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BATHYMETRIC STUDY REPORT 
 

 

1.0 Objectives 
 

The objective of this study was to develop an accurate reservoir geometry for the Turlock 

Irrigation District and Modesto Irrigation District (collectively, the “Districts”) Don Pedro 

Reservoir (FERC No. 2299).  The resulting reservoir geometry is also used to update the 

reservoir’s elevation-storage curve and provide data on existing conditions for inclusion in the 

three-dimensional (“3-D”) reservoir temperature model under development in support of the 

FERC relicensing of the Don Pedro Project (“Project”). 

 

 

2.0 Study Area 
 

The study area consists of Don Pedro Reservoir located in Tuolumne County, California, on the 

Tuolumne River (Figure 2.0-1).  Based on Engineer’s estimates developed prior to the 

construction of the Project, at the normal maximum pool elevation of 830 feet (ft) (NGVD 29), 

Don Pedro Reservoir has a surface area of 12,960 acres and stores 2,030,000 acre-feet of water 

(ACOE 1972). 
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 Figure 2.0-1.  Don Pedro bathymetry survey plan transects and water surface gages. 
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3.0 Methods 
 

Bathymetry below the full pool elevation of 830 ft was determined by two techniques: 

underwater surfaces were surveyed using field measurements (Section 3.1) and topographic 

information for surfaces above the water were obtained using radar technology (Section 3.2).  

Data obtained by the two techniques were synthesized into one surface using geographic 

information system (GIS) software (Section 3.3).  Quality assurance and quality control practices 

are described in Section 3.4. 

 

3.1 Field Survey 
 

The field survey was performed over 16 days between May 1 and June 5, 2011, from a flat-

bottom aluminum Johnboat with an outboard motor.  This time period was selected due to the 

relatively high water levels, relatively calm weather, and low amount of recreational boater 

activity. 

 

During the bathymetric data collection, Don Pedro Reservoir’s water surface elevation ranged 

from approximately 792 ft to 805 ft.  Depth data for Don Pedro Reservoir was collected using an 

Airmar B258 1-kW dual frequency transducer and a Foruno FCV-585 digital depth sounder 

(with real-time depth profile display) connected to a Trimble PRO-XR GPS and TSC1 Data 

Collector, capable of providing a real time differential Global Positioning System (“DGPS”) data 

stream.  The depth sounder’s transducer was mounted onto the side of the boat and lowered 0.3 ft 

below the surface of the water.  The GPS dome antenna was mounted on a platform above the 

level of the boat.  The accuracy of the B258 transducer was  0.1 foot of depth (for depths 

roughly 4 ft or greater) and the accuracy of the PRO-XR GPS receiver was less than one meter of 

linear distance (with optimal satellite coverage). 

 

Soundings were taken at approximately 1-second intervals and the boat speed was set to ensure 

that bottom features were appropriately sampled.  The boat was navigated along the transect 

lines using the DGPS, and the position of each sounding was determined using the DGPS 

system.  All depth and horizontal positioning data were recorded digitally in the field as a series 

of points with x-y-z coordinates, using a rugged field notebook personal computer, running 

Hypack Hydrographic Survey software. 

 

A total of 1152 transects, spaced at 50, 75, 100 meter intervals and oriented approximately 

perpendicular to the longitudinal axis of the reservoir, were pre-located and created using 

Hypack.  Areas of topographical concern, such as the Old Don Pedro Dam, were surveyed with 

greater density for added resolution.  In addition to the standard transects, perpendicular “tie 

lines”, oriented approximately parallel to the longitudinal axis of the reservoir and its tributary 

arms, were established to ensure inter-transect data consistency.  A Furuno real-time depth 

profile display was deployed to identify and navigate areas of topographical concern including 

confined coves and bars that were found while performing routine grid transects.  Transects 

covered the entire reservoir at the water surface elevation during the time of the field data 

collection (Figure 2.0-1). 
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Once all the data were collected, the sounder depth records were edited in Microsoft Excel to 

remove all but the necessary data to be matched up with a DGPS location and depths were 

corrected for submergence of the transducer, i.e. the “draft” or the depth from the water surface 

to the face of the transducer. 

 

Reservoir water level elevations were measured throughout the study from three gages.  Water 

surface elevations near the dam of the reservoir are routinely measured and recorded hourly by 

TID.
1
  For this study, water surface elevation gages were also installed at two other locations, 

where existing benchmarks provided vertical control for combining all elevation data to a 

common datum: (1) the Highway 120/49 Bridge across Railroad Canyon (NGS E1389),
2
 and (2) 

the Wards Ferry Bridge (NGS HS4439).
3
  All vertical control measurements were then converted 

to match the vertical datum of the gage at Don Pedro Dam.  These reservoir elevations were 

incorporated into the bathymetric model to adjust each reservoir depth measurement across the 

reservoir for changes in water surface elevation between the beginning and end of each survey 

period to the reservoir datum. 

 

The potential existed for an energy slope to form on the surface of Don Pedro Reservoir, as 

relatively large rates of inflow were observed at the time of the survey.
4
  (When an energy slope 

is present, a reservoir’s water surface elevation increases from downstream to upstream.)  Hence, 

on May 5, 2011, a water surface elevation logger (WSEL) was surveyed near the upper end of 

the reservoir using the monuments at the Highway 120/49 Bridge and at Wards Ferry Bridge.  

Water surface elevations as detected by the new logger were then compared to the water level as 

detected by the gage at Don Pedro Dam.  After analyzing the collected water level information, it 

was determined that there was not a measurable energy gradient during the period of survey.  

Hence, for the purpose of this data collection effort, the water surface of Don Pedro Reservoir 

was assumed to be flat. 

 

3.2 IFSAR 

 

Topographic information above 792 ft was obtained by interferometric synthetic aperture radar 

(IFSAR), which was collected by the vendor Intermap during August 2004.  The water surface of 

the reservoir at the time the IFSAR data were collected was 760 ft and the resulting Digital 

Terrain Model (DTM) extends upwards to well above the reservoir’s full pool elevation of 830 

ft.  

 

3.3 Surface Model Generation 

 

A contour line at the normal maximum water surface elevation of 830 ft was generated using a 

GIS contouring tool with the IFSAR DTM.  It was visually checked and modified as needed 

using a horizontally more accurate hi-resolution aerial image. 

 

                                                 
1  http://www.tid.org/water/hydrological-data 
2  http://www.ngs.noaa.gov/cgi-bin/ds_mark.prl?PidBox=HS1389 
3  http://www.ngs.noaa.gov/cgi-bin/ds_mark.prl?PidBox=HS4439 
4  Inflows to Don Pedro Reservoir ranged from 5,192 cfs to 12,652 cfs during this study (http://cdec.water.ca.gov/). 



Bathymetric Study Report 

 Page 5 Don Pedro Project 

  FERC No.  2299 

The bathymetric survey point data were imported into ESRI ArcGIS Desktop software where the 

point data was integrated with the IFSAR DTM data to make a continuous network of points 

below the normal maximum water surface contour.  That network of points was used develop a 

network of bottom lines or thalwegs.  The points, the bottom lines and the normal maximum 

water surface contour were then used as input for the ESRI surface interpolation tool “Topo to 

Raster”.  The Old Don Pedro Dam was located during the survey and construction drawings of 

that dam
5
 were useful to integrate that feature into the interpolated surface.  Contours at 10 ft 

intervals were then inferred using ESRI contouring tools.  The result of this analysis was a 

continuous surface model that will be used as input to the 3-D reservoir temperature model. 

 

3.4 Quality Assurance and Quality Control 

 

Data quality was assured by following manufacturer’s instructions and periodically verifying 

data values through an alternative measurement (in the field) and third-party review (in the 

office).  Throughout the field survey, the depths measured by the sounder were periodically 

compared to the actual depth.  The actual depth was measured by either lowering a “bar” beneath 

the sounder or by direct measurement of the bottom with a lead line or pole.  Measurement of the 

“draft” or the depth from the water surface to the face of the transducer was also periodically 

recorded. 

 

Quality Assurance of the bathymetric surface was performed by an independent reviewer 

following three steps.  The first step consisted of a review of the field methods and materials.  

The second step consisted of checking the edited raw data.  Finally, the third step consisted of 

verifying the methods used in the production of the final deliverable. 

 

Review of field methods included a review of the “bar checks” performed in the field and 

described above.  In addition, specifications of the sounder and DGPS used in the survey were 

reviewed to confirm the accuracy of the data as reported.  The water surface elevation data at the 

three gages were also checked for consistency. 

