C-2). We also compared the daily air temperature at Lodi and
Sacramento between 1 January 1986 and 30 April 1990 (except for January - July,
September, and October of 1988). Air temperature data were available for Lodi for only a
limited number of years. The mean difference (Sacramento minus Lodi) in air temperature
was 1.39°C (2.5°F) (see Figure C-3). Because Sacramento has more extensive
meteorological records than Stockton and both stations have similar air temperatures,
Sacramento was chosen as the source for SNTEMP’s meteorological data. Using Sacramento
as the source of meteorology data has a conservative effect on SNTEMP results (prediction
of higher water temperatures), since Sacramento air temperature is warmer than Lodi and air
temperature strongly influences water temperature.

1.3.3 Calibration Method for SNTEMP

Calibration is the process of fine-tuning the model to simulate the system’s natural dynamics
as closely as possible. The model can be calibrated at two general locations. The first is a
series of global constants and coefficients located in the "Job Control" file. These apply to
each of the meteorological variables: air temperature, wind speed, relative humidity, and
percentage of sunshine. Constants and coefficients are associated with each of these
parameters. If the parameters are set to a value other than 0, the results are a linear
transformation of the original variable. This transformation applies directly to
meteorological variables but is not an adjustment to the variable itself, which has been
measured or determined from field data. The transformation is an adjustment of the heat
transfer coefficients used in the model and entails a degree of uncertainty. This
transformation also provides a means of correcting for local effects not detected by the
meteorological stations. The second point at which calibration adjustments can be performed
is in the "Time Period" file. This process is similar to the first calibration except that the
process is localized to each time period chosen for a study.
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The choice of which meteorological variable parameter to adjust is arbitrary and varies from
study to study. The rule of thumb is to choose parameters that provide the best model
performance. Since the effects of many meteorological input functions are correlated, it is
usually not worthwhile to vary more than one set of parameters at a time. In the Mokelumne
River study, air temperature was used to calibrate the model.

SNTEMP’s statistical output for each calibration node includes the error for each time step
(time period), the average error for the entire study period, and the correlation coefficient
between observed and predicted temperatures.

1.4 CALIBRATION RESULTS
1.4.1 Calibration Results for Module 1

Module 1 covers the winter months that contain the time periods 1 through 6 (January
through March) and 20 through 24 (mid-October through December). It contains 11 time
periods per model year for eight years (1964, 1965, 1974, 1975, and 1987 through 1990).
The calibration node is located near the middle of the study reach below Woodbridge Dam.
Of the 88 possible calibration points for the eight years simulated, observed temperatures
were availabel at only 42 points. The observed temperatures at these points were compared
to predicted temperatures from model runs to assess model performance. The statistical
output produced by SNTEMP for error terms for each time period reflects the observed data.
The total mean difference between the observed and predicted data was 0.05°C and the
maximum single error term was 1.5°C (see Figure C-4).

1.4.2 Calibration Results for Module 2

Module 2 covers the summer months, which contain the time periods 7 through 19 (April
through mid-October). It contains 13 time periods per model year for the eight years
mentioned above. The calibration node is located near the end of the study reach at the
beginning of Lake Lodi. Of the 104 possible calibration points for the eight years simulated,
observed temperatures were available at only 18 points. The observed temperatures at these
points were compared to predicted temperatures from model runs to assess model
performance. The statistical output produced by SNTEMP for error terms for each time
period reflect the observed data. The total mean difference between the observed and
predicted data was 0.11°C and the maximum single error term was 0.91°C (see Figure C-5).

1.4.3 Calibration Results for Module 3-

Module 3 also covers the summer months that contain the time periods 7 through 19 (April
through mid-October). It contains 13 time periods for a model year for the eight years
mentioned above. The calibration node is located near the end of the study reach at Ray
Road. Of the 104 possible calibration points for the eight years simulated, observed
temperatures were available at only 11 points. The observed temperatures at these points
were compared to predicted temperatures from model runs to assess model performance.
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The statistical output produced by SNTEMP for error terms for each time period reflects the
observed data. The total mean difference between the observed and predicted data was
0.03°C and the maximum single error term was 0.54°C (see Figure C-6).

The calibration criterion was an overall mean difference in air temperature between observed
and predicted of less than 1°C and maximum single difference of 1.5°C. There was a very
limited amount of over-lapping temperature data for the calibration nodes, especially for the
reach below Woodbridge Dam. The limited amount of temperature data available required
use of all data to calibrate the models. No data was left for standard validation procedure.

1.5 SNTEMP SIMULATION RUNS FOR THE MOKELUMNE RIVER
1.5.1 Description of SNTEMP Simulation Runs for the Mokelumne River

The object of the simulation runs for the Mokelumne River was to describe the relationship
between water temperature and flow rate at various locations and to serve as a basis for flow
recommendations and impact evaluation. A review of the historical hydrology data showed
there was no "typical" flow regime in the stream, so we conducted sensitivity analysis
simulation runs. Ten simulations were run using inflow rates (Camanche Reservoir release
rate) ranging from 100 to 1,000 cfs at 100 cfs increments. Results were tabulated as flow
rate vs. water temperature at all internal nodes in the Mokelumne River (Table C.1). This
information was used to develop the Lower Mokelumne River Management Plan (LMRMP
fish flow) for different hydrological year types.

1.5.2 Assumptions

Before a simulation can be run using a calibrated SNTEMP model, the parameters that
influence the model must be defined. The parameters considered in this set of simulation
runs include inflow rate, inflow temperature, and meteorological condition. Assumptions for
these parameters are described below.

INFLOW RATE

The inflow rates (flow rate below Camanche Dam, which is the beginning point of the
model) used in this set of simulation runs range from 100 to 1,000 cfs at 100 cfs
increments. The inflow rate is kept constant throughout a simulation year.

INFLOW TEMPERATURE

Inflow temperatures were derived from the simulation results of the WQRRS
developed for Camanche Reservoir. These included 10 WQRRS simulation runs
using Camanche Reservoir inflow and outflow rates of 100 to 1,000 cfs in 100 cfs
increments with surface elevation set at 52m (average dry year conditions). WQRRS
simulation runs for Camanche Reservoir are discussed further in Appendix B.
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METEOROLOGICAL DATA

The meteorology input file for this set of simulation runs used "normal” year
meteorological data. A "normal" year was defined by using mean daily air
temperature records from 1964 to 1987. Each year was separated into three data sets:
January through March, April through mid-October, and mid-October through
December. The average air temperature for each set was calculated and sorted in an
ascending order; exceedence was calculated (for each of the three sets of air
temperature data per year) using the following equation:

P = 100 - ([m/(n+1)*100])

where P = probability of exceeding a given value
m = rank value for variable
n = total number of ranks

The "normal” year selected had a P value of 50+ percent. Based on this
information, 1974 provided the meteorological data for the time between January and
March, 1979 for April through mid-October, and 1973 for mid-October through
December. Once the years were selected, the other required meteorological
information (relative humidity, wind speed, and percentage of sunshine) was derived
from the selected year’s data.

The sequence of the four modules in the simulation runs is the same as in the calibration
section. The outputs for all internal nodes were requested in this run.

