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Reclamation U.S. Department of the Interior, Bureau of Reclamation 

RFID radio frequency identification 

RM river mile 

RTK real-time kinematic 

Secretary Secretary of the U.S. Department of the Interior 

Settlement Stipulation of Settlement in NRDC, et al., v. Kirk Rodgers, 

et al. 
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1.0 Introduction 

Reports summarize results from SJRRP studies and reference to the appropriate ATR 

Data Appendices. Reporting includes presentation of methods, data, interpretation, and 

describing applicability and limitations of results. This evaluation leads to 

recommendation of a management action, future reevaluation, or no further action.  
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2.0 Millerton Lake Temperatures 2005-2010 

2.1 Introduction 
This report presents results of Temperature Monitoring for the Millerton Lake Cold 

Water Pool Study from 2005-2010 (refer to 2011 Agency Plan, Appendix A, section 

14.0). Reclamation began collecting Millerton Lake temperature data in 2005 as 

background information in anticipation of the San Joaquin River Restoration 

Program. This monitoring investigated the effects of Friant Dam operations (with and 

without Interim Flows) on release temperatures to the San Joaquin River and the 

availability of the cold water pool to support recreational fisheries in Millerton Lake. 

Water temperature exerts a substantial influence on the abundance, development, 

growth, and survival of fishes, including Chinook salmon (EPA, 1999, Myrick and 

Cech 2004). Temperature is critical to the timing of life-history events, especially 

reproduction (Fry 1971). High water temperatures result in physiological stress and 

increased metabolic demand, which may result in slower growth, increased 

susceptibility to disease, and lower survival rates. Understanding the longitudinal 

distribution of temperatures in relation to Restoration Flows on the SJR is critical to 

make flow schedule and stock selection recommendations. 

In 2005 Reclamation deployed temperature sensors for monitoring the Millerton Lake 

inflow and outflow temperatures, and evacuation of the cold water pool. The data are 

used to calibrate and validate the CE-QUAL-W2 model of Millerton Lake 

temperatures providing Friant Dam release temperature inputs for the HEC-5Q model 

of San Joaquin River temperatures. The data inform management of the cold water 

pool for downstream release temperatures. 

2.2 Methods 
Hourly inflow temperatures were collected in the San Joaquin River Channel where it 

enters Millerton Reservoir and at release points below Friant Dam using ONSET 

temperature loggers. Hourly outflow temperatures were measured at the three release 

points from Friant Dam and from the fish hatchery and worm farm. In Table B-1 and 

Figure B-1 they are as described as follows: 

Table B- 1 

Millerton Lake Temperature Monitoring Locations 

Name String ID Location Notes 

San Joaquin 
River outlet 

works 
TW Temp N36.99930, W119.70597  

Friant Forebay 
Temperature 

String 
MLSTRNG 

N37.00553°, 

W119.69492° 
 

In the old river channel upstream from Friant 
Dam, a full depth string located near the 

Dam with 15 temperature loggers irregularly 
spaced to capture the detail in the epilimnion 
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Name String ID Location Notes 

and metalimnion and to a lesser extent the 
hypolimnion. 

Friant-Kern Canal FKCANAL N36.99697, W119.70453  

Madera Canal MCTemp N37.00220 W119.70769  

Main Outflow 
From Fish 

Hatchery/Worm 
Farm 

FHTEMP N36.98485, W119.72133  

Secondary 
outflow from 
Worm Farm 

FH2 N36.98563,W119.72028  

Millerton Inflows 
below Kerckhoff 

#2 PP 
HW-TEMP N37.06938, W119.56102  

Finegold 
Temperature 

String 
FGSTRNG 

N37.04277°, 

W119.63910° 
 

In the old river channel uplake from Finegold 

Creek, a full depth string with 15 

temperature loggers irregularly spaced to 

capture the detail in the epilimnion and 

metalimnion and to a lesser extent the 

hypolimnion.  This string was lost in 2009 

and not replaced. 
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2.3 Results 
Temperature profiles for Friant Dam Forebay and Finegold Bay are presented below in 

Figures B-2 through B-7. Refer to the Temperature Atlas attached to this ATR for 

temperature results at other locations. 

 

Continuous 
Temperature 
Profiling 
String 

Madera Canal 
Release 
Temp. 

Friant-Kern Canal 
Release Temp. 

SJ River 
Release 
Temp. 