 

Next the processing of the raw data was checked.  Any data with DGPS errors or sounding errors 

that had been flagged by the modeler were checked to confirm that the deletion was appropriate 

prior to interpolation.  Soundings were spot checked for consistency.  The crossing of transects 

and tie-lines was reviewed to ensure that the sounder recorded similar depths at the intersection 

of survey lines.  If any sharp differences in depth at adjacent points were present, they were 

identified as either an error or a real feature. 

 

The last step was check of the final bathymetric surface (Attachment A).  Once the field methods 

and raw data were reviewed, the production of contours from a bathymetric surface was checked.  

Calculation of the bottom elevation from sounding depths was reviewed to ensure corrections for 

the draft and varying water surface elevation were properly accounted for.  The method of 

interpolation and settings used in the interpolation was reviewed to ensure that reasonable 

contours were generated.  Contours created using interpolation were checked against actual 

soundings to verify that the interpolated surface is reasonable.  Finally, contours were checked 

                                                 
5  TID and MID 1920 
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against the original elevation-storage curve, as well as historical United States Geological Survey 

(USGS) maps. 

 

 

4.0 Results and Analysis 
 

Don Pedro Reservoir contours at 10-ft intervals are displayed along with a shaded relief of the 

surface in a series of maps at the end of this report (Figures 1 through 15 in Attachment B). 

 

Using the survey data, reservoir volume was calculated in one-foot contour intervals from the 

bottom of the reservoir to the normal full pool elevation.  The calculated storage using the new 

bathymetry data is compared to the original storage capacity information in Table 4.0-1 and 

Figure 4.0-1.  The original  elevation-storage curve indicated that Don Pedro Reservoir at the 

time of its construction had a total storage capacity of 2,030,000 acre-feet of water at elevation 

830 ft (ACOE 1972), while the new bathymetric surface indicates  the reservoir holds 2,014,306 

acre-feet at that elevation—a difference of  less than 1 percent. 

 
Table 4.0-1.   Don Pedro Reservoir volume comparison between original elevation storage curve  

           and 2011 bathymetry survey data. 

  Cumulative Volume (ac-ft)   Incremental 

Elevation 

(ft) 

Original 

Storage 

Curve
1 

2011 Bathymetry 

Survey 

Gain 

(Loss) in 

Total 

Storage
2 

Percent 

Gain/Loss 

of Total 

Storage 

Gain (Loss) in 

Total Storage
2 

Percent 

550 158731 158578 

            

(153) -0.01%               (153) -0.10% 

570 212870 211023 

         

(1,847) -0.09%            (1,694) -0.80% 

590 274760 272508 

         

(2,252) -0.11%               (405) -0.15% 

620 384060 382330 

         

(1,730) -0.09%                 523  0.14% 

650 517450 516849 

            

(601) -0.03%             1,129  0.22% 

680 678950 677807 

         

(1,143) -0.06%               (542) -0.08% 

710 869700 867442 

         

(2,258) -0.11%            (1,116) -0.13% 

740 1094900 1090096 

         

(4,804) -0.24%            (2,545) -0.23% 

770 1359200 1350810 

         

(8,390) -0.41%            (3,586) -0.26% 

800 1669000 1657028 

       

(11,972) -0.59%            (3,582) -0.21% 

830 2030000 2014306 

       

(15,694) -0.77%            (3,722) -0.18% 
 

1ACOE 1972 Flood Control Manual 
2 Original Survey Volume at Elevation – 2011 Survey Volume at Same Elevation 
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     Figure 4.0-1.  Don Pedro Reservoir area-capacity curves (reference data: ACOE 1972;  

                             2011 bathymetry study). 

 

 

5.0 Discussion 
 

As demonstrated in Section 4.0, the storage volumes provided by the original elevation-storage 

curve and the new bathymetric surface differ by less than 1%.  It is recognized that the two 

estimates were developed based on different survey methods and bathymetric surface calculation 

methodologies.  Other than the elevation-storage curve itself, the input data used to generate the 

ACOE 1972 curve were not available.  However, both methods relied on engineering standards 

for computations in use at the time of survey, indicating an appropriate level of computational 

rigor was applied to both estimates.  Therefore, it is reasonable to conclude that, for all intents 

and purposes, the 2011 survey substantially confirms the 1972 elevation-storage information and 

that any loss of storage in the Don Pedro Reservoir since Project construction can be considered 

to be minimal. 
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Developed by G. Populis 12-9-2011 

Updated by R. Olden 12-9-2011 

Check Performed by F. Brilhante 12-15-2011 

 

BathPnts_Final:  This file is the set of bathymetric point used in the Topo to Raster tool.   

• Surface elevations were normalized by using hourly reservoir surface elevation from TID and a 

lookup table to interpolate elevations for specific times. 

o Checked, interpolated elevations were correct and application to bathy data was 

correct, calculation of bottom elevations was correct 

o Assumed GroundElev = SurfaceElev – CorDepth1 where 

CorDepth1=RawDepth1+CorDepth2 and Cordepth2 is the boat draft 

• Points with repeating identical and sequential depth reading assumed to be errors and were 

found and queried out of the dataset. 

o This is reasonable 

• Where multiple points near each other disagreed with each other regarding depth readings a 

decision was made to query out point determined to be errors.  Available topo information used 

where available in making these decisions. 

o This is reasonable 

BathPnts_Original:  This dataset contains all bathymetric points we collected. 

• These are all the originally collected bathymetric points, with surface elevation added through 

the lookup table and the TID reservoir surface elevations. 

• An attribute field was also added and used to query out points before exporting to the final 

point dataset. 

• Codes for comment field used to track the removal of points for final point input file 

o R – Same depth as previous point. Queried out as error. 

� ok 

o X – Removed as error based on visual inspection and comparison with other existing 

topography. 

� Agree with this approach, however points near the old dam should be checked 

again when the final product is complete 

o XD – Removed from Old Don Pedro Dam. Plan to add old dam back to surface post 

interpolation as vector using as-built drawings 

� A reasonable approach, note most of the points flagged as XD are between 

590 and 607.  The old dam had a spillway elevation of 590 and a crest of 607 

the data tends to support this . Keep this in mind when adding the old dam to 

the final product. 

IFSAR_Points_Final_Below_HW:  This dataset contains all the IFSAR points below the high water line, 

without overlapping our BathPnts_Final dataset.   

• IFSAR raster which was converted to NGVD29 datum and was converted to points. 

o Assume conversion is correct value appear reasonable. 
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Updated by R. Olden 12-9-2011 

Check Performed by F. Brilhante 12-15-2011 

 

• Points within the high water polygon of the reservoir were selected and extracted. 

o ok 

• Any points higher than 830 ft. (high water) were removed. 

o ok 

• Points at the reservoir surface elevation, 762.9 ft, and below at the time the IFSAR data was 

collected were removed. 

o ok 

• Any points within 50 ft. of our bathymetry points were removed. 

o Ok a check of IFSAR data to our bathy data shows good agreement 

• Any points that were within 18 ft. of the high water line and were more than 24 ft. lower than 

830 ft. (below 806 ft.) were removed.  This was done due to a slight imperfection in the 

alignment between the IFSAR data and our bathymetric points.  We did not want to be creating 

large flat spots or cliffs where none existed. (We made an exception to this rule for the points in 

Boxcar Canyon where steeper slopes are normal. 

o ok 

IFSAR_Points_Final_Above_HW:  This dataset contains all the IFSAR points above the high water line, 

and is used mainly to inform the slope near the high water line. 

• IFSAR raster which was converted to NGVD29 datum was converted to points. 

o ok 

• Any points below 830 were removed. 

o ok 

• Points within 18 ft. of the high water line and more than 24 ft. above 830 ft. elevation (Above 

854 ft.)  were removed. (Same reason as previous section.) 

o ok 

BottomLine_Final:  This dataset shows a representation of the drainages / low point of the underwater 

topology.  This is used primarily to inform the interpolation of the points into a raster elevation file. 

This approach is reasonable and will yield a good surface for use in modeling. 

• Main Tuolumne River drainage was aligned using the lowest point from each transect in the 

bathymetric data.  Old topographic maps were used to inform the decision making process. 

• Other major drainages were created using the same techniques. 

• Where possible aerial imagery was used to align drainages.  Reservoir elevation was about 750 

ft. when the aerial imagery was flown. 

• Old topographic maps were used to adjust bottom lines where gaps in the bathymetric data and 

aerial photos existed. 