1.5.3 Results

Simulation results are tabulated in Table C.1. Water temperatures in the Mokelumne River
below Camanche Dam usually begin to rise in mid-February and continue to rise until mid to
late October when temperatures begin to fall (Figure C-7). During the heating period, water
temperatures increase as stream water travels away from the source (Camanche Reservoir)
(Figure C-8). Water temperature rises faster at lower flow rates than at higher flow rates,
because there is less water to be heated by environmental factors. Conversely, at higher
flow rates, temperatures increase more slowly. Although this trend is evident in all
simulation runs, the most rapid temperature increases occurred in the 100 cfs simulation run.
Of all consecutive runs, the highest rate of temperature increase occurring between 100 cfs
and 200 cfs. At flow rates over 500 cfs, the amount of heat gain relative to flow rate
increase is minimal (Figure C-9). During the cooling period, the trend reverses (Figure C-
10); however, the effect of increases in flow rate on water temperature is less dramatic (note
y axis scales). During the cooling period, the large difference in the net heat budget between
100 and 200 cfs was not seen (Figure C-11).
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1.6 SENSITIVITY OF SNTEMP MODELS

1.6.1 Sensitivity Analysis of SNTEMP to Release Water Temperature From Camanche
Reservoir

1.6.1.1 Assumptions

A series of sensitivity analysis runs were made to determine the sensitivity of downstream
temperatures to Camanche release temperature using the LMRMP flow scenarios for critical
dry, dry, and wet/normal water year types, especially for the months of March, April, May,
and June, when LMRMP provides additional flow for temperature control measures. The
assumptions for the parameters considered in this set of simulation runs — inflow rate,
inflow temperature, and meteorological condition — are described below. Two internal
nodes, Bruella Road and Ray Road, were chosen as the output nodes for the model runs.

SNTEMP INFLOW RATE

The inflow rates (Camanche release) for Module 1 and Module 2 used EBMUDSIM
output for projected operations (LMRMP flow, column 3) for critical dry, dry, and
wet/ normal year types (see Table C.2). The inflow rates for the Lake Lodi module
and flow rates at all internal nodes in SNTEMP were calculated using a discharge-
distance relationship based on two known discharge rates and distances. An
appropriate percentage distribution (as described by EBMUD) of riparian diversions,
channel losses, NSTWCD, and WID diversions are accounted for in these
calculations. The inflow rates for Module 3 also used the LMRMP fish flow
(Woodbridge release).

SNTEMP INFLOW TEMPERATURE

The inflow temperatures for Module 1 and Module 2 ranged between 10°and 15°C
(constant at one release temperature throughout a simulation year) at 1°C increments
for the three LMRMP flow year types. The inflow temperature for the Lake Lodi
module used the simulated temperature from Module 2, and the inflow temperature
for Module 3 used the release temperature from the Lake Lodi module.

SNTEMP METEOROLOGICAL DATA
The meteorological data for all modules used "normal” year conditions from
Sacramento Airport. (The definition of normal is provided in Section 1.4.2.)

1.6.1.2 Results

Sensitivity analysis results are presented in Table C.3. Figures C-12 through C-17 present
results for March through June, when LMRMP provides additional flow for temperature
control. During the critical part of the year (March through June), water temperatures at
Bruella Road were positively correlated to inflow temperature, but inflow temperature had
little effect on simulated water temperatures at Ray Road. Between March and June at
Bruella Road, the simulation runs for critical, dry, and wet/normal water years showed an
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average gain of 0.4°C, 0.6°C, and 0.7°C, respectively, in simulated water temperature for
every 1.0°C increase in the inflow water temperature. At Ray Road, dry and wet/normal
water year simulations showed an average gain of 0.1° and 0.3°C, respectively, for every
1°C increase in the inflow temperature, while critical dry water year results showed no
effects.

1.6.2 Sensitivity of SNTEMP to Meteorological Variables

Not all of the meteorological data required for the SNTEMP runs were available in daily
format. Daily values are averaged for each time period. Daily air temperatures and
percentage sunshine values were available for the time periods used in the determination of
meteorological year types, but relative humidity and wind speed were available only as
monthly means. Therefore, a sensitivity analysis of SNTEMP was performed for relative
humidity and wind speed to determine how each of these parameters influenced the model’s

behavior.
1.6.2.1 Sensitivity of SNTEMP to Relative Humidity

This sensitivity analysis used Module 2 of the SNTEMP developed for the Mokelumne River
to determine the effect of relative humidity on water temperature at Bruella Road. All
possible variables, except for relative humidity, were kept constant at "typical” values
observed in other simulation runs. Relative humidity values used in the SNTEMP simulation
runs for the Mokelumne River ranged between 36 and 89 percent.

Inflow rate was kept constant at 300 cfs, inflow temperature at 13°C, wind speed at 3.5
meters per second (m/s), and sunshine at 85 percent. The effect of relative humidity (10% -
90% at 10% intervals) on water temperature was assessed at air temperatures between 15°
and 20°C.

Within the range of relative humidity used in the simulation runs on the Mokelumne River
(36 to 89%), the water temperature at Bruella Road varies by about 0.5°C (Figure C-18).
The range and pattern of water temperature variations at Bruella Road due to relative
humidity remained constant for all air temperatures between 15° and 20°C. Therefore, using
monthly values (the only available relative humidity data) should not greatly affect the results
of SNTEMP simulation runs.

1.6.2.2 Sensitivity of SNTEMP to Wind Speed

The wind speed sensitivity analysis was devised to determine the effect of wind speed on
water temperature at Bruella Road. It used Module 2 of the SNTEMP developed for the
Mokelumne River. All possible variables, except for wind speed, were kept constant at
"typical” values observed in other simulation runs. Wind speeds used in the SNTEMP
simulation runs for the Mokelumne River ranged between 1.5 and 3.5 m/s.
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The inflow rate was kept constant at 300 cfs, inflow temperature at 13°C, relative humidity
at 70 percent, and percentage sunshine at 85 percent. The effect of wind speed (in the range
of 1.0 to 4.0 m/s) on water temperature was checked at air temperatures between 15° and
20°C.

The effect of wind speed on the water temperature at Bruella Road for the range of wind
speeds used in the simulation runs for the Mokelumne River is about 1.5°C (Figure C-19).
The range and pattern of water temperature variation at Bruella Road due to wind speed
remained constant for all air temperatures between 15° and 20°C. Thus, using monthly
values (the only available wind speed data) should not greatly affect the results of SNTEMP
simulation runs.

1.6.2.3 Sensitivity of SNTEMP to "Hot" Meteorological Conditions

SNTEMP runs using "hot” meteorological data sets in conjunction with the three LMRMP
flow year types (critical dry, dry, and wet/normal) were compared to runs using "normal”
meteorological data. Two internal nodes, Bruella Road and Ray Road, were chosen as the
output nodes for the model runs.

Assumptions

INFLOW RATE
The inflow rate was defined by the LMRMP flows.

INFLOW TEMPERATURE
Release temperatures from Camanche Reservoir WQRRS runs were used as inflow
temperatures (see Appendix B).

METEOROLOGICAL DATA

Two sets of meteorological data were used in this set of runs. The method described
in Section 1.4.2 was used to determine the two "hot" meteorological data. "Hot"
years were defined using mean daily air temperature for the period of record between
1963 and 1990. Each year was separated into four data sets: January through March,
April through June, July through mid-October, and mid-October through December.
The average air temperature for each set was calculated and the averaged values
sorted in ascending order. Exceedence was calculated (for each of the four sets of air
temperature data per year) using the equation shown in Section 1.4.2.