Weather Station 
At existing CDEC  
site (FRT) 

Sites not shown:  Kerckoff Powerplant and Fish Hatchery Release Temperatures 

Figure B-1 
Temperature Monitoring and Weather Station Locations near Friant Dam 
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Figure B-2 
2005 Millerton Reservoir Temperature Profiles 

 
 

 



Table of Contents 

Reports  

Appendix B-5 – April 2011 

 

Figure B-3 
2006 Millerton Reservoir Temperature Profiles 

 

 



San Joaquin River Restoration Program 
2010 Annual Technical Report 

 Reports 

B-6 – April 2011 Appendix 

 

Figure B-4 
2007 Millerton Reservoir Temperature Profiles 
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Figure B-5 
2008 Millerton Reservoir Temperature Profiles 
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Figure B-6 
2009 Millerton Reservoir Temperature Profiles 
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Figure B-7 
2010 Millerton Reservoir Temperature Profiles 

 

 

2.4 Discussion and Conclusions 
Temperature profile results indicate a relationship between high flow years (2005, 2006, 

2010 Interim Flows) and the hypolimnetic temperatures in Millerton Reservoir. When 

flood releases are made through the river outlets (El. 380 ft) the coldest water is released 

and it is replaced by SJR inflows to Millerton Reservoir.  By late May and early June SJR 

inflows to Millerton Reservoir warm and cause warmer river outlet release temperatures. 

2005 flood releases began in mid-April and river outlet releases temperatures exceeded 

50 deg F on May 25. 2006 flood releases began in early April and river outlet releases 

temperatures exceeded 50 deg F on May 9.  During 2010 Interim Flow releases the river 

outlet releases temperature exceeded 50 deg F on June 8.   

The cold water depletion timing differences between these high flow years corresponds to 

differences in river outlet release timing. When deliveries to the higher elevation Friant-

Kern and Madera Canals outlets are insufficient to maintain flood control storage, 

Reclamation releases flood flows from the cold water pool through the river outlet. Flood 
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releases over the spillway are much warmer because this water comes from the reservoir 

surface.  
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3.0 Summary of Meso-Habitat Monitoring 
Study for Reach 1B, Reach 2, and Reach 4A 
during the 2010 Interim Flow Period  

 

Eric Guzman, California Department of Fish and Game, San Joaquin River Restoration, 

Fisheries Management Work Group 

 

3.1 Introduction 

This report summarizes the San Joaquin River (SJR) Meso-Habitat Monitoring Study related to 

the 2010 Interim Flow Period (IFP) for the San Joaquin River Restoration Program (SJRRP). See 

Table B-2 for time periods of flow release from Friant Dam and habitat study flows during the 

2010 IFP. Meso-habitat monitoring consisted of mapping and characterizing SJR habitat units 

from the beginning of Reach 1B [Highway 99 (RM 243.1)] to the end of Reach 2 [Mendota Dam 

(RM 204.8)] and the beginning of Reach 4A [Sack Dam (RM 182)] to the end of Reach 4A 

[Sand Slough Control Structure (RM 168.3)]. This is continuation of the 2009 Meso-Habitat 

Monitoring Pilot Study that consisted of mapping and characterizing SJR Habitat Units (HU) 

from Friant Dam to the end of Reach 1A (Highway 99). Meso-habitat mapping began on July 12, 

2010 and ended November 10, 2010. Recent aerial photographs (2010) were used to refine and 

expand Global Positioning System (GPS) data points into map polygons in Geographic 

Information System (GIS) depicting habitat units.  Friant Dam releases were estimated at 350 

cubic feet per second (cfs) at the time the photographs were taken (Appendix A: SJR Habitat 

Maps). This report presents the data collection methods, periods of data collection, and San 

Joaquin River (SJR) conditions. The purpose of this habitat monitoring is to document the 

longitudinal distribution of habitat units to plan for future design and data collection activities 

(microhabitat, holding, and spawning) and will be used to determine sampling locations for 

subsequent microhabitat measurements. All data contained within this report and appendices are 

preliminary and subject to revision.  
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Table B-2:  Habitat Study Flows 

Time window Reach Friant Dam 
Release 

Local CDEC Site 
Release 

Jul 12-14, 2010 1B 350 cfs 164-175 cfs 

(GRF) 

Jul 28-29, 2010 

Aug 3, 2010 

2A+2B 347-355 cfs 121-137 cfs 

(GRF) 

Nov 8, 2010 

Nov 10, 2010 

4A 353-355 cfs 220-292 cfs 

(MEN) 

 

3.2 Methods 

Crews of 2-6 individuals from the Department of Fish and Game floated the river in kayaks or 

waded in shallow habitats while taking measurements at each habitat unit (HU). Habitat Units 

were identified utilizing a classification system based upon those developed by Flosi and 

Reynolds (1998) and P.A. Bisson, et al. (1982). A main or side-channel HU (sub-habitat adjacent 

to the main channel HU) was identified when its length was equal to or greater than half the 

width of the river. If the area being sampled appeared to have some features that were not 

entirely consistent with the dominant HU and did not meet the above criteria (i.e. its channel 

length was less than half the width), that area was combined with the dominant mid-channel HU. 