• Other bottom lines were created using flow lines created by the ‘topo to raster’ tool in ArcInfo 

10 3D Analyst. 
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Highwater_Line_Final:  This is a linear representation of the high water line around Don Pedro Reservoir 

and is used as a contour line (830 ft.) to inform the interpolation. 

• Original high water line was created from a mix of ESRI CD data “Teleatlas” and IFSAR data. 

• Updates were made utilizing the 1 ft. pixel aerial photography and reprocessed IFSAR data. 

o Was the level of the reservoir known when the aerial was flown? 

 

DP_Bathy:  This is the elevation raster created by the Topo to Raster tool.  This will be processed later to 

create the final terrain. 

 

• DP_Bathy was created using the Topo to Raster tool in 3D Analyst using the settings shown 

below. (error message is because tool was already run and file name already exists 

o The resultant surface looks good.  I will check it again when the data is collected and 

the interpolation looks sound. 

o The hillshade, however, makes it look like there are artifacts from the data.  I 

recommend either not using it or taking steps to smooth it out some more 
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Don Pedro Reservoir Bathymetric Contours (Sheets 1 - 15) 

 

 



This Page Intentionally Left Blank. 





2

2.5

3

3.5

4

4.5

5

5.
5

Bonds Flat Rd

CALIFORNIA

132

Merced Falls Rd

B i g C r e e k

650
700

750

800

550

600

650700

750
800

750

800

650

800

70
0

750800

550

600

650

700

750

800

600

65
0

700

700

750

75
0

750

70
0

750

800

800

800

800

Rogers Creek

Rogers
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 2 of 15



2

2.5

3

00

0.
5

0

0.
5

1

1.5

2

2.5

3

3.5

Bonds Flat Rd

B
i g 

C r e
e
k

800750700650600550
500

450

400

450

500

550
600

650

800

750700

800

750
700

45
0

40
0

75
0

700

800

750

800

75
0

700

550

600

550

600

750

800

55
0

750

70
0

70
0

45
0

55
0

650

80
0

75
0

700

75
0

70
0

550600

50
0

60
0

500

450

450

500

800

800

750

800

750

750

55
0

600

650

800

700

75
0

750

700

500

55
0

600

600

650

650

650

650

65
0

650

800

800

800

800

750

750

700

70
0

800

750

600

750

700

700

Big
Creek Tuolumne

Rogers
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 3 of 15



3

3.5

4

0.
5

1

1.5

2

2.5

3

3.5

4

4.5

750

70
0600

50
0

450

40
0

800

750

700650

65055
0

750700

450

500
550

600
650

500
550
600

750

800

45
040

0

750
700

750

70
0

750
700

80
0

75
0

800

750

700

450

50
0

700

75
070

0

700

700

600
550
500

600550

700

800

800

750
700

800

500

500

400

450

650

750

700

800

800

80
0

800

800

750

45
0

500

550

600

750

700

600

450

50
0

50
0

50
0

550

550

550

55
0

600

600

600

650

650

650

650

650

65
0

650

75
0

750

750

750

700

700

700

750

75
0

700
80

0

80
0

800

800

800

800

800

Tuolumne

Tuolumne

Big
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 4 of 15



3.5

4

4.5

5

5.5

6

6.5

7

B i g C r e e k

W
e

s
t 

F
o

r

k B i g 
C re

ek

550

600

650

700
750
800

80
0

750

70
0

800

750

750800

700

750

700

750

80
0

750800 750

800

700

75
0

800

800

800

75
0

75
0

750

800

800

80
0

Big
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 5 of 15



3.5

4

4.5

5

5.5

6

H
at c h C r e

e
k

W i l l o w 
C r ee k

800
750

700

650

600

55
0

500

80
0

75
0

70
0

65
0

60
0

55
0

50
0

800
750
700

500

600

700

65
0

60
0

55
0

50
0

500

550

600

650

800

800

40
0

450

750

70
0

650 60
0

550

500
550

60
0

650

700

700
650

60
0

800

750

550

550

500

600

40
0

450

450

450

450

550

550

600

65
0

650

650

65
0

70
0

700

700

700

700

750

750

750

75
0

750

750

75
0

500

800

800

800

800

800

450

800

800

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 6 of 15



6

6.5

7

7.5

8

8.5

9

9.5

10

550
600

650
700
750

800
750

700
650

600

800750700

650
700

750

450 500

750
700

650

800750

70
0

700

750

750800750
800

650

600

600

550

700

800

550

500

550

600
650

750

600

550

550

600

650

800

750

700

650

500

550

75
0

650

600

60
0

550

700

550

80
0

800

800

80
0

750

750

750

700

700

700

650

650

65
0

50
0

50
0

500

600

550

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 7 of 15



9

9.5

10

10
.5

11

11
.5

12

12.5

13

13.5

750
700

650

600

550

750

650

600

550

800750650550

70
0

65
0

75
070

0

80
0

75
0

550

500

55
0

80
0

75
0

600

65
0

60
065

0

80
0

70
0

80
0

700

65
0

800

750

70
0

650

600

55
0

550

80
0

800

700

750

600

600

700

750

750

750

700

650

70
0

800

800

800

750

750

700

700

700

700

650

650

650

650

550

550

600

600

600

750

700

Tuolumne

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 8 of 15



13.5

14

14.5

15

15.5

16

16.5

0

0.5

CALIFORNIA

49

S i x b i t G u l ch

P o o r M a n' s G
u

lc
h

P
oo

r 
M

a n ' s 

G
u

l c
h

60
065

070
080

0

550

75
0

750
700

80
0

75
0

800

750

700

650

80
0

750

800
700

80
0

600

650

80
0

55
0

55
0

550

80
0

60
0

75
0

80
0

750

70
0

65
0

70
0

65
0

700

60
0

600

60
0

Woods
Creek

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 9 of 15



3.5

4

4.5

5
5.

5

6

Jacksonville R
d

S i x b i t G

u
l c

h

S l a t e 
C r e e k

800

800

800

75
0

Woods
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 10 of 15



16

0

0.5

1

1.
5

2

2.5

3

3.5

4

Jacksonville Rd

CALIFORNIA

49

K
a

n
a
k
a 

C
r e

e
k

P o o r M a n ' s G u l c h

800750

650
700

800

600

600

650

700

80
0

800

800

750

800

750

750

75
0

750

650700

700

70
0

700

750

Tuolumne

Woods
Creek

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 11 of 15



15

15.5

16

16.5

17

17.5

18

18.5

19

19.5

20

0

0.5

CALIFORNIA

49

Jacksonville Rd

CALIFORNIA

49

K a n a k a 
C r e e k

Moccasin Point
Recreation Area

800

750

80075
0

70
0

800

75
0

700

65
0

60
0

65
0

70
0

800

75
0

80
075

0

75
0

800
750

700

800

600

800

750
70

0

60
0

65
0

700

750

800

750

800

80
0

750

75
0

700

700

750

650

650

65
0

650

650

700

70
0

700

75
0

750

750

750

800

800

800

Woods
Creek

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 12 of 15



16.5

17

17.5

18

18.5

Jacksonville Rd

CALIFORNIA

49

CALIFORNIA

49

M
o

c c a
s i n 

C
r e e k

Moccasin Point
Recreation Area

800

750650

80
0

70
0

65
0

800

700

800

750

650

700

750

80
0

750

750
750

700 700

800

80
0

800
800

800

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 13 of 15



20

20.5

21

21.5

22

22.5

23

23
.5

24

Wards Ferry Rd

Wards 
Ferry 
Bridge

D e e r C r e ek

R
o

u gh a n d 
R

e a d
y 

C
r e

e
k

B l a n k e t C r e e k

800

800

800

80
0

800

800

Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 14 of 15



23
.5

24

24.5

25

25.5

26

Wards Ferry Rd

Wards 
Ferry 
Bridge

D e e r C r e e k

T u o l u m n e R i v e r

N
o

r t
h 

F
o r k 

T u o l u m n e R i v e

r

T
u

r n
b

a
c

k 
C

r e
e

k

750

80
0

80
0

80
0

800
Tuolumne

Modesto Irrigation District &
Turlock Irrigation District

Don Pedro Reservoir
Bathymetric Contours

Bathymetric survey conducted May 1st, 2011 to June 5th, 2011

Prepared by:     HDR Engineering Inc.