The two "hot" years selected were the hottest within this record period and the years
at 10+ percent exceedence level. Based on this information, 1986 and 1988 provided
the meteorological data for the time period between January and March, 1989 and
1973 for April through June, 1975 and 1984 for July through mid-October, and 1981
and 1976 for mid-October through December for the hottest and 10+ percent year,

respectively.
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Results

The results of the simulation runs are shown in Figures C-20 through C-25 and Table C.4.
In all simulation runs, simulated water temperatures for the "hot" meteorological years were
slightly higher than those in "normal" meteorological years during the winter months.
However, for the critical months of the year (March through June), the differences in water
temperature were minimal for different meteorological year types.

1.6.3 Sensitivity of SNTEMP to Daily Time Step
1.6.3.1 Assumptions

This sensitivity analysis was devised to measure the loss in sensitivity to daily climate
variation due to use of bi-monthly time steps in the model. The analysis used Module 2,
Module 3, and the Lake Lodi module of the water temperature model developed for the®
Mokelumne River. The assumptions used in this set of runs are the same as those used in
Section 1.5.1, except for the time step. Two internal nodes, Bruella Road and Ray Road,
were chosen as the output nodes for the model runs.

The change in time step required some changes in the meteorology data file. Daily values
for air temperature and percentage sunshine replaced the bi-monthly values. Existing bi-
monthly wind speed and relative humidity values were repeated daily because daily values
were not available.

1.6.3.2 Results

The results of these simulation runs appear in Figures C-26 through C-28 and C-31 through
C-33. There are 198 days in Module 2 using daily time step. When we compared the
outputs for daily and bi-monthly time steps for the simulation run using the critical LMRMP
flow, we found that simulated water temperatures exceeded the 18°C criterion 33 times at
Bruella Road; a difference of less than or equal to 1°C occurred 85.9 percent of the time.
The simulation run using dry LMRMP flow resulted in simulated water temperatures
exceeding the 18°C criterion 31 times at Bruella Road; differences of less than or equal to
1°C occurred 87.1 percent of the time (Figures C-29 and C-30). The simulation run using
wet/normal LMRMP flow resuited in simulated water temperatures exceeding 18°C criteria
only twice and the difference was less than 1°C in both cases.

At Ray Road, daily and bi-monthly time steps were compared only for the time when
LMRMP flow provided extra flow for temperature control: April and May for dry LMRMP
flow and April, May, and June for wet/normal LMRMP flow. For the simulation run using
dry LMRMP flow for Ray Road, comparing 60 days of daily and bi-monthly time step
-outputs resulted in 25 days that exceeded the 18°C temperature criterion. The mean
difference for the 25 days was 1.13°C, the minimum difference was 0.03°C, and the
maximum difference was 2.71°C. A difference of less than or equal to 1°C occurred

48 percent of the time. For the simulation run using wet/normal LMRMP flow for Ray
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Road, a comparison between 91 days of daily and bi-monthly time step outputs resulted in 54
days that exceeded the 18°C temperature criterion. The mean difference for the 54 days was
1.56°C, the minimum difference was 0.02°C, and the maximum difference was 3.11°C. A
difference of less than or equal to 1°C occurred 26 percent of the time (Figures C-34 and C-
35).

Appendix C BioSystems Analysis, Inc.
Lower Mokelumne River Management Plan C-13 September 1992
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Table C.1.

period (cont.).