Table B-3 displays all of the potential habitat types that were considered likely to be present in 

the study area. 

Table B-3:  Potential Habitat Unit Types Within The SJR Restoration Area 

 

RIFFLE 

Low Gradient Riffle                                 (LGR) 

CASCADE 

Cascade                                                    (CAS) 

Bedrock Sheet                                          (BRS) 

FLATWATER 

Pocket Water                                            (POW) 

Glide                                                         (GLD) 

Run                                                           (RUN) 
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Step Run                                                   (SRN) 

Edgewater                                                 (EDW)* 

MAIN CHANNEL POOL 

Trench Pool                                              (TRP) 

Mid-Channel Pool                                    (MCP) 

Channel Confluence Pool                        (CCP) 

Step Pool                                                  (STP) 

SCOUR POOL 

Corner Pool                                              (CRP)* 

L. Scour Pool - Log Enhanced                 (LSL)* 

L. Scour Pool - Root Wad Enhanced       (LSR)* 

L. Scour Pool - Bedrock Formed             (LSBk) * 

L. Scour Pool - Boulder Formed              (LSBo)* 

Plunge Pool                                               (PLP) 

BACKWATER POOLS 

Secondary Channel Pool                           (SCP)* 

Backwater Pool - Boulder Formed           (BPB)* 

Backwater Pool - Root Wad Formed       (BPR)* 

Backwater Pool - Log Formed                 (BPL)* 

Dammed Pool                                           (DPL) 

ADDITIONAL UNIT DESIGNATIONS 

Dry                                                            (DRY) 

Culvert                                                      (CUL) 

Not Surveyed                                            (NS) 

Not Surveyed because of a marsh                   (MAR) 

In Channel Mine Pit                                 (ICMP) 

Captured Mine Pit                                     (CMP)  

* indicate side HU type 
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Habitat units were identified by visually estimating flow, depth, and substrate. Habitat units are 

relatively homogenous areas and are coarse in scale. They are discrete characterizations for 

relative estimations of continuous conditions and therefore difficult to quantify using qualitative 

criteria. It is common for smaller habitat patches to be present, especially in reaches with more 

complex channel features (riffle, run, pools complex). The complex transitional nature of 

channel features does not easily accommodate subjective decisions made by a group of 

surveyors; therefore, it was difficult to be entirely objective when delineating HU boundary 

points. 

When a defined HU was encountered, a photograph was taken looking downstream from the 

upstream end. Wetted width, length, and mean depth were recorded at each HU. The boundaries 

of each HU were recorded using a GPS and a range finder was used to measure wetted widths 

and shorter HU lengths (typically runs, riffles, and pools). GPS points were used to measure 

longer HU lengths (typically long glides and large mine pits).  Depth was measured by using a 

meter stick in shallower units and a SpeedTech SM-5 Depthmate Portable Sounder and Depth 

Meter in deeper water.  

Discharge was recorded based upon the CDEC station records closest to the survey point. 

Polygons were created using field measurements and aerial photographs taken in the summer of 

2010 (Appendix A: SJR Habitat Maps). The starting and ending GPS points from the survey 

provided the upstream and downstream boundary. The polygon was connected by following the 

wetted edge of the river on either the left or right bank and connecting the upstream to the 

downstream boundary. The area from each HU was calculated from the GIS polygons. 

Each Reach was divided into sub-reaches. The first ten habitat units encountered in Reach 1B 

was recorded as sub-reach 1B.1, the next ten were recorded as 1B.2. This system continued 

through the entire Reach and subsequent Reaches. Each HU (including main- and side-channel) 

within each sub-reach were identified and recorded. Side-channel habitats (such as edgewater, 

backwater, etc.) determined to be distinct habitat units were recorded as distinct features 

associated within the main HU. Likewise, if a secondary channel HU had side channel habitat, 

then the side channel habitat would be recorded similarly. If the river was divided into two or 

more channels (braided channels), the dominant channel (the one with the highest discharge) was 

assigned the main HU number.  