0 150 300 450 600
Meters

0 500 1,000 1,500 2,000
Feet

G
:\P

ro
je

ct
s\

Tu
rlo

ck
ID

\D
on

Pe
dr

oR
el

ic
en

si
ng

\m
ap

_d
oc

s\
S

tu
dy

\B
at

hy
m

et
ry

\R
E

PO
R

T_
Ba

th
ym

et
ry

S
iz

eD
.m

xd
_2

/7
/2

01
2

10 Foot Contour Elevation in 
National Geodesic Vertical Datum of 1929 (NGVD29)

Figure 1.4-3
Sheet 15 of 15



STUDY REPORT W&AR-03 
RESERVOIR TEMPERATURE MODEL 

 
ATTACHMENT D 

 
WATER TEMPERATURE AND LOCAL METEOROLOGY DATA SET  

(May 2013) 
 
 

Due to the size and format of the material in Study W&AR-03 Attachment D, copies of the material 
may be obtained upon request to the Districts.  Please contact John Devine, Relicensing Project 
Manager, at 207.775.4495 or by e-mail at john.devine@hdrinc.com. 

mailto:john.devine@hdrinc.com


This Page Intentionally Left Blank. 



STUDY REPORT W&AR-03 
DON PEDRO RESEVOIR TEMPERATURE MODEL 

 
ATTACHMENT E 

 
FULL PERIOD OF RECORD METEOROLOGICAL DATA SET



This Page Intentionally Left Blank.



W&AR-03 Attachment E Page i Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

TABLE OF CONTENTS 
Section No. Description Page No. 

1.0 INTRODUCTION ........................................................................................................... 1-1 
2.0 data requirements ............................................................................................................. 2-1 
3.0 data sources ...................................................................................................................... 3-1 
4.0 Full period of record data set development...................................................................... 4-1 

4.1 Reservoir Temperature Model Temperature Data Set ......................................... 4-1 
4.2 Lower Tuolumne Temperature Model Data Set .................................................. 4-3 

5.0 References ........................................................................................................................ 5-1 
 

List of Figures 
Figure No. Description Page No. 
Figure 3.0-1.   Weather station locations. .............................................................................. 3-3 
 
 

List of Tables 
Table No. Description Page No. 
Table 3.0-1.   Weather stations. ............................................................................................ 3-1 
 
 



 

W&AR-03 Attachment E Page 1-1 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

1.0 INTRODUCTION 
 
FERC approved the Districts’ Don Pedro Reservoir Temperature Model Study Plan (W&AR-03) 
in its December 22, 2011 Study Plan Determination. The study includes the development of a 
three-dimensional (3-D) model of the reservoir’s thermal conditions. One of the input 
requirements for the model is a hydrologic and meteorological data set for  the full period of 
record to be evaluated by the model; that is, Water Year (WY) 1971 through WY 2012) 
(TID/MID 2011a).  Likewise, application of the FERC-approved Lower Tuolumne River 
Temperature Model (W&AR-16) also requires a long-term meteorological data set (TID/MID 
2011b).   
 
This report provides a description of the development of the full period of record meteorological 
data set.  The identification and analysis of the available historical data are described, as are the 
methods used to create the full period of record of input meteorology. 
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2.0 DATA REQUIREMENTS 
 
The Reservoir Temperature Model employs a 3-D model platform, the Danish Hydraulic 
Institute (DHI) MIKE3-FM model, while the Lower Tuolumne River Temperature Model 
employs the US Army Corp of Engineers’ HEC-RAS platform (DHI 2011; ACOE 2010). The 
MIKE3 platform requires the following hourly meteorological input data:   
 
 air temperature (°F), 

 relative humidity (%), 

 wind speed (mph), 

 hourly wind direction (degrees), and 

 clearness, 0 (cloudy) to 1 (clear).  

 
MIKE3-FM calculates solar radiation from sun angle relationships and the clearness index.   
 
The HEC-RAS platform requires hourly meteorological input data as well, consisting of the 
following parameters: 
 
 air Temperature (°F), 

 relative Humidity (°F), 

 barometric Pressure (in Hg), 

 short-wave solar radiation (watt-hours/ft2/day), and 

 wind speed (mph). 

 
Development of the long term data set for each parameter is discussed below. 
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3.0 DATA SOURCES 
 
The long term meteorological data set was derived from measured data at nearby weather 
stations operated by, or in cooperation with, the National Oceanic and Atmospheric 
Administration (NOAA, 2013) and the California Irrigation Management Information System 
(CIMIS).  Solar radiation data were available at many of the NOAA sites.    
 
Weather stations were identified that (1) were representative of the meteorology of each model 
area; (2) had the required data types; and (3) had either the full period of record or sufficient 
period of record to be useful as supplemental data.  Table 3.0-1 provides a summary of the 
weather stations selected and Figure 3.0-1 shows the location of each gage.   
 
Table 3.0-1.   Weather stations.    

Weather  
Station  

Operating  
Agency 

Period  
of Record1 

Data  
Type1 

Don Pedro TID/MID 11/30/2010 
to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Wind Direction 

Barometric Pressure  
Solar Radiation  

Crocker Ranch TID/MID 11/30/2010 
to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Barometric Pressure  

Solar Radiation  

Stockton Metropolitan 
Airport NOAA3, NREL4 10/1/1970 

to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Barometric Pressure 

Modesto City-County 
Airport NOAA3, NREL4 1/1/1973 

to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Barometric Pressure 

Modeled Solar Radiation 

Castle Air Force Base  NOAA3, NREL4 1/1/1973 
to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Barometric Pressure 

Modesto  CIMIS2 1/1/2010 
to 12/31/2012 

Air Temperature 
Relative Humidity 

Wind Speed 
Barometric Pressure  

Solar Radiation 

Denair II  CIMIS2 1/1/2010 
to 12/31/2012 

 
Solar Radiation 

 

Oakdale  CIMIS2 1/1/2010 
to 12/31/2012 

 
Solar Radiation 
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Weather  
Station  

Operating  
Agency 

Period  
of Record1 

Data  
Type1 

Sacramento Executive 
Airport NOAA3, NREL4 10/1/1970 

to 12/31/1991 

 
Modeled Solar Radiation 

 
1 Only includes weather station data or date ranges used in the dataset creation. 
2  CIMIS (2013)  
3  NOAA (2013)  
4    NREL (2013)  
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Figure 3.0-1.   Weather station locations.
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4.0 FULL PERIOD OF RECORD DATA SET 
DEVELOPMENT 

 
Following extraction of data from the various sources (Section 3.0), data were verified and/or 
validated as appropriate.  Air temperature, relative humidity, barometric pressure, and wind 
speed data were reviewed for completeness and accuracy.  Visual inspection of the data using 
HEC-DSS was performed to identify and remove obvious data errors.  For example, single hour 
“spikes” of an exceptional magnitude for each data type were removed.  Linear interpolation was 
then used to fill in data gaps up to an appropriate maximum number of hours based on data set 
type and the level of variability within each data type.     
 
It was observed that the NOAA Stockton Metropolitan Airport weather station data set was 
considerably more complete than the other weather station data sets.  The NOAA Modesto City-
County Airport weather station was the nearest weather station to the Don Pedro Project that 
contained the full period of record; however a large portion of the data was missing, including 
nighttime values for the majority of the recorded days.  The Stockton Metropolitan Airport 
weather station data were compared to other weather stations in Table 3.0-1 and it was concluded 
that the Stockton Metropolitan Airport weather station data are sufficiently representative of the 
other gages for purposes of developing the long term meteorology.     
 
To complete the full period of record data set using the Stockton Metropolitan Airport weather 
station data, remaining gaps in air temperature, relative humidity, barometric pressure, and wind 
speed data at the Stockton Metropolitan Airport weather station were filled in using data from 
the other weather stations.     
 
Development of the full period of record clearness and wind direction data sets is discussed 
below in the MIKE3-FM model input data set development discussion (Section 4.1).  
Development of the full period of record solar radiation data set is discussed below in the HEC-
RAS model input data set development discussion (Section 4.2).     
 
The complete data set is available on CD upon request from John Devine at 
John.Devine@hdrinc.com. 
 
4.1 Reservoir Temperature Model Temperature Data Set 
 
The full period of record meteorological data set for input into the MIKE3-FM was developed to 
best represent conditions at the Districts’ Don Pedro meteorological station.  The data set was 
tested by running the MIKE3-FM model for 2011 and 2012 using inputs from the long term data 
set and comparing them to results of the model calibration and validation provided in the 
Reservoir Temperature Model Report (W&AR-03), to which this write-up is an attachment.  As 
detailed further below, the resulting modeled water temperatures discharged from the reservoir 
using the 2011 and 2012 data from full period of record data set were very similar to those 
modeled during calibration and validation.   
 