Predicted Mokelumne River water temperature (°C) by location and time

MOKELUMNE RIVER @ BRUELLA ROAD

FLOW RATES BELOW CAMANCHE DAM

TIME
PERIOD 100 200 300 400 500 600 700 800 900 1000
(cts) (efs) (cfs) (efs) (cts) (cts) (cls) (efs) (cfs) (efs)
January 1 6.72 654 6.49 6.48 6.49 6.49 6.50 652 6.58 6.60
2 11.56 9.71 893 8.49 827 8.13 8.05 8.04 8.03 8.04
February 3 9.59 8.59 8.31 8.18 8.14 8.20 827 837 8.44 8.56
4 8.69 8.16 8.23 827 836 853 864 8.79 887 891
March s 1226 10.69 10.22 10.00 9.92 9.88 9.86 9.83 9.78 9.76
[ 13.43 11.69 11.22 10.89 10.64 10.43 10.37 1024 10.15 10.12
April 7 16.19 1421 13.19 12.46 11.98 11.62 1137 11.16 11.00 10.86
8 17.79 15.59 1429 13.3% 12.78 1239 12.07 1184 11.64 11.45
May 9 1752 15.61 14.37 13.57 13.00 12.57 1230 12.06 1190 1L77
10 19.12 17.03 15.62 14.72 14,08 13.64 1333 13.08 12.83
June 11 2221 19.75 17.95 16.77 15.98 1542 15.02 14.73 14.52 1431
12 21.55 1931 17.86 16.87 16.19 15.79 15.46 15.18 15.06 14.89
Tuly 13 23.76 2126 1947 1821 1735 16.72 1635 16.01 15.74 15.57
14 22.74 20.50 19.01 17.96 1732 16.80 16.48 1632 16.06 15.83
August 15 21.93 2001 18.55 17.52 16.78 16.24 15.84 15.61 15.34 15.13
16 21.89 20.03 18.56 17.62 16.94 16.51 16.19 15.84 15.84 15.60
September 17 20.38 18.62 17.52 1691 16.46 16.14 16.02 15.80 15.62 15.76
18 1794 16.82 16.07 15.60 1529 15.01 14.87 14.71 14.58 14.63
October 19 17.43 16.53 16.08 15.81 15.73 15.65 15.64 15.64 15.54 15.71
20 1741 16.34 15.84 15.50 15.30 15.10 14.96 1490 14.78 1467
November 21 15.02 14.79 14.60 1447 1439 1431 1428 14.25 1421 14.19
22 11.29 12.06 12.46 1262 12.75 12.83 12.90 12.96 1295 1296
December 23 9.74 10.27 10.59 10.77 10.89 10.96 11.02 11.09 1L12 11,15
24 9.87 9.79 9.85 9.88 993 9.96 9.97 10.04 10.06 10.06
MOKELUMNE RIVER @ BELOW WOODBRIDGE DAM
FLOW RATES BELOW CAMANCHE DAM
TIME
PERIOD 100 200 300 400 500 600 700 800 900 1000
(cfs) (efs) (cfs) (cfs) (cfs) (cfs) (cls) (cts) {cfs) (cfs)
January 1 6.86 6.69 661 6.57 657 6.55 656 657 6.61 663
2 12.73 1127 1026 9.60 9.21 8.94 8.76 8.66 859 8.54
February 3 1027 9.43 8.98 8.72 3.59 8.56 857 8.62 8.66 8.75
4 9.06 861 352 3.48 8.52 8.63 87 8.84 891 3.94
March 5 1320 12.02 1130 10.89 10.65 10.50 10.40 1030 1021 10.15
6 14,42 13.16 12.41 11.88 11.50 11.23 1103 10.84 10.69 1061
April 7 16.93 15.63 14.97 14.53 14.00 13.77 13.53 13.30 13.07 12.93
) 1747 16.73 16.07 15.47 1497 14.60 1433 14.00 nn 13.60
May 9 19.60 18.80 18.13 17.23 16.80 16.20 15.90 15.50 15.23 14.93
10 2260 21.93 20.77 19.67 19.13 18.17 1783 1753 16.63 16.47
June 11 2483 2393 23.07 21.40 20.60 1537 19.40 19.07 18.73 18.47
12 23.97 23.03 2253 2113 2033 1943 1897 18.57 1837 18.07
July 13 25.60 2427 2337 22.13 2133 20.60 2023 19.73 1937 19.23
i4 2733 25.50 2423 2320 2230 2133 2097 20.53 2033 19.50
August 15 26.17 2497 2390 2293 21.87 21.03 2033 1997 1953 19.13
16 24.50 2373 22.77 21.90 20.80 20.13 19.67 1923 1907 18.80
September 17 24.97 23,70 2247 21.67 20.77 20.17 19.77 19.37 19.07 15.03
18 22.87 21.63 20.67 19.57 18.90 18.50 17.73 17.40 17.17 1697
October 19 2123 2020 1953 18.60 18.23 18.07 17.73 1760 1740 17.40
20 18.05 1725 16.64 16.21 15.91 15.64 1545 1534 15.19 15.04
November 21 15,15 1499 14.80 14.66 14.56 14.48 14.43 1439 1433 1431
22 10.81 11.42 11.88 12.14 1233 12.46 1258 1257 12.69 12.72
Dscember 23 9.37 9.84 10.20 1043 10.60 10.71 10.79 1088 10.93 10.98
24 9.93 9.86 9.88 9.90 994 9.96 9.97 10.04 10.05 10.06
MOKELUMNE RIVER @ RIVER MILE MARKER 32
FLOW RATES BELOW CAMANCHE DAM
TIME
PERIOD 100 200 300 400 500 600 700 800 900 1000
(cfs) (cfs) (cts) (cfs) (cls) (cfs) (cts) (cts) (cls) (cfs)
January 1 6.90 6.76 6.67 6.63 661 6.60 6.60 6.60 6.64 6.66
2 1291 1177 10.76 10.06 9.62 930 9.08 895 8.85 3.78
February 3 1039 9.71 924 8.95 8.78 8.73 8.72 8.75 8.77 884
4 914 .1 8.64 8.58 8.59 8.69 8.76 888 894 897
March 5 13.33 1243 1171 1125 10.96 10.78 1064 10.53 1041 1034
& 14.55 13.61 1285 1229 1187 1156 1133 1L11 10.94 10.34
April 7 18.54 16.85 15.98 1528 14.68 14.39 14.03 13.78 13.51 13.33
L] 18.76 17.61 16.83 16.13 15.57 15.11 1476 1443 14.17 13.97
May 9 2135 20,02 19.07 18.09 17.56 16.90 16.53 16.08 15.77 1543
10 23.57 2.1 21.63 20.53 19.85 18.93 18.47 18.14 1724 17.03
June 11 26.66 25.33 24.29 22.64 2172 20.92 2033 1991 19.50 19.19
12 25.42 421 23.45 22.09 2122 2027 19.79 19.30 19.04 13.69
July 13 26.64 2543 24,41 23.12 2224 2147 2099 20.46 20.05 1985
14 3042 28.12 26.35 25.03 2391 2.mn 2171 21.39 20.52
August 15 26.02 2543 24.51 23.57 2170 2097 20.59 20.12 19.69
16 24.64 24.12 2333 2248 2144 20.72 2027 19.78 19.57 1927
September 17 24.73 24.06 23.03 2224 2135 20.73 2029 1983 19.50 19.42
18 21.58 2138 20.76 19.83 19.17 18.77 18.00 1769 1744 1723
October 19 21.49 20.7¢ 19.99 19.12 18.67 18.50 18.08 17.94 177 17.69
20 18.15 17.54 16.95 16.49 16.17 15.89 15.68 15.54 15.38 1523
November 21 15.18 15.06 14.89 14.75 14.65 14.56 14.50 1446 14.40 14.37
2 10.76 1124 1168 1196 12,17 1232 1245 1255 1259 1263
December 23 933 9.1 10.06 10.31 10.49 1061 10.70 10.80 10.86 1091
24 9.96 9.90 991 9.92 9.95 9.97 9.99 10.08 10.06 10.07
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Table C.1. Predicted Mokelumne River water temperature (°C) by location and time

period (cont.).