Mine pits that have the river flowing directly through them were classified as in-channel mine 

pits and were included in the survey. Mine pits that have connectivity to the river but the main 

channel does not flow through them were classified as off-channel mine pits and were not 

included in the survey. A GPS point was taken at the entrance point of off-channel mine pits. 

Mine pits that may be adjacent to the SJR but do not have connectivity were not identified in this 

study.   

Results.  In Reach 1B, 128 distinct habitat units were identified. Glides were the most dominant 

habitat type (30.5%), and consumed most (54.0%) of the area of the river that was surveyed (see 

Table B-4 and Figure B-8 for HU distribution details).  
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Table B-4: 

Distribution of Habitat Units in Reach 1B 

Type of 
Habitat 

Quantity 
% 

Encountered 
Total Area 

(m2) 
% Total Area 

Total Length 
(m) 

% Total 
Length 

Pool 34 26.6% 31,483.76 4.9% 2,022.41 8.1% 

Run 35 27.3% 73,539.55 11.4% 5,741.65 23.1% 

Glide 39 30.5% 369,855.12 57.1% 14,242.56 57.3% 

Edgewater 2 1.6% 642.95 0.1% 75.69 0.3% 

Riffle 15 11.7% 15,274.21 2.4% 999.05 4.0% 

Mine Pit 3 2.3% 156,930.78 24.2% 1,782.40 7.2% 

Other 0 0.0% 0.00 0.0% 0.00 0.0% 

Pocketwater 0 0.0% 0.00 0.0% 0.00 0.0% 

Total 128 - 647,726.37 - 24,863.76 - 

Figure B-8: Distribution of Habitat Types in Reach 1B 
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In Reach 2, 285 distinct habitat units were identified. Glides were again the most dominant 

habitat type (30.5%), and consumed most (36.3%) of the area of the river that was surveyed (see 

Table B-5 and Figure B-9 for HU distribution details). 

Table B-5: 

Distribution of Habitat Types in Reach 2 

Type of 
Habitat 

Quantity % 
Encountered 

Total Area 
(m2) 

% Total Area Total Length 
(m) 

% Total 
Length 

Pool 80 28.1% 798,463.82 32.4% 36,797.39 23.5% 

Run 62 21.8% 302,993.07 12.3% 31,279.36 20.0% 

Glide 87 30.5% 895,047.23 36.3% 63,869.99 40.9% 

Edgewater 10 3.5% 7,714.42 0.3% 1,910.59 1.2% 

Riffle 38 13.3% 282,013.53 11.4% 16,315.57 10.4% 

Mine Pit 5 1.8% 174,399.64 7.1% 5,551.85 3.6% 

Other 3 1.1% 3,230.09 0.1% 598.32 0.4% 

Pocketwater 0 0.0% 0.00 0.0% 0.00 0.0% 

Total 285 - 2,463,861.80 - 156,323.08 - 
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Figure B-9: Distribution of Habitat Types in Reach 2 
 

 

 

Reach 4A consisted of 33 distinct habitat units were encountered with glides being the most 

abundant habitat type (42.4%) consuming (89.7%) of the area of the river that was surveyed (see 

Table B-6 and Figure B-10 for HU distribution details). 

Table B-6: 

Distribution of Habitat Units in Reach 4A 

Type of 
Habitat 

Quantity 
% 
Encountered 

Total Area 
(m2) 

% Total Area 
Total Length 
(m) 

% Total 
Length 

Pool 10 30.3% 33,190.59 4.8% 1,092.43 4.8% 

Run 6 18.2% 14,245.01 2.0% 753.34 3.3% 

Glide 14 42.4% 624,507.17 89.7% 20,462.27 89.5% 

Edgewater 1 3.0% 19,750.63 2.8% 353.76 1.5% 

Riffle 2 6.1% 4,491.70 0.6% 204.95 0.9% 
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Mine Pit 0 0.0% 0.00 0.0% 0.00 0.0% 

Other 0 0.0% 0.00 0.0% 0.00 0.0% 

Pocketwater 0 0.0% 0.00 0.0% 0.00 0.0% 

Total 33 - 696,185.09 - 22,866.75 - 

 

Figure B-10: Distribution of Habitat Types in Reach 4A 
 

 

3.3 Discussion  

The mapping time periods were dependent on the flow regime. DFG intended to map Program 

reaches when conveying flows prescribed by the Settlement, however, it was difficult to plan 

because full Settlement flows were not released because of seepage and water management 

issues.  Additionally, Reach 4B was not mapped because of access issues. Habitat unit areas and 

distribution will be updated regularly (flow dependent) to document temporal changes.  
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4.0 Summary of Water Temperature Monitoring 
within the San Joaquin River Restoration Area 
during the 2010 Interim Flow Period  