The air temperature and relative humidity data sets developed for the Stockton Metropolitan 
Airport weather station were direct inputs in the MIKE3-FM model.  It was observed that the 

mailto:John.Devine@hdrinc.com
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peak daily air temperatures observed at Stockton were representative of the peak air temperatures 
observed at the Districts’ Don Pedro meteorological station.  The nighttime air temperatures 
differed noticeably between the two data sets.  The relative humidity data at Stockton followed 
the same diurnal patterns as observed at Don Pedro.  Differences in magnitudes of the peak 
values were observed, but this is due primarily to the difference in nighttime temperatures when 
the relative humidity is the greatest.   
 
The differences in temperature and relative humidity data sets were considered to be acceptable 
upon review of the 2011 to 2012 calibration and validation test results.  The resulting modeled 
water temperatures discharged from the reservoir were very similar to those modeled during 
calibration and validation.  It was observed that the peak daily air temperatures at Stockton were 
representative of the peak air temperatures observed at the Districts’ Don Pedro meteorological 
station.  The nighttime air temperatures differed noticeably between the two data sets, when 
relative humidity was the greatest.   
 
The relative humidity data at Stockton followed the same diurnal patterns as observed at Don 
Pedro.  Differences in magnitudes of the peak values were observed, but this is due primarily to 
the difference in nighttime temperatures.  The differences in temperature and relative humidity 
data sets were considered to be acceptable upon review of the 2011 to 2012 calibration and 
validation test results as described above. 
 
Review of the average wind speed at the Districts’ Don Pedro meteorological station showed that 
it was nearly twice that recorded at Stockton.  Hence, wind speed data at the Stockton 
Metropolitan Airport weather station were modified using linear regression techniques to better 
represent the wind conditions at Don Pedro.  The linear regression analysis employed modified 
regression coefficients that were calculated so the resulting long-term data set had the same mean 
values and standard deviation as the Don Pedro weather station.  This approach was chosen due 
to the fact that a strong correlation is not possible due to the inherent variability of measured 
instantaneous wind speeds.  The method chosen produced a data set that adequately captured the 
peak wind events and the hourly variability of wind speeds. 
 
A relationship between wind direction at the Stockton Metropolitan Airport and the Don Pedro 
weather station could not be developed because wind direction is a highly localized parameter, 
especially in locations with varying terrain as typical of the Sierra foothills.  Instead, it was 
deemed more important to capture the local conditions at the Don Pedro weather station, despite 
only having two years of recorded data.   Don Pedro station wind direction data were examined 
in HEC-DSS using a cyclic analysis, which overlays the statistical average and percentiles of 
wind direction, in order to describe the variability in the data set. A diurnal pattern to wind 
direction emerged by this analysis, and it was also observed that May, June, and July exhibited a 
different pattern than the remainder of the year. Thus, a synthetic data set was created for Oct 
1971 to Dec 31st 2012 based on the median hourly wind direction for May through July, and 
median hourly wind direction for August through April.  
 
The clearness of the sky is related to the cloud cover.  Daily cloud cover data for either Don 
Pedro Reservoir or Modesto is not available; however, monthly data are. Monthly average 
clearness was obtained from weatherspark.com which compiles data from NOAA’s National 



  4.0  Full Period of Record Data Set Development 

W&AR-03 Attachment E Page 4-3 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

Weather Service - Aviation Weather Center, which includes the Modesto City-County Airport. 
The comparison of computed and measured solar radiation is presented in Section 4.4. 6.6 Short 
Wave Radiation of the Reservoir Model Report (W&AR-03), to which this write-up is attached. 
 
4.2 Lower Tuolumne Temperature Model Data Set 
 
The full period of record meteorological data set for input into the HEC-RAS model was 
developed to best represent conditions at the Districts’ Crocker Ranch weather station.  The data 
set was tested by running the HEC-RAS model for 2011 and 2012 using inputs from the long 
term data set and comparing them to results of the model calibration and validation provided in 
the Reservoir Temperature Model Report (W&AR-03), to which this write-up is an attachment.    
As detailed further below, the resulting modeled 2011 and 2012 water temperatures within the 
Tuolumne River were very similar to those modeled during calibration and validation.   
 
The full period of record air temperature and relative humidity data developed for the Stockton 
Metropolitan Airport weather station were direct inputs into Lower Tuolumne River 
Temperature Model as they were representative of the conditions at the Districts’ Crocker Ranch 
weather station. 
 
Wind speed data at the Stockton Metropolitan Airport weather station were modified to better 
represent the wind conditions at the Districts’ Crocker Ranch weather station using linear 
regression.  Modified regression coefficients were applied so the resulting data set had the same 
mean values and standard deviation as the Crocker Ranch weather station.  This approach was 
chosen because a strong correlation is not possible due to the inherent variability of measured 
instantaneous wind speeds.  This method produced a data set that adequately captured the peak 
wind events and the hourly variability of wind speeds.  
 
The primary source of hourly solar radiation data came from modeled data from the National 
Solar Radiation Database (NSRDB) developed by the NREL (NREL 2013), a laboratory of the 
United States Department of Energy.  The NRSDB consists of two models; solar radiation from 
1961 to 1990, and solar radiation from 1991 to 2010.  The 1991 to 2010 database was developed 
based upon updated methods and techniques and benefits from plentiful solar radiation data.      
 
Sacramento Executive Airport weather station was the closest weather station modeled by NREL 
for the 1961 to 1991 period.  A strong correlation was observed during the overlapping period of 
record, 1987 to 1991, between the measured solar radiation at the Modesto CIMIS weather 
station and the NREL modeled solar radiation data. Hourly modeled Sacramento Executive 
Airport solar radiation data were used in the full period of record data set for Oct 1, 1970 to Dec 
31st, 1990.   
 
The 1991 to 2010 database included the Modesto City-County Airport, the Stockton 
Metropolitan Airport, and Castle Air Force Base near Atwater, California.  The Modesto City-
County Airport modeled solar radiation data were used in the full period of record data set from 
1991 to 2010.   The Modesto City-County Airport was selected as it is the closest weather station 
to the project.   
 



  4.0  Full Period of Record Data Set Development 

W&AR-03 Attachment E Page 4-4 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

For 2010 through 2012, the Oakdale CIMIS station solar radiation data were the primary source 
with missing data filled in using the Denair II CIMIS and Modesto CIMIS weather stations.
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1.0 OBJECTIVE 
 
FERC approved the Districts’ Don Pedro Reservoir Temperature Model Study Plan (W&AR-03) 
in its December 22, 2011 Study Plan Determination. The study includes the development of a 
three-dimensional (3-D) model of the reservoir’s thermal conditions. One of the input 
requirements for the model is an inflow temperature data set for the full period of record to be 
evaluated by the model: that is, Water Year (WY) 1971 through WY 2012 (TID/MID 2011a).   
Available stream temperature data measured from flowing water upstream, within, and 
downstream of the Project are available in electronic format as Attachment C of this report.  The 
objective of the analysis described in the following sections is to develop a method for predicting 
average daily water temperature in the upper Tuolumne River when observed water temperature 
data are unavailable.  
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2.0 ANALYSIS 
 
The water temperature in the main stem Tuolumne River just below the South Fork confluence 
(CDFG Station TBSFRK) was selected to be representative of reaches downstream to the Don 
Pedro Reservoir (Figure 1).  Water temperature data for the Tuolumne River below the South 
Fork (TBSFRK, RM 96.5; 37.8361 °N, 120.0537 °S) was obtained from the California 
Department of Fish and Game (CDFG). The period of record extends from April 27, 2007 
through the present.  
 