MOKELUMNE RIVER @ RAY ROAD )
FLOW RATES BELOW CAMANCHE DAM

TIME .
PERIOD 100 200 300 400 500 600 700 800 900 1000
(cls) (cts) (cls) (cts) (cts) (els) (cts) {cfs) (cfs) (efs)
January 1 691 6.79 6.70 6.65 6.63 6,51 6.61 661 6.65 667
2 1198 1100 1029 9.82 9.48 924 9.10 898 290
Pebruary 3 10.42 9.43 9.36 9.06 823 831 .79 281 343 3.89
4 9.16 334 8.70 8.62 853 872 378 889 895 .98
March H 1337 12.60 1189 1142 1L12 1091 10.77 10.64 1052 1043
6 14.59 1379 13.08 12.43 12.04 1L72 1148 1128 1107 10.96
April 7 1892 1738 1638 15.66 15.02 14.68 430 14.02 13.73 13.54
8 19.05 1797 17.15 1644 1585 1537 15.00 14.65 1437 14,16
May 9 21.69 2048 19.51 18.50 17.93 1725 1638 16.04 1569
10 23.74 23.01 2199 209 2021 1929 1330 1845 1755 1731
June 11 26.94 2543 4.79 2321 228 2142 20.79 2033 19.90 19.55
12 2566 2464 2345 22.55 2166 2071 20.19 1967 1938 1901
July ] 26.80 2583 U84 2359 2269 21.90 2138 2083 2039 20.17
14 30.82 29.01 2726 2587 21468 2350 294 230 2194 2104
August 15 25.99 25.58 2476 237 2293 204 131 2090 2042 1958
16 2467 2427 23.56 2278 2L.74 21.02 2056 2005 19.32 19.51
September 17 24.68 24.19 2326 22.49 2162 2099 2054 2007 19.72 1963
18 21.29 2129 2019 19.94 1931 18.90 18.15 17.83 1758 1736
October 19 2155 20.90 2022 19.36 18.39 18.70 1827 18.11 17.88 1723
20 18.17 1765 17.09 16.63 1630 1601 15.79 15.65 1548 1532
Nowember 21 15.19 15.09 14.93 14.79 14.69 14359 14.54 14,49 14.43 1440
2 ~10.75 1116 1159 11.87 12.09 1225 1238 1249 12.53 1258
December 23 932 9.65 10.00 10.24 10.43 10.55 1065 10.76 10.82 108
24 9.97 9.91 9.92 9.93 9.96 9.98 9.99 10.08 10.06 10.07
MOKELUMNE RIVER @ RIVER MILE MARKER 24
FLOW RATES BELOW CAMANCHE DAM
TIME
PERIOD 100 200 300 400 500 600 700 800 900 1000
(cts) {efs) (efx) (ets) (efs) (cls) (cfs) [C O] (cfs) (efs)
January 1 692 6.82 6.73 668 6.66 6§64 6.63 643 667 668
2 1299 1222 1130 10.58 10.09 9.73 947 930 9.17 9.08
February 3 10.45 998 952 9.20 9.01 393 829 3489 3.90 396
4 9.18 891 . 853 3.568 875 330 391 396 899
March 5 133% 12.80 12.13 1165 1133 11.10 1094 10.79 10.66 1056
[ 1461 1401 1331 12.74 1229 11.94 1168 1144 1125 1L13
April 7 19.18 1793 16.92 16.18 1547 1508 1456 1436 1405
] 1925 1837 1756 1643 1622 15.72 1532 1495 1465 1442
May 9 2190 2098 20.03 19.04 1842 1772 1728 1879 16.42 1608
10 2385 2331 2242 2140 2069 19.78 1926 1887 17.98 nn
June n 2709 2633 2538 2392 2295 2142 2092 2045 20.06
» 25.78 25.08 2433 23.12 2 2128 20.73 20.13 1988 19.45
July 13 2589 2624 2534 24.18 2327 247 2191 2134 20487 2061
14 3100 29.87 2829 2690 2568 2446 3382 23.12 2269 2177
Augwst 15 2598 25.73 25.06 2425 336 22.49 2176 2133 2043 2037
16 2458 24.42 2382 23.08 22,14 2143 2098 2043 20.17 1934
September 1”7 2455 2433 2354 22481 21.9¢ 2134 2087 2039 2003 1991
18 2108 2120 2042 2007 1948 19.08 1336 1803 wn 1754
October 19 2159 2L12 2043 19.68 1920 1897 1353 1835 18.10 18.04
20 18.19 by 1726 16.81 1647 16.17 15.94 15.79 1561 1544
November 21 15.19 15.12 14.98 14.834 14.74 14.65 1458 14.54 1443 pLY )
2 10.74 11.06 1147 1L75 1198 12.14 1229 1240 1245 1251
December 3 930 9.58 991 10.15 1034 1048 1058 1069 10.76 10.82
24 997 9.93 9.93 9.93 996 9.98 9.99 1008 10.06 1007
MOKELUMNE RIVER @ RIVER MILE MARKER 19 (CONFLUENCE OF COSUMNES RIVER)
FLOW RATES BELOW CAMANCHE DAM
TIME
PERIOD 100 200 300 400 so0 €00 700 800 900 1000
(efs) (cfs) (cls) (els) (els) (efs) (els) (efs) (cfs) (efs)
January 1 692 635 877 671 6.69 6.56 [ ¥4 6.65 6.63 659
2 13.01 12.47 1164 10.94 1043 10.04 9.76 956 941 930
Pebruary 3 1046 10.12 9.70 938 9.17 9.07 901 9.00 9.00 9.04
4 9.19 899 835 875 373 879 333 393 898 9.00
March s 1340 13.00 1240 19N 1158 1133 1L1s 1099 1034 10.73
[ 1463 1421 13.59 1304 1258 1222 1194 1169 1148 1134
April 7 1931 1845 1751 16.72 1602 1558 15.13 1479 1445 1421
] 1938 18.75 1301 1729 16.67 16.15 15.73 1533 1501 14.76
May 9 2199 2141 2053 19.65 19.00 1829 1782 1730 16.91 16.52
10 2348 2357 2245 2195 2125 2037 19.52 1940 1853 1823
Juze 11 27.13 26.73 2596 24.71 .78 28 22.18 2154 2L13 20.71
12 2543 2543 2480 23.76 2290 2197 2139 2081 2044 2002
July p ] 26.92 2656 25.85 2482 23.95 23.15 237 2197 2148 2118
14 3108 3050 2929 28.02 2681 2580 443 U0 2362 2269
Avugust 15 2597 25.84 2535 24.66 3385 23.03 232 2135 2038
16 2468 2454 499 2348 250 2191 142 2049 2061 2026
September 17 2453 2445 2384 23.18 2240 2L77 2129 2030 2042 2027
13 2098 2110 2038 2023 19.69 1930 18.62 1828 18.01 ”mn
October 19 2161 213 0.7 2004 1956 19.29 1885 1865 1339
20 18.19 179 1746 1703 16.68 16.14 1597 15.78 1361
November 21 1520 15.15 15.03 14.90 1480 1471 14.64 1459 14353 1449
2 10.73 10.96 132 1161 1134 12.01 12.16 1223 1234 1241
December 23 930 950 930 10.04 1024 1038 1049 1061 1058 10.74
24 9.98 9.94 9.94 9.94 997 9.98 9.99 10.04 10.06 1007
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Table C.2. Camanche releases (flows in cfs) required to meet proposed LMRMP fish flows (does not include City of Lodi).

REQUIRED RESULTING CHANNEL REQUIRED RESULTING CHANNEL
FLOW AT FLOW AT RIPARIANS: LOSS FLOW AT FLOW AT RIPARIANS: LOSS:

CAMANCHE CAMANCHE CAMANCHE CAMANCIHE WOODBRIDGE WOODBRIDGE WwIDTO WIDTO FISH
MONTH DAM DAM TO WID TO WID NSJWCD WID DAM DAM TIDEWATER TIDEWATER FLOW
WET/NORMAL YEAR
January 200 200 2 65 0 0 100 133 1 6 126
February 200 200 2 58 0 0 100 140 1 6 134
‘March 200 200 5 n 0 7 100 117 2 7 108
April 100 269 15 76 0 53 125 175 1 8 161
May 100 649 38 80 55 126 350 350 16 8 326
June 300 903 55 85 77 186 500 500 24 8 468
July 325 481 52 86 88 223 20 31 22 9 0
August 200 401 34 83 55 206 20 23 15 8 0
September 100 265 18 67 34 126 20 20 8 7 6
October 200 251 8 S2 20 61 110 110 3 5 51
November 300 357 4 53 0 0 300 300 2 5 293
December 300 300 6 68 0 0 200 226 3 7 217
Total (af) 152,000 269,800 14,400 50,900 19,900 59,700 114,800 124,900 6,200 5,000 113,700
DRY YEAR
January 200 200 2 65 0 [4] 100 133 1 6 126
February 200 200 2 58 1] 0 100 140 1 6 134
March 200 200 s 71 0 6 100 118 2 7 109
April 100 269 15 76 0 5s 125 175 7 8 161
May 100 562 38 80 0 94 350 350 16 8 326
June 300 300 55 85 [1] 126 20 34 24 8 2
July 200 309 52 86 0 139 20 31 22 9 4}
August 200 260 34 83 0 120 20 23 15 8 0
September 100 184 18 67 0 9 20 20 8 7 6
October 150 150 8 s52 0 23 60 66 3 S 58
November 200 257 4 53 0 (4] 200 200 2 5 193
December 200 274 6 68 0 0 200 200 3 7 191
Total (af) 129,200 194,100 14,400 51,000 0 38,900 80,100 89.900 6,200 5,000 78,700
DRY YEAR
January 100 117 2 65 0 0 50 50 1 6 43
February 100 110 2 58 0 0 50 50 1 6 44
March 100 132 5 7 ] 6 50 50 2 7 41
April 100 166 15 76 0 55 20 20 ki 8 [
May 100 236 38 80 0 94 20 24 16 8 0
June 300 300 55 85 0 126 20 34 24 8 2
July 100 309 52 86 0 139 20 31 22 9 0
August 100 260 34 83 0 120 20 23 15 8 0
September 100 184 18 67 0 79 20 20 8 7 6
October 100 104 8 52 0 23 20 20 3 5 11
November 100 157 4 53 0 0 100 100 2 s 93
December 100 149 6 68 0 0 75 75 3 7 66
Total (af) 84,200 134,200 14,400 51,000 0 38,900 28,000 29,900 6,200 5,000 18,700
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Table C.3.

15° C.