Eric Guzman, California Department of Fish and Game, San Joaquin River Restoration Program, 

Fisheries Management Work Group 

 

4.1 Introduction.  Water temperature substantially influences on the abundance, growth 

and survival of fishes.  Temperature is critical to the timing of life-history events, especially 

reproduction (Fry 1971).  High temperatures result in physiological stress and increased 

metabolic demand on fishes, which may result in slower growth, susceptibility to disease, and 

lower survival rates.  Thermal distribution in a system is a major contributing factor that 

influences the physiology and biochemical mechanisms of Chinook salmon which in turn, cues 

their distribution and migration patterns.  Bioenergetically, differing water temperature profile 

affects salmon swimming performance and food consumption, cascading into change in growth .  

Chinook salmon in California‟s streams encounter severe water temperature conditions 

throughout its geographic range (Moyle 2002).   Understanding the longitudinal distribution of 

temperatures in relation to the Restoration Flows on the San Joaquin River is critical to our 

ability to successfully prepare the system for reintroduction of Chinook salmon (i.e., evaluate site 

specific alternatives, make recommendations on water allocations, make recommendations for 

stock selection and reintroduction strategies). See Exhibit A (Conceptual Models of Stressors and 

Limiting Factors for San Joaquin River Chinook Salmon) of the SJRRP Fisheries Management Plan for 

acceptable temperature ranges at each life stage of Chinook salmon and why suitable 

temperatures are important to salmonids at an individual and population level. The California 

Department of Fish and Game (DFG) began collecting water temperatures during the Fall 2009 

Interim Flow Period. The purpose of this report is to summarize temperature data collected 

during the 2010 Interim Flow Period (IFP)   

 
4.2 Methods.  Temperature data loggers (HOBO Water Temp. Pro v2) were programmed to 

record temperature hourly and were placed at various locations beneath the water‟s surface, in a 

longitudinal array throughout the Restoration Area.  Loggers were arrayed so that migration 

pathways and potentially suitable holding, rearing, and spawning habitats may also be evaluated 

(Appendix A: Temperature Monitoring Locations Maps). Location was dependant on legal 

access to the site, an appropriate anchor point, and the ability to conceal the loggers to reduce 

vandalism.  Where possible, placement was made within the thalweg of the stream, or in an area 

where there is adequate year round flow and water depth to avoid measurement bias from the 

warmer stream edges or thermal stratification. Most loggers were deployed in runs, riffles, and 

glides along the right and left banks in the SJR. Typically loggers are cabled to trees, root wads, 

or permanent structures and would be located approximately 2 feet below the water surface in 

continuous flow. Loggers in depths less than 2 feet are located approximately 6 inches from the 

river bottom in continuous flow.  

Loggers deployed in pool and mining pit sites are located in mid-channel. These sites contain 

loggers on vertical profiling stringers with a weight and float.  Pools and mining pits with depths 

less than 8 feet have one logger attached to the stringer approximately one foot below the water 
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surface. Pools and mining pits with depths greater than 8 feet have two loggers attached to the 

stringer. One logger is attached approximately one foot below the water surface on the stringer 

and the other logger is attached approximately 18 inches from the bottom on the stringer. Each 

mining pit site initially had two locations with vertical stringers (one stringer at the entrance of 

the pit and one stringer approximately in the center of the pit).  Locations at the entrance of pits 

are not longer used as monitoring stations because of high vandalism.  

 

Temperature loggers were deployed in off-channel mining pits that have connectivity to the SJR.  

Loggers were placed on stringers in two locations per mining pit. Stringers are located at the 

entrance and in the middle of the mining pits (typically the deepest section of the mining pit). 

Stringers located in depths less than 6 feet have only one logger attached just below the water 

surface. Stringers located in depths greater than 6 feet have one logger attached just below the 

water surface and one logger attached approximately two feet from the bottom of the pit.   

Microsoft Access is the database used for the temperature monitoring study.  It is the 

responsibility of the DFG staff to ensure valid data; however, to aid the staff in this task the 

database is equipped with a QA/QC Utility to detect questionable data. The QA/QC Utility is 

designed to flag any data points that have a value in excess of a certain tolerance when compared 

with adjacent points. To minimize the possibility that erroneous data will migrate to other 

applications, the database will not allow the user to generate any reports or graphs until a QA/QC 

check is performed and all the data points tagged with QA/QC codes are cleared. Once 

processed, the data can be used for temperature model application purposes as well as to generate 

graphs and reports. 