An obvious feature of the TBSFRK water temperatures is the annual cycle of high summer 
temperatures followed by low winter temperatures (Figure 2). This suggests that a cyclical 
function based on 2πDOY/365.25, where DOY is the day of the year, would be useful in 
constructing a predictive regression model. A wide range of meteorological, geomorphic and 
hydraulic factors may influence water temperatures at a given point in a stream. In an effort to 
include the meteorological effects the following data were obtained from Buck Meadows 
(BuckMeadows-daily.xlsx, a daily worksheet attached to the Operations Model Report (W&AR-
02)(TID/MID 2013)): 
 
 solar radiation 

 wind speed 

 wind direction 

 wind gust speed 

 average daily air temperature 

 maximum daily air temperature 

 minimum daily air temperature 

 average daily relative humidity 

 maximum daily relative humidity 

 minimum daily relative humidity 

 total daily precipitation 

 
These parameters were evaluated as independent variables in the regression models. Several 
additional sources of average daily air temperature were available, but they were generally less 
complete than the Buck Meadows record and were very highly correlated with Buck Meadows; 
consequently, only the Buck Meadows records were used in the final models. Independent 
variables representing hydraulic effects included in the analysis were: Total Flow into Don 
Pedro, Unregulated Flow, Regulated Flow (downstream from Hetch Hetchy, Cherry Lake and 
Lake Eleanor reservoirs), and South Fork Tuolumne River Flow (assumed to be 37% of the 
Unregulated flow based on proportional drainage basin area). The computed flow values were 
obtained from the Don Pedro Unimpaired and Other Flow Data Version 1(added data 9-27-
2012).xlsx, Data worksheet, Column AU (Provided as an attachment to the Operations Model 
Report (W&AR-02)(TID/MID 2013)). 
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Multiple regression analysis using Huber’s Method for robust fit was used to obtain the least 
squares fit for the equation having the general from: 
 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = ∝ +𝛽𝛽1𝑆𝑆𝑆𝑆𝑆𝑆(𝐵𝐵) +  𝛽𝛽2𝐶𝐶𝐶𝐶𝐶𝐶(𝐵𝐵) + 𝛽𝛽3𝑥𝑥+ .⋯+  𝛽𝛽𝑛𝑛 
 

where TBSFRK is the average daily water temperature. Various variable selection algorithms, 
including forward stepwise, backward stepwise, and all possible regressions (NCSS 2007), were 
used to select the independent variables used for the final model. Most putative independent 
variables were entered in an untransformed (x) state, but were also entered with the following 
transformations: y0.5, y2, ln(y), 1/y, 1/y0.5, 1/y2. Additionally, cubic terms and interaction terms 
were also explored for most variables. After the transformations and variable selection process, 
the “best” model was (Table 1): 
 

TBSFRKTemp = 15.8250 - 0.7992 x ln(QTotal) - 1.9413 x sin(B) -  3.5872 x cos(B) 
 

where B = 2π x DOY / 365.25; DOY = day of year, i.e., 1 through 365 with January 1 = 1. 
 
Table 1.  Regression Coefficients for TSFRK Model (Original) 

Independent 
Variable 

Regression 
Coefficient 

b(i) 

Standard 
Error 
Sb(i) 

T-Value 
To Test 

H0:B(i)=0 

Probability 
Level 

Reject H0 
at 5%? 

Power of 
Test at 5% 

Intercept 7.0008 0.2182 32.078 0.0000 Yes 1.0000 
ATt-1 0.4184 0.0095 44.196 0.0000 Yes 1.0000 
Cos_B -2.8973 0.0923 -31.381 0.0000 Yes 1.0000 
Ln_QTSFRK -0.2766 0.0328 -8.437 0.0000 Yes 1.0000 
Sin_B -2.0898 0.0719 -29.084 0.0000 Yes 1.0000 
R2 = 0.9391; RMSE = 1.380687; n = 1683 

 
Note that the lagged air temperature was not significant in this relationship and was, therefore, 
dropped.  
 
The values predicted by the multiple regression model are shown in Figure 3. Overall, the model 
is reasonably accurate, with approximately 80% of the predictions within ±1.7 °C of the 
observed value and precise, explaining approximately 85% of the total variance. 
 
Despite the relative good fit of the multiple regression model, the distribution of the residuals is 
of some concern. There appears to be a systematic under-prediction of high temperatures during 
late summer /fall and a systematic over-prediction of low winter temperatures (Figure 4). A more 
detailed investigation of the distribution of observed water temperatures by month indicates an 
unusual, often bimodal, pattern (Appendix A). During December through March, the temperature 
distributions tend to be skewed to the left while the July through October distributions are 
bimodal and skewed to the right. The temperatures during the remaining months (April, May, 
June and November), are relatively normally distributed. Under typical circumstances, water 
temperatures should be approximately normally distributed throughout the year. The bimodality 
and skewness suggests an artificial situation likely brought about by the seasonal mixing of 
reservoir release water mixing with unregulated surfaces waters from the South Fork Tuolumne 
River. Temperatures from the unregulated South Fork (measured at TSFRK) fluctuate widely, 
reaching a maximum average of approximately 20°C in the summer and a minimum average of 
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approximately 3.5°C in the winter (Figure 5; Appendix B). Regulated waters (measured at 
TRSFRK), on the other hand, are primarily from the bottom layers of the Hetch Hetchy, Cherry 
Lake and Lake Eleanor reservoirs. These waters tend to be much more constant in temperature 
with maximum summer averages of approximately 15°C and with minimum winter averages of 
7°C. Stream flows are approximately equal from both sources from September through April, but 
during the summer regulated flows greatly exceed unregulated flows (Figure 6). This mixing of 
the different temperature waters in proportions determined by the amount of water released from 
the reservoirs, can easily determine the mixtures of right skew, left skew, bimodality, and 
normality seen in the histograms. A similar pattern can be seen at regulated TRSFRK, but to a 
much lesser extent at the unregulated TSFRK (Appendix C and Appendix D) Under these 
circumstances, a prediction based a flow weighted temperature from both regulated and 
unregulated waters will likely prove more useful than a simple model based on average TBSFRK 
data. 
 
To construct the flow weighted prediction model, separate regression models were constructed 
for the unregulated South Fork Tuolumne River (CDFG TSFRK) and for the regulated mainstem 
Tuolumne River above the South Fork (CDFG TRSFRK). The same procedures used for 
developing the TBSFRK regression model were applied to the TSFRK and TRSFRK data sets. 
Results are presented below (Table 2 and Table 3). 
 
TRSFRKTemp = 11.4226 - 0.4624 x ln(QRegulated) - 1.3321 x sin(B) – 1.7947 x cos(B) + 0.1613 x 

ATt-1 
 

TSFRKTemp = 7.0008 - 0.2766 x ln(QTSFRK) – 2.0898 x sin(B) – 2.8973 x cos(B) + 0.4184 x ATt-1 
Note: QTSFRK = 0.37 × QUnregulated. The 0.37 value represents the proportional size of the 
TSFRK drainage basin. 
 
Table 2. Regression Coefficients for TSFRK Model 

Independent 
Variable 

Regression 
Coefficient 

b(i) 

Standard 
Error 
Sb(i) 

T-Value 
To Test 

H0:B(i)=0 

Probability 
Level 

Reject H0 
at 5%? 

Power of 
Test at 5% 

Intercept 2.9156 0.1814 16.075 0.0000 Yes 1.0000 
ATt-1 (Average) 0.4903 0.0109 45.099 0.0000 Yes 1.0000 
Cos_B -3.0543 0.0971 -31.452 0.0000 Yes 1.0000 
Ln_QUnReg -0.0002 0.0000 -8.980 0.0000 Yes 1.0000 
Sin_B -2.1931 0.0615 -35.655 0.0000 Yes 1.0000 
R2 = 0.9310; RMSE = 1.51365; n = 2355 
 
Table 3. Regression Coefficients for TRSFRK Model 

Independent 
Variable 

Regression 
Coefficient 

b(i) 

Standard 
Error 
Sb(i) 

T-Value 
To Test 

H0:B(i)=0 

Probability 
Level 

Reject H0 
at 5%? 

Power of 
Test at 5% 

Intercept 4.2008 0.2231 18.829 0.0000 Yes 1.0000 
ATt-1 (Maximum) 0.2774 0.0090 30.709 0.0000 Yes 1.0000 
Cos_B -4.1797 0.1031 -40.549 0.0000 Yes 1.0000 
Ln_QUnReg -0.0001 0.0000 -3.323 0.0009 Yes 0.9135 
Sin_B -2.7806 0.0667 -41.676 0.0000 Yes 1.0000 
R2 = 0.9102; RMSE = 1.73721; n = 2355 
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Predictions for TBSFRKTemp are then obtained from the average separate regression predictions 
weighted by the proportional flow from the Regulated and Unregulated sources. 
 

TBSFRKTemp = α × TRSFRKTemp + (1- α) × TSFRKTemp, where α = QRegulated / (QRegulated + 
QUnregulated). 

 
The flow weighted, combined regression fit, as measured by R2, is nearly identical to the single 
TBSFRK model, 0.8468 versus 0.8484. 
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3.0 DISCUSSION AND RESULTS 
 
For the Don Pedro Reservoir Temperature Model, the flow weighted model offers several 
important advantages over the single TBSFRK model: 
 
(1) There is a somewhat better fit to the extreme values thereby improving the distribution of 

residuals. The single regression model yielded residuals (the difference between observed 
and model predicted values) with a range of 12.15 °C (-6.82 to 5.33 °C). By comparison, 
the flow weighted model yielded a range of 10.82 °C (-5.58 to 5.24 °C), a 10.9% reduction 
in the range. A plot of the cumulative frequency distribution of residuals (Figure 5) 
indicates that most of the improvement was in the lower temperatures. For both models, 
80% of the predicted observations were within approximately 1.7 °C of the observed value. 