SNTEMP sensitivity to Camanche release temperature using LMRMP flows.
Release temperature from Camanche into Mokelumne ranges between 10 and

CRITICAL YEAR PREDICTED WATER TEMPERATURE AT BRUELLA ROAD
‘WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 It 12 3 14 15
PERIOD (Deg. C) {Deg. C) (Deg. C) (Deg. C) (Deg. C) (Deg. C)
Januasy 1 790 821 8.52 382 9.11 9.40
2 12.16 1244 1272 13.00 1327 1353
February 3 1032 10.60 10.88 1L1S 1141 1167
4 941 9.69 9.97 1028 1052 1078
Marck 5 1233 1286 1297 1327 1357 13.86
6 1323 13.54 13.35 14.14 1444 1472
Apeil 7 1430 14.69 15.07 1544 1581 16.17
3 1543 15.81 16.138 16.58 1691 1726
May 9 1427 uwn 1525 1573 1620 1667
10 1524 18.73 1621 16.68 17.15 17.60
Juse 1 16.12 16.58 1724 17.79 1836
12 15.73 16.29 16.85 1740 1795 18.48
July 13 16.70 1728 17.36 1843 18.98 19.54
4 16.10 16.69 na 1734 1340 13.95
Avgust 15 1650 1702 1753 18.03 13.52 19.01
16 16.46 16.98 1749 1799 18.49 1897
Septamber 17 16,46 16.90 1733 1776 18.18 1860
18 14.76 15.21 15.66 16.10 16.53 16.96
October 19 16.14 1636 16.58 16.79 16.99 17.19
20 1626 1651 16.76 17.00 17.24 1748
November 21 1321 13.60 13.99 1437 1475 15.11
22 10.41 10.82 1123 1163 12.02 12.40
December 23 958 10.00 1041 10.82 1122 1161
24 9.97 1039 10.80 1121 11.60 11.99
DRY YEAR PREDICTED WATER TEMPERATURE AT BRUELLA ROAD
WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 11 12 13 14 13
PERIOD (Des. C) (Deg. C) (Deg. C) (Deg. ) (Des. C) (Des. C)
Janvary 1 354 9.06 956 10.06 1056 1104
2 1153 1203 1252 1301 1343 1395
Februazry 3 1023 10.74 1124 1174 1222 12,70
4 9.61 10.12 10.63 1L13 1162 12.10
March 5 1L79 1228 12.78 1322 13.68 14.13
6 1247 1295 1342 13.39 1434 179
April 7 13.03 1361 14.18 14.74 1529 15.84
] 1343 1441 1497 15353 16.08 16.62
May 9 1207 1213 13.59 1434 15.09 15.33
10 1254 1330 14.06 1481 15.56 1630
Juse 11 1612 16.58 17.24 e 1886
» 15.73 1629 1635 1740 1798 1848
July 13 16.70 1728 1736 1843 1898 1954
14 16.10 16.69 127 1734 13.40 1895
August 15 16.30 17.02 1753 1303 18.52 1901
18 1646 1698 1749 1799 1849 1897
Septamber 17 1646 1690 1733 1778 1813
18 14.76 1521 1586 16.10 1653 1696
October 19 15.03 1540 18.77 1812 1647 1882
20 15.08 15.46 1536 1823 16.64 .02
November 21 1227 1288 1342 1398 1454 15.09
2 1030 10.89 1147 1204 1251 13.17
December 2 9.75 1038 11.01 1163 1224 1284
24 10.00 10.63 1125 1187 1243 13.09
WET-NORMAL YEAR PREDICTED WATER TEMPERATURE AT BRUELLA ROAD
‘WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 i1 12 13 14 15
PERIOD (Deg. ©) (Deg. C) (Des. ©) (Deg. ©) (Deg. ) (Deg. O
January 1 854 9.06 956 10.06 1056 1104
2 1153 1203 1252 1301 1348 13.95
Febeuary 3 1023 10.74 1124 1L74 r2 12.70
4 9.61 10.12 10.63 iL13 11.62 12.10
Marck s 179 1228 12.78 B2 1368 14.13
6 1247 1295 1342 1329 1434 479
Apal 7 13.03 13.81 4.18 1474 1529 1534
3 1333 1441 1497 1553 16.08 1662
May 9 1124 1243 1342 1420 1497 15.74
10 1226 13.08 13,83 461 1539 16.16
June n 1233 13.17 14.01 1435 1558 1651
12 12.18 13.02 1386 14.70 1553 1636
July 3 1471 1543 16.14 1634 17.54
14 1429 15.01 5.7 1642 17.12 1741
August 1466 1533 1598 1663 1728 1791
16 1443 1530 1596 1651 1728 1789
Septsmber 17 15.00 15358 16.15 1671 1727 1752
18 13.67 1426 14.34 1541 1597 1653
October 19 1354 411 1467 1522 .7 1630
20 13.50 14.10 14.69 1528 1586 1643
November 21 1L74 1242 13.10 13.7¢ 1442 15.08
2 10.23 1092 1160 1227 12.94 13.50
Decsmber 23 917 1043 1108 1L73 1237 13.00
24 10,00 10.66 11.31 11.95 12.59 13.23
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Table C.3.

15° C (cont.).

SNTEMP sensitivity to Camanche release temperature using LMRMP flows.
Release temperature from Camanche into Mokelumne ranges between 10 and