 
4.3 Results.  Overall, 31 monitoring areas were operational prior to the 2010 IFP. All 

vertical stringers located at the entrance of the gravel pits were lost during the 2010 IFP. Several 

other monitoring sites had missing loggers because of vandalism and/or high flows. A 

description of monitoring sites and status of loggers is described in Appendix B: Temperature 

Logger Summary and Status.  Raw temperature data for each monitoring location is located in 

Appendix C: Temperature Data.  These data are preliminary and subject to revision. 

 
4.4 Discussion.  The specific locations of data loggers (i.e., near the stream margins 

versus main channel) may complicate our ability to make firm conclusions. More data should be 

gathered from these downstream habitats, and over multiple years, to better address our 

understanding of the temperature regimes in these locations. Water temperature and other 

physical and biological measurements of the hyporheic environment should also be assessed in 

potential spawning areas. As access becomes available, DFG intends to expand the temperature 

logger array by deploying loggers in Reach 4 and in the bypass system. Additionally, we will 

continue to monitor longitudinal temperatures patterns during future IFP to identify the annual 

variation in water temperatures throughout the Restoration Area.  The Fisheries Management 

Work Group will continue to assess water temperatures during the spawning and incubation 

period and adjust the limiting factors analyses as appropriate. 

Temperature monitoring data will be used to validate draft conceptual models of stressors and 

limiting factors for Chinook salmon and will be prepared for inclusion into the EDT (Ecosystem, 

Diagnosis, and Treatment) model and potentially other models used by the SJRRP.  Analysis of 

temperature monitoring will be used to evaluate the relative importance of the various factors 

that combine to produce the observed stream temperatures, and to evaluate what impact changes 

in stream shade, channel geometry morphology, and flow may have on the stream temperature 

regime. Temperature monitoring evaluation will assist the SJRRP in developing TMDL 
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standards and assist in making recommendations on specific actions relating to adaptive 

management of the SJRRP.  

 
4.5 Literature Cited 
California Data Exchange Center; http://cdec.water.ca.gov, accessed on February 4, 2010 

Fry, F.E.J. 1971. The effects of environmental factors on the physiology of fish.  Pages 1-98 in 

W.S. Hoar and D.J. Randall, editors. Fish Physiology. Academic Press, New York.  
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5.0 Water Surface Profile 

5.1 Introduction 
The data in this report was collected as part of the Channel Capacity Management study, Water 

Surface Elevations. Inundation levels, channel capacity and channel response to restoration 

releases requires knowledge of the water surface elevations and hydraulic conditions along the 

reach.  Specific measurements of the water surface elevations at ~0.5-mile intervals that can be 

correlated with concurrent discharge measurements at known, steady-state discharges provide a 

means of assessing water surface elevations and associated hydraulic conditions, and the extent 

of inundation along the reach.  These data provide a direct means of calibrating the hydraulic 

models to specific ranges of discharge. 

5.2 Methods 

5.2.1 Procedure  

Water surface profiles were obtained using a survey grade GPS (3D quality of 0.1 foot) to record 

the water surface elevations along the river.  The horizontal datum used was the California 

Coordinate System Zone 3, US Survey Feet, based on the California Geodetic Coordinates of 

1983, Epoch 2007.0.  The vertical datum used was the North American Vertical Datum of 1988.  

Orthometric heights were derived from RTK observations and application of GEOID03 to the 

RTK values.  RTK observations were received from either the Fresno State or Tranquility base 

stations via a cell phone modem attached to the GPS receiver.  Existing control points were used 

to validate the accuracy of the data.  Near the DFG hatchery in Friant, thick vegetation prohibited 

the use of the GPS equipment.  Control was set in an open area using GPS, and a total station 

was used to record the water level. 

5.2.2 Timing  

Below is Table B-7 showing when each reach was surveyed.  The 1A-2 survey was broken into 

two pieces because of heavy rains on April 20, 2010.  The survey was stopped at about river mile 

250 (Scout Island) on April 20, and restarted at the same location the following day. 