(2) The flow weighted model is likely to be more accurate for estimating missing values. The 
skewed and bimodal distributions of the observed water temperatures downstream of the 
South Fork emphasize the importance of the temperature and volume of the water released 
from upstream reservoir operations. Despite repeated efforts to capture this effect in the 
single model regression, no practical method for incorporating spillage was found. As a 
result, reservoir operations are only implicitly incorporated through the observed average 
day-to-day downstream temperatures. The flow weighted model, on the other hand, 
explicitly incorporates the temperatures and flow composition. As dam operations may 
change in a substantial manner from day-to-day and are known, the flow weighted model 
can use the additional information directly rather than assume an average value to produce 
missing temperature estimates. 

(3) The flow weighted model offers greater flexibility in that it can be used for addressing 
alternative operating scenarios. If alternative release schedules are to be explored, the 
single regression model cannot adjust for different release volumes; it can base predictions 
based only on the “average release”. The flow weighted model can use the hypothesized 
releases to producing estimates which are adjusted for the specified release flows. 

 
Hence, the flow weighted model was used to fill in missing temperatures in the temperature 
monitoring record. 
 
3.1 Comparison with Model Calibration and Validation Data Sets 
 
As pointed out in Section 4.3.3 of the Reservoir Temperature Report, to which this document is 
an attachment, obtaining a complete inflow temperature dataset for calibration and validation 
was particularly challenging because the CCSF site, TR-8, and CDFG site, TRWARDS, are 
located within the reservoir at approximate elevation 785 ft and 763 ft respectively, and are often 
inundated.  Hence, the Districts’ temperature station “Tuolumne River at Indian Creek Trail 
(ICT)” was installed in October 2010 to collect inflow temperatures for the calibration and 
validation of the model.  ICT is located upstream of the North Fork Tuolumne River confluence 
at approximately 37.8839 °N, 120.1534 °S at approximately RM 88.3. 
How the TSFRK station relates to the ICT monitoring station and what the differences says 
about the extent of warming between the two is discussed below.   Originally, the comparison 
was planned for the period 2011 through 2012, the calibration and validation years.  However at 
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the time of this comparison, only data through June 14, 2012 were available from the Districts’ 
thermistors and large periods of data were missing in both the TSFRK data set, as well.  Since 
CCSF and UC Davis have previously measured temperatures at ICT, the period of comparison 
was expanded to the entire period of available data, April 26, 2009 through June 14, 2012 (See 
Attachment E and F). 
 
Only days where temperatures were recorded at both TSFRK and ICT were compared. Average 
daily water temperatures were computed by averaging all readings within a day and monthly 
average temperatures were computed from the daily averages. No attempts were made to adjust 
for an unequal number of readings within a day or month. (These case were relatively rare and 
would have little influence due to the large number of samples overall). The daily difference in 
temperature was computed as: ICT – TSFRK. 
 
As apparent in Figure 9, there is an obvious seasonal difference between the two stations. During 
the colder months, September through April, average water temperatures at ICT are about 1.1 to 
2.9°C warmer than TSFRK. During the warmer months, however, temperatures at ICT were as 
low as 3.4°C cooler. It should be noted that the comparison between TSFRK and ICT stations 
highlights the difference between regulated and unregulated flow temperatures. The seasonal 
difference between these two sources has been noted before. To address the amount of warming 
within the river, a comparison between TBSFRK and ICT would be better. 
 
A comparison of between TBSFRK and ICT reveals a pattern more consistent with a comparison 
of two regulated flow stations (Figure 10). While overall differences are considerably smaller, a 
seasonal pattern is still apparent. In all months, except December through February , downstream 
temperatures were warmer. The greatest difference occurs in July through September when ICT 
averaged 1.26 to 1.55°C warmer.  
 
Overall the developed relationships are strong and should therefore provide a reliable long term 
data set for both incoming flow and temperature for use in the Don Pedro Reservoir Model.  
 
3.2 Inflow Data Set Availability 
 
The complete data set is available on CD upon request from John Devine at 
John.Devine@hdrinc.com. 

mailto:John.Devine@hdrinc.com
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5.0 FIGURES 
 



  5.0  Figures 

W&AR-03 Attachment F Page 5-2 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

Figure 1.  Upper Tuolumne River Schematic showing Water Temperature Monitoring 
Locations. 

 
Stations: 
CDFG TBSFRK - Tuolumne River below the South Fork (at RM 96.5); 37.8361 °N, 120.0537 
°S; 4/27/2005 through present. 
CDFG TSFRK - South Fork of the Tuolumne River near confluence; 37.8376 °N, 120.0473 °S; 
; 4/27/2005 through present. 
CDFG TRSFRK - Tuolumne River above the South Fork (at RM 97.1); 37.8403 °N, 120.0472 
°S; 4/27/2005 through present. 
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Figure 2.  Observed Average Daily Water Temperature for CDFG Station TBSFRK during the period 4/27/05 through 6/14/2012. 
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Figure 3.  Observed Average Daily Water Temperature for CDFG Station TBSFRK for the period 4/27/05 through 6/14/2012 with 

regression model predictions. 
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Figure 4.  Average Daily Water Temperature Residuals for CDFG Station TBSFRK for the period 4/27/05 through 6/14/2012. 
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Figure 5.  Average Monthly Observed Water Temperatures by Monitoring Station. Vertical 

bars represent 95% Confidence Interval of Mean. 
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Figure 6.  Average Monthly Observed Streamflow (Q) for Regulated and Unregulated 

Reaches of the Upper Tuolumne River. Vertical bars represent 95% Confidence 
Interval of Mean. 
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Figure 7.  Observed Average Daily Water Temperature for CDFG Station TBSFRK for the period 4/27/05 through 6/14/2012 with 

flow weighted combined regression model predictions. 
 
 

0

5

10

15

20

25

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

07/27/…

10/27/…

01/27/…

04/27/…

Te
m

pe
ra

tu
re

 °C
 

TBSFRK
OBS



 5.0  Figures 

W&AR-03 Attachment F Page 5-9 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

 
Figure 8.  Cumulative Frequency Distribution of Residuals for Single Regression Model and 

Flow Weighted Model. 
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Figure 9.  Seasonal difference in average daily water temperatures between Stations TSFRK 

and ICT. 
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Figure 10.  Seasonal difference in average daily water temperatures between Stations TBSFRK 

and ICT. 
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Plots Section of TBSFRK when Month=JAN 
 
 

 
Plots Section of TBSFRK when Month=FEB 
 
 

 
Plots Section of TBSFRK when Month=MAR 
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Plots Section of TBSFRK when Month=APR 
 
 

 
Plots Section of TBSFRK when Month=MAY 
 
 

 
Plots Section of TBSFRK when Month=JUN 
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Plots Section of TBSFRK when Month=JUL 
 
 

 
Plots Section of TBSFRK when Month=AUG 
 
 

 
Plots Section of TBSFRK when Month=SEP 
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Plots Section of TBSFRK when Month=OCT 
 
 

 
Plots Section of TBSFRK when Month=NOV 
 
 

 
Plots Section of TBSFRK when Month=DEC 
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Table 1.  Descriptive Statistics for Observed Monthly Water Temperatures at TBSFRK, 
TRSRK, and TSFRK. 