CRITICAL YEAR PREDICTED WATER TEMPERATURE AT RAY ROAD
WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 11 12 13 14 15
PERICD (Deg. C) (Deg. C) (Deg. C) (Deg. C) (Deg. C) (Deg. O)
January 1 7.00 703 7.05 708 1.10 T.12
2 12.98 12.99 13.01 13.02 13.04 13.05
Fobruary 3 10.46 10.48 10.50 1051 10.53 10.55
4 9.21 9.23 9.25 926 9.28 930
March 5 1336 13.37 1339 13.40 13.42 13.43
6 14.57 14.58 14.59 1461 14.62 14.63
April 7 19.35 19.35 19.35 19.38 19.35 1935
8 19.37 1937 1937 1937 1937 1937
May 9 22.00 22.00 22.00 200 22.00 2200
10 23.88 2388 23.88 23.88 2338 2389
Junse 11 27.11 27.11 27.11 27.11 27.13 27.31
12 25.80 25.80 25.80 2530 25.80 25.80
July 13 26.90 2690 26.90 26,90 26.90 26.90
14 31.03 31.04 31.04 3104 31.04 31.04
August 15 2587 25.97 25.97 25.97 2597 2597
16 24.68 24.68 24.68 24.68 24.68 2458
September 17 24.62 24.62 24.62 24.62 24.62 24.62
18 20.94 2094 20.94 20.94 20.94 20,94
October 19 21.61 2161 2161 21.61 2161 2161
20 18.20 18.20 18.20 1820 18.20 18.20
November 21 14.84 1491 14.98 15.08 15.12 15.18
22 10.65 10.74 10.83 1092 11.00 11.08
December 23 934 941 9.49 9.56 9.63 9.69
24 9.98 10.05 10.12 10.19 1025 10.32
DRY YEAR PREDICTED WATER TEMPERATURE AT RAY ROAD
WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 11 2 13 14 15
PERIOD (Deg. ©) (Deg. ) (Deg. C) (Deg. C) (Deg. C) (Deg. C)
January 1 7.50 768 745 3.02 8.19 835
2 12.58 12,73 1288 13.02 13.16 1330
February 3 10.40 1057 10.74 10.90 11.06 1122
4 934 9.52 9.70 987 10.04 10.20
March s 13.01 13.13 1325 13.37 1348 13.59
6 14.11 14.23 1434 1445 1457 14.67
April 1 1737 1752 1767 17.82 13.11 18.17
H 17.83 17.96 13.07 18.18 18.42 18.44
May 9 17.73 12.02 18.29 12.60 18.86 19.11
10 1941 19.74 20.02 2034 20.64 20,92
June 11 27.10 27.10 27.10 27.11 27.11 2711
12 25.80 2580 25.80 25.80 2580 2580
July 13 26.90 26.90 26.90 26.90 2690 26.90
14 31.03 31,04 31.04 31.04 31.04 3104
August 15 2597 2597 2597 25.97 2597 2597
16 24.68 24.68 24.68 24.68 24.58 24.68
September 17 24.62 2462 24.62 24.62 24.62 24.62
18 20.94 20.94 20.94 2094 2094 20.94
October 19 2131 2133 2137 2138 2143 21.46
20 17.86 1791 17.95 13.00 18.04 18.08
November 21 1398 1423 1447 14.71 14.94 15.16
2 1053 1080 11.06 11.32 1L.57 1082
Decomber 23 9.52 9.84 10.14 10.45 10.74 11.03
24 9.99 1030 10.61 10.91 11.20 11.49
WET-NORMAL YEAR PREDICTED WATER TEMPERATURE AT RAY ROAD
WHEN THE RELEASE TEMPERATURE IS:
MONTH TIME 10 1 12 13 14 15
PERIOD Dog.©)  (Dog.C)  (DegC)  (Deg.O  (DeaC)  (Des.O
January 1 7.50 7.68 785 8.02 8.19 835
2 1258 12.73 12.88 13.02 13.16 1330
February 3 10.40 10.57 10.74 10.90 11.06 1122
4 9.34 9.52 9.70 9.87 10.04 10.20
March H 13.01 13.13 1325 1337 1343 13.59
6 14.12 1423 1435 1446 14.57 1467
April 7 17.35 17.50 17.65 17.50 18.09 18.16
8 17.82 17.94 18.06 18.17 18.41 13.43
May 9 17.58 1786 18.17 1845 18.75 1909
10 1921 19.54 1987 20.17 2049 20.79
June 11 19.66 20,07 20.48 20.89 2136 2L76
12 18.77 19.19 19,60 20.04 2045 2086
July 13 2689 2689 26.89 26.89 2690 26.90
14 3103 31.03 3103 3103 31.03 3103
August 15 25.97 25.97 2597 2597 2597 25.97
16 24.68 2468 24.68 24.68 24.68 2468
September 17 24.62 24.62 24.62 24.62 2462 24.62
18 20.94 20.94 20.94 20.94 2094 20.94
October 19 20.83 20.90 2096 21.02 2107 2L12
20 16.95 17.11 1728 1744 1759 1175
November 21 1329 13.67 14.05 1442 14.78 15.14
2 1045 1085 1124 11.63 12,01 1239
December 23 9.55 991 1025 1059 10.93 1128
24 10.00 10.35 10.69 1103 1136 11.68
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Table C.4. Sensitivity analysis of Mokelumne River water temperature to hot meteorology.

SENSITIVITY TO DIFFERENT METEOROLOGICAL CONDITIONS

MXMETC  Hottest meteoroiogy data file using Critical LMRMP flow.
MXMETD  Hottest meteorology data file using Dry LMRMP flow.
MXMETW  Hottest meteorology data file using Wet/Normal Critical LMRMP flow.
10METC 10% exceedence level meteorology data file using Critical LMRMP flow.
10METD 10% exceedence level meteorology data file using Dry LMRMP flow.
10METW 10% excecdence level meteorology data file using Wet/Normal LMRMP flow.
NIMETC  Normai meteorological data file using Critical LMRMP flow.
NLMETD  Normal meteorological data file using Dry LMRMP flow.
NLMETW  Normal meteorological data file using Wet/Normal LMRMP flow.
SIMULATED WATER TEMPERATURE (CELCIUS) AT BRUELLA ROAD
TIME
PERIOD MXMETC MXMETD MXMETW 10METC 10METD 10METW NLMETC NLMETD NLMETW
1 January 9.25 8.29 8.23 8.18 758 752 6.71 6.59 6.53
2 13.87 11.67 1147 11.29 9.86 9.68 11.20 9.86 9.69
3 February 11.00 9.85 9.67 10.95 9.72 9.49 9.54 8.82 8.61
4 11.94 10.58 10.37 10.83 9.83 9.61 8.76 8.46 825
5 March 13,25 12.06 11.88 12.55 11.52 1132 11.79 10.96 10.76
6 15.29 13.70 13.53 13.45 12.40 1224 12.86 11.96 11.79
7 April 15.06 1332 1332 12.70 11.73 .73 13.89 12.54 12.54
8 16.32 1430 14.30 15.40 13.74 13.74 15.17 13.53 13.53
9 May 1491 12.29 12.01 1491 1235 12.02 14.14 11.89 11.68
10 14.77 12.65 12.41 14.90 12.70 12.54 1534 12.87 12.63
n June 16.41 16.41 1351 16.14 16.18 13.44 16.63 16.67 13.53
12 17.06 17.11 14.43 17.62 17.69 14.64 16.72 16.78 14.28
13 July 17.79 1779 16.31 18.90 18.90 17.06 18.03 18.03 16.49
14 17.47 17.49 16.33 16.84 16.85 15.89 17.76 17.76 16.58
15 August 17.90 17.93 16.51 17.66 17.66 1631 17.95 17.97 16.52
16 17.30 1730 16.21 17.64 17.64 16.44 17.98 17.98 16.69
17 September 1732 1733 16.57 17.29 17.30 1655 17.93 17.93 17.10
18 17.20 17.21 16.41 16.34 16.35 15.76 16.36 16.36 15.76
19 October 14.96 14.80 14.68 15.63 1534 15.06 16.94 16.43 15.89
20 1737 16.78 15.98 15.60 1537 15.03 17.27 16.71 1597
21 November 17.66 16.68 16.12 16.83 15.98 15.53 14.72 14.60 14.42
2 14.53 14.47 14.07 12.06 12,63 1272 11.76 1233 12.49
p<] December 10.43 1136 10.78 10.25 1131 10.67 10.04 11.13 10.60
24 10.16 10.18 10.13 8.24 9.05 9.09 9.55 9.86 9.82
ANNUAL AVERAGE 14.97 14.23 13.55 14.26 13.74 13.09 14.13 13.67 13.01
DIFFERENCE IN WATER TEMPERATURE FROM CORRESPONDING
NORMAL YEAR SIMULATION RUNS IN DEGREES CELSIUS AT BRUELLA ROAD
TIME
PERIOD MXMETC MXMETD MXMETW 10METC 10METD 10METW
1 January 25 17 17 1.5 1.0 1.0
2 27 18 13 0.1 0.0 0.0
3 February 15 1.0 11 14 0.9 09
4 32 21 21 21 14 14
S March 15 11 11 0.8 0.6 0.6
6 24 17 1.7 0.6 0.4 (X}
7 April 12 0.8 0.8 -1.2 0.8 0.8
8 12 0.8 0.3 0.2 02 02
9 May 0.8 0.4 03 0.8 0.5 03
10 0.6 0.2 0.2 0.4 02 0.1
11 June 0.2 0.3 0.0 0.5 095 4.1
12 0.3 03 02 09 09 04
13 July 02 4.2 02 0.9 0.9 0.6
14 {3 03 03 09 09 Q7
15 August 0.1 0.0 0.0 03 03 02
16 0.7 0.7 0.5 03 03 03
17 September 0.6 £0.6 0.5 0.6 0.6 0.6
18 0.8 0.9 0.7 0.0 0.0 a0
19 October 2.0 -1.6 -12 -13 <11 0.8
20 01 0.1 0.0 1.7 -13 09
21 November 29 21 1.7 21 14 11
2 2.8 21 1.6 03 03 02
3 December 0.4 0.2 0.2 02 0.2 0.1
24 0.6 03 0.3 -1.3 0.8 £0.7
ANNUAL AVERAGE 0.84 0.56 0.55 0.13 0.07 0.08
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Table C.4. Sensitivity analysis of Mokelumne River water temperature to hot meteorology (cont.)