Reaches 1A and 1B were measured during Friant releases of approximately 1,100cfs.  On April 

24, they were increased to approximately 1,350cfs and held constant for the duration of the 

surveys in Reaches 2A, 2B, and 3. 
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Table B-7: Timing for water surface elevation surveys 

Date Time Activity

19-Apr 7:20 Start 1A-1 Survey

19-Apr 18:17 End 1A-1 Survey

20-Apr 7:24 Start 1A-2 Survey

20-Apr 9:43 End at Scout Island RM 250

21-Apr 8:46 Start at Scout Island RM 250

21-Apr 13:00 End 1A-2 Survey

22-Apr 6:41 Start 1B Survey

22-Apr 13:53 End 1B Survey

23-Apr 9:30 Start Hatchery Survey

23-Apr 10:30 End Hatchery Survey

26-Apr 9:31 Start 2A Survey

26-Apr 16:00 End 2A Survey

27-Apr 8:31 Start 2B Survey

27-Apr 14:21 End 2B Survey

28-Apr 9:02 Start 3-1 Survey

28-Apr 14:09 End 3-1 Survey

29-Apr 8:38 Start 3-2 Survey

29-Apr 14:38 End 3-2 Survey
 

5.2.3 Locations   

Water surface elevations were obtained along reaches 1A through 3 (Friant Dam to Sack Dam).  

Please refer to the figures in Appendix C for locations and elevations.  Survey locations were 

placed at the top and bottom of hydraulic controls, at the top and bottom end of long pools, and 

about 500 feet upstream, at and 500 feet downstream of discharge measurement cross-sections.  

An attempt was made to limit the drop between points to no more than half a foot.  At Ledger 

Island, drop was limited to a quarter foot, and were gathered at both sides of the river. 

5.3 Results 
Water surface profile data points are shown with recorded elevations on maps in the Data 

Appendix.  Data tables containing all of the survey point locations and elevations are contained 

on the data disk. 

 

The number of data points collected for each reach is as follows: 

 1A- 194 

 1B – 82 

 2A – 92 

 2B – 37 

 3-72 

5.4 Discussion 
As established prior to the monitoring effort, the spacing of surveyed water surface points varied, 

as necessary, according to channel slope and local conditions.  Longitudinal distances between 

survey points were often reduced significantly at specific locations in order to refine abrupt 

changes in the water surface profile by collecting data at the top and bottom of riffles and other 
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hydraulic controls.   Larger distances between points were used in the large pools and backwater 

areas without impacting the accuracy of the water surface profile. 

 

A preliminary comparison of the surveyed and computed water surface profiles based on the 

current 1-D HEC-RAS model indicates that the majority of significant hydraulic controls were 

sufficiently characterized by the survey data, and that no noticeable gaps in the data exist.  Brief 

comparisons of the survey data and current model results also indicate that additional model 

calibration is necessary and can now be performed in numerous locations where previous 

calibration data didn‟t exist. 

 

The preliminary review of the data also indicates that, in general, no significant anomalies exist.  

However, an occasional subtle rise in water surface elevation in the downstream direction does 

exist, but the average magnitude of these instances is only approximately 0.1 feet and can be 

explained by a combination of error tolerance in the equipment and error in the exact placement 

of the survey rod.  In some cases, it could also possibly be a hydraulic jump occurring after a 

steep riffle or weir. 

5.5 Conclusions and Recommendations 

5.5.1 Conclusions 

Comparisons between predicted water surface elevations in the 1D model and measured water 

surface elevations have improved the model‟s performance, and will provide more certainty in 

predicted inundation levels, channel capacities and other channel responses to the restoration 

releases.   

5.5.2 Recommendations 

Trigger flows to conduct measurements that would best aide modeling are flows confined by the 

following indications: lowest commonly expected flow, flows wetting the bottom of the low flow 

channel, flows near the bank full flow that govern channel shape, flows that just wet the overbank 

floodplain areas, and flood flows that produce significant overbank flow.  Additionally, flows should 

be of adequate duration to reach steady state. 

 
Current trigger flows are based on restoration flow releases of 350, 1500, 2000, 2500, and 4000 cfs.  

For the existing channel it seems reasonable to look for the following (Table B-8) interim release 

ranges to identify the associated existing parts of the channel. 

Table B-8. Hydraulic indicators, required flows from Friant, and reaches to be 
monitored 

Lowest commonly expected flow 350 1B, 2B, 3

Flow wetting bottom of low flow channel 350-1,500 1B, 3

Bankfull Flow 2,000-2,500 All

Flows just wetting entire floodplain 3,000-4,000 All

Significant floodplain inundation 8,000 All

Indicator
Required Flow Out of 

Friant Dam (cfs)

Reaches to be 

Monitored
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6.0 Discharge Measurements 

6.1 Introduction 
The data in this report was collected as part of the Channel Capacity Management study, Water 

Surface Elevations. Inundation levels, channel capacity and channel response to restoration 

releases requires knowledge of the water surface elevations and hydraulic conditions along the 

reach.  Specific measurements of the water surface elevations at ~0.5-mile intervals that can be 

correlated with concurrent discharge measurements at known, steady-state discharges provide a 

means of assessing water surface elevations and associated hydraulic conditions, and the extent 

of inundation along the reach.  These data provide a direct means of calibrating the hydraulic 

models to specific ranges of discharge. 