STATION: TBSFRK 
Month Count Mean Median StdDev Min Max 

JAN 215 6.32 6.73 1.61 1.18 8.44 
FEB 198 7.01 7.10 0.84 3.74 9.72 
MAR 217 7.65 7.71 0.90 5.48 9.88 
APR 214 8.71 8.56 1.10 6.18 12.24 
MAY 248 10.22 10.15 1.07 7.94 14.38 
JUN 215 11.78 11.57 1.24 9.01 16.42 
JUL 208 14.38 13.68 2.04 11.62 19.75 
AUG 217 15.31 15.59 1.98 11.93 20.19 
SEP 160 15.60 15.22 2.14 11.22 19.35 
OCT 161 12.13 11.72 1.89 8.54 18.84 
NOV 180 8.99 8.97 1.50 2.72 13.08 
DEC 186 6.79 7.09 1.78 2.23 9.88 

STATION: TRSFRK 
Month Count Mean Median StdDev Min Max 

JAN 217 6.72 7.20 1.48 1.89 8.76 
FEB 198 7.32 7.43 0.71 5.35 8.86 
MAR 216 7.76 7.75 0.77 5.93 10.01 
APR 184 8.62 8.52 0.91 6.69 11.32 
MAY 217 10.12 9.96 0.95 8.32 14.49 
JUN 194 11.56 11.27 1.20 9.09 15.86 
JUL 208 14.21 13.47 2.23 11.05 20.49 
AUG 155 14.45 15.13 1.84 11.68 19.97 
SEP 202 15.03 14.55 2.28 11.56 19.45 
OCT 217 12.10 11.95 1.84 8.52 18.76 
NOV 210 9.15 9.18 1.34 4.95 12.45 
DEC 217 6.78 7.25 1.86 2.68 9.86 

STATION: TSFRK 
Month Count Mean Median StdDev Min Max 

JAN 200 3.38 3.36 1.42 -0.05 7.04 
FEB 198 4.52 4.74 1.24 1.55 7.29 
MAR 217 6.25 6.38 1.57 2.61 9.68 
APR 214 8.10 7.95 1.70 4.14 12.74 
MAY 238 10.74 10.07 2.60 5.36 17.84 
JUN 183 14.67 14.28 3.12 7.69 20.89 
JUL 183 19.95 20.30 2.15 13.93 23.36 
AUG 186 19.99 19.21 2.11 15.88 25.00 
SEP 202 17.23 17.13 2.37 13.26 24.07 
OCT 202 12.10 11.83 2.09 6.79 19.81 
NOV 150 7.61 7.83 1.90 2.79 12.33 
DEC 183 3.86 3.76 1.85 0.57 8.39 
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Plots Section of TRSFRK when Month=JAN 
 
 

 
Plots Section of TRSFRK when Month=FEB 
 
 

 
Plots Section of TRSFRK when Month=MAR  
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Plots Section of TRSFRK when Month=APR 
 
 

 
Plots Section of TRSFRK when Month=MAY 
 
 

 
Plots Section of TRSFRK when Month=JUN 
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Plots Section of TRSFRK when Month=JUL 
 
 

 
Plots Section of TRSFRK when Month=AUG 
 
 

 
Plots Section of TRSFRK when Month=SEP 
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Plots Section of TRSFRK when Month=OCT 
 
 

 
Plots Section of TRSFRK when Month=NOV 
 
 

 
Plots Section of TRSFRK when Month=DEC 
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Plots Section of TSFRK when Month=JAN 
 
 

 
Plots Section of TSFRK when Month=FEB 
 
 

 
Plots Section of TSFRK when Month=MAR 
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Plots Section of TSFRK when Month=APR 
 
 

 
Plots Section of TSFRK when Month=MAY 
 
 

 
Plots Section of TSFRK when Month=JUN 
 
  

0

6

12

18

24

30

4.0 6.5 9.0 11.5 14.0
TSFRK

Co
un

t

0

6

12

18

24

30

4.0 7.5 11.0 14.5 18.0
TSFRK

Co
un

t

0

3

6

9

12

15

6.0 10.0 14.0 18.0 22.0
TSFRK

Co
un

t



  

W&AR-03 Appendix D Page 3 Updated Study Report 
Reservoir Temperature Model  Don Pedro Project, FERC No. 2299 

 
Plots Section of TSFRK when Month=JUL 
 
 

 
Plots Section of TSFRK when Month=AUG 
 
 

 
Plots Section of TSFRK when Month=SEP 
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Plots Section of TSFRK when Month=OCT 
 
 

 
Plots Section of TSFRK when Month=NOV 
 
 

 
Plots Section of TSFRK when Month=DEC 
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Summary Section of Diff when MM=JAN 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
76 1.833421 0.6673121 7.654595E-02 -0.07 3.3 3.37 
 
Plots Section of Diff when MM=JAN 
 

   
 
Summary Section of Diff when MM=FEB 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
85 2.412706 0.7717997 8.371343E-02 0.58 3.74 3.16 
 
Plots Section of Diff when MM=FEB 
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Summary Section of Diff when MM=MAR 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
93 1.594731 0.7626122 0.0790792 0.22 3.42 3.2 
 
 
Plots Section of Diff when MM=MAR 
 

   
 
Summary Section of Diff when MM=APR 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
94 1.140426 0.6621518 6.829574E-02 -0.1 2.85 2.95 
 
Plots Section of Diff when MM=APR 
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Summary Section of Diff when MM=MAY 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
101 -0.1738614 1.374295 0.1367474 -2.84 2.25 5.09 
 
 
Plots Section of Diff when MM=MAY 
 

   
 
Summary Section of Diff when MM=JUN 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
74 -0.9294595 1.891714 0.2199072 -6.68 1.71 8.39 
 
Plots Section of Diff when MM=JUN 
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Summary Section of Diff when MM=JUL 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
56 -2.66375 1.163666 0.1555014 -6.37 0.91 7.28 
  
 
Plots Section of Diff when MM=JUL 
 

   
 
Summary Section of Diff when MM=AUG 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
31 -3.345161 0.6976765 0.1253064 -4.97 -2.17 2.8 
 
Plots Section of Diff when MM=AUG 
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Summary Section of Diff when MM=SEP 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
52 1.125385 1.870636 0.2594106 -4.16 3.41 7.57 
 
 
Plots Section of Diff when MM=SEP 
 

   
 
Summary Section of Diff when MM=OCT 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
78 1.678846 1.505353 0.1704477 -1.55 5.33 6.88 
 
Plots Section of Diff when MM=OCT 
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Summary Section of Diff when MM=NOV 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
30 2.909333 0.508242 9.279186E-02 2.21 3.98 1.77 
 
Plots Section of Diff when MM=NOV 
 

   
 
Summary Section of Diff when MM=DEC 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
59 2.675254 1.159795 0.1509925 0.44 5.18 4.74 
 
Plots Section of Diff when MM=DEC 
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Summary Section of Diff2 when MM=JAN 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
93 -0.2934408 0.3027608 3.139484E-02 -1.25 0.39 1.64 
 
Plots Section of Diff2 when MM=JAN 
 

   
 
Summary Section of Diff2 when MM=FEB 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
85 -5.658824E-02 0.2277873 0.024707 -0.53 0.66 1.19 
 
Plots Section of Diff2 when MM=FEB 
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Summary Section of Diff2 when MM=MAR 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
93 0.1062366 0.3007198 3.118319E-02 -0.74 0.67 1.41 
 
 
Plots Section of Diff2 when MM=MAR 
 

   
 
Summary Section of Diff2 when MM=APR 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
94 0.15 0.3239773 3.341571E-02 -0.64 0.69 1.33 
 
Plots Section of Diff2 when MM=APR 
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Summary Section of Diff2 when MM=MAY 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
101 0.5364357 0.3401017 3.384138E-02 -0.4 1.75 2.15 
 
 
Plots Section of Diff2 when MM=MAY 
 

   
 
Summary Section of Diff2 when MM=JUN 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
74 0.8209459 0.3734774 4.341587E-02 0.1 1.88 1.78 
 
Plots Section of Diff2 when MM=JUN 
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Summary Section of Diff2 when MM=JUL 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
62 1.262097 0.683072 8.675023E-02 -0.74 3.75 4.49 
 
 
Plots Section of Diff2 when MM=JUL 
 

   
 
Summary Section of Diff2 when MM=AUG 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
62 1.547097 0.5309638 6.743247E-02 -0.51 3.06 3.57 
 
Plots Section of Diff2 when MM=AUG 
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Summary Section of Diff2 when MM=SEP 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
60 1.346 0.6142439 7.929855E-02 -0.78 2.93 3.71 
 
 
Plots Section of Diff2 when MM=SEP 
 

   
 
Summary Section of Diff2 when MM=OCT 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
93 0.8664516 0.5657213 5.866256E-02 -0.13 2.5 2.63 
 
Plots Section of Diff2 when MM=OCT 
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Summary Section of Diff2 when MM=NOV 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
90 2.222222E-03 0.3654942 3.852647E-02 -0.76 0.9 1.66 
 
 
Plots Section of Diff2 when MM=NOV 
 

   
 
Summary Section of Diff2 when MM=DEC 
  Standard Standard 
Count Mean Deviation Error Minimum Maximum Range 
93 -0.4726882 0.3762433 3.901461E-02 -1.37 0.24 1.61 
 
Plots Section of Diff2 when MM=DEC 
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