SENSITIVITY TO DIFFERENT METEOROLOGICAL CONDITIONS

MXMETC  Hottest meteorology data file using Critical LMRMP flow.
MXMETD  Hottest meteorology data file using Dry LMRMP flow.
MXMETW  Hottest meteorology data file using Wet/Normal Critical LMRMP flow.
10METC 10% exceedence level meteorology data file using Critical LMRMP flow.
10METD 10% exceedence level meteorology data file using Dry LMRMP flow.
1I0METW  10% exceedence level meteorology data file using Wet/Normal LMRMP flow.
NLMETC  Normal meteorological data file using Critical LMRMP flow.
NLMETD Normal meteorological data file using Dry LMRMP flow.
NLMETW  Normal meteorological data file using Wet/Normal LMRMP flow.
SIMULATED WATER TEMPERATURE (CELCIUS) AT RAY ROAD
TIME
PERIOD MXMETC MXMETD MXMETW 10METC 10METD 10METW NLMETC NLMET NLMETW
1 January 10.93 9.98 9.96 9.18 8.63 8.60 6.91 6.81 6.79
2 16.75 15,31 1524 13.35 12.25 12.19 12.93 12.06 12.00
3 February 12.09 11.50 11.45 12.57 11.58 11.50 10.41 9.91 9.83
4 13.40 12.58 12.51 12.08 1134 1126 9.16 8.94 8.86
5 March 15.20 14.57 14.54 14.51 13.81 13.76 13.33 12.79 12.74
6 18.07 17.13 17.10 1532 14.70 14.67 14.55 13,98 13.95
7 April 2231 19.83 19.80 17.18 15.46 15.44 19.35 17.26 17.23
8 21.47 19.48 19.45 19.40 17.73 17.70 19.37 17.74 17.72
9 May 23.73 18.33 18.16 23.79 18.41 18.26 22.00 17.63 17.50
10 22.59 18.48 18.30 22.83 18.65 18.49 23.88 19.56 19.39
1 June 26.03 26.02 19.26 25.60 25.59 18.90 2711 2110 20.21
12 26.30 26,30 19.87 28.26 28.26 20.76 25.80 25.80 19.74
13 July 26.27 2627 26.26 29.53 29.53 29.52 26.90 26.90 26.89
14 30.29 30.29 30.29 28.42 28.42 2841 31.04 31.04 31.03
15 August 26.12 26.12 26,12 25.57 25.57 25.57 25.97 25.97 25.97
16 23.76 23.76 23.76 24.34 24.34 24.34 24.68 24.68 24.68
17 September 23.65 23.65 23.65 23.36 23.36 2336 24.62 24.62 24.62
18 22.58 22.58 22.57 20.80 20.80 20.80 2094 2094 2094
19 October 18.93 18.56 18.16 19.64 19.79 19.26 21,61 2141 21.02
20 1832 18.17 17.74 1592 15.88 15.75 1820 18,05 17.62
21 November 19.20 18.42 17.74 18.38 17.54 16.90 15.11 14.96 14.78
22 15.10 14,92 14.59 11.24 11.80 12.08 10.95 1145 11.76
23 December 10.08 10.65 10.42 9.69 10.48 10.19 9.42 10.21 10.00
24 10.82 10.59 10.54 7.80 8.43 8.51 9.90 9.92 9.90
ANNUAL AVERAGE 19.75 18.90 18.23 18.70 18.01 17.34 18.51 17.91 17.30
DIFFERENCE IN WATER TEMPERATURE FROM CORRESPONDING
NORMAL YEAR SIMULATION RUNS IN DEGREES CELSIUS AT RAY ROAD
TIME
PERIOD MXMETC MXMETD MXMETW 10METC 10METD 10METW
1 January 4.02 3.17 3.17 227 1.82 1.81
2 3.82 325 3.24 0.42 0,19 0.19
3 February 1.68 1.59 1.62 216 1.67 1.67
4 424 3.64 3,65 292 2.40 240
5 March 1.87 1.78 1.80 118 1.02 1.02
6 3.52 3.15 3.15 0.77 0.72 0.72
7 April 2.96 2.57 2.57 <217 -1.80 -1.79
8 2.10 1.74 173 0.03 0.01 0.02
9 May 173 0.70 0.66 1.79 0.78 0.76
10 -1.29 -1.08 -1.09 -1.05 -0.91 -0.90
11 June -1.08 -1.08 0395 -1.51 -1.51 <131
12 0.50 0.50 0.13 2.46 2.46 1.02
13 July £0.63 -0.63 -0.63 2.63 2.63 2.63
14 0.75 0.75 -0.74 2.62 -2.62 -2.62
15 August Q.15 0.15 0.15 0.40 0.40 -0.40
16 0.92 0.92 092 0.34 034 0.34
17 September 097 0.97 097 -126 -1.26 -1.26
18 1.64 1.64 1.63 0.14 0.14 £.14
19 October -2.68 -2.85 -2.86 -1.97 -1.62 -1.76
20 0.12 0.12 0.12 -2.28 217 -1.87
21 November 4.09 3.46 2.96 327 2.58 212
2 415 3.47 2.83 0.29 035 032
23 December 0.66 0.44 0.42 0.27 0.27 0.19
24 0.92 0.67 0.64 -2.10 -1.49 -139
ANNUAL AVERAGE 1.24 0.99 0.93 0.19 0.11 0.04
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Format WORAS
cutput data for SNTEMP
(MGD1) run

data from
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SNTEMP (MOD1)
run

SNTEMP
(MOD1)
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Prepareformat
data file tor WQRRS
run for Camanche
Ressrvoir

Format WAQRRS
output dara for SNTEMP
(MOD2) run

run ... not farmatted for
the following SNTEMP

Output data
from WQARS )
{Camanchs Res.)
formatted
for SNTEMP

Format SNTEMP
(MQD2) output data

Output data for
SNTEMP (MQD3)
ua

the following SNTEMP
(MOD3) run...
reacy for
analysie

{Lake Lodi) formatted
for SNTEMP
(M003)
run

Figure C-1. Flow chart of Mokelumne River water temperature model scheme.
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Figure C-2. Frequency distribution for difference in air temperature between Sacramento and Stockton Airport.
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Figure C-35. Frequency distribution for differences in water temperature which exceeded 18°C temperature criteria at Ray Road
for wet/normal LMRMP flow for April through June.