6.2 Methods 
Discharge measurements are collected using an ADCP. A bank-operated portable cableway is placed 

at most measurement locations. The water craft-mounted ADCP is then attached to the cableway. A 

steady, consistent pull is applied to the cableway to move the ADCP across the section to make up a 

transect. As per USGS standard, a minimum of four transects at each section are performed. If any 

single discharge measurement deviates from the average by more than 5 percent, an additional four 

transects are performed. 

6.2.1 Procedure Modifications. 

Communication difficulties between the Acoustic Doppler Current Profiler (ADCP) and laptop 

during the Spring 2010 Interim Flows measurements were common and resolved by either 

halting the craft on the transect until communications were restored, or abandoning the transect 

and starting a new transect to replace the faulty one. Location and travel of the ADCP were 

recorded from ADCP bed tracking data, and global positioning system (GPS) position and 

heading data. When a moving bed condition was observed, the GPS data were used to determine 

the distance traveled. 
 

A few sites were measured without using a tagline or bank-operated cableway. Discharge sites D4, 

D12 split, D25 were conducted by towing the ADCP behind an inflatable kayak, which was paddled 

across the river between visually identified targets on either bank. 

6.3 Results 

6.3.1 QA/QC results 
During many of the measurements, communications between the ADCP/GPS and laptop were 

discontinuous. When a pause in communications was noticed before the ADCP was moved 

significantly, the movement was halted until communications was restored. When more than a few 

minutes to restore communications were needed, or if the traveled distance without communications 

was excessive, the transect would be removed from the average and a new transect would be 

measured. After extensive office checks, it was determined that the USB-to-RS232 adapters were 

intermittent and alternative adapters would be necessary for future data collection. 

 

Measurement files were checked in the office for completeness and consistency of details such as the 

survey team, site identification, and date.  Starting bank location, distance to bank, bank shape, 

traveled distance and magnetic declination were also considered for correctness.  Bottom track and 

GPS positions were compared for moving bed conditions and the applicable tracking method to 
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15.2.1  Data Processing 

Data collected in the data controller (on the boat) and in the base station receiver were 

downloaded to Trimble Business Center (TBC version 2.2). Data logged at the base 

stations were submitted to OPUS (http://www.ngs.noaa.gov/OPUS/) for post processing. 

The control point coordinates were adjusted based on these results. Horizontal positions 

were reported in NAD 83 State Plane California 3; and vertical positions were reported in 

NAVD 88. Elevations were derived from GEOID 03. After these adjustments were made, 

the water surface observations were exported in shapefile format for further use in 

ArcMap (Version 9.3.1, ESRI, Redlands, CA).  

 

ADCP data require several processing steps. First, the ADCP raw data files are exported 

in ASCII format using WinRiver (playback mode). The second step in processing is to 

use AdMap (Dave Mueller, USGS version 1.8, 2008) to export bathymetric data. AdMap 

can export several types of bathymetry data, but for the purposes of this project, only the 

multibeam bathymetry data, depth and position for each of the four ADCP beams, were 

exported. Beam depths were obtained by creating a water surface file within AdMap in 

which the water surface elevation at each transect was set equal to zero. AdMap 

processed files were exported in text file format and included position data in UTM 

coordinates. With a small amount of manipulation these files were imported into 

ArcMap.  

 

Once the ADCP multibeam bathymetry data and the GPS water surface elevation data 

were imported into ArcMap, bed elevations for the ADCP measurements could be 

determined. The GPS water surface elevations were used to create a water surface TIN 

(Triangulated Irregular Network). Using the Functional Surface Tool in 3D analyst, the 

ADCP multibeam bathymetry points were assigned a water surface elevation based on 

each point‟s position relative to the water surface TIN. Once this process was completed, 

fields for horizontal position (x,y), water surface elevation, and bed elevation were 

created and populated in the attribute table of the new 3D feature class.  

15.3 Results 
Figure  through Figure  illustrate the locations of data collected during the April 2010 

surveys. The background photography is from 2004. In addition, plots of bed profiles and 

water surface elevations are also provided for each of the reaches where surveys were 

conducted (Figure  through Error! Reference source not found.). 
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Figure B-69. Profile of survey collected in Reach 3 on 04/09/2010. 